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An “unusual” and “disastrous” world event occurred when 
the massive December 26, 2004 tsunami struck several 
Indian Ocean countries. That caused several researchers 
from four countries, and eight universities, lead by 
Canadians to form a group called “International Institute 
for Infrastructure, Renewal and Reconstruction” (IIIRR) 
to research natural disasters and how their impact could 
be mitigated (www.iiirr.ucalgary.ca). Currently, IIIRR is 
comprised of the following 17 Universities from Australia, 
Canada, China, Germany, Japan, South Korea, Sri Lanka, 
UK and USA.

1. Australia (Queensland University of Technology, 
University of New South Wales,)

2. Canada (Simon Fraser University, University of British 
Columbia, University of Calgary, York University)

3. China (Tsinghua University)

4. Germany (Universität Stuttgart)

5. Japan (Kumamoto University)

6. South Korea (University of Seoul)

7. Sri Lanka (University of Moratuwa, University of 
Peradeniya, University of Ruhuna)

8. United Kingdom (University of Salford, Northumbria 
University)

9. United States of America (Purdue University, 
University of Hawaii)

The IIIRR group of interdisciplinary experts includes those 
who serve as the facilitators for social development, 
industrial and economic growth as well as environmental 
preservation through infrastructure development. 
Innovative and socially responsible projects inspired 
via internal synergies of the IIIRR will lead to rapid 
development and improved quality of life. By providing 
stewardship in infrastructural rebuilding efforts, the 
IIIRR also creates a common platform for discussion and 
collaboration among diverse entities such as government, 
the corporate sector, NGOs and universities, each having 
specific but diverse goals and priorities. The IIIRR provides 
leadership to leaders and facilitates discussion and 
planning activities among relevant bodies, while operating 
on an outcomes-based strategy for rapid sustainable 
infrastructure development.

A network like IIIRR is the vehicle to bring “Innovative 
Thinking” and “Practical Solutions” to ensure that the 
nations will be prepared to handle a disaster even 
before we see any signs of any hazards. The academics, 
researchers, practitioners, government, NGOS and the like 
can work together to bring innovative solutions to help 
any nation to mitigate the impact of disasters.

IIIRR has been successful in organizing several events 
including 9 international conferences and 4 symposia in 
the last 6 years. IIIRR’s next three international conferences 
will be held in USA (Host: Purdue University, May 2014), 
South Korea (Host: University of Seoul) and Canada (Host: 
York University).
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Day 1 (Monday 8th July) 
6:00 – 7:30pm  A ‘Welcome to Country’ by indigenous Owners

Reception area for a cocktail function – standing space
The Cube, P Block Level 4

Day 2 (Tuesday 9th July) – Conference start 
9:00am Conference Launch

Professor Peter Coaldrake AO Vice Chancellor, Queensland University of Technology
9:10 - 9:50am Keynote Speaker:  

Room P514
Challenges of supporting regional Humanitarian Assistance & Disaster Response Capability Development Into the 
Future 
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9:50 - 9:55am IIIRR Convenor, Professor Janaka Ruwanpura
9:55 - 10:45am Panel session:  
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Mr Colin Jensen, (CEO: Brisbane City Council), Bruce Grady (Assistant Director General: Emergency Management 
Queensland), & Graham Newton (CEO: Queensland Reconstruction Authority)

10:45 - 11:15am Morning tea 
P Block Level 5

11:15am - 1:00pm 

A
Parallel sessions of technical presentations 
Room P504 Room P505 Room P506 Room P506A

1    Risk-informed Planning 
in Disaster Management 
(a)

2  Creating & Sustaining 
Community Resilience 
(a)

3  Modelling and Analysis 
of Disaster Mitigation 
Systems (a)

4 Options for Rapid 
Impact Assessment

Douglas D. Gransberg, 
Eric Scheepbouwer
Exploiting alternative 
project delivery methods 
to accelerate emergency 
transport construction 
projects

H. Boduroglu, P. Ozdemir, 
E. Binbir, A. Ilki
Seismic damage 
assessment methodology 
developed for Turkish 
obligatory insurance 
system

Kathi Holt-Damant, 
Robin Drogemuller
Creating regional resilience 
in Australia

Ryuji Kakimoto
An expression of 
information about flood 
risk and cognition of flood 
risk

Krisanthi Seneviratne, 
Dilanthi Amaratunga, 
Richard Haigh
Challenges in managing 
housing needs in 
post conflict housing 
reconstruction

Zabihullah Sadiqi “Wardak”, 
Vaughan Coffey, 
Bambang Trigunarsyah
Post-disaster 
reconstruction: a statistical 
overview of the barriers for 
community participation in 
Afghanistan

Anna Scott, 
Tan Yigitcanlar, 
M. D. Kamruzzaman
Developing a sustainability 
impact assessment 
framework for local urban 
planning 

Ignacio Correa-Velez, 
Augustine Conteh
Displaced twice? Talking 
about resilience with 
a cohort of men from 
refugee backgrounds who 
were affected by the 2011 
Queensland floods

S. Wickramaratne, 
J.Y. Ruwanpura, 
S.C.Wirasinghe 
A Review of Preparedness 
Planning for Tsunamis in Sri 
Lanka

Rina Suryani Oktari,
Khairul Munadi, M. Ridha
Evaluation Instrument 
of Tsunami Early 
Warning System: 
Measuring Dissemination 
and Communication 
Effectiveness

Ruwan Weerakoon, 
Arun Kumar, Cheryl Desha
Sustainability in post 
disaster road infrastructure 
recovery projects in 
Queensland, Australia

Tomoyuki Furutani, 
Kei Uehara, Kazunori 
Tanji, Masaki Usami, 
Toshihiko Asano
A study on micro-scale 
airborne radiation 
monitoring by unmanned 
aerial vehicle for rural area 
reform contaminated by 
radiation

Eko Andi Suryo, 
Chaminda Gallage, 
Bambang Trigunarsyah
A method for predicting 
rain-induced instability of 
an individual slope

Wasantha Athukorala, 
Wade Martin, 
Prasad Neelawela, 
Darshana Rajapakse, 
Clevo Wilson
Impact of wildfires and 
floods on property values: 
a before and after analysis

1:00 - 1:45pm Lunch 
P Block Level 5

Program

All papers are double blind peer reviewed
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B
Panel session:  Engineering in Disaster Management 
Room P514
Marlene Kanga (National President: Engineers Australia)
The Importance of Systematic Natural Disaster Risk Management

S.C. Wirasinghe, H.J. Caldera, S.W. Durage, J.Y. Ruwanpura
Preliminary analysis and classification of natural disasters

Presentation on the 2014 Conference at Purdue University
2:30 - 3:30pm

C
Parallel sessions of technical presentations (continued)
Room P504 Room P505 Room P506 Room P506A

1  Risk-informed Planning 
in Disaster Management 
(b)

2  Creating & Sustaining 
Community Resilience 
(b)

3  Modeling and Analysis 
of Disaster Mitigation 
Systems (b)

4  Approaches to 
Designing & Managing 
Resilient Infrastructure  
(a)

John Hayes, 
Ashantha Goonetilleke
Assessing the suitability 
of existing spatial data 
for disaster planning and 
mitigation in Queensland

Jose A. Lukito, 
Connie Susilawati, 
Muhammad Hasbi Hanis
Natural disaster risk-
informed for a better 
public infrastructure asset 
planning in Indonesian 
Central Government

Toshio Fujimi, Masahide 
Watanabe, Ryuji Kakimoto
Perceived ambiguity of 
earthquake and house 
destruction risks

N. Nirupama, T. Popper, A. 
Quirke  
Role of social resilience in 
mitigating disasters

Nuwani Siriwardena,  
Richard Haigh, 
Bingu Ingirige
Mapping stakeholder 
relationships in post-
disaster housing 
reconstruction using 
Stakeholder Circle™

Jayantha Withanaarachchi, 
Sujeeva Setunge, 
Shamas Bajwa
Influence of transport 
infrastructure on 
community resilience and 
recovery during extreme 
climate events

Guillaume Dussuyer
 A methodology to assist 
with prioritizing disaster 
risk reduction control 
improvements

Sung-Pil Shin, Inchul Yang, 
Younshik Chung, 
Kwang Don Joo
Study on finding an 
efficient budget execution 
plan in road maintenance 
from a disaster 
management perspective

Frederico Ferreira 
Pedroso, 
Douglas D. Gransberg
Assessing decision 
support for emergency 
management within 
roading organisations: 
The case of the Dynamic 
Response Recovery Tool

Randy R. Rapp, 
Bassam Baroudi 
disaster recovery project 
management lessons 
learned under military 
contract: Hurricanes 
Katrina and Wilma

Pradeep Amarasinghe,  
Paul Barnes,  
Prasanna Egodawatta, 
James M. McGree,  
Ashantha Goonetilleke
An approach for 
identifying the limit states 
of resilience of a water 
supply system

Michael Devine, 
Paul Barnes, Tim Donnet
Strategies for Embedding 
Agile Decision Making in 
Aviation Infrastructure

3:30 - 4:00pm Afternoon tea 
P Block Level 5

4:00 - 5:30pm 

D
Parallel sessions of technical presentations (continued)
Room P504 Room P505 Room 506/506A

1 Risk-informed Planning in Disaster 
Management (c) 2 Creating & Sustaining 

Community Resilience (c) 3  Special Session: Civil/Military 
Cooperation in Large-scale 
Disaster Response

Andrew Wheatley, 
Paul Barnes
Crisis response planning in tunnel 
and road networks 

Tamiyo Kondo, Titaya Sararit
Disaster mitigation and recovery 
planning after long-term flood 

Tri Mulyani Sunarharum, 
Mellini Sloan, Connie Susilawati
Re-framing infrastructure investment 
decision-making processes: a 
preliminary scoping study for urban 
flood risk management in Jakarta, 
Indonesia

Asti Mardiasmo, 
Paul Barnes
Community Response to Disasters 
in Indonesia: Gotong Royong - A 
Double Edged-Sword

Melissa M Teo, Ashantha 
Goonetilleke, Abdul M Ziyath
An integrated framework for 
assessing community resilience in 
disaster management

Hwayoung Kim, Ryuji Kakimoto, 
Toshio Fujimi
Making a resilient community for 
flooding

Lt Col Matt Turpin
Chief of Crisis Response, US Pacific 
Command 

Dr Alan Ryan 
Australian Civil/Military Centre

Sachiko Ohno, Akiyoshi Takagi
The activities of the civil network 
for disaster relief of the Great East 
Japan Earthquake

6:30 - 9:30pm Conference Dinner 
Spring Restaurant, Corner Felix & Mary Street, Brisbane City 

All papers are double blind peer reviewed
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Day 3 (Wednesday 10th July) 
8:30 -10:30am An interactive Disaster Management simulation: 

Facilitated by staff of the Queensland State Disaster Coordination Centre (Emergency Management Queensland) 
Room P419

10:30am -1:00pm Morning tea 
P Block Level 5

11:00am - 1:00pm 

E

Parallel sessions of technical presentations (continued) 
Room P504 Room P505 Room P506 Room P506a

1  Risk-informed Planning 
in Disaster Management 
(d)

2  Creating & Sustaining 
Community Resilience 
(d)

3  Futures Thinking: 
Anticipating needs for 
disaster preparedness 
(a)

4  Approaches to 
Designing & Managing 
Resilient Infrastructure 
(b)

Md. Anwarul Abedin 
and Rajib Shaw
Integrated community 
based risk reduction 
approach of water scarcity: 
perspective from salinity, 
arsenic and drought 
impacts in southwestern 
part of Bangladesh

Sukanya Misra, 
Teruyuki Monnai 
Urban density measures 
addressing disaster 
vulnerability in developing 
countries: Case study of 
Mumbai

Elizabeth Maly, 
Eiko Ishikawa 
Planning for relocation in 
recovery after the Great 
East Japan earthquake: 
Considering residential 
relocation in historic and 
international contexts

Yoko Akama, 
Susan Chaplin, 
Peter Fairbrother
Role of social networks in 
community preparedness 
for bushfire

Glenn Fernandez, 
Rajib Shaw
Youth participation in 
disaster risk reduction in 
the Philippines: a policy 
review

Budi Laksono, 
Donald Stewart
A fast, easy, cheap home 
(Model “AB6”) for refugees

Jinwoo (Brian) Lee, 
Zuduo Zheng, 
Syeed Kashfi, 
Jason Chia, 
Rong Yi
Observation of bus 
ridership in the aftermath 
of the 2011 floods in 
Southeast Queensland, 
Australia

Robin Drogemuller 
‘Building Information 
Model’ Support for Disaster 
Response

P.B.R Dissanayake,  
A.M.A.C. S Bandara, 
B.M. M.N Thilakarathne,  
K.T.S Karunanayake and 
R.M.S Dananjaya
Community and 
infrastructure resilience 
in disasters through 
preparedness using past 
experience

Venus Jofreh, 
Prasanna Egodawatta,  
Paul Barnes, 
Ashantha Goonetilleke
Assessing resilience of 
water supply systems 
under climate change

An Liu, Yuntao Guan
Stormwater management 
in China: learning from the 
urban flood disasters

Michael Devine, 
Paul Barnes, 
Cameron Newton, 
Ashantha Goonetilleke 
A critical analysis of 
crisis escalation models: 
understanding stages and 
severity in infrastructure 
disturbance.

1:00 – 1:45pm Lunch 
P Block Level 5

1:45 – 3:30pm

F

Parallel sessions of technical presentations (continued)
Room P504 Room P505 Room P506 Room P506a

1  Risk-informed Planning 
in Disaster Management 

(e)
2 Creating & Sustaining 

Community Resilience 
(e)

3  Futures Thinking: 
Anticipating needs for 
disaster preparedness 
(b)

4 Special Session: 
Women in Disaster 

Resilience

Natainia Lummen, 
Yuki Tominaga, 
Takafumi Tsukamoto, 
Takaomi Hokamura, 
Sota Nakajo, 
Fumuhiko Yamada
Flood Disaster in the 
Tatsuda area, Kumamoto 
Japan following the July 12, 
2012 flood event

Harriet Lonka
National security strategy 
as a background to 
disaster planning: A Finnish 
case study

TaeHoon Kim, 
Junhee Youn, 
SungPil Shin
A study on the 
development of a response 
system for volcanic 
disasters

Elizabeth Barber, 
Neil Greet
Creating and sustaining 
community resilience 
through enhanced 
engineering and logistics 
collaboration in support of 
disaster management

Farah Mulysari, 
Rajib Shaw
Resilience to risk 
communication: synergy 
between government and 
women’s association in 
bandung, indonesia

Julie Molloy, 
Tal Fitzpatrick
The role of NGOs in 
building sustainable 
community resilience

S.B.S. Abayakoon
Higher education needs for 
climate and ecosystems 
change adaptation – A 
country assessment, Sri 
Lanka

Titaya Sararit, 
Tamiyo Kondo
Shelter processing during 
long-term 2011flood in 
Ayutthaya Province, 
Thailand

Mohammad Sediq Rashid
Critical Infrastructure 
Organisational Resilience in 
Post-Conflict Setting

(Issues & Challenges and 
Opportunities) TBC

3:30 – 4:00pm Afternoon tea
P Block Level 5

All papers are double blind peer reviewed
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Day 3 (Wednesday 10th July) 
4:00 - 5:15pm 

G
Parallel sessions of technical presentations (continued)
Room P504 Room P505 Room P506/506a

1  Approaches to Designing & 
Managing Resilient Infrastructure 
(c)

2  Creating & Sustaining 
Community Resilience (f) 3  Special Session: Heath Aspects 

of Disasters 

Connie Susilawati, 
Ashantha Goonetilleke
Climate change adaptation for public 
building management: stakeholder 
roles and responsibilities

Seungjae Lee, Jooyoung Kim, 
Shinhae Lee
Resilience in Transport Planning and 
Operations

Atena Roshani, Hamid Mirfenderesk, 
Jay Rajapakse, Chaminda Gallage 
Groundwater table response to sea 
level rise and its impact on pavement 
infrastructure

Shan Raffel
Emergency response planning for 
tunnels under construction and 
operation

Nitin Srivastava, Rajib Shaw
Disaster resilience across urban and 
rural communities:  A case of salinity 
ingressed areas of Gujarat, India

Tania Somasundaram, 
Belinda Davies
Collaboration to improve evacuation 
centre operations in disaster-
affected communities

Mariko Nishizawa
A study on dialogue-based risk 
communication to local residents: A 
Japanese case study

Rose Henderson 
Psycho-social aspects of response, 
recovery and resilience – experience 
and learnings following the 
Canterbury Earthquakes, New 
Zealand

(Centre for Emergency & Disaster 
Management)

Professor Gerard Fitzgerald: 
Director(CEDM) 
Shuang Zhong, Michele Clark, 
Yuli Zang, Xiang-Yu Hou,Lu Wang, 
Gerard FitzGerald
Proposing and developing the 
definition and conceptual framework 
for healthcare resilience to cope with 
disasters

Weiwei Du, Gerard Fitzgerald, 
Xiang-Yu Hou3 and Wei Zhu 
A case study in flood fatality: Beijing 
July 2012 Flood

Warwick Pearse 
Health and safety for clean-up and 
recovery workers 

5:30 - 5: 45pm Conference Close
Room P506/506a

Day 4 (Thursday 11th July) 
9:00-11:45am Optional Site Visit:  

State Disaster Coordination Centre - Queensland Emergency Services Complex, Kedron Park.
Hosted by the Director-General: Department of Community Safety

All papers are double blind peer reviewed
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Exploiting Alternative Project Delivery Methods  

to Accelerate Emergency Transport  
Construction Projects 

 
 

Douglas D. Gransberg1 and Eric Scheepbouwer 2 
 

1Professor, Iowa State University, Ames, Iowa, USA 
E-mail: dgran@iastate.edu 

 2Lecturer, University of Canterbury, Christchurch, New Zealand, 
E-mail: eric.scheepbouwer@canterbury.ac.nz 

 
 
 

    In the past decade, events such as the series of catastrophic earthquakes in New Zealand (NZ), tsunamis in Japan, 
hurricanes in the United States (US), not to mention man-made disasters like the sudden collapse of the Interstate 
35W bridge in Minnesota, forced transport agencies to step into the public spotlight and implement non-traditional 
procurement procedures to accelerate the repair, replacement and restoration of critical infrastructure elements. The 
result is a clear need to compress emergency project delivery schedules to their lowest state in a manner that not only 
accomplishes the operational objectives but also can withstand the inevitable criticism that follow all significant 
emotional events.  This paper presents the results of case studies from five US states and two NZ provinces where 
the transport agency used alternative project delivery methods as the primary means to expedite the construction of 
emergency projects.  The case studies include the use of early contractor involvement (ECI), indefinite deliv-
ery/indefinite quantity (IDIQ), construction manager/general contractor (CMGC) design-build (DB) contracts and 
alliancing as the mechanism to gain substantive collaboration between the client, consultant and contractor on 
materials, means, and methods during design and construction, thereby achieving aggressive emergency schedules 
while insulating themselves from post-project criticism. The paper concludes that developing expeditious design 
solutions to cover the emergency scope of work is the primary challenge in emergency procurements and the surest 
tool to expedite emergency project delivery is a design that utilizes immediately available materials, equipment, and 
proven accelerated construction methods. Often, this is information that is best developed by the contractor that will 
eventually complete the construction. The paper recommends that agencies develop expedited procurement pro-
cedures for ECI, IDIQ, CMGC, DB and Alliance contracts before emergencies occur and furnishes case study in-
formation for specific methods for streamlining routine procurement procedures. 
 
 

1. INTRODUCTION 
 
    Public opinion is a force that must be reckoned with by public transport agencies when an emergency dis-
ruption of the transportation network occurs. “The severe criticism directed at government agencies during 
their response to, and recovery after, Hurricane Katrina is a testament to the insufficient preparation for exe-
cuting emergency contracting actions that occurred as a result of this unprecedented event.”1) The emotions run 
high during emergency events and decisions must be made in conditions of high technical uncertainty. The 
agency is expected by the public to react to the emergency as expeditiously as possible; however, the agency 
will also be confronted the possibility of severe criticism from various special interest groups when the agency 
deviates from its routine procurement procedures to accelerate the emergency project delivery process. The 
issue is exacerbated by the need to compress the delivery period to its shortest practical state as shown in recent 
research that found “a strong linear correlation between procurement duration and schedule growth. Longer 
procurement duration correlates with less schedule growth”2) (italics added). In other words, accelerating 
delivery causes the agency to lose control over schedule due to lack of time to plan the procurement. The 
Hurricane Katrina quote articulates a logical solution for the dilemma: sufficient “preparation for executing 
emergency contracting actions.” This paper reports how public transport agencies in NZ and the US suc-
cessfully solved the conundrum of expediting the delivery of a variety of emergency projects by exploiting 
alternative project delivery methods. 



 

 2 

 
  
2. BACKGROUND 
 

“In both [US] federal and state law, the use of emergency procurement procedures allows for limited 
competition in selecting a contractor… however, this limitation must be carefully utilized and fully docu-
mented”3) (italics added). Herein, lays the crux of the source selection issue in expediting procurement pro-
cedures during a crisis. While the law allows officials to do what it takes to resolve the emergency, those 
individuals are expected to maintain an extremely careful balancing act between expeditiously resolving the 
crisis and abusing their authority to circumvent the routine full and open competition process using the 
emergency as justification. The ability to waive standard procedures comes with the requirement to use that 
authority both sparingly and wisely. In the words of the New Mexico Department of Transportation (DOT) 
procedures manual 4): “Lack of planning does not constitute an emergency.” Another author writing on the 
subject of emergency procurement puts it this way: “Perhaps a good rule of thumb is when in doubt, bid it 
out.”5) 

The emergency loss of an essential piece of that infrastructure like a major highway bridge makes delivery 
schedule the preeminent procurement factor. 6) While quality and cost are still a concern, they are secondary to 
schedule until service is restored.5) Once the emergency is over, public attention switches to an analysis of 
value for money from a retrospective viewpoint which may turn critical of the transport agency’s solution to 
restore service expeditiously. To avoid this issue, transport agencies have devoted considerable time and 
funding on emergency management plan development with a suite of expedited procurement procedures.3)  

Figure 1 shows the spectrum of emergency response and shows how emergencies can range from 
small-scale, high frequency events to complex low-frequency events. The small localized emergency is typi-
cally handled by agency using available resources; whereas the complex emergencies require involvement of 
agencies at all levels of government to respond.  

 

 
Fig. 1  Emergency response spectrum.7) 

 
(1) Legal constraints on emergency procurements 

Subject to applicable local and national law, agencies usually are given emergency power to take whatever 
action is determined necessary to insure health, safety and welfare of the community. Most, if not all, US state 
codes contain authority to override routine contractual constraints for competition in the event of an emer-
gency where the delay imposed by the routine procurement process would or could exacerbate the negative 
impact to the community. The United States Code 8) also provides for the temporary suspension of competitive 
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bidding requirements for construction contracts consummated in emergency conditions. Under 
non-emergency conditions, FHWA federal funding requires consultant contracts to conform to Brooks Act (23 
CFR §172.5a3) qualifications-based selection (QBS) and contracts for construction to be awarded on the 
lowest responsive bid meeting the established criteria of responsibility. Federal-aid primary, secondary and 
special roadway designations are eligible for federal funds administered by FHWA. Title 23 USC §125 pro-
vides for emergency relief (ER) funding for the “repair or reconstruction of highways, roads, and trails, … that 
the Secretary finds have suffered serious damage as a result of— (1) natural disaster over a wide area, such as 
by a flood, hurricane, tidal wave, earthquake, severe storm, or landslide; or (2) catastrophic failure from any 
external cause.”  

Furthermore, an emergency event does not dismiss the need for approval and coordination with other state 
and federal agencies to meet the requirements of the National Environmental Policy Act (NEPA). The Council 
on Environmental Quality (CEQ), which issues the implementation guidance for Federal NEPA actions, states: 

“Where emergency circumstances make it necessary to take an action with significant environmental 
impact without observing the provisions of these regulations, the Federal agency taking the action should 
consult with the Council [on Environmental Quality] about alternative arrangements. Agencies and the 
Council will limit such arrangements to actions necessary to control the immediate impacts of the emer-
gency. Other actions remain subject to NEPA review.” 3) 

Once the emergency conditions have ceased to be an immediate threat to “the health, safety, and welfare of the 
community” and the interim emergency repairs have been accomplished, conventional contracting procedures 
must be used for the remaining work. 9) 

In response to the Canterbury's earthquakes and the subsequent recovery task, the NZ Parliament passed 
the Canterbury Earthquake Recovery Act (2011) that required the newly-created Canterbury Earthquake 
Recovery Authority (CERA) to plan and execute a recovery strategy for greater Christchurch and gives CERA 
significant executive powers that prevail over all existing rights and documents. It includes extraordinary 
powers to override existing plans, and regulatory requirements and prescribes urgent deadlines for planning 
and executing Christchurch's recovery. Specifically CERA has the authority to (among other things) require 
councils and/or persons to act as directed, and/or to provide information on request, amend or revoke Resource 
Management Act documents and city plans, and to demolish buildings, or otherwise enter and deal with peo-
ple's land and property. This is a significant as there will be no compensation for the loss resulting from the 
demolitions and other works done under direction of CERA. In all, CERA does not take over the role of local 
or roading authorities but rather CERA provides coordination between the authorities and central government 
and its powers enable a focused, timely and expedited recovery. It enables some of the red tape to be cut 
through when speed is important. 

NZ did not have a general executive that enabled routine to be overridden in an emergency. Because the 
legislation was made as a result of the Earthquake, it might therefore have allowed the response to be more 
appropriate as some of the encountered problems were unique to the situation. On the other hand, NZ author-
ities seem have a more flexible way of procurement and the creation of a fitting recovery organization was 
within the legal restraints already in place. The existing situation is that 2 contracts operate simultaneously, an 
Alliance (SCIRT – Stronger Christchurch Infrastructure Rebuilding Team) and the (conventional) mainte-
nance contract (hybrid Performance-Based Maintenance Contract or PBMC). Assets that are damaged because 
of existing pre-earthquake conditions combined with earthquake damage can be are repaired by either or-
ganization but the payment is pro rata from the earthquake fund and roading authorities.  
   
(2) Contractor Design Input 

“Pressures to develop transportation projects that are biddable, buildable, and maintainable may be greater 
today than ever before.” 10) Add an emergency situation and “biddable” and even more importantly “buildable” 
become extremely important as the desired delivery period shrinks to its shortest state. A previous study found 
that “allowing the constructor to be involved in the design from conceptualization” 11) was the most effective 
way to assure project constructability and promote high quality construction documents. There are a number of 
ways to achieve construction contractor input to the design process. Scheepbouwer and Humphries 12) detail 
the following project delivery methods as means to get construction input during design: Construction Man-
ager as Agent (CMA), Construction Manager-at-Risk (CMR), CMGC, DB, Public Private Partnerships (P3), 
Early Contractor Involvement (ECI) and Alliancing (See Figure 2).  
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Fig. 2 Contractor involvement via alternative delivery method model. 

 
Another means is to award an IDIQ contract which effectively puts the contractor on stand-by to complete 

construction work via task orders negotiated after the award of the contract. Since the IDIQ contract is based 
on some agreed pricing mechanism, provides an ideal mechanism to negotiate the actual scope of each task 
order rather than merely negotiate the cost. 13) A British study found that “the best way to improve efficiency 
and effectiveness is by using procurement strategies that are based on negotiation and framework agree-
ments.” 14) New Zealand is able to get significant early contractor design input through its ten-year PBMCs to 
reconstruct, rehabilitate, operate and maintain much of its road network and these PBMCs that also furnish the 
capacity for stand-by construction services in much the same manner as the US IDIQ contracts.13) 
 
 
3. METHODOLOGY 

Case studies of emergency projects delivered using early contractor design involvement (ECDI) included 
the use of IDIQ, CMGC, DB, ECI, PBMC, and Alliancing contracts as mechanism to gain substantive con-
tractor input on materials, means, and methods during design. Case study research has been shown to be a 
powerful research tool to evaluate and analyse emerging business practices such as alternative project deliv-
ery.16) Case studies are particularly useful in answering questions about how things are done in detail, espe-
cially when comparatively analysing a number of different cases.17)  The case study method was essential in 
this research to capture the unique nature of the various project delivery methods (PDM) and for understanding 
the rationale for selecting using various models and gauging the success of those methods in emergency project 
delivery.   

The research strove to develop a defensible, repeatable methodology to guide the case study process.  The 
methodology was formalized and recorded in a detailed case study protocol for the project.  Creation of the 
case study protocol was guided by the seminal book on the technique written by Yin. 17)   

The primary element of the protocol was the field data collection procedures, which standardize the 
method for all of the case studies and facilitate consistent and comparable results.  The key research instrument 
is the structured interview based on a standardized case study questionnaire. 18)  Each case study is unique and 
the interview process was designed to capture that uniqueness, while generating uniform, comparable output.  
To that end, the questionnaire maximized the use of yes/no questions and matrices of checklists to be com-
pleted for every case study.  Additionally open-ended questions were crafted to stimulate in-depth discussion 
to fill in the essential details that surveys and questionnaires are unable capture.  The field procedures also 
included a flowchart showing the order of key communications with participants to enhance repeatability 
between interviews completed by different researchers. Table 1 illustrates the seven emergency projects an-
alysed in the paper. 
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Table 1 Emergency Procurement Case Study Projects. 
Agency 
(case #) 

 

Case Study  
Project 
(Value) 

Construction Type 
(location) 

Expedited Procurement 
Procedure 

Solicita-
tion Type 

(PDM) 

Payment 
Provision 
(Designer) 

Florida 
FDOT 

 (1) 

I-10 Escambia 
Bay Bridge Repair 
(US$26.4 million) 

Repair interstate bridge 
damaged in hurricane 
(Pensacola, FL, USA) 

Natural Disaster Emer-
gency Contract - Invita-

tion-only bids from 4 
contractors. 

RFP 
(DB) 

LS with time 
incentive 

(out-source) 

Maine 
MDOT 

 (2) 

Route 27 Bridge 
Replacement 

(US$2.89 million) 

Replace two bridges 
destroyed by flooding 

(Eustis, ME, USA) 

Use of CMGC by a DOT 
that does not have routine 

CMGC authority. 

RFQ/RFP 
(CMGC) 

UP 
(in-house) 

 
Minnesota 
MnDOT 

(3) 

I-35W Bridge 
Replacement 

(US$234 million) 

Replace collapsed inter-
state bridge 

(Minneapolis, MN, 
USA) 

Abbreviated DB pro-
curement for 
mega-project.  

RFQ/RFP 
(DB) 

LS + time 
incentive 

(out-source) 

New York 
State 

NYSDOT 
(4) 

981G Ramapo 
River Bridge Re-

placement 
(US$1.4 million) 

Bridge replacement 
(Rockland County, NY, 

USA) 

Use of Statewide Emer-
gency Bridge IDIQ Con-

tract 

Standing 
contract 
(IDIQ) 

Time & 
Materials 
(in-house) 

US Corps 
of Engi-

neers 
(5) 

Tuttle Creek Dam 
Foundation Re-

mediation 
(US$175 million) 

Remediate unstable 
earthen dam  
foundation 

(Manhattan, KS, USA) 

Use of ECI contract to 
expedite construction 
using untested experi-

mental technology 

RFP 
(ECI) 

GMP + cost 
and time 

incentives 
(in-house) 

New Zea-
land 

SCIRT (6) 

Canterbury Infra-
structure Earth-
quake recovery 
Alliance (NZ$3  

million/ month for 
5 years) 

Demolition and Recon-
struction 

(Christchurch, Canter-
bury, NZ) 

Negotiation enabled by 
the 2011 Canterbury 
Earthquake Recovery 

Act  

RFP 
(Alliance) 

Estimated 
total outrun 

cost per 
works 

package 
(in-house) 

New Zea-
land 

NZTA 
(7) 

Canterbury and 
West Coast 

PBMC 
(NZ$44 million)  

Repair, Rehabilitation, 
and Reconstruction 
(Canterbury & West 

Coast, NZ) 

Tendered, Price and 
Quality Method 

RFP 
(PBMC 
Hybrid 

model 13)  

Contractual 
tendered 

rates  
(out-source) 

GMP = Guaranteed maximum price; LS = lump sum; UP = Unit price 
 
(1)  Case study selection and demographics 

The primary objective in this paper is to analyse the value of bringing the contractor into the design process. 
Therefore, the following criteria for the final set of case study projects were applied: 

• Range of project delivery methods – DBB, CMGC, ECI, DB, IDIQ, PBMC, Alliance. 
• Range of project types – roads and bridges 
• Range of project size – typical small project to mega-project 
• Range of project complexity – simple to highly complex 
• Range of project location – regionally dispersed 
• Range of solicitation type – Invitation for Bids (IFB) to sole source 
• Range of payment provisions – lump sum (LS) to time and materials 
• Both in-house and out-sourced design 
• Use of incentive/disincentive (I/D) and bonus provisions 

  One can see from Table 1 that the criteria for inclusion have been met by these seven projects. The projects 
range from $0.5 to $234 million; are dispersed across the US and the South Island of NZ, use the four project 
delivery methods of interest, include all four project delivery methods and satisfy the other criteria. 
 
 
4. CASE STUDY DETAILS 
  “One reason owners use ECI [early contractor involvement] is to create a platform whereby project risk to the 
owner, designer, and contractor is avoided or mitigated through a collaborative approach at the design 
stage.” 12)  Risk in emergency projects extends beyond the financial risk of routine projects to a risk to “the 
health, safety, and welfare of the community.” 19)  Hence the need to both avoid and mitigate risk is essential to 
project success. Therefore, due to the limitation on the size of this paper making it impossible to completely 
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present the entirety of each case study, the remaining paper will be focused on how ECDI was used in each 
project to expedite timely completion and mitigate risk in each emergency.  
 
(1)  US Case Study Projects 
  Table 2 is a summary of the salient case study output for the US projects. 
 

Table 2  Summary of US Case Study Results 
Case 
# 

PDM Selection Rationale Procurement EDCI 

1 DB was selected because the ur-
gency demanded a single point of 
responsibility for design and con-
struction since design would be 
ongoing during construction.20)    

FDOT used its expedited procedures for 
emergency contracting 19)   on its standard 
form with 7 pages of hand-written “as-
sumptions and clarifications.” 21)    Phase 
1 had contract duration of 24 days. It had 
an incentive/disincentive of $250,000 per 
day capped at $3.0 million. The contractor 
completed it in 17 days and earned a $1.75 
million incentive. Phase was set at 90 days 
with $50,000 daily incentive/disincentive. 
It was completed in 63 days. 

The design team was collocated with 
the construction contractor on the pro-
ject site to put it “in position to make 
quick decisions… [and] develop the 
design concurrent with the work” 21)    
The contractor furnished the design 
team marine barge crane reach and pick 
load limitations for the primary struc-
tural members and sequence of design 
packages to support the accelerated 
sequence of construction.  

2 CMGC permitted the in-house 
design team to complete the nec-
essary design expeditiously with 
contractor input and also “reduced 
the level of design and specifica-
tions” 22) not requiring a fully 
biddable set of construction docu-
ments. 

Five contractors were invited to be inter-
viewed from MDOT’s prequalified 
standing list of contractors willing to work 
in emergencies. Each interview lasted 1.5 
hours and consisted of a list of 5 
pre-published questions. The contract was 
awarded 2 hours after the last interview 
and the project was completed in 82 days. 

CMGC permitted the in-house design 
team to complete the necessary design 
expeditiously with contractor input on 
crane locations, constructability, bridge 
type based on fabrication availability 
and cost, 

3 DB selected as MnDOT had ex-
tensive experience with the method 
and believed DB would attract 
highly experienced DB teams to the 
project by both incentivizing the 
contract and through the depart-
ment’s reputation from previous 
successful DB projects. 

The RFQ was “designed to balance the 
need to have key information and the 
desire to reduce the effort required by the 
teams to enter the proposing process” 23)    
MnDOT decided that potential offerors 
that “couldn’t keep up the pace of the RFP 
process … would not be able to meet the 
schedule expectations of the project.” 

24) The project was completed in 339 
days. 

MnDOT’s ATC process used “private 
and confidential preproposal meetings” 
whose purpose was “address and re-
spond to the Proposer’s concerns and 
questions regarding details of the pro-
ject scope, administrative procedures, 
outstanding issues for the remainder of 
the bid process, and any other related 
matters” 24)     

4 IDIQ contract “allows the De-
partment to replace … unusable 
bridges on an emergency basis… 
[and] to perform other emergency 
bridge work such as structural 
repairs, erecting shoring to stabilize 
a damaged bridge…”25) 

The IDIQ contract was in place, no time 
was lost on an emergency procurement 
process. The project was completed 63 
days after the storm, 5 days ahead of 
schedule. 

The IDIQ contractor was linked with 
in-house design teams and furnished 
information to the in-house design team 
regarding accelerated bridge construc-
tion methods which led to the decision 
to utilize off-the-shelf precast bridge 
deck and approach slab panels and to 
design using available steel sections. 

5 ECI was selected to provide the 
agency design team “real time 
contractor feedback during design” 
and “conduct full-scale testing 
during construction of experi-
mental technology.” 26)  

A 2-step RFQ/RFP process was used that 
required a “Target Ceiling Price” to be 
proposed. A GMP was established after 
sufficient design and full-scale testing had 
been completed. The project was finished 
2 years early $75 million under budget 

The contractor literally conducted 
full-scale testing of a previously untried 
jet grouting and deep soil mixing 
technologies and literally developed the 
means and methods during construc-
tion. The test results were used for the 
design of the remainder of the project. 

 
 
a)  Case 1: I-10 Escambia Bay Bridge Repair Project – Florida DOT 

This project involved reopening a 2.5 mile section of I-10 bridges over Escambia Bay destroyed by Hur-
ricane Ivan in 2004. FDOT’s ability to immediately utilize preapproved emergency procurement procedures 
allowed it to react immediately without needing to secure permission from its chain of command. The major 
lesson learned was expressed by the project manager: “Speed can only be achieved if the DOT is willing to 
accept available materials for repair.” 21)    The project used DB which by definition creates ECDI. Constraining 
the design to make use of available materials and equipment is the very definition of constructability and as 
shown in this case, the work was completed in less than 3 months with one side of the bridge being opened to 
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traffic in less than 3 weeks. 
 
b)  Case 2: Route 27 Carrabassett Valley Emergency Bridge Replacement Project – Maine DOT 
This project involved the design and construction of temporary bridging, two permanent concrete bridges, 
bank restoration, and approaches caused by the flooding induced by Hurricane Irene in September 2011. 
Maine DOT chose CMGC because it believed that the project delivery method furnished the most appropriate 
mechanism for maximizing constructability and thus minimizing time. Maine DOT did not have the statutory 
authority to routinely use CMGC project delivery and could not begin the procurement until it received au-
thority from the state’s attorney general. The winning contractor was given five days to furnish a GMP based 
on a set of 75%. The initial price was 14% over the engineer’s estimate. Negotiations ensued covering each 
estimate’s assumptions and risk. This brought the two within 5% of each other and the contract for the per-
manent bridges was awarded. The project was completed 82 days after the loss from Hurricane Irene. The 
major lesson learned was that reducing the level of design by in-house engineers due to ability to gain input 
from the contractor optimized the constructability and wasted no time developing design product that was not 
needed by the contractor to properly construct the project. The project used CMGC which by definition creates 
ECDI. By making DOT design personnel aware of the constraints regarding crane siting as well as designing 
around immediately available materials and equipment, the work was completed in less than 3 months and a 
temporary bridge being opened to traffic in 7 days. 
 
c)  Case 3: I-35W Bridge Replacement – MnDOT 
Much has been written about this highly successful project which involved replacing an interstate highway 
bridge in an urban area with new bridge that is 189 feet wide with five lanes of traffic running each direction. 
The central clear span over the river is 504 feet long and the overall length of the bridge is 1,223 feet from 
abutment to abutment.  DB furnished a mechanism to equitably share the design and performance risk between 
MnDOT and the winning design-builder. The project front-loaded the ECDI to the proposal process through 
the MnDOT Preapproved Elements (PAE) process where competing design-builders were allowed to confi-
dential propose alternative technical concepts which if approved became PAEs whose price was included in 
the final proposal24) The major lesson learned was that allowing competing DB teams to confidentially obtain 
clarification on RFP requirements and decisions on ATCs before committing to them in the final proposal 
permitted the winning contractor to utilize a an innovative method for removing the existing foundation and 
saved a great amount of time. The project used a streamlined form of DB with a best value award. MnDOT 
received a protest after award and subsequently won the protest because of the transparency of its evaluation 
and award process. 
 
d)  Case 4: 981G Ramapo River Bridge Replacement – New York State DOT 
 This project involved the design and construction of two-lane bridge over the Ramapo River and demolition of 
existing concrete arch bridge damaged by flooding from Hurricane Irene/Tropical Storm Lee using in-house 
designers and an existing IDIQ construction contract.  The NYSDOT had instituted an IDIQ contract (called a 
stand-by contract in the DOT’s terminology) for emergency bridge repair and replacement services in 2007. 25)     
The contract linked the contractor and the in-house design team in a method that mirrors CMGC project de-
livery and allows the construction contractor to make substantial input to the design process through con-
structability reviews, furnishing pricing information on available construction materials, and synchronizing the 
design with the construction means and methods.27) The major lesson learned is that the IDIQ construction 
contract allowed NYSDOT to integrate in-house design with the Statewide Emergency Bridge Contractor and 
obtain the advantages found in CMGC but without the need gain enabling legislation. The NYSDOT response 
to the massive amount of damage caused by Hurricane Irene and Tropical Storm Lee in the Hudson River 
Valley furnishes a model for wide-scale infrastructure repair and restoration.  The 981G Ramapo River Bridge 
Replacement Projects was only one among many disruptions of vital transportation service that needed to be 
restored, and the fact that NYSDOT had the prescience to put the necessary emergency construction capacity 
in place years before the disaster through its Statewide Emergency Bridge IDIQ contract it was able to restore 
service in less than two months. 
 
e) Case 5: Tuttle Creek Dam Safety Assurance Project – US Army Corps of Engineers 
This is the largest Dam Safety, ground modification project on an active earthen dam that has ever been per-
formed. This project consisted of multiple contracts to make various repairs to the dam before it failed. The 
work includes construction of cement betonite slurry walls to restabilize the downstream foundation, a buried 
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relief well collector system, structural modification of 18 Tainter gates for trunnion bearing friction loading, 
and other minor features.  The primary lesson learned management was the involvement of an independent 
design advisory panel to peer review and validate the construction contractor input during the design devel-
opment. The in-house designers were required to have their work checked by highly experienced technical 
persons before each design submittal. This checking procedure is resulted in the production of a high quality 
set of construction documents without the delays inherent with multiple technical design reviews. 
 
(2)  NZ Case Study Projects 
  Table 3 is a summary of the salient case study output for the NZ projects. 
 

Table 3 Summary of New Zealand Case Study Results 
Case 
# 

PDM Selection Rationale Procurement EDCI 

6 Alliance was selected because of the 
scale and complexity of the rebuild 
project and the need for contractor 
cooperation. 

The 3 clients negotiated and formed an 
alliance with the 5 biggest contractors 
(with a large local presence).  

The input of the contractors is used in 
the program methodology, risk register, 
traffic planning and inspection and test 
plan. 

7 Performance based maintenance 
contracts are a routine form of con-
tracting by the NZTA and provide 
immediate response capability 

Tender with non-optional prior inter-
active meeting during tender period. 

Area wide treatment design, amenity 
safety, development of forward work-
ing program. Close cooperation with 
client and network consultant. 

 
a) Case 6: SCIRT - Canterbury Infrastructure Earthquake Recovery Alliance 
In the immediate aftermath of the first Earthquake in Canterbury New Zealand, the works falling under the 
on-going maintenance contracts was increased to encompass earthquake repairs to roading and waste and 
storm water. In negotiation with the contractor, a day rate was set and the company outsourced the work to 
subcontractors by competitively bidding it out. This way the clients had some insurance that the rates would 
not be artificially inflated. The main contractor filtered out the subcontractors that in their view furnished 
overrated bids. The maintenance contracts originally had a provision to increase the works. 

This situation was an immediate reaction to the earthquake and a more stable situation was created after 
6-9 months. A competitive alliance was set up that started rebuilding the city's earthquake damaged roads, 
fresh water, wastewater and storm water networks. The resulting alliance is called SCIRT and the contractual 
agreement is between owners and contractors. The owner participant organisations are the Christchurch city 
council, the NZTA (NZ highway authority) and CERA (Canterbury Earthquake Recovery Authority).  
 
 
b) Case 7: General Maintenance Christchurch and Waimakariri hybrid 
In 2009 the maintenance contract for Christchurch and Waimakariri was tendered and subsequently awarded to 
Fulton Hogan for a period of up to 5.5 years. This contract started in 2009, before the Darfield and Canterbury 
Earthquakes (Sept 2010, Feb 2011, Jun 2011). The contract was in the form of a hybrid model 13) and the un-
derlying work was maintenance of 110 km of national network maintenance.  Not before February 2011, new 
forms of cooperation were set up to deal with the aftermath of the earthquake. 

Directly after the earthquake the amount of work was increased (up to 160 crews simultaneously) and the 
contractor worked at predetermined day rates (negotiated before the earthquake) but negotiated new rates for 
items that became necessary for earthquake repair. For the (extra) project management work there was a 
percentage markup above the day rates. An approximate extra NZ$ 36 million of work was performed above 
the expected contract sum (of NZ$ 45 million per 5.5 years). Major benefits of this way of working was that the 
contractor tendered much of the work and was able to screen subcontractors that had increased their rates 
above ‘normal’ rates in Christchurch pre-earthquake; another advantage was that there was no time lost and 
crews were able to start working straight away.  
 
 
5. CASE STUDY ANALYSIS 
The above described cases contain five common themes with regard to exploiting alternative project delivery 
methods to deliver emergency infrastructure projects. 

1. Alternative delivery methods require ECDI which permits the agency to gain access to information 
regarding available construction means, methods, and materials. This permits the design to be tailored 
to the immediate emergency as seen in the following cases:  



 

 9 

• FDOT case was designed around the capacity of immediately available marine equipment. 
• NYSDOT case project limits were established based on crane setup site requirements. 
• USACE case required the contractor to conduct full-scale testing on-site testing during construc-

tion whose results were used to modify the design in real time. 
• SCIRT is an Alliance between contractors and clients. The estimating capabilities of the con-

tractors are utilized as well as their input in the program methodology, risk register, traffic plan-
ning and inspection and test plan. 
 

2. ECDI adds a reality check to the design process via the designer getting immediate feedback on the 
consequences of design decisions from the entity that is tasked to construct the project. This results in 
a more constructable project. It also saves the time allocated in a routine DBB project to advance the 
design to a point where the entire set of construction documents is biddable. With ECDI, the general 
contractor is already under contract and this allows the design effort to be reduced to the production of 
biddable work packages as evidenced in the following cases: 
• MDOT case bridge type was selection was based on fabrication availability and cost, as well as 

input on limits of right-of-way required due to equipment location and access to the construction 
sites. This “reduced the level of design and specifications.” 22) 

• MnDOT case leveraged the contractor’s input during the proposal development process to develop 
ATCs that eventually became PAEs in the DB proposals. 

• An advantage of an Alliance is that there are no ‘variations or change orders’. If the work cannot 
be tendered out to a sub-contractor at an expected price, the work goes back to the planners to 
undergo scope changes.  

 
3. The use of time-based incentives in emergency projects delivered using alternative methods focuses 

the contractor on executing very aggressive schedule and to devote as much effort as possible to ECDI 
as a means to get design packages released for construction in a timely manner. as evidenced in the 
following cases: 
• Both phases of the FDOT case were finished early and the contractor earned a substantial bonus. 
• The MnDOT case included two incentives: a no-excuse bonus of $7.0 million for on-time com-

pletion if the contractor waived all claims and an early completion bonus of $2.0 million for every 
10-day period. The project was constructed in 339 days. 

• The Alliance has several key performance indicators (KPI) and the amount of work given to each 
contracting party to the Alliance varies according to the previous scores. So the incentive is more 
work in the immediate future and the tool is the KPI scores on present work.  

 
4. While ECDI does not transfer the design liability, it does produce a higher quality set of design 

documents with a lower probability of the need for delay due to changes for design errors and omis-
sions.  
• All seven case study project were completed with no modifications.  
• All seven cases were completed ahead of the already accelerated scheduled completion date. 

 
5. CONCLUSIONS 

“Completing major highway projects involves a complex process that depends on a wide range of stakeholders 
conducting many tasks. The long time frames to complete highway projects are often caused by factors outside 
the control of state DOTs…”28) In an emergency, “long time frames” are simply not acceptable regardless of 
the DOT’s ability to control outside factors. The case studies analysed in this paper demonstrate that one 
method to gain control over project delivery time is to involve the construction contractor in the design. The 
following conclusions can be drawn from the case study analysis: 

• The fastest way to react to an emergency is to anticipate it and make provisions in advance of the 
event. The New York State DOT’s Statewide Emergency Bridge IDIQ contract and the NZTA hybrid 
PBMC are all examples of successfully developing the capacity to react to an emergency without the 
need to expedite procurement procedures. 

• Streamlined procedures for DBB, DB, Alliance, and CMGC delivery of emergency projects can be 
developed to successfully accelerate the procurement of design and construction assets in response to a 
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major emergency. The NZ and US agencies furnished examples of how each project delivery method 
can be abbreviated to award an emergency contract in much less time than it routinely takes. 
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Kocaeli-1999 and Duzce-1999 earthquakes in Turkey caused widespread structural damages as well as 
approximately 20000 casualties. The economic loss related with structural repairs and reconstruction was also 
extremely high. After these two severe earthquakes experienced, a compulsory seismic insurance system was 
established in Turkey in 2001. After these earthquakes, it was once more seen that the assessment of seismic 
damage in an objective and standard manner was not possible due to varying experience and knowledge of the 
members of the damage assessment teams. Another reason for non-standard evaluation of seismic damage was 
lack of a sufficiently clear, quantitative damage assessment form to be filled during on-site damage assessment. 
Therefore, a standard algorithm of seismic damage assessment was needed. Hence our team was assigned of-
ficially for development of a practically applicable and reliable structural seismic damage assessment algo-
rithm. Our team was also responsible for training of the damage assessors from the year 2003 to 2006. The 
damage assessment algorithm was developed for reinforced concrete and masonry structures, which are two 
common types of existing structures in Turkey. The seismic damage assessment procedures developed for both 
reinforced concrete and masonry buildings are basically established on a concept of average structural damage 
level taking into consideration the estimated residual strengths of the structural members. The damage is 
quantified through weighted average of damage of structural members considering the extent of the damage as 
well as importance of the structural members and their dimensions. Consequently, assessment based on the 
clearly defined types and extents of damages and numerical definition of damages of structural members 
permitted to reach an objective and reliable conclusion on the overall structural damage. The details of the 
damage assessment algorithm developed for reinforced concrete buildings are presented in this paper. It should 
be emphasized that the damaged buildings should initially be inspected for the exterior appearances and as-
sessment should be finalized if the building is identified as unsafe without entering inside.  
 

   Key Words: damage assessment, earthquake, reinforced concrete, seismic 

 
 
 
1. INTRODUCTION 
 

Systematic and reliable seismic damage assessment is vitally important after earthquakes for i) re-
turning to normal life as soon as possible, ii) avoiding unnecessary costs due to unnecessary demolition 
of buildings, iii) avoiding the disturbance to the daily life of people who unnecessarily may be required 
to evacuate their buildings, iv) avoiding potential life losses during aftershocks and potential future 
earthquakes, and v) avoiding potential conflicts between public and state and/or between people and 

mailto:bodurogl@itu.edu.tr
mailto:binbire@itu.edu.tr


 2 

insurance companies/agencies. For having such a systematic and reliable seismic damage assessment 
system, two essential requirements are i) a scientifically prepared damage assessment technique, which 
would result with the same structural damage level independent of who makes the damage assessment, 
and ii) properly trained damage assessment staff who are well equipped to adapt themselves to 
post-earthquake site conditions and capable of using the damage assessment algorithm.  Other important 
and inevitable features of such damage assessment techniques are the simplicity of the damage as-
sessment algorithm and the resulting rate of application. With a large number of buildings that requires 
damage assessment right after the earthquakes, the seismic damage evaluation procedure should be 
straight forward and easily applicable in a short time without a compromise in reliability and objectivity. 

After the catastrophic earthquakes in 1999 with epicenters in Kocaeli and Duzce1,2,3), the Turkish 
government decided to bring a change to the government policy on the arrangement of state aids to the 
victims of the earthquakes4,5), whose houses are damaged/collapsed during earthquakes.  With a new 
decree law, compulsory seismic insurance application is put into effect. While until now, the compul-
sory seismic insurance system did not work perfectly, it is regarded as a positive step towards better 
struggling with the effects of earthquakes in terms of structural damages and collapses. Currently, only 
around 1/3~1/4 of all housing units are insured through the compulsory insurance system. Two main 
potential reasons of relatively low application of compulsory seismic insurance are i) lack of serious 
enforcement of compulsory seismic insurance between 1999 and 2012, and ii) the financial support of 
state to victims of earthquakes even though they have not insured their houses after the decree law was 
in force. It should be noted that very recently, a new disaster insurance law was put in effect, which 
brings more serious measures towards enforcing the application of compulsory seismic insurance6).  

Following the establishment of TCIP (Turkish Catastrophe Pool), which is responsible with appli-
cation of the compulsory earthquake insurance, our team was officially assigned for development of a 
practically applicable and reliable structural seismic damage assessment algorithm. Our team was also 
responsible for training of the damage assessors from the year 2003 to 2006. Consequently, a damage 
assessment algorithm was developed for reinforced concrete and masonry structures, which are two 
common types of existing structures in Turkey, by paying particular attention to the main requirements 
summarized above. The seismic damage assessment procedures developed for both reinforced concrete 
and masonry buildings are basically established on a concept of average structural damage level taking 
into consideration the estimated residual strengths of the structural members. The damage is quantified 
through weighted average of damage of structural members considering the extent of the damage as well 
as importance of the structural members and their dimensions. For easy application of the developed 
algorithm, a simple form to be filled on-site by the damage assessment teams is drafted. During prep-
aration of this damage assessment form, the philosophy of one of the most up-to-date performance based 
documents of the time was taken into account7) as well as a damage assessment method developed by 
Japanese researchers based on their observations aftermath 1999 earthquakes in Turkey8). It should be 
noted that the mentioned method was developed in collaboration with Turkish researchers two of which 
are among authors of this paper. Furthermore, damages as classified by European Macroseismic Scale9) 
are also taken into account during drafting the presented damage assessment methodology. Conse-
quently, seismic damage assessment, based on clearly defined types and extents of damages and nu-
merical definition of damages of structural members permitted to reach an objective and reliable con-
clusion on the overall structural damage. The details of the damage assessment algorithm developed for 
reinforced concrete buildings and examples of some typical structural damages are presented in this 
paper. It should be emphasized that the damaged buildings should initially be inspected for the exterior 
appearances and assessment should be finalized if the building is identified as unsafe without entering 
inside as mentioned in the presented damage assessment forms. Several other approaches proposed for 
post-earthquake damage assessment and information on the development of early damage assessment 
systems in Japan can be found elsewhere10,11,12,13).          
 
 
2. DAMAGE ASSESSMENT METHODOLOGY 
 

As mentioned above, the overall structural damage level is determined based on the weighted average 
damages of structural members. Therefore, damage of an important structural member (ie contributing 
significantly to the seismic resistance, or in other words, structural members with large cross-sectional 
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areas) is more governing with respect to a less important structural member contributing relatively less 
to the seismic resistance of the building. As will be seen later, other than sizes of the structural members, 
the types of the structural members also have an important role on their influence on the structure scale 
damage level. Hence, the damages of columns and shear walls (in other words vertical structural 
members) are more governing with respect to damages of horizontal structural members, namely beams. 
Nevertheless, damages of both vertical and horizontal structural members are taken into account since 
this methodology is proposed as a detailed and final assessment for damaged buildings. 

Meanwhile, before assessing the damages of structural members, the presented algorithm requires two 
preliminary investigation stages. Therefore, the methodology is compromised of three main stages. 
These stages are i) outline of the building and global investigations, ii) investigations based on potential 
ground problems, and iii) investigations based on structural damages. Based on the damage situation, 
the final decision about the building overall damage can be taken by completing the first, the first and 
the second, or all three stages. 

The investigation begins with Stage 1, where the general information building, such as address, 
number of stories, structure system type, coordinates, etc. are collected. During this stage, the building is 
examined from outside and if it is seen that the building is fully or partially collapsed, the investigation 
is finished and the building is tagged as a heavily damaged building. This means that the building should 
be demolished. Stage 1 of the presented algorithm is outlined in Fig. 1. 

 
        

 
SEISMIC DAMAGE ASSESSMENT FORM FOR REINFORCED CONCRETE AND MASONARY 

BUILDINGS 

 
Building No.:                       ____   Investigation No.: _______                   

İnvestigation Time and Date :         :        , Day        / Month            / 20_    

Members of Investigation Team  (Name / Certification No.) :  

                                  (                    /              ) 

                                  (                    /              ) 

OUTLINE OF THE BUILDING 

1. Address / Coordinates:                                                                                            

2. Structure Type: [  ] Reinforced Concrete [  ] Masonary 

3. Building Type: [  ] Apartment  [  ] House 

4. Wall Type: [  ] Hollow Bricks  [  ] Solid Bricks  [  ] Briquettes   [  ] Light-weight Concrete Blocks 

    [  ] Others (                                                  ) 

5. Number of Stories: 

[  ] Basement + [  ] Ground + [  ] Normal Floors + [  ] Mezanine + [  ] Roof Floor = [    ] Sum 
 
INVESTIGATIONS 
1.Global Investigations 

[   ] Total or partial collapse 
 
Fig. 1.  Initial part of the damage assessment form (Stage 1) for general building information and global 

situation 
 

Some examples, which necessitate quiting the investigation and ranking the building as heavily 
damaged without further investigation are presented in Fig. 2. If no partial or total collapse is seen, then 
the second stage of the assessment begins, which focuses on the damages/deformations related with the 
ground or foundation problems. In the second stage, the settlement and inclination of the building is 
examined. If there is a significant settlement and/or inclination of the building, then based on the 
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uniform settlement amplitude and/or inclination angle the overall building damage can be determined. 
The algoritm to take a decision about the building damage is summarized in Fig. 3. As seen in this 
figure, if uniform settlement exceeds 1 m, or if the inclination angle exceeds 3 degrees, the building is 
ranked as heavily damaged without further investigation. If the inclination angle is around 2 degrees and 
the uniform settlement is between 0.2 and 1 m at the same time, the building is again ranked as heavily 
damaged without further investigation. If either the uniform settlement is between 0.2 and 1 m or the 
inclination is approximately 2 degrees, the global damage is at least moderate. However, the final global 
structural damage is to be decided based on the damages of structural members, not to be less than 
moderate damage. Finally, if the uniform settlement is below 0.2 m and inclination is less than or around 
1 degree, then the global structural damage is to be determined only based the damages of structural 
members. Some examples of uniform settlement and inclination due to ground problems are presented 
in Fig. 4. It should be noted that while drafting the first and the second stages of the assessment method, 
an approach, which was reported by a team of Turkish and Japanese researchers, was taken into 
consideration1,2,8). 

 

   
 

Fig. 2.  Partially collapsed buildings. No further examination is necessary. The buildings are heavily 
damaged. 

 
 
2. Investigations Based on Ground Conditions 

 LIGHT MODERATE SEVERE 

Uniform settlement  [  ] None or less than 0.2 

m 

[  ] 0.2-1.0m [  ] >1.0 m 

Inclination of building due to 

differential settlement 

[  ] < ≈ 1° 

 

[  ] ≈ 2° 

   

[  ] > 3°  

If one of the rows is marked as SEVERE, or two rows are marked as MODERATE, the building is assigned as 
HEAVILY DAMAGED. No further investigation is necessary. 
  
If one row is marked as MODERATE, the building is either MODERATELY or HEAVILY DAMAGED, based on 
other damages. Investigation should continue. 

If both rows are marked as LIGHT, investigation should continue. 
 

Fig. 3.  The second stage of the damage assessment (ground settlement and differential settlement) 
 

In the final stage of the damage assessment, the damages to vertical (namely columns and shear walls) 
and horizontal structural members (namely beams) are determined one by one through an investigation, 
which requires the damage assessment team to enter inside the damaged building. Of course, the 
investigation of the structural damages inside the building should only be made when the building has 
sufficient safety. The assessment of structural damages are evaluated based on consideration of damages 
of vertical and horizontal structural members separetly using the two respective parts of the damage 
assessment form presented in Fig. 5 and Fig. 6 for vertical and horizontal members.    
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Fig. 4.  Structural deformations due to differential and uniform settlement (due to liquefaction in these 

cases) 
 
 
3. Assessment of Structural Damage* 
 *Before investigation, the building should be examined carefully from outside. If it is clearly safe to enter in the building, then continue to 
investigate the structural damages.  

Damages to Vertical Structural Members 
1. Determine  the mostly damaged story. Draw a sketch of the building plan. Indicate the member damage level on the plan for each 

member.  
2. If damage of beam-column joint is more severe, then use the damage of the joint for the corresponding  vertical member. 
3. Indicate the assigned structural member no, cross-sectional dimensions and damage level on the plan below.      PLAN 

 

 

 

 

 
 

 
Σ Area of undamaged 

members [1] 

 
Σ Area of members with 

damage 
level A [2] 

 
Σ Area of members with 

damage 
level B [3] 

 
Σ Area of members with 

damage 
level C [4] 

 
Σ Area of members with 

damage 
level D [5] 

     

No Dimensions 
 

Damage Cross-section area No Dimensions 
 

Damage Cross-section area 

        

        

        

Weighted Damage Percentage for Vertical Members (WDPVM)   =  ______  %    
 
 

Fig. 5.  The third stage of the damage assessment (part for vertical structural members) 
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Damage to Horizontal Structural Members 

Undamaged 
Beams 

Beams with 
Damage  
Level A 

Beams with 
Damage  
Level B 

Beams with 
Damage  
Level C 

Beams with 
Damage  
Level D 

     
     
     
     
     

Total 
number K0= KA=  KB= KC=  KD= 

     

 

( K0+KA+KB+KC+KD ) 

[KT]= 
 

 
Beam Damages (indicate the beams with damage level C and D on the plan) 
[KC] No of beams with C type damage =         Weighted Damage Percentage for Horizontal  Members 

(WDPHM) = _________ %             
 
 

[KD] No of beams with D type damage=         

[KT] Total no of beams at story =         
 
 
 

 
Fig. 6.  The third stage of the damage assessment (part for horizontal structural members) 

 
Based on the weighted damage precentages of vertical (WDPVM) and horizontal (WDPHM) 

structural members, the global damage level of the structure is determined. As seen in Fig. 5 and Fig. 6, 
for determination of WDPVM and WDPHM, the structural damages are classified into five categories, 
namely 0, A, B, C and D. Hence, for objective damage evaluation, the definitions of damage types 0, A, 
B, C and D are required. The main assumption of definition of these damage types can be outlined as 
follows; i) damage type 0 corresponds to situations without any damage, ii) damage type A is defined as 
slight damage and corresponds to a damage, which approximately causes degradation in capacity by 
approximately 15% or less, iii) damage type B is defined as moderate damage and corresponds to a 
damage, which approximately causes degradation in capacity by approximately 35% or less, iv)   
damage type C is defined as heavy damage and corresponds to a damage, which approximately causes 
degradation in capacity by approximately 65% or less, v) damage type D is defined as very heavy 
damage and corresponds to a damage, which approximately causes total loss of capacity. For vertical 
structural members WDPVM is calculated using Eq. 1, while WDPHM is calculated using the equation 
given in Fig. 6. 
 

[ ]0.15 0.35 0.65 1.00
100

0
A B C D

WDPVM
A B C D

× + × + × + ×
= ×

+ + + +
  (1) 

 
In Eq. 1, 0, A, B, C and D denote the total cross-sectional areas of vertical structural members with no 

damage, A, B, C and D type structural damages, respectively. Several examples of A, B, C and D type of 
structural damages are presented in Fig. 7, 8, 9 and 10, respectively. Type A damages are limited to 
flexural and shear cracks with widths not exceeding 0.5 mm. However, at locations of shrinkage cracks 
and interfaces of different concrete layers, cracks not exceeding widths of 2 mm are also classified as 
type A damages (Fig. 7). Wider shear and flexural cracks upto the maximum width of 2 mm are 
classified as type B damages (Fig. 8). When cracks are wider and/or reinforcement is exposed, the 
damage is classified as type C provided that concrete crushing and/or buckling of longitudinal bars are 
not advanced significantly (Fig. 9). Further damages with significant concrete crushing and/or buckling 
of longitudinal bars and/or significant in-plane or out-of-plane relative displacement of two sides of  
cracks or significant slip of reinforcing bars, or remarkable joint damage and residual member 

[KC]x0.65+[KD]x1.00 x 100 

[KT] 
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deformation in vertical or horizontal directions are defined as type D damages (Fig. 10).     
 
 
 

         
 

Fig. 7.  Examples of type A damages for beams and columns 
 
 

                 
 

Fig. 8.  Examples of type B damages for beams and columns 
 
 

          
 

Fig. 9.  Examples of type C damages for columns 
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Fig. 10.  Examples of type D damages for columns and shear walls 
 
 
Finally, the global structural damage is determined based on together evaluation of damages of vertical 
and horizontal structural members (ie considering the values of WDPVM and WDPHM) as shown in 
Table 1. As seen in this table, if WDPVM exceeds 50%, the building is ranked as heavily damaged 
independent of WDPHM. If the WDPVM is between 20 and 50% or WDPHM exceeds 75% then the 
building is ranked as moderately damaged. However, it these two conditions are present at the same 
time, then the building is assigned as heavily damaged. Otherwise, the building is either slightly 
damaged or undamaged. 
 
 

Table 1.  Global evaluation of the structural damage considering WDPVM and WDPHM 
 

 SLIGHT MODERATE HEAVY 

WDPVM [   ] < %20  [   ] 0.20 - 0.50 [   ] > 0.50 

WDPHM [   ] < %75  [   ] > 0.75   

EVALUATION 
OF 

STRUCTURAL 
SYSTEM 

 
If only this column is 

marked; the structural 
damage is slight. All 
damaged members 
should be repaired. 

If this column is marked for both lines, 
the building is heavily damaged and 

can not be used. 
 

If this column is marked for one line, the 
building is moderately damaged and all 
damaged members should be repaired. 

 
If this column is 

marked for the first 
line, the building is 

heavily damaged and 
can not be used. 

 
 
3. TRAINING OF DAMAGE ASSESSMENT STAFF 
 

As mentioned above, for a successful application of any damage assessment procedure, training of the 
damage assessment staff is of prime importance. Keeping in mind this as well as importance of a rapid and 
objective damage assessment procedure, the Turkish Catastrophe Insurance Pool has officially requested from 
us to arrange a training program for the insurance experts who are expected to execute the seismic damage 
assessment procedure after earthquakes. The training program, which continued about four years between 
2003 and 2006, included two levels of training for insurance experts, most of whom were not civil engineers or 
architects. During this time period, hundreds of insurance experts were certified throughout Turkey. The first 
level training program was six days long and included basic information about building systems, structural 
members, basic seismic behavior characteristics, as well as seismic damages and how to use the damage 
assessment forms presented in this paper. Upon successful completion of this six days long first level training, 
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the insurance experts were awarded with a one-year-valid certificate. After one year, the experts were invited 
for the two-day long second level training, which aimed to refresh the knowledge of the experts and keep them 
practiced with at least one year intervals.  
 
 
4. CONCLUSIONS 
 

The detailed damage assessment methodology, which was developed for compulsory seismic insurance 
system is presented in this paper. The developed methodology makes use of several performance-based 
documents such as FEMA 2737) and other damage assessment methodologies8,9) as mentioned above. The 
overall structural damage is determined considering the structural damages of vertical and horizontal members 
as well as building deformations due to uniform and differential settlement of ground. If a partial or total 
collapse mechanism is directly visible, no further investigation is required and the building is ranked as heavily 
damaged. Since, the structural damages are classified with clear quantitative definitions; the presented algo-
rithm is believed to produce reliable, objective and repeatable assessments independent of the personal 
judgments of the members of the damage assessment teams. Nevertheless, while developing the presented 
damage assessment method to Turkish Catastrophe Insurance Pool Agency, a training program was also 
developed and applied for further improving the quality of seismic damage assessment in practice.  

It is also worth to mention that the presented methodology is found to be too sophisticated in many cases by 
damage surveyors. Therefore, considering this feedback, the authors are currently working on a further sim-
plified method, which is targeted to be as accurate as the presented method.      
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Abstract: 
 
This paper explores the impact that extreme weather events can have on communities. Using the Brisbane 

floods of 2011 to examine the recovery operations, the paper highlights the effectiveness of recovery and re-
building in already strong and resilient communities against those that communities that were fractured, iso-
lated or transient before the event. 

Our research has shown that communities which have a strong sense of identity, as well as organized places 
to meet, develop resilient networks that come into play in times of crisis. The increasing trend of the 
fly-in/fly-out (FIFO) or drive-in/drive-out (DIDO) workforce to service regional areas has undermined the 
resilience of existing communities. The first hint of this occurs with community groups not knowing who their 
neighbours are.  

The paper is based on research examining the needs of groups in regional communities with the goal to better 
equip regional communities with the capacity to respond positively to change (and crisis) through innovative, 
evidence-based policies, resilience strategies and tools. Part of this process was to build an evidence-base to 
address a of challenges associated with the place-based environments and the sharing of information systems 
within communities and decision makers. 

The first part of the paper explores how communities have mobilized in response to crises; the issues that 
have galvanized a common purpose; and the methods by which these communities shared their knowledge. 

The second part of the paper examines how communities could avoid and plan for natural disasters in the 
future by developing better decision making tools. 

The paper defines the requirements for information systems that will link data models of built infrastructure 
with data from the disaster and response plans. These will then form the basis for the use of social media to 
coordinate activities between official crews and the public to improve response coordination and provide the 
technology that could reduce the time required to allow communities to resume some semblance of normality. 
 

   Key Words : Regional Communities, regional resilience, placemaking, social  networks, flooding events, 
Brisbane  

 
 
(1) INTRODUCTION 

The backdrop for this conference must surely be the record and extreme floods in Queensland in January 
2011. Declared the largest natural disaster in the history of Australia this flooding event brought the four pillars 
of the QLD economy – tourism, agriculture, mining and industry/manufacturing – to a complete standstill [for 
a while at least]. Not only did the floods engulf  75% of the State of Queensland (approx 1.29 million square 
kilometres), they also devasted homes and businesses, severed critical infrastructure, rearranged railway lines 
and cut access and electricity to capital and regional cities too numerous to mention. 

Though these events are not unique to Australia, the scale and severity of these weather events are becoming 
increasing difficult to recover from. Current planning and land-use practices have proved insufficient to first 
prepare for, then manage, these events leaving high levels of destruction after each flooding event.  Unless a 
city already has the capacity to be resilient in crisis, it will take longer to recover from major disruptions 
similar to those we have seen first hand in Brisbane in January 2011 and in Gladstone in 2013. The definition 
of resilience that has been adopted here is taken from the Stockholm Research Institute that describes resilience 
as ‘the capacity for a system to continually change and adapt yet remain within critical thresholds’.  This 
particular approach supports the interconnected relationships between cities, environments, and people; be-
lieving that a better understanding of these relationships will drive innovation and production towards more 
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sustainable and resilient cities in the long term.  
During these moments of crisis it is the absolute will and cohesion of the community that will drive the 

recovery and clean-up process. We witnessed just how effective this community-driven clean-up was across 
Brisbane over two weeks immediately after the flood. It is this idea of community resilience that this paper will 
first examine in the context of these two recent flooding events, before exploring the type of information 
systems that would underpin better preparation and decision making before, during and after these extreme 
weather events. 
 
(2) THE NATURE OF THE COMMUNITY? 

Despite 75% of Australia’s export earnings being generated in the regions, the benefits of the recent boom 
are unevenly distributed with many regional communities bearing a high proportion of burdens, such as 
soaring housing costs, stretch on infrastructure and drain of transport corridors and local services  (Carrington, 
Hogg, 2011). In the past townships and communities went hand in hand with economic development, partic-
ularly those supporting mining speculation. We observe the benefits of investment in civic, cultural and social 
infrastructure in regional centres like Bendigo, Ballarat, Charters Towers or even Mount Isa, from with their 
respective booms. However, since the 1980s, and under the growing influence of global economic forces, 
multinational companies in agriculture and mining have increasingly relied on transient workforces to meet 
their demands.  

The need to supply the work force demands of regional areas has seen a surge in ‘fly-in/fly-out’ (FIFO) and 
‘drive-in/drive-out’ (DIDO) delivery of shift workers. This is where workers still live with their families in 
their city of origin and commute over long distances to their work place. This is feasible as the workers gen-
erally work 12 hour shifts over long periods, such as two weeks on and one week off. The workers sleep in 
specially built “villages” which are often isolated from the permanent community. The advantage to the em-
ployer is the reduction in accommodation provision by comparison with building new townships for families, 
with schools, shoppings, etc. The advantage to the workers is that their family does not need to leave their local 
environment, friends, partners’ employment, etc. The downside are high levels of social dislocation and 
widening family relationship issues. It is not uncommon for someone to live in northern Queensland and work 
in northern Western Australia, commuting more than 5000 kms to go to and from work. While not a new 
phenomenon, the scale of the enterprise has exceeded all precedent. This in turn has impacted on local com-
munities in a variety of ways – not least the lack of investment in place-based social and cultural infrastructure. 
In contrast, the City of Mt Isa in north Queensland is celebrating its 90 year anniversary of settlement this year. 
This city was established primarily to support Mt Isa Mines (Xstrata Copper and Zinc), who in turn, invested in 
the community and social infrastructure over the last 90 years leaving a rich legacy. With the workforce largely 
supplied by the city, the strength of both the community and the mine prospered. 

More recently, rapid expansions in the mining sector and new companies around Mt Isa have seen the de-
mand outstrip local supply increasing the FIFO/DIDO work force. Frequent flight services to remote regions 
and the attractions of living in major citites have enticed even locally-based workers and families to adopt the 
remote live/work model. For example, one typical local family from Mt Isa had all four family members 
contributing to the economy of that city: the father was employed at the mine; the mother managed the local 
bank; and the two teenage children worked part-time in Macdonalds and Hungry Jacks after school. When the 
mine increased their operations the family elected to move to Brisbane permanently leaving Mt Isa with 3 
employees short. This story is not uncommon in many mining towns. The scenarios might vary slightly but the 
pattern remains the same – the migration of skill workers and valuable community leaders to the cities in 
exchange for long term shift work.  

With the FIFO expansion, both resource dependent and high amenity areas have contributed to a rapid in-
crease in demand for housing in regional Australia. Housing affordability remains an acute problem for these 
boom communities in Queensland and Western Australia (Carrington & Pereira, 2011; Haslam et al., 2009). 

The rapidly constructed housing units (known as ‘dongas’) built to accommodate the transient workforce 
have had a range of adverse impacts on regional communities (Carrington, 2011; Lawrie et al., 2011).  The 
camps are designed to house single persons and are often planned for short term accommodation only; placing 
a considerable burden on local transport corridors, infrastructure and human services. These services which are 
usually funded on the basis of the permanent resident population and exclude non-resident workers who reside 
in these camps and profit from the infrastructure. In Queensland’s Bowen Basin, for example the non-resident 
population housed in temporary accommodation grew by 40 per cent in the 12 months to July 2011 to 20,520 
(OESR 2012). An ever-decreasing permanent resident workforce carries major implications for the sustaina-
bility of traditional regional communities (Gallegos 2005). The existing housing shortage, along with the 
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increased demands of FIFO, have also had serious impacts on regional tourism. With many exisiting hotels in 
resource intensive regions being booked up by the mines to secure accommodation for their transient FIFO 
workforce, hotels are no longer open and available for tourists. The rates of available rooms have also been 
driven up by the higher rates that the mines have negotiated for full board and lodging – consequently tourism 
also suffers. 

 
(3) THREATS TO THE COMMUNITY RESILIENCE 

While regional towns and mining centres cannot compete with the major cities for opportunities and 
amenties, these communities cannot withstand such levels of attrition and survive. Community members hold 
local knowledge about the area, their culture and their histories. With every migration the concentration of that 
community is weakened. A transient FIFO workforce is a largely unknown entity to an existing community – 
one that is constantly changing and evolving. The FIFO work force arrive by plane and are taken straight to the 
mine for the start of their two week, twelve hours shifts. They are accommodated in contained housing estates 
(camps) outside of the existing towns and cities, with no simple means of travelling to the “permanent” town 
even if they wanted to. As the mining companies are accountable for delivering a safe work environment, they 
employ a zero tolerance policy on alcohol and drugs after hours. These camps supply all meals and recreation 
so that the miners are further discouraged from socialising in the towns after hours.  

Our early research has shown that those communities who have a strong sense of identity as well as the 
opportunity to meet physically in convenient places, are better equipped to deal with crisis or change. If you 
don’t know your neighbours, and you don’t meet them in the town, how can you relate to them or help them in 
times of a crisis? If you don’t share public transport to get to work, or have families in the town or children at 
the local schools – all the immediate mechanisms for sharing information and building resilient communities 
are removed. The FIFO workforce are an essential part of the fabric of the town but don’t participate in ad-
vancement. 

The key question here is “how can transient workers learn more about the local community and interact with 
it in useful ways?” Building a sense of community and interdependence is a necessary part of preparedness for 
disaster response. One contributing factor is an improved knowledge of the local community and environment 
through providing access to online information sources about the local community. Since employers also have 
a duty of care to their employees so that they can respond in the event of a disaster, shared systems to support 
response and joint training of FIFO workers and locals can improve response when needed. 
 
(4) MOBILIZING THE COMMUNITY 

The issues that galvanise a community pivot around shared concerns and interests. During a crisis these 
interests come into sharp focus, enabling communities to mobilise. Information and threats are shared through 
news networks that assist or accelerate the speed of mobilization, but an essential ingredient to an effective 
gathering of people is a place to meet. This needs to be an indentifiable community place that might be both 
physical and virtual. If a virtual environment exists to build a sense of community and mutual interdependence 
as suggested in the previous section, then this is the obvious place to provide access to disaster preparedness 
and response information and systems. 

Railway stations, community halls and local schools are ideal gathering places for large groups – either for 
marshalling, evacuation or for accommodating emergency shelter. They are easily identifiable public places 
that serve the community, often without political or religious alignment.   

Increasingly though, the places that engender effective community mobilization are virtual – situated in 
social networking sites like facebook and twitter, or even in government and community websites. This rapid 
transfer of shared information (including links to emergency and government websites) between multiple 
networks means that individual people can make better decisions about how they respond to change or crisis. 

To demonstrate the effectiveness of social media mobilization, the rapidly assembled ‘mud army’ of 25 ooo 
community volunteers who responded to a call for community assistance by the Queensland State Government 
and the Brisbane City Council in the clean up after the 11 January 2011 floods: 

‘The January floods left Brisbane with a damage bill of $440 million. But as Lord Mayor Campbell New-
man said yesterday, “those volunteers saved us millions, absolute millions”. And they also allowed the city to 
achieve in three days, what took three months after the 1974 floods.’ 

This system, employing both physical and virtual places, was effective in conscripting strangers, estab-
lishing new networks of volunteers and coordinating the large scale of operations. Equally effective were the 
informal mud-armies who responded directly to family, friends and colleagues; and then contributed long after 
the official clean up was completed. These volunteers across Australia provided professional and construction 
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services to affected areas (such as building, landscaping and architectural services).  
While strong communities are precursor to resilience; access to accurate information and knowledge are 

necessary for resonding to crises. The information needs to be shared easily and quickly to all sectors. With 
energy supplies frequently knocked out by extreme weather events these information systems need to be robust 
enough to operate independently of centralized sources. Social media has significantly increased the reach to 
individuals, and the instantaneous updates that mobile devices offer in delivering and sharing that information 
is critical to the process. We suggest that better information and knowledge might be shared by combining data 
from numerous sources and communicating it through new interfaces and visualisation models – like a ‘digital 
workbench’. This facility could be used to build a sense of community under normal circumstances, while 
enabling local government agencies to have better access to real-time information combined with evi-
dence-based research in times of crisis. The following section describes a hypothetical IT system to support 
planning and response to disasters and to build resilience in communities. 

 
(5) BUILDING AN IT INFRASTRUCTURE TO SUPPORT PLANNING AND RESPONSE 

This discussion is built around four stages – avoidance, planning, response and rebuilding. We first describe 
typical use cases for each of these four stages and then present the proposed IT system architecture to support 
these use cases. 

The assets that may need to be protected include buildings, roads, bridges and engineering services (power, 
water, telecommunications, etc). Very few juridictions internationally would have information on all of these 
assets available in an integrated manner due to both organizational and technical issues. The organisational 
issues are due to the normal break up of responsibilities for infrastructure and buildings across different or-
ganisations and across government and private sectors. Issues of privacy and intellectual proporty also mitigate 
against coordinated access to information. The technical issues include interoperability (the ability to merge 
data from disparate sources) and the filtering of data to support human understanding. 

The simplest way to reduce the impact of disasters is to avoid them in the first place. While this may not be 
possible with natural disasters there are many man-made disasters that could have been avoided if the warning 
signs had been heeded. A recent example is Bridge 9340 (I-35W Mississippi River bridge) (Wikipedia, 2013) 
which collapsed on August 1st 2007, killing 13 people and injuring 145 people. The bridge was carrying a 
deadload greater than the designed load. The bridge had been inspected on numerous occasions and flagged as 
being “structurally deficient”. The bridge failed under construction loads during non-structural repairs to the 
bridge. Appropriate monitoring of the bridge under construction loads, including the installation of sensors to 
detect excessive deflections may have avoided the disaster. Planning to minimise risk and impact at this level 
is within the control of the asset owner or their agents. The information on the asset that is needs to fulfill this 
function is a BIM model of the asset “as designed” and “as constructed” together with the results of the design 
analyses. A description of the designers intentions would also be helpful but is seldom requested or provided. 

In order to plan for resilience the community needs to know what assets it has, the importance of particular 
assets and the risks to these assets associated with expected events. Figure 1 shows the Brisbane CBD from the 
air. The Brisbane floods in 2011 were a major surprise mainly due to reassurances that the construction of the 
Wivenhoe Dam meant that there would never be a repeat of the 1974 floods. This lead to poor decisions on risk 
assessment with key components of buildings (plant rooms, electrical sub-stations, etc) being placed in 
basements. This meant the many buildings whose ground floor was above the maximum flood level were out 
of commission for months due to water damage to plant in their flooded basements. Above the single building 
level, the same assurances on reduction of flood risk due to the Wivenhoe lead to many new developments 
being built in areas that were previously inundated in 1974 and inundated again in 2011. The difference in 
weather patterns between the 1974 and 2011 floods also meant that the implications of the 2011 event were not 
appreciated as early as they may have been. Many people were woken on the night before the flood peak hit 
Brisbane and only given a few hours to leave. 

Keeping information on individual assets is relatively easy. When dealing with large numbers of assets with 
many distinct types creating and maintaining accurate information is a more difficult proposition. A holistic 
approach would require the integration of data about climate, topography, hydrology, engineering services 
(water, energy systems, transportation), structures (bridges, roads, etc) and buildings. The information about 
these systems and assets does not need to be at the same level of detail as for the previous stage and would be 
unwieldly if it did. The level of information about buildings could be limited to the geometric representation of 
the external envelope and the floor levels inside the building with attributes giving the building usage(s), type 
of structure, etc. This type of system is being implemented in the Sydney CBD by the NSW Department of 
Finance & Services, Land & Property Information. The need for the Sydney CBD model has arisen through the 
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need to coordinate all of the subterranean structures and services, such as the underground train lines, car-
parking structures and basements, services, etc. 

 

 
Figure 1: Understanding existing assets. An aerial image of the Brisbane CBD from Google Earth with 3D buildings. 
 
Many of the risks of disaster events for individual assets are covered automatically through legislation such 

as building codes and planning constraints. In both the Newcastle and Christchurch earthquakes the major 
death tolls occurred in multi-storey buildings which had been subject to extensive modifications over time with 
poor consideration of the structural impacts of modifications (Newcastle Herald, 2009; Wikipedia, 2013a). 
While individual asset owners can reduce the impact of disasters on their own assets, they are constrained in 
how to respond to widespread events, such as floods and earthquakes. This is an obvious role for government. 
For example, the Brisbane City Council publishes flood flag maps (BCC, 2012) that can be used to assess the 
likelihood of flooding at a particular location. 

Response covers activities during an event and includes protection of lives, maintaining continuity of ser-
vices, protection of public and private assets and immediate cleanup to enable return to normal operation for 
those people and assets not directly effected. Most of this is the responsibility of government. The response 
planners will require immediate access to large amounts of information across a wide range of resources and be 
able to undertake a range of analyses on this information for a range of possible scenarios. During the response 
stage unrestricted access will be required. Appropriate access permissions would be needed. The full range of 
data and analaysis applications need to be available at relevant levels of detail. The speed of analysis and 
response would be inproved if networks of sensors, CCTV and public media were available and integrated 
with the analytical models. For example, analytical models of flooding could be compared with actual data to 
ensure that the analyses, and hence the decisions based up them, reflect what is really happening. This is and 
ideal use of augmented reality systems to simplify comparisons between predicted and actual results. 

An important feature of the response to the Brisbane floods in 2011 was the “mud army” (Courier Mail, 
2012). Over the first weekend after the floods thousands of people volunteered to assist with cleaning up areas 
that had been flooded. These efforts continued on a smaller scale for several months afterwards. On the first 
day the mud army was well utilized, but as areas were cleaned up it was much more difficult to coordinate 
efforts and the efficiency fell away. This is an area were social media could be applied effectively to improve 
the efficiency and effectiveness of the effort. 

Rebuilding covers the considered repair, demolition and possibly relocation of assets undertaken after the 
immediate impacts of an event have been dealt with. The types of information required for rebuilding are 
similar to the planning stage. However, it would be expected that the values used for assessing the various risk 
factors were revised in the light of the disaster. The ability to search the virtual models of assets to locate 
details that have been identified as dubious in the recent event would simplify the planning of rebuilding tasks. 
Different types of analysis tools may also be needed to support decision making about damaged assets, such as 
whether to repair or demolish the asset. If there is consideration given to relocation/rebuilding of an asset in a 
different location to improve the risk considerations then the information and tools used for designing new 
assets would obviously be appropriate. 
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All of the information required above is of little use if it is not up-to-date and accurate. Asset owners could 
maintain the currency of the data on their assets through integration with their asset management systems. 
Accurate and appropriate data captured at the handover of a new asset to the owner followed by continued 
updating of the data as work orders and maintenance activities are undertaken would achieve this. Maintaining 
information about the building stock across a city would require an interface between the planning and 
building approvals processes and the city models. Since infrastructure projects are not subject to the same 
approvals process and there are often multiple stakeholders (i.e. local, state and federal governments) 
maintenance of accurate information is more problematic and would required a willingness of all parties to 
cooperate. 

Before the proposed software architecture that would support the above use scenarios is described, the 
lifetime of the data about assets needs to be considered with respect to the software systems that will contain it. 
The lifetime of many built assets exceeds 50 years and in many cases exceeds centuries. Given that commercial 
computing has only existed for just over 60 years and personal computers for a little over 30 years, consider-
ation must be given to the availability of data over the lifetime of the asset(s) given that technology will change 
significantly between the initial construction of an asset and its demolition. One of the core requirements to 
support data over thse time periods is the use of open standards to allow data to be moved between databases, 
software and hardware systems. The most widely used open standards currently used to support the assets 
discussed herein are the STEP standards (ISO), the IFCs (Industry Foundation Classes) (buildingSMART, 
2013) and CityGML (OGC, 2013). These all support the encoding of data as clear text encoding. This means 
that the data will be accessible by any computer system that has a translator from one of these open formats 
into its internal format. Translators are then required to export edited data out to one of the open formats. While 
it is expected that the information needed to manage both individual assets and assets spread over a region will 
be stored in proprietary formats, there is a need to be able to export in open formats to maintain longevity of 
data to match the assets that they represent. 

The type of software system that is described hereunder is a specialization of data intensive engineering 
software. Morris et al (1992) discuss many of the features that are necessary to support engineering decision 
making, such as support for versioning, schema evolution, schema integration, concurrency control, data dis-
tribution and system management. The overall software architecture is shown in figure 2 

 

  
Figure 2: Software Architecture to Support Disaster Planning and Response. 
 
The technical infrastructure that is necessary to support the workflows described above needs to be flexible 

to support the differences described in the workflows. The data lies at the lowest level. Access control sits 
above this. The problem representation, analytical packages and alternatives are in the layer above with a 
visualization interface sitting at the top and providing the user interface to the other components. 

The data layer consists of a series of databases which store the data. Conceptually, these could be considered 
as being one per government department/company. These would have the appropriate access control to da-
tasets. The AURIN project (http://aurin.org.au) is examining issues of data access control that are relevant to 
this type of situation. Under an emergency response situation access control could be relaxed to allow a core 
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response team to access information on an as needed basis. Free and open exchange amongst the response team 
members is obviously desirable. Given that response groups, data sources and software are likely to be put 
together in response to particular aspects of a disaster, security and access control would need to be chiefly 
maintained by the network connecting the computer hardware. The “mashed” database is intended for use in 
response mode where the team may bring together multiple datasets and will want to cache large datasets 
generated through queries or analyses. Given that these will be generated under time pressure it would be 
potentially dangerous to allow data to be written back to the source datasets. 

The “scenario definition” component allows definition of the parameters of the problem that is being 
tackled. This is an analytical engine which merges systems description, parametric solver and 2D/3D geo-
metric modeling capabilities. Aspects of it can be seen in Matlab, Mathematica, WhatIf (Klosterman, 1999), 
GIS and BIM systems. 

The analytics component indicates where a suite of analysis tools is attached. This would comprise a range 
of tools including capabilities such as finite element analysis, computational fluid dynamcs, linear and 
non-linear equation solvers. 

The results of user interaction are stored as “proposals”. Each problem formulation would be run against a 
series of parameters. The settings for particular problem descriptions and the results would each be stored as a 
separate proposal that can be retrieved individually at the end of a series of runs. This supports iterative pro-
gression through the solution space of particular probems, with the possibility to return to various intermediate 
positions and to test other branches of a decvision network. 

The final componenet is the visualization interface. This is the major interface between the user and the 
software components. This is deliberately distinct from the underlying software components, following the 
philosophy of the unix X-windows approach, where the windowing system can support multiple users looking 
at the same visual interface from different screens. This supports collaboration through providing the ability 
for people who are not co-located to share and interact over particular aspects of a problem. It also provides a 
mechanism for lightweight hardware, such as tablets used in the field, to access high powered computing 
facilities tht are necessary to understand developments in possibly remote locations. In current terminology 
this could be conserved as “shared access over the cloud” but the underlying technology is not new. 

 
(6) CONCLUSION  
Two aspects of regional resilience were presented – social and technological.  
The major social factors in building resilience in communities are to build a sense of community through a 
range of place-based interactions within the community itself. The use of FIFO workers in mining and infra-
structure developments mitigates directly against the social structures required to build a sense of community 
through their work practices and restraints on social interaction with the resident community. Additional 
factors are open access to information about the community and the impact of social media in supporting 
communication within the community. 
The technological sections proposed a software architecture that supports the four identified stages of disaster 
response. While recognizing that portions of this functionality exist in currently available software there is no 
known implementation of this system. The distinguishing features are: 

1. Separation of the visual user interface from the analysis and scenario definition functions to allow 
users who are not co-located to collaborate on decision making; 

2. Providing levels of security access that can be reduced during response to disasters to simplify support 
for response activities; 

3. Providing explicit support for storing alternative proposals as a problem is analysed; 
4. Support for open standards for data storage and exchange, recognizing the difference in life expec-

tancy of built environment assets and computer systems. 
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Recently, the limitations of only hard measures against flood have been recognized, and grappling with soft 
measures has started thriving. A flood hazard map is a typical soft measure. To work properly, residents in a 
flood vulnerable area should understand a flood hazard map and prepare for flood. But they tend to make little 
account of flood risk because of reducing the frequency of flood by developing flood control facilities. In short, 
there is a possibility that a flood hazard map cannot make them recognize flood risk intended by a local ad-
ministration. Then, expression that is easy for them to accept and understand the information is requested. This 
paper aims to study expression of flood risk information to promote recognition of flood risk and awareness of 
flood preparedness. First, we survey awareness about flood in flood vulnerable area and a flood hazard map 
was evaluated. As a result, it was made clear that ‘Recognition of flood risk’ affects ‘Evaluation of flood risk’ 
and ‘Evaluation of flood risk’ affects ‘Awareness of flood preparedness’. It could also be indicated that it 
would be need to improve the expression of the hazard map which would seem to the residents to be easy to 
understand the aim, able to agree the aim, the accurate contents and the reliable contents. Second, according to 
these results, we made three kinds of flood risk expression. Three different expression of flood risk information 
were shown to them. Then, recognition of flood risk and awareness of flood preparedness were prompted 
according to a property of each expression. Furthermore, a flood hazard map was combined with the proba-
bility expression or the risk measure to use the merits of each expression. These two kinds of new hazard map 
were shown to them again. As a result, understanding and reliability of the flood hazard map were improved. 
 

   Key Word : flood risk, hazard map, preparedness, knowledge transfer, risk communication 
 
 

1. INTRODUCTION 
 

Recently, the limitations of only hard measures against flood have been recognized, and grappling with soft 
measures has started thriving. A flood hazard map is a typical soft measure. To work properly, residents in a 
flood vulnerable area should understand a flood hazard map and prepare for flood. But they tend to make little 
account of flood risk because of reducing the frequency of flood by developing flood control facilities. In short, 
there is a possibility that a flood hazard map cannot make them recognize flood risk intended by a local  ad-
ministration1). Then, expression that is easy for them to accept and understand the information is requested. 

There are many researches on disaster risk communication2),3) and awareness of flood risk after reading a 
flood hazard map4),5),6) as the researches in relation to disaster risk information. Katada, T. et al.7) indicate the 
existence of normalcy bias, the fixation of disaster image and the lack of understanding on presumption of a 
flood scenario as the problems of recognition and reception of a flood hazard map. Then, they concluded that a 
rough hazard map is better than a detailed hazard map from the viewpoints of reducing the fixation of disaster 
image and improving the action of getting flood information. There are also many studies in the contents of a 
flood hazard map on the assumption that flood hazard map is best as the information shown to the residents8),9).  
Amao, Y.,  et al.10)  evaluated flood risk, and made it clear that there is a gap between residents’ awareness of 
flood risk and their behavior of disaster prevention. Furthermore, they made a disaster self-prevention behavior 
model and studied in promoting the disaster self-prevention11).  However, there are few researches on promo-
tion of recognition of disaster risk and awareness of disaster preparedness by the expression of disaster risk 



 

 2 

information. Then, this paper aims to study expression of flood risk information to promote recognition of 
flood risk and awareness of flood preparedness. First, we survey awareness of flood risk in flood vulnerable 
area and a flood hazard map is evaluated. Then, covariance structure analysis of recognition of flood risk and 
awareness of flood preparedness is executed by using the questionnaire data. Second, we propose two different 
expression of flood risk information from a flood hazard map with considering the evaluation of a flood hazard 
map and the covariance structure analysis. Then, we show them to the residents in flood vulnerable area, and 
evaluate whether recognition of flood risk and awareness of flood preparedness can be improved. Last, we test 
the effect of combining expression of flood risk information. 

 
 

2. SUMMARY OF QUESTIONNAIRE 
 
 (1) Study area 

The study area is the inside of Onsen-machi, Shimobayasi-2 and Shimobayashi-kariya in Hitoyoshi city, 
Kumamoto, Japan shown in Figure 1. Since the Kuma River and the Mae River come together at this area, this 
area has often suffered from flood as shown in Table 1. In recent years, this area was flooded caused by ty-
phoons and heavy rains several times, and an evacuation recommendation was issued. Then, floodgates and 
pumps were equipped in this area. However, the tributaries cannot avoid a flood risk when the water level of 
the Kuma River rises because the height in this area is quite lower than the levee of the Kuma River and falls 
toward the confluence. A geographical feature of this area easily gathers water when rivers flood. 

Now, the Kuma River has been improving for flood once in 80 years. The design capacity of the Kuma River 
is 7,000 m3/s. 4,000 m3/s and 3,000 m3/s are allocated for the river and the dams respectively. The Ichifusa dam 
was already constructed in the Kuma River and can cut the peak flow by 1,300 m3/s. The Kawabe dam in the 
tributary had been planned the allocation of 1,700 m3/s but was suspended. The present capacity of the Kuma 
River around study area is 3,600 m3/s, therefore, this area is flood vulnerable area. 

 
                                                                                                     Table 1 Past damage of the basin of the Kuma River. 

Time of oc-
currence 

Summary of damage Maximum 
flow of 

Hitoyoshi 
point(m3/s) 

Damage 
and 

washed 
away 

Inun-
dation 
above 
floor  

Inun-
dation 
below 
floor 

1963.8 281 1,185 3,430 3,000 
1965.7 1,281 2,751 10,074 5,700 
1971.8 209 1,332 1,315 5,300 
1972.7 64 2,447 12,164 4,100 
1982.7 47 1,113 4,044 5,500 
2004.8 － 13 36 4,300 
2005.9 － 46 73 4,500 
2006.7 － 41 39 3,600 

 
 
Fig.1 Aerial photograph of study area (Produced by Kumamoto prefecture). 
 
 (2) Summary of questionnaire 

We had a questionnaire to study how change recognition of flood risk and awareness of flood preparedness 
by difference in expression of flood risk information in October and December, 2010. We randomly sampled 
the households in the study area, and visited and handed them a questionnaire. Later, we visited them again and 
collected it. Summary of the questionnaire is shown in Table 2. 

First, we surveyed each item about ‘Residential condition’, ‘Recognition of flood risk’, and ‘Flood pre-
paredness’ in Table 2 as a pre-questionnaire. The respondents were 150 households.  Probability expression of 
rainfall of 30years return period and expression of risk measure mentioned later are adopted as flood risk 
information after taking the result of the pre-questionnaire into account. Secondly, we divided the respondents 
of pre-questionnaire into three groups, and showed each group each expression of flood risk information re-
spectively. Then, we surveyed each item about ‘Recognition of flood risk’ and ‘Flood preparedness’ again. 
The respondents were 148 households. Thirdly, the households read the probability expression and the half of 
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the households read the flood hazard map was provided a new flood hazard map added to the probability ex-
pression. On the other hand, the households read the expression of risk measure and the rest of the households 
read the flood hazard map were provided a new flood hazard map added to the expression of risk measure. 
Then, we surveyed about ‘Understanding of flood risk information’ and ‘Reliability of flood risk information’.   
Final respondents were 122 households. The flow of the whole survey is shown in Figure 2. 

 
Table 2 Summary of questionnaire. 

Residential condition Recognition of flood risk Flood Preparedness 
Age 
Years of residing 
Number of family 
Structure of house 
(wooden or reinforcing) 
Number of floors 
 

About a flood hazard map 
How do you feel to read a flood hazard map? 
The condition of the improvement of the river 
The level of  the improvement project 
A probability of flood within 30 years 
The expectation of flood depth 
The flood risk of your neighborhood 
The flood risk of your house 

Examination of an evacuation route 
Preparedness of an emergency kit 
Flood insurance 
Relationship with the neighborhood for flood 
The device of building for flood 
The device of a furniture arrangement for 
flood 
How to get the information in a heavy rain 

 

 
                                                                                           The figures in parentheses are the number of samples. 

  
Fig.2 The flow of the whole survey. 

 
 

3. THE RESULTS OF PRE-QUESTIONNAIRE 
 
(1) The Attributions of the respondents 

The attributions of respondents to the pre-questionnaire are shown in Figure 3. Those over 60 years old 
account for about 70 percent of the respondents and one or two-person household account for more than 50 
percent. 52 percent of the respondents have lived there more than 20 years and 50 percent of the respondents 
have experienced flood as shown Table 1. The local administration of Hitoyoshi city distributed a flood hazard 
map to each household in 2006. Furthermore, the flood hazard map was renewed in 2010 and an explanatory 
meeting for the flood hazard map was held in October. The degree of recognition of the flood hazard map is 
shown in Figure 4. Those have read the flood hazard map account for about 60 percent, while those have 
understood the contents are no more than 40 percent. 

Next, the distribution of their expectation of flood depth is shown in Table 3 according to the expectation of 
flood depth on a flood hazard map. 70 percent of the respondents have lived at the expected depth from 2m to 

 

  
Fig.3 The attributions of the respondents to the pre-questionnaire.            Fig.4 The degree of recognition of the flood hazard map. 
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Table 3 Flood hazard map and the expectation of flood depth. 
 

 
Respondent’s expectation of flood depth 

Total 
 No flooded Below 0.5m 0.5-1.0m 1.0-2.0m 2.0-5.0m Over 5.0m 

Th
e 

ex
pe

ct
at

io
n 

of
 

flo
od

 d
ep

th
 o

n 
flo

od
 

ha
za

rd
 m

ap
 

No flooded 0 0 0 0 0 0 0 

Below 0.5m 4 0 0 0 0 0 4 

0.5-1.0m 5 2 1 0 0 0 8 

1.0-2.0m 22 5 5 2 1 0 35 

2.0-5.0m 53 27 16 6 1 0 103 

Over 5.0m 0 0 0 0 0 0 0 

Total 84 34 22 8 2 0 150 

 
5m on the flood hazard map and most of them have live in a low-rise and wooden house as shown in Figure 3. 
Although all respondents live in flood vulnerable area on the flood hazard map, 84 households answered that 
their own houses would not be flooded. The combinations of their expectation and the expectation on the flood 
hazard map concentrate at the lower left side of a diagonal in Table 3. Although they have lived in the flood 
vulnerable area, most of them believe that their neighboring area is safe. Therefore, we can indicate the ex-
istence of normalcy bias. 
 
(2) Awareness of flood risk and flood preparedness 

Awareness of the improvement condition and the project level of the Kuma River and awareness of flood 
risk are shown in Figure 5. The Kuma River has been improving for flood once in 80 years. Though design 
capacity of the Kuma River is 7,000 m3/s, the present capacity is 4,900 m3/s including the Ichifusa dam. 
However, more than 50 percent respondents answered ‘The river improvement has been completed.’ or ‘The 
river improvement will be completed soon.’. About ‘Which level of rainfall dose the improvement level of the 
Kuma River correspond with?’, more than 70 percent of the respondents chose the rainfall once in 40 years and 
below. On the other hand, about a probability of flood occurrence within 30 years, more than 60 percent of the 
respondents chose  more than 30 percent probability. The respondents lack knowledge of the improvement 
condition and the improvement level of the Kuma River, but they seem to have recognized the flood proba-
bility in consideration of the present river condition. About flood risk in study area, only 40 percent of the 
respondents chose ‘Relatively danger’ or ‘Danger’. Although all respondents live in flood vulnerable area, 
those answered that the study area would be flooded account for 40 percent as shown in Table 3. The 
above-mentioned result corresponds with the rate of this answer. The respondents are optimistic about flood 
risk. 

The present condition of flood preparedness is shown in Figure 6. About evacuation route, most of re-
spondents answered ‘Secure’ or ‘Somewhat’. However, more than 70 percent of the respondents did not 
prepare the emergency kit at all. 40 percent of the respondents bought flood insurance and 10 percent of the 
respondents made the framework for cooperation with neighborhood for flood. Many respondents did not 
devise the structure of house and the furniture arrangement at all. It is indicated that the enough flood pre-
paredness is not planned by the individual and the community. 

 

      
Fig.5 Awareness of the river improvement and flood risk.                                            Fig.6 Flood preparedness. 
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(3) Covariance structure analysis of flood preparedness 
      It can’t be maintained that the flood preparedness is enough in the study area as has been mentioned. Then, 
the awareness structure of flood preparedness is analyzed in this paragraph, and we study how to encourage the 
preparedness. First, we check whether differences of flood preparedness exist by that they expect their own 
house to be flooded or not. Figure 7 shows the rate of answers about ‘The device of building for flood’, ‘The 
device of a furniture arrangement for flood’, and ‘Discussion about flood with the neighborhood’ classified by 
their expectation. The yes rate to each item of those responded ‘Being flood’ is clearly higher than the case of 
‘Not’. Therefore, if recognition of flood risk is enhanced, it seems flood preparedness is improved. Further, it 
seems recognition of flood risk depends on the degree of recognition of flood occurrence.  

Then, to test the awareness structure of flood preparedness, covariance structure analysis about recognition 
of flood risk and awareness of flood preparedness is executed. The items shown in Table 4 are applied to the 
observation variables among the questionnaire. The path diagram of causal structure model for awareness of 
flood preparedness is shown in Figure 8. ‘Recognition of flood risk’ is a latent variable, and it consists of three 
observation variables. There are ‘Awareness of the project level of the river improvement’, ‘Understanding of 
a flood hazard map’ and ‘Awareness of a probability of flood occurrence within 30 years’. It is supposed that 
‘Recognition of flood risk’ affect the latent variable ‘Evaluation of flood risk’ and ‘Evaluation of flood risk’ 
affects the latent variable ‘Awareness of flood preparedness’. ‘Evaluation  of flood risk’ consists of ‘Aware-
ness of flood risk’ and ‘Awareness of being flooded’, and ‘Awareness of flood preparedness’ consist of ‘The 
device of building for flood’, ‘The device of a furniture arrangement’ and ‘Discussion about flood with 
neighborhood’. 
    The result of Covariance Structure Analysis is shown in Table 5. The parameters of paths among the ob-
servation variables are correlation coefficient in Figure 8. The values of one-direction paths are standardization 
parameters. Since Goodness of Fit Index (GFI) is 0.973 and Root Mean square Residual (RMR) is 0.018, this 
model is fit for causal structure of awareness of flood preparedness well. On the other hand, about the setting of 
latent variable and the choice of observation variable, t-values of the all estimated parameters without the path 
from ‘Awareness of flood preparedness’ to ‘Discussion about flood with neighborhood’ satisfy 5% level of 
significance as shown in Table 5. Therefore, it can be indicated that ‘Recognition of flood risk’ affect the latent 
variable ‘Evaluation of flood risk’ and  ‘Evaluation of flood risk’ affects the latent variable ‘Awareness of 
flood preparedness’. From this result, if ‘Awareness of the project level of the river improvement’, ‘Under-
standing of a flood hazard map’ and ‘Awareness of a probability of flood occurrence within 30 years’ are 
enhanced, it is expected that the flood preparedness is improved.  
 

 
Fig.7 Awareness of being flooded and the flood preparedness. 

 
Table 4 Observation variables. 

Observation variables Definition of the variables 
Awareness of the project level of the river improve-
ment Completion: 0, Completion soon: 1, Half: 2, Nothing: 3 

Understanding of a flood hazard map No: 0, Yes: 1 
Awareness of a probability of flood occurrence within 
30 years Below 10%: 0, 10-30%: 1, 30-50%: 2, Over 50%: 3 

Awareness of flood risk Safety: -2, Relatively safety: -1, No matter: 0, Relatively danger: 1, Danger: 2 
Awareness of being flooded No: 0, Yes: 1 
The device of building for flood No: 0, Yes: 1 
The device of a furniture arrangement for flood No: 0, Yes: 1 
Discussion about flood with the neighborhood No: 0, Yes: 1 
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Table 5 The result of Covariance Structure Analysis. 
Path Parameter t-value 

Recognition of flood risk←Awareness of the improvement level 0.531 － 
Recognition of flood risk← Understanding of flood hazard map 0.445 2.278* 
Recognition of flood risk← Awareness of a probability of flood occurrence within 30 years 0.628 2.482** 
Evaluation of  flood risk ← Recognition of flood risk 0.625 2.858** 
Awareness of flood risk← Evaluation of flood risk 0.714 3.874** 
Awareness of being flooded ← Evaluation of flood risk 0.469 － 
Awareness of flood preparedness← Evaluation of flood risk 0.645 2.007* 
The device of building for flood ←Awareness of flood preparedness 0.321 － 
The device of a furniture arrangement for flood ← Awareness of flood preparedness 0.479 1.935* 
Discussion about flood with the neighborhood ←Awareness of flood preparedness 0.216 1.438 

Goodness of Fit Index (GFI) Root Mean square Residual (RMR) 
0.973 0.018 

 
Fig.8 The model of flood preparedness. 

 
    Next, we search for the matters which affect the evaluation of a flood hazard map in order to improve ex-
pression of a flood hazard map. Those have read a flood hazard map was made evaluate the map about the ten 
matters by five ranks from ‘1: I don’t think so at all.’ to ‘5: I extremely think so.’. The classifications are three 
matters about ‘User-friendliness’, four matters about ‘Ease of understanding’, and three matters about ‘Con-
tents of statement’. We calculated the average for each matter by which of the understanding group or not to 
check the relation between the understanding and the evaluation of a flood hazard map, where the under-
standing group is who answered ‘yes’ about the question of understanding of a flood hazard map. The result is 
shown in Table 6. There is not a significant difference between two groups about the each average of the matter 
in ‘User-friendliness’. On the other hand, there are significant differences about all matters in ‘Contents of 
statement’, and the averages of the understanding group are higher. There is a significant difference between 
the averages of ‘Easy to understand the aim’ in ‘Ease of understanding’. It is need to improve the expression of 
a flood hazard map which seems to the resident to be easy to understand the aim, able to agree the aim, the 
accurate contents and the reliable contents. 

 
Table 6 Understanding and evaluation of flood hazard map. 

Category Matter All (n=73) Understanding 
group (n=45) 

Ununderstand-
ing 
group(n=28) 

t-value 

User-friendliness 
Easy to keep 3.52 3.58 3.43 0.61 
Easy to stick 3.01 2.98 3.07 -0.33 
Easy to bring out 3.47 3.53 3.36 0.62 

Ease of under-
standing 

Easy to understand the  titles 3.52 3.53 3.50 0.16 
Easy to understand  the aim 3.88 4.04 3.61 2.20* 
Easy to understand the contents 3.56 3.60 3.50 0.39 
Easy to read the map 3.51 3.58 3.39 0.70 

Contents of 
statement 

To be able to agree the aims 3.77 4.02 3.36 2.57* 
To be the accurate contents 3.56 3.76 3.25 2.23* 
To be the reliable contents 3.56 3.84 3.11 2.87** 

                                                                                                                     ** 1% level of significance, * 5% level of significance 
 
 
4. EXPRESSION OF RISK INFORMATION AND RECOGNITION OF FLOOD RISK 
 
(1) Expression of flood risk information 
    Since it is important to be the accurate contents, we emphasize the presumption of a flood hazard map, 
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which is the rainfall once in 80 years, as shown in Figure 9 in order to help the resident understand it. We made 
the two different expression of flood risk information reflected the contents of a flood hazard map from the 
map. Both are written to make the information of evacuation sites eye-catching and to make the aim of 
providing the flood risk information clear. One is the flood risk information to pay attention to a probability of 
flood occurrence. We often read such sentence as ‘This flood hazard map is made on the presumption of the 
rainfall once in xxx years.’ among the explanation of the map. In this study, the expression ‘the rainfall once in 
80 years’ is transformed into the expression ‘a probability of flood occurrence within 30 years is over 30 
percent.’ as shown in Figure 10. Another one is the risk information which compares a number of flood victims 
with a number of other disaster or accident victims. This expression is ‘Risk measure’. A probability of flood 
occurrence is extremely lower than a car accident or a fire, but the flood causes extensive damage and massive 
victims. Therefore, not only a number of flood victim a year per a hundred thousand people but also a number 
of other disaster and accident victims as the reference information is listed. The probability expression also 
includes a sentence which is ‘The Kuma River has been improving on the presumption of the rainfall once in 
80 years.’ with the information of evacuation sites. 
 

   
Fig.9 Presentation of the information 1: Flood hazard map.  Fig.10 Presentation of the information 2: A probability of flood occurrence. 
 

 
Fig.11 Presentation of the information 3: Risk measure. 

 
(2) Change of awareness about flood 
    The flood hazard map, the probability expression and the expression of risk measure are shown to one third 
of the respondents of the pre-questionnaire in each, and understanding of flood risk information, awareness of 
flood risk, awareness of a probability of flood occurrence within 30 years and their expectation of flood depth 
are surveyed. Since there are not significant differences of response trends to the pre-questionnaire between the 
groups, the change of awareness about flood in each group is checked on the basis of the response rate of the 
pre-questionnaire. Figure 12 show the rate of those could understand of flood risk information by each ex-
pression. The understanding rate on the risk measure is highest. It is reason that the expression of risk measure 
is easy to understand because of comparing with familiar events, while the flood hazard map includes the 
spatial information and the expression of a probability of flood occurrence within 30 years is generally an 
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unfamiliar. Figure 13 shows awareness of flood risk. In case of risk measure, the rate of ‘Relatively danger’ 
and ‘Danger’ increases as compared with the result of the pre-questionnaire. However, in case of a probability 
of flood occurrence within 30 years as shown in Figure 14, the rate of those choose below 30 percent increases 
as compared with the pre-questionnaire’s one. Therefore, the expression of risk measure does not lead urgency 
of flood occurrence, but makes awareness of flood risk improve because of easy to understand it. On the other 
hand, the flood hazard map leads urgency of flood occurrence and makes awareness of flood risk flood im-
prove. This seems to depend on that a flood hazard map helps our spatial perception and is a wealth of the 
information.  
    After showing them, their expectation of flood depth is asked again. The distribution of their expectation of 
flood depth according to the expectation of flood depth on a flood hazard map is shown in Table 7. Although 
their understanding of flood risk information is improved, the combinations of their expectation and the ex-
pectation on a flood hazard map still concentrate at the lower left side of a diagonal in Table 7. Then, it is 
indicated that most of them believe that their own residential area is safety. This means that they can under-
stand the flood risk in their area by showing the risk information but they think themselves safety, that is, the 
normalcy bias still exist after getting the information. However, we can observe the distribution of the com-
binations moved to the diagonal side because the number of ‘No flooded’ decreases from 84 to 30 as compared 
Table 3. It is made clear that the flood risk information leads awareness of that their residential sites is flooded. 
 

   
Fig.12 The rate of those could understand each risk information.                                Fig.13 Awareness of flood risk. 

 

  
Fig.14 Awareness of a probability of flood occurrence within 30 years 

 
Table 7 Flood hazard map and the expectation of flood depth after showing the flood risk information. 

 
 

Respondent’s expectation of flood depth 
Total 
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No flooded 0 0 0 0 0 0 0 

Below 0.5m 1 3 0 0 0 0 4 

0.5-1.0m 2 3 1 2 0 0 8 

1.0-2.0m 10 16 3 4 1 1 35 

2.0-5.0m 17 26 32 15 8 3 101 

Over 5.0m 0 0 0 0 0 0 0 

Total 30 48 36 21 9 4 148 
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(3) Change of awareness of flood preparedness 
     If the causal structure model for awareness of flood preparedness shown in Figure 8 is followed, evaluation 
of flood risk is improved by changing recognition of flood risk. Then, the change of awareness of flood pre-
paredness is expected through this process. We ask them whether they want to prepare which of the matters in 
flood preparedness in future because it is need for time and cost to practice them.  The results are shown in 
Figure 15 to 18. In case of any expression of flood risk information, the change of preparedness of emergency 
kit and device of a furniture arrangement are the same trends. Awareness of wanting to prepare the simple 
thing as drinking water is led about preparedness of emergency kit. In any expression case, those answered 
‘Nothing to do.’ account for about 30 percent about device of a furniture arrangement, but awareness of 
wanting to prepare some device is generally led. The awareness of wanting to prepare some device is also led 
about device of building, while many of respondents still answered ‘Nothing to do.’ in case of a probability of 
flood occurrence within 30 years. This may be the reason why awareness of flood risk is not improved in this 
case. The number of ‘Nothing to do.’ about relationship with neighborhood is a little larger in case of the flood 
hazard map. This reason seems that if they can understand the plentiful information of the flood hazard map 
well, they may judge to be possible of autonomous evacuation without growing the relationship with neigh-
borhood.  
    It was tested whether each expression would make them recognize being flooded in their residential area and 
it would be possible of promoting awareness of flood preparedness to improve awareness of evaluation risk 
through it. Then, it is also made clear that each expression has both merits and demerits. Next, it is tested 
whether understanding and reliability of a flood hazard map can be improved by combining each expression. 
We make two kinds of combination based on a flood hazard map because the map has plentiful information. 
One is a combination of the map and the probability expression, another one is a combination of the map and 
the expression of risk measure. The respondents answered twice are divided into two groups, and either of two 
combined information is shown to each group. Then, we ask them whether they can understand and trust the 
each new flood hazard map. The results are shown in Figure 19 and 20. The rates of understanding of the flood 
hazard map in the pre-questionnaire and the previous questionnaire are shown in Figure 12, and those had read 
the flood hazard map answered ‘Reliable’ account for about 60 percent. Therefore, understanding and relia-
bility of new flood hazard map become higher than the previous one from Figure 19 and 20. It is made clear 
that understanding and reliability of a flood hazard map can be improved by combining the risk information 
and the expression. Understanding and reliability in case of the flood hazard map added to the probability 
expression is higher than case of the map added to the expression of risk measure. 
 

     
Fig.15 Preparedness of Emergency kit.                                                          Fig.16 Device of building. 

 

      
Fig.17 Device of a furniture arrangement.                                      Fig.18 Relationship with neighborhood. 
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Fig.19 Understanding of the flood hazard map.                                      Fig.20 Reliability of the flood hazard map. 

 
 
5. CONCLUSIONS 
 
    In this paper, we studied expression of flood risk information which could improve recognition of flood risk 
and awareness of flood preparedness for the household in flood vulnerable area. First, it was made clear that 
‘Recognition of flood risk’ affect ‘Evaluation of flood risk’ and ‘Evaluation of flood risk’ affects ‘Awareness 
of flood preparedness’ form the analysis of the causal structure model by using the pre-questionnaire data. It 
can also be indicated that it is need to improve the expression of a flood hazard map which seems to them to be 
easy to understand the aim, able to agree the aim, the accurate contents and the reliable contents. Then, we 
made the flood hazard map emphasized the presumption. The flood risk information was also expressed by the 
probability expression and the risk measure. 

Three different expression of flood risk information were shown to the residents in study area, and we tested 
whether recognition of flood risk and awareness of flood preparedness were improved. Recognition of flood 
risk and awareness of flood preparedness were prompted according to a property of each expression. Fur-
thermore, a flood hazard map with plentiful information was combined with the probability expression or the 
risk measure to use the merits of each expression. These two kinds of new flood hazard map were shown to the 
residents in study area. As a result, understanding and reliability of the flood hazard map were improved. 
Especially, the understanding and the reliability in case of the flood hazard map added to the probability ex-
pression were improved better. 

  From these results, we found out that it would be possible of improving recognition of flood risk and 
awareness of flood preparedness by devising the expression of flood risk information and combining them. On 
the other hand, it was indicated that normalcy bias still existed after providing the flood risk information. 
Therefore, for promoting the preparedness for disaster, it is requested to revise the content of disaster risk 
information and hold an evacuation drill repeatedly through disaster-prevention activities in a local community 
based on PDCA cycle with providing the residents the appropriate disaster risk information. 
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Post conflict housing reconstruction plays a vital role in establishing the development and peace in 
conflict affected countries. Despite the importance, the success of post conflict housing reconstruction is 
hindered by a number of problems. Furthermore, it has been revealed that the inconsideration of housing 
needs in post conflict housing reconstruction has directly or indirectly given rise for most of these issues. 
On the other hand, the countries emerging from conflicts have different characteristics that pose many 
challenges in addressing housing needs post conflict housing reconstruction. Therefore, it is worthwhile to 
understand how the housing needs can be effectively addressed in post conflict housing reconstruction. 
Within this context, the main study, on which this paper is based on, aims to explore the management of 
housing needs in post conflict housing reconstruction. As Sri Lanka’s long lasted conflict came to an end in 
2009, Sri Lanka provides a sound basis for this study. Therefore this study is centered in Sri Lanka. As part 
of this main study, this paper focuses on exploring the challenges in managing housing needs.  

The study adopted grounded theory approach to collect and analyze the data. Thirty seven in-depth 
interviews were conducted with policy makers, practitioners, academics and housing beneficiaries in Sri 
Lanka. Primary data were verified through a documents review.  

The paper reveals that the management of housing needs in post conflict housing reconstruction is mainly 
challenged by the socio economic profile of conflict affected people, conflict sensitive issues, donors’ 
requirements, limited availability of finance, weakened government administration, extent of housing and 
infrastructure damage, attitudes of affected people, land related issues and shortage of labour and materials. 
These findings are useful for policy makers to understand the challenges in managing housing needs in post 
conflict housing reconstruction and to develop strategies in response to these challenges.  

 
Keywords: conflicts, post conflict housing reconstruction, managing housing needs, challenges, Sri Lanka 

 
 

(1) Introduction 

Post conflict reconstruction contributes to overcome the legacies of conflict through reactivating the 
development process that has been disrupted by conflict1). Among the post conflict reconstruction 
interventions, physical reconstruction is accepted as the most visible indicator of economic reconstruction, 
which supports to build trust among conflict affected people and domestic and foreign investors. As 
conflicts lead to damage and destruction of housing2,3,4) while limiting the housing production5) and 
maintenance6), most countries experience a housing shortage at the end of most conflicts. Thus, housing 
reconstruction forms an important element in post conflict reconstruction. Moreover, post conflict housing 
reconstruction contributes to development and peace building through restoring the social and economic life 
of conflict affected people. For instance, housing reconstruction contributes to immediate investment in the 
economy through the procurement of labour, materials and other inputs required for construction7). Since 
housing reconstruction enables rapid return to home communities and the resumption of livelihoods and 
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income generating activities8), housing contributes to establish productive everyday life for the affected 
people9) and alleviate poverty. Post conflict housing reconstruction also promotes gender equity and 
empowerment through minimising the difficulties that the women face in accessing housing reconstruction 
assistance 8) and participation of women in planning, designing and constructing the houses10). Moreover, 
post conflict housing reconstruction is a crucial incentive to reintegrate communities as part of the efforts 
towards peace2). Housing reconstruction also supports the peace process through restoring the security, trust 
and faith among conflict affected people and investors11). Post conflict housing reconstruction enables to 
enhance the legitimacy and stability of the state through providing sufficient, timely and transparent 
assistance as well. Despite the importance, the success of post conflict housing reconstruction is hindered 
by a number of interrelated problems such as lack of community participation12), lack of local economic 
development13), lack of strategies to address the challenges faced by vulnerable people14), lack of 
consideration of local and cultural conditions11,15,16),  poor quality housing14), absence of post occupancy 
evaluation11)and lack of security of land tenure17). These problems illustrate the lack of addressing housing 
needs in post conflict housing reconstruction. Therefore, addressing housing needs effectively in post 
conflict housing reconstruction would enhance its success through minimising the aforementioned 
problems. However, managing housing needs in post conflict housing reconstruction cannot be considered 
in isolation due to the challenges posed by post conflict settings. Hence, it is necessary to identify strategies 
to address housing needs in response to the challenges of post conflict settings. Hence, the main study, of 
which this paper is based on, aimed at addressing this gap by investigating the effective management of 
housing needs post conflict housing reconstruction. As part of this main study, this paper focuses on 
exploring the challenges of managing housing needs in post conflict housing reconstruction. With regard to 
the focus of this paper, the following section discusses the characteristics of countries emerging from 
conflicts in general.           

(2) Salient characteristics of countries emerging from conflicts 

Countries emerging from violence have fundamentally different characteristics as a result of conflict. In 
post conflict countries’ human capital is depleted due to death, disabilities and displacement18). Educated 
people leaving the country during the conflict lead to an enormous lack of skilled people in conflict affected 
countries19). Hence, conflicts deprive countries one of the most important assets needed to sustain their 
development efforts20). Conflicts also break up communities and erode social capital21). Social disintegration 
of population leaves them more vulnerable. Furthermore, conflicts displace people as refugees and 
internally displaced persons (IDPs). The increasingly civilian nature of conflict has led to a huge rise in 
internal displacement as a major consequence of conflict22). Most displaced families lost their assets, 
livelihoods and accumulated wealth21). Displacement also leads to deteriorate settlements and 
infrastructure23).  

Conflict’s most visible impact is on physical infrastructure24). Wars leave behind massive physical 
destruction of properties. During war and immediately after conflict, rebels tend to target physical 
infrastructure as part of their strategy to disrupt the logistical flow of the enemy and to put the sitting 
government in difficulty25). Physical structures, such as, housing, schools, health facilities, roads, bridges, 
dams, railways, airports, ports, electricity grids, commercial enterprises and telecommunication facilities 
are often damaged in conflicts26, 27, 28,29,30). Conflicts often weaken institutions at all levels and they exhibit 
little capacity to carry out their traditional functions31). In most post-conflict countries, government capacity 
is seriously affected by the loss of skills and experience following violence and displacement. Since, many 
of the most capable government officers and other educated members of the workforce flee the country, the 
post conflict governments’ administrative capacity is likely to be particularly weak32). Governments’ 
decision making capacity is also confounded by the complexities of post conflict politics1). Furthermore, 
destruction of infrastructure, institutional buildings and equipment during conflict, limit the effectiveness of 
institutions33). Absence of property rights, weak tax and customs administration, poor public expenditure 
management, corrupt legal and judicial systems and poor governance are some of the consequences of 
above34). Limited capacity found in post conflict settings magnifies the problems in planning and managing 
major infrastructure projects. The inability of these countries to manage and make effective decisions in the 
reconstruction process leads to less effective absorption of post war funding25).  

Reduced security is a prevalent feature in post conflict setting35). According to  Baker36), conflicts erode 
the structures of law. Availability of widespread cheap weapons is another legacy of conflicts. These 
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weapons continue to fuel violence even after the cessation of hostilities. Hence, there is unlikely to be a 
smooth transition from war to peace37). In general, the intensity and duration of this residual violence is 
determined by the extent to which former combatants are successfully demobilised and reintegrated into 
civilian life or into the new security institutions38). In the meantime, Rock39) contends that landmines are 
one of the longer term legacies of the war. Landmines represent a key obstacle to the return of refugees and 
displaced persons and to reconstruction activities40). Landmines also contaminate agricultural land, water 
canals, roads, access to public places and utilities41). Therefore clearance of land mines is widely recognised 
as unique to post conflict situations42) and critical important for peace building and recovery43). To restart 
economic life, land must be made available for human activity through the removal of landmines. The 
intimidating cost of demining is an impediment to economic recovery of conflict affected countries.  

As Collier44) shows, the economy is damaged through destruction, disruption, diversion, dissaving and 
portfolio substitution. Accordingly, the most obvious way in which civil war damages the economy is 
through the destruction of some resources. This may occur for example, due to destruction of physical and 
human capital. A second effect is the disruption caused by warfare and the often concomitant social 
disorder. For example, some roads become unsafe and extra costs are incurred in achieving the same 
outcome from products. A third effect is the diversion of public expenditure from output-enhancing 
activities. Countries at war divert their resources from production activity to destruction by limiting 
development activity27,20). Fourthly, to the extent that these income losses are regarded as temporary, there 
will be dissaving, an effect analytically similar to the destruction of the capital stock. Finally, in response to 
the deterioration in the economic environment, private agents will engage in portfolio substitution, shifting 
their assets out of the country. Here, assets should be understood to include human as well as physical and 
financial capital. Moreover, Conflicts have devastating impact on education system, in terms psychological 
impact on pupils, teachers, and communities and degradation of the education system and related 
infrastructure45). Conflicts also ruin the health system. It is evident poor health, particularly mental health 
among the war affected people46). In addition, in most countries, infant mortality rates were much higher 
than they were during peacetime. Nutrition and health standards also deteriorate dramatically during 
conflicts47). The breakdown of preventive medical services has long term effects on the well-being of a 
population48). The breakdown of services like clean water will contribute to increased morbidity and 
misery26).  

War and mass displacement bring profound changes to society, and it is unrealistic to believe that all 
those transformations are reversed after the conflict49). Most prominent changes are related to the gender 
role and social and cultural value changes. Gender roles change in an important way during conflicts1, 21). In 
many cases women have to assume new roles and new responsibilities50). Many women have had to take 
new economic responsibilities51) and they often became the bread-winners and have to shoulder the major 
burden for survival of their families25, 21). These changes in family structures have a major impact on 
economic recovery1). In addition, the greater flexibility in gender roles during conflict has enabled women 
to undertake more active economic activities. Women, in this context, must be viewed not merely as a 
potentially vulnerable group but rather as agents of change in transition from wars in which most 
combatants are male1). In this context, post conflict reconstruction should integrate gender into all policies, 
programmes and projects thus legitimising the gains they have made during the long years of armed conflict 
and displacement and sustaining their new roles52). According to Wanasundara52), population displacement 
and movement, women moving into public arenas without the protection of male family members, women’s 
greater involvement in NGOs and community based activities and women taking up arms contributed to 
dilution of rigid patriarchal values and the caste system in the North and East of Sri Lanka. Further 
exposure to urban life may reshape the behavior and attitude of people as they may experience amenities 
such as schools, clinics, electricity and a greater variety of goods53). Because of this returnees may be 
reluctant to return to rural areas lacking these amenities and people who return bring new values and 
perceptions with them to the rural areas28).   

Unemployment may be exceptionally high in relation to the pre conflict period or to similar non-conflict 
countries. Many of the newly unemployed may be ex-combatants. Generating employment is one of the 
keystones of immediate post-conflict programs32). For many whom return after a conflict the biggest 
concern is the availability of a sustainable livelihood. While employment opportunities are found to be 
typically rare in rural areas, land may not be available for agricultural purposes because of mines. Most 
conflicts exist in developing countries burdened by debt and tend to depend heavily on the international 
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community for official aid flows, mostly in the form of grants23). Obtaining international support for long 
term reconstruction and development is another challenge faced by these countries. Post conflict countries 
with external debt arrears face severe difficulties in accessing much needed funds from the international 
community as the international community is not usually willing to lend or donate to countries in arrears on 
debt54). On the other hand, levels of international political support and commitment will not continue 
forever due to political agendas and administration changes. Funding pledges may be forgotten either for 
political or budgetary reasons. Also, the immediate post conflict environment is not usually conducive to 
investment by economic agents and it takes time to allocate savings to productive investment20). For 
instance, most post conflict projects in Africa and other parts of the world continue to draw upon a limited 
pool of foreign aid29). Furthermore, the existence of international interventions creates problems when the 
policies are driven by outsiders without national ownership28). Since, there are a large number of donors, 
multinational organizations, and international NGOs to implement reconstruction programmes, each may 
have different priorities, as well as different views on how priorities should be pursued25).  

(3) Research Methodology 

Grounded theory approach was used as the most appropriate research strategy for this research due to a 
number of reasons. Firstly, the exploratory nature of this study and deficiency of the literature in the topic 
area justify the appropriateness of the grounded theory approach to this research as grounded theory 
approach can provide more insight into the subject through the explanations based on the reality55). 
Secondly, this research aims to understand the phenomenon in depth through subjective responses of the 
participants and grounded theory approach is appropriate for such social research that focuses on 
participant’s points of view55). Thirdly, grounded theory works on the premise that value of the theory can 
only be gauged by how well it addresses real practical needs and how well it works in practice. This study 
meets this requirement through addressing the need to manage housing needs effectively in post conflict 
housing reconstruction which is practical and meaningful to the people involved in the study as it enhances 
the success of post conflict housing reconstruction. It is also well acknowledged that the grounded theory is 
well suited for the needs of qualitative research. Since this study aims to explore the management of 
housing needs in post conflict housing reconstruction through subjective responses of people, it can be 
argued that this research is more qualitative and grounded theory approach works well for this study. 
Moreover grounded theory approach provides a systematic, yet flexible guideline for collecting and 
analysing qualitative data56). In addition, grounded theory allows for a much wider range of sources 
including interviews, observations and secondary data that provide the relevant information57, 58). Having 
selected the grounded theory approach as the research strategy, in-depth interviews were conducted with 
policy makers, practitioners, academics and housing beneficiaries in order to collect the primary data.  
While the interviews were supplemented through creative visual images, interview data were verified 
through a documents review. Grounded theory data analysis procedure was used to analyse the in-depth 
interviews. The data analysing procedure was supported by Nvivo (version 8) qualitative data analysis 
software. As Sri Lanka’s long lasted conflict came to an end in 2009 with an immense damage to housing59) 
post conflict housing reconstruction remains prominence within post conflict reconstruction in Sri Lanka. 
Accordingly, Sri Lanka provides a sound basis for this study and hence the study is centered in Sri Lanka. 
The following is discussed the challenges in managing housing needs that identified through the empirical 
study.    

(4) Data analysis and discussion 

(4.1) Socio-economic profile of affected people 

Managing housing needs in post conflict housing reconstruction is mainly challenged by the low 
financial gain and vulnerability of conflict affected people. While poor people remain in conflict areas, rich 
people tend to move from conflict areas to safe areas during the conflict. Accordingly, majority of people 
affected by the conflict are poor and they have limited financial capacity to accomplish their housing needs. 
Furthermore, livelihoods in conflict affected areas are disrupted during the conflict that intensifies the 
poverty of conflict affected people. An informant commented;        

‘‘They are poor people. They have no livelihoods, no works. Because there is no agriculture, now only it is 
picking up. No fisheries, now only it is picking up. So these people have no livelihoods...all good farming 
lands all gone (Programme Manager)’’.  
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The long lasted conflict furthered the economic losses cause by the conflict. Thus, the duration of 
conflict leads to deepen the poverty of conflict affected people. Accordingly, previous research, which has 
suggested that conflicts lead to decline the conflict affected people’s income14) and limit their ability to 
afford housing6) is supported by this study. Conflict also led to loss of family members and this has given 
rise to an increased number of vulnerable families in conflict affected areas who are incapacitated to fulfill 
the housing needs. Husbands who have lost their wives have become widowers while wives who have lost 
their husbands have become widows. While widows with dependent children confront with difficulties in 
engaging in income earning activities, widowers burden with housekeeping activities. An informant 
indicated;      

‘‘... I have a widow daughter. Her husband died in the war. She has lands. She cannot cultivate with two small 
children (Beneficiary in the North)’’. 

This finding is consistent with the literature, which suggests that female head households have very few 
avenues for earning income and lack of family support10). Furthermore, elderly people have become 
vulnerable with loss of their family breadwinners and some families have been burdened with disabled 
family members.  

(4.2) Responsive to conflicts 

Dissimilarities of pre war housing, dissimilar donor approaches to post conflict housing reconstruction 
and communal divisions emphasise the need for conflict sensitive approaches in managing housing needs in 
post conflict housing reconstruction.  

While most of the beneficiaries owned temporary type pre war housing, most of the houses damaged by 
the conflict were temporary type housing. Nevertheless, these temporary type houses appeared to be 
different in size. Moreover, certain houses appeared to be in semi permanent state due to the combination of 
materials used to construct them. Above all certain beneficiaries appeared to have owned permanent type 
pre war housing. These dissimilarities of pre war housing led beneficiaries to undergo varied housing lose. 
Accordingly, beneficiaries who lost a permanent type house have undergone more losses than the 
beneficiaries who lost a semi-permanent or temporary type house. Therefore, varied housing loses lead to 
demand varied housing assistance.  

On the other hand dissimilar donor approaches to housing reconstruction also lead to varied housing 
assistance. According to one informant; 

‘‘So in this case most of donors try to adopt different kind of methodologies. This is not a fare and reasonable 
for every beneficiary. The assistance must be fare to everyone (Construction Programme Officer)’’. 

Nevertheless, inequality leads to conflicts and hinder the peace process. Therefore, these dissimilarities 
in housing lose and donor approaches to housing reconstruction call for ensuring the equality in housing 
assistance. Furthermore, even so a conflict comes to an end as a result of military defeat, peace will not 
arise until the divisions among communities are minimised.  Since people in conflict affected areas are 
trained to think along communal divisions for a long time, efforts must be taken to establish community 
linkages in post conflict interventions including housing reconstruction. This is in accordance with the 
literature60) that suggest physical reconstruction interventions after conflicts have the additional task of 
linking divided societies.     

(4.3) Donor requirements 

Donor assistance on post conflict housing reconstruction is often followed by donor requirements. This 
has an influence over the management of housing needs. As an example, the selection of the beneficiaries 
appeared to have influenced by donors’ political requirements. Moreover, the determination of the housing 
assistance also appeared to have influenced by donors’ desire to maximise the number of beneficiaries. 
Donor requirements also influence the determination of the method of housing construction. Accordingly, 
donors appeared to have preferred the prefabricated housing over traditional housing reconstruction. These 
findings confirm the literature25), which identify that donor may have different priorities and views on how 
priorities should be pursued.   

(4.4) Beneficiaries’ housing requirements  

Informants acknowledge that the housing requirements vary from person to person and are subjective. 
While people’s socioeconomic factors lead to subjective housing requirements, fulfillment of subjective 
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housing requirements leads to enhance people’s satisfaction towards housing. Thus identification and 
fulfillment of subjective housing requirements is suggested as a challenge in reconstructing post conflict 
houses. Nonetheless, limited availability of finance appeared to be the key challenge in fulfilling subjective 
housing requirements. Previous research, which has suggested that after a disaster meeting the subjective 
housing preferences of people is challenged by the restrictions on finance61), is supported by this study. On 
the other hand, people’s high expectations also tend to hinder the fulfillment of subjective housing 
requirements. This even leads to a situation where people’s satisfaction in housing reconstruction is hardly 
earned.  According to an informant;  

‘‘People’s expectations are very high. So any donor agency or any organisation cannot fulfill their needs and 
expectations. People are never satisfied… (Construction Programme Officer)’’.  

(4.5) Available finance  

Reconstruction of post conflict housing is challenged by the limited availability of finance. Lack of 
adequate finance by the government has hindered the government financed housing reconstruction in Sri 
Lanka. Hence, post conflict housing reconstruction mainly depended on donor finance. This is consistent 
with the literature, which suggests that developing countries depend heavily on the international community 
for official aid flows in the form of grants23). Nevertheless, compare to humanitarian assistance, lack of 
donor finance is available for permanent housing reconstruction. One informant indicated;  

‘‘...Then we started permanent housing. This was the difficult task. Lot of these people is there to provide 
humanitarian assistance and humanitarian assistance does not include permanent housing. It was difficult to 
getting NGOs, or an agency to come and help us on permanent housing. And we also do not have that much 
money. Not a big country, rich country so we do not have that much of money to spend on housing (Policy 
Maker)’’. 

On the other hand, availability of donor finance is limited by catastrophic events occurred in other 
countries and donors’ priority appear to have changed with these catastrophic events. Donors’ priority 
change is resulted mainly due to their attraction to media. This has led to change their priority even within 
the geographical area of the assisted country. For example, even so the war in the East ended early than the 
North, no sooner the war ended in the North, donors’ attraction shifted from the East to the North. Above 
all, finance is also limited by the prevailed economic crisis.  

(4.6) Government administration 

Government administration is weakened in conflict affected areas. This finding is in accordance with the 
literature31), which suggest that conflicts often weaken institutions at all level. This particularly leads people 
to confront with difficulties in settling disputes related to lands.  Furthermore, long lasted conflict furthered 
the consequences of weakened government administration. An informant commented;  

 ‘‘For last thirty years there were no Land Kachcheries [land administration offices], because civil 
administration was totally collapsed. And there was no access to go and get the documents (Housing 
Programme Coordinator)’’.  

(4.7) Damages to houses 

Housing damages are classified based on the extent of housing damage as fully damage houses and partly 
damage houses. While fully damage houses or destroyed houses lead to new housing reconstruction, partial 
damages lead to housing repairing. Moreover, partial damages are classified as structural damages and non-
structural damages depending on the effect to the structure. While, military operations appeared to have 
caused direct damages to housing, willful damages are caused by the removal of materials from abandoned 
housing. Even though, the grounds for the removal of materials from abandoned housing appear to have not 
established, beneficiaries suggest that they by themselves removed the materials with the intention of 
erecting temporary shelters during their displacement. Moreover, materials are removed by the people who 
are living in neighborhood as well. Above all, substandard pre war housing evidence the inadequate housing 
development in conflict affected areas resulted mainly due to the non penetration of housing development 
programmes into conflict affected areas. Furthermore, housing development programmes that was started 
during peacetime was hindered by the resumption of the conflict. Ransoms imposed by rebels also led 
people to continue living in substandard housing in conflict area. These substandard housing led to more 
damages that were resulted by the military operations and removal of materials. Generally, the causes of 
damages to houses emerged in this study support the literature, which has suggested that the housing is 
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affected by the direct damages and destructions (Carlowitz, 2005; Leckie, 2005) in addition to the indirect 
damages caused by lack of housing production during the conflicts5, 6).  

Moreover, as damages had been occurring throughout the duration of the conflict, damaged housing 
varied across the eras and areas of the conflict. These eras and areas of housing damage appeared to be 
correspondent with eras of war.   As eras of war concentrated in certain areas captured by rebels, housing 
damage in a particular era is corresponding to that particular area affected. Nevertheless, housing damage 
assessment represents the cumulative housing damage that had been occurred throughout the duration of the 
conflict.   

‘‘When we take the situation of Mannar district, and Jaffna district the scenario is very different. In Mannar 
and Jaffna, the war ended early. Housing damage in Mannar in 2008-2009 war is around 11, 000.  However 
the total damage recorded is 25,000 houses. As around 11,000 was damaged in 2008-2009 war, the rest of the 
damages had occurred during the past war operations.  The same situation remains in Jaffna district. 
Because it is true, a stronger message that 30 years war caused these damages. But all most all the houses 
were damaged in Kilinochchi and Mullaitivu districts in 2008-2009 war. In Vavuniya, one division that is 
towards to Mullaitivu and Kilinochchi, was also completely evacuated. So in that division total houses were 
damaged in 2008-2009 war. Houses in the other divisions of the Vavniya had damaged by the war operations 
in the past. So in the last 30 years, around 165,000 houses got damaged (Housing Programme 
Coordinator)’’.  

Even though eras of war concentrated in certain geographical areas captured by rebels and the housing 
damage in a particular era is corresponding to that particular area affected, certain areas appeared to have 
affected by several military operations. This led to damage certain houses more than one time. This was 
mainly due to the change of rebel territory throughout the duration of the conflict. On the other hand, 
magnitude of military operations depended upon the magnitude of the area saved from the rebels. 
Accordingly, magnitude of housing damage appeared to have linked with the magnitude of the area saved 
from the rebels.     

(4.8) Attitude of affected people 

An attitude of dependency tends to build among affected people when assistance is provided to 
reconstruct their houses. Dependency on external assistance, leads them to duplicate the housing assistance 
during the housing need assessment. Execution of housing needs assessment within a short period of time 
also furthered the affected people’s endeavors to duplicate the assistance. This is consistent with the 
literature that suggest that the need to conduct the needs assessment within a short period of time gives rise 
to duplicate the housing assistance2) Duplication of assistance leads to represent a high housing need than 
the actual. An informant explained;       

‘‘Because already we have a problem as the number of houses recorded is more than the number of families 
displaced. As we give assistance per family. Then there is a tendency for people to multiply the numbers and 
say we are two families. This normally happens. Because we have to do it within a shortest possible time. 
(Policy Maker)’’.  

(4.9) Infrastructure damage and facilities damage 

In conflict affected areas, infrastructure is mainly damaged by rebel’s willful damages.  This is consistent 
with the literature2), which identifies that physical infrastructure is targeted by the rebels to disrupt the 
logistical flow of the governments. Furthermore, lack of access to infrastructure facilities leads to poor 
maintenance of infrastructure in conflict affected areas. Diversion of materials to strengthen rebels’ military 
purposes also leads to poor maintenance of infrastructure. Inadequate infrastructure development in conflict 
affected area is also apparent. As indicated by one informant;   

‘‘Because whatever assistance we gave from here was not utilised for the public. Part of it went for rebellions’ 
military activities. Now when we sent cement that was used for making bunkers. And also there was a willful 
damage to infrastructure. Say for example, two railway lines completely damaged, not even rails are 
available. Certain areas now even the road is not there, culverts and bridges were blasted. So that is another 
area we have to look, the entire infrastructure (Policy Maker)’’.  

Conflict leads to damage facilities related to housing such as water and sanitary. Apart from that 
inadequate facilities are another challenge in reconstructing post conflict houses. Sanitary, water and 
electricity facilities are lacking in these areas. 
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(4.10) Land related issues  

Landmines, unavailability of land ownership documents, multiple displacement and zoning challenged 
the management of housing needs in post conflict housing reconstruction. Landmines retard post conflict 
housing reconstruction as many villages are mined in the conflict affected area. This is confirm the 
literature40) , which indicate that landmines represent a key obstacle to reconstruction activities. Substantial 
landmines lead to undertake demining gradually. Consequently, displaced people are also resettled 
gradually. Extended demining even leads to relocate the displaced people and such relocation resulted by 
extend demining leads to disputes among displaced people. These disputes appear to have resulted due to 
their attachment to their places of origin.   

Unavailability of land ownership documents is one of the challenges related to lands. Unavailability of 
ownership documents is resulted by loss of documents during the conflict. Furthermore, non transference of 
ownership documents also contributed to the unavailability of ownership documents. Extended conflict 
appears to have furthered the issues related to ownership documents. An informant indicated;  

‘‘This is a 30 years of history. 30 years means parents who had the land ownership might have died, without 
transferring the ownership to their children...  Also lot of people have lost their documents... If you take 30 
year period, the first displacement occurred somewhere in 1983 (Policy Maker)’’. 

Moreover certain people are not issued ownership documents. Political instability also appears to have 
hindered the document issuing. Above all, access to land ownership documents is basically impeded by the 
weakened government administration. An additional problem is the identification of the places of origin of 
the multiple displaced people. Multiple displacements are mainly resulted due to the influence of rebels 
over civilians to accompany them when they withdraw from a conflict zone. Multiple displacements also 
lead to unavailability of land ownership documents. An informant asserted;   

‘‘We were in Trincomalee earlier. LTTE accompanied us from there to here. This land was given by the 
LTTE. For all the villagers, LTTE provided lands. We did not have land permits. However, we got the 
permit for the land in 2010 (Beneficiary in the North)’’.  

As a result of land use planning, conflict affected area is divided into zones reserved for different 
proposes. Nevertheless, zoning leads to deny certain people’s access to their original lands. Thus, zoning 
leads to relocate native people in new areas. Relocation resulted by zoning leads to disputes among people 
due to their attachment to their places of origin. Thus people even tend to seek the legal assistance in 
gaining access to their places of origin. Nevertheless, policy makers also appear to have acknowledged the 
people’s attachment to their places of origin. On the other hand, living in high risk areas leads people to 
confront with more obstacles. Thus, post conflict reconstruction provides an opportunity to manage lands 
efficiently. Hence zoning leads to a challenging situation in post conflict reconstruction.  

Despite the aforementioned land issues, land availability and land ownership by beneficiaries have 
contributed to overcome the challenge of land allocation in managing housing needs in post conflict 
housing reconstruction.  

(4.11) Construction labour shortage 

Shortage of skilled labour in conflict affected areas is one of the challenges in reconstructing houses. 
Conflicts appear to have weakened the construction industry in conflict affected area. This leads to a 
shortage of skilled labour in conflict affected region. This is in accordance with the literature20), which 
indicates that conflicts deprive human capital needed to sustain their development efforts. Shortage of 
skilled labour in conflict affected region leads to fulfill the labour requirement through skilled labourers 
outside the region. On the other hand, accessing skilled labourers outside the region is impeded by lack of 
security and poor facilities. Nevertheless, these difficulties tend to minimise gradually as facilities are being 
reconstructed and security is being enhanced in conflict affected areas. Thus difficulties in accessing skilled 
labourers outside the region appear to have taken place at initial stage of post conflict reconstruction. Even 
so the challenge of accessing skilled labourers outside the region is minimised at latter stages, it hinders the 
local economic development as local people are not participated in reconstruction activities.  

‘‘...what I am saying is that, it is a chicken and egg situation. Local people are not fit, they lack skills, and  
therefore they cannot take part prominently in the reconstruction process. As a result people outside the 
region probably from the south are become drivers of development. They are the executors of projects. So 
then the people of the area, they are not being benefitted (Policy Maker)’’.  
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(4.12) Construction material shortage 

Shortage of construction materials in conflict affected region is another challenge in reconstructing 
houses. Shortage of materials is resulted due to lack of material manufacturing in conflict affected area. 
Thus, materials are transported from outside the region. Nonetheless, transportation of materials from 
outside the region is hindered by poor infrastructure facilities and security clearance. In the end, these lead 
to raise the material prices. However, these transportation challenges appear to have occurred at initial stage 
of post conflict reconstruction as infrastructure are being developed and security measures are being relaxed 
gradually.      

(5) Conclusion 
The findings of the literature revealed the salient characteristics of the countries emerging from conflicts 

that challenge the post conflict reconstruction in general. Within this context this paper identifies the 
particular challenges in managing housing needs in post conflict housing reconstruction. Accordingly, the 
management of housing needs in post conflict housing reconstruction is mainly challenged by the low 
financial gain and vulnerability of conflict affected people, the need to address the dissimilarities of pre war 
housing and different donor approaches to housing reconstruction, the need to address the communal 
divisions, the need to consider donor requirements, subjective housing requirements of beneficiaries, 
limited availability of finance, weakened government administration, extent of the damages to housing, 
extent of infrastructure and facilities damage, dependency attitude of conflict affected people, landmines, 
unavailability of land ownership documents, multiple displacement, zoning, shortage of construction labour 
and shortage of construction materials. Despite the challenges, the ownership of lands by beneficiaries and 
availability of lands in conflict affected area are contributed to manage housing needs through minimizing 
the challenge of land allocation. Thus, it is required to develop strategies in response to these challenges 
and contributory factors in managing housing needs in post conflict housing reconstruction.     
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When a community already torn by an event such as a prolonged war, is then hit by a natural disaster, 

the negative impact of this subsequent disaster in the longer term can be extremely devastating. Natural 
disasters further damage already destabilised and demoralised communities, making it much harder for 
them to be resilient and recover. Communities often face enormous challenges during the immediate 
recovery and the subsequent long term reconstruction periods, mainly due to the lack of a viable 
community involvement process. In post-war settings, affected communities, including those internally 
displaced, are often conceived as being completely disabled and are hardly ever consulted when 
reconstruction projects are being instigated. This lack of community involvement often leads to poor 
project planning, decreased community support, and an unsustainable completed project. The impact of 
war, coupled with the tensions created by the uninhabitable and poor housing provision, often hinders the 
affected residents from integrating permanently into their home communities. This paper outlines a 
number of fundamental factors that act as barriers to community participation related to natural disasters 
in post-war settings. The paper is based on a statistical analysis of, and findings from, a questionnaire 
survey administered in early 2012 in Afghanistan.  

 
Key Words: Post-disaster reconstruction, post-war Afghanistan, barriers for community participation 
 
 
 

1. INTRODUCTION 
 

The current war in Afghanistan started in early 1978 after a military coup known by many as the “Sour 
Revolution”1). Even though the country had been involved in a war for many decades, its population was 
actually enjoying a relatively peaceful, though short-lived, period of stability after the Taliban were toppled 
by the coalition forces in 2001. The military intervention by the coalition forces also resulted in a new era of 
rehabilitation and reconstruction in Afghanistan. Subsequent to the Bonn agreement (officially the 
Agreement on Provisional Arrangements in Afghanistan Pending the Re-establishment of Permanent 
Government Institutions) signed in December 2001, pledges to reconstruct and re-create the country were 
made by the international community at a number of international conferences and the flow of multi-billion 
dollar financial assistance began. As a direct result, the military intervention was followed by the arrival of 
an unprecedented amount of foreign aid in Afghanistan and the country also welcomed many of the world 
largest humanitarian programmes operating within the frame of the United Nations (UN), International Non-
Governmental Organisations (INGOs) and foreign contractors. The aim of all of this was clearly 
understandable, to help the affected Afghan population rebuild its communities. Despite substantial financial 
aid having arrived in, or transitioned through Afghanistan, much of it has so far done little good to support 
any of the planned or ongoing reconstruction efforts. According to a survey conducted by UNHCR 2), of the 
5.7 million refugees who have so far returned to Afghanistan since the fall of the Taliban, many were not 
able to reintegrate into their communities due to the lack of land and shelter. Sopko 3) in his report to the 
United States Congress warns that the U.S. government’s $400 million donation for Afghanistan 
reconstruction in 2011 may ultimately be wasted due to poor project performance. The author (ibid 2012) has 
also expressed concerns that the gap already existing between the sponsor organisations and the affected 
communities was increasing and the reconstruction efforts in Afghanistan were ineffectual due to the lack of 
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community support. The same report 3) to the United States Congress stresses the importance of community 
involvement in reconstruction. It (ibid 2012) also highlights that achieving a desirable reconstruction 
outcome necessitates a revision in the current guidelines and project selection criteria, in order to encompass 
vital community participation elements and to rehabilitate the fast fading trust.  

 
This paper, which forms part of a larger ongoing doctoral research project, reports on the findings of an 

online questionnaire survey administered using QUT software called “Key Survey”. It investigates 
fundamental factors that are believed to pose critical challenges for effective community involvement in 
post-disaster reconstruction that ultimately lead to a reduction of stakeholder satisfaction. The paper begins 
with the demographic characteristics of the survey respondents and will continue on explain the data analysis 
process undertaken. 

 

2. DEMOGRAPHIC CHARACTERISTICS OF THE RESPONDENTS  
 

The primary focus of the survey was to gather data from people with different demographic characteristics 
who were involved in post-disaster reconstruction projects. On the basis of the qualitative findings from the 
extensive review of the contemporary literature conducted in the preceding year, a questionnaire was 
designed and administered in early 2012. The survey participants included the affected people, sponsors of 
reconstruction projects and the implementing partners, i.e. non-governmental organizations (NGOs) (see 
Table 1).  

 
Table 1 Demographic characteristics of survey respondents 

Respondents' Characteristic Frequency 

Gender 
Male 120 
Female 27 
Total 147 

Survey language 
English 65 
Dari 82 
Total 147 

Participant's role in reconstruction  

Beneficiary 65 
Project Staff 54 
Other 28 
Total 147 

Age 

21 - 30 39 
31 - 40 58 
41 - 50 41 
50 - over 9 
Total 147 

Level of education 

Some High School education 1 
High School Diploma 10 
College Diploma 30 
Bachelor Degree 77 
Master's Degree 27 
Doctoral Degree 1 
Other 1 
Total 147 

Country 

Afghanistan 144 
Indonesia 2 
Pakistan 1 
Total 147 
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3. SURVEY DESIGN 
 

As mentioned earlier a survey questionnaire was designed and administered in early 2012. The 
questionnaire was an online opinion survey with the majority of questions measured on a 1-5 Likert-like 
scale. The main purpose of the survey as a preliminary data collection approach was to validate the many 
factors affecting community participation which were previously identified from the literature. The survey 
questionnaire consisted of 41 measures which were grouped together under six themes: Government, Non-
governmental organisations (NGOs), affected people, gender, transparency and security. Respondents (see 
Table 1) were requested to rate each question statement according to their opinion and field-based 
experience. The next section will present the analysis of data generated by the survey. The analysis is based 
on data collected from 147 complete responses.  

 
4. DATA ANALYSIS 
 
(1) Principle component analysis  

In order to validate the questionnaire, principle component analysis (PCA) was run with an oblique 
rotation (direct oblimin). The correlation matrix of all measures in the questionnaire indicated a large number 
of correlations exceeding 0.3. The KMO measure verified the sampling adequacy for the analysis, KMO = 
.821 ‘meritorious’ according to Hutcheson and Sofroniou 4) (see Table 2). 

 
Table 2 KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .821 

Bartlett's Test of Sphericity Approx. Chi-Square 2981.715 

df 666 

Sig. .000 
 

An initial analysis was run to obtain eigenvalues for each component in the data, and, using the criterion 
of retaining components with eigenvalues of 1 or greater, nine components were retained for rotation.  

  
(2) Scale Reliability and Validity 

All nine components had a Cronbach’s Alpha exceeding the acceptable value of .7 (see Table 3), which 
indicates high overall internal consistency among the items in their representative components. All items had 
the Corrected Item-Total Correlation above the .33 criterion 5, 6), showing high correlation consistency 
between each item and the sum of the remaining items. 

 
Table 3 Scale reliability and validity analysis report 

 
(3) Test of normality  

The result of the exploratory analysis indicated that the distribution of data for all groups, Gender, Age, 
Survey language, Participants’ Role in Reconstruction and Level of Education appears to be non-normal 
p<.05, and that a non-parametric test should be used. 

Component  Cronbach's Alpha 

 Opaque Reconstruction Process C1 0.87 
 Gender Issue C2 0.87 
 Low Community Capacity and Commitment C3 0.81 
 Sponsors’ Desire for Hasty Reconstruction C4 0.79 
 Slow Land Acquisition Process C5 0.77 
 Lack of Adequate Security C6 0.77 
 NGO's Lack of Competency C7 0.74 
 Community Inherent Difficulties and Weaknesses C8 0.73 
 Government Policy and Practice C9 0.70 
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 (4) Mann-Whitney U test 

The non-parametric5) Mann-Whitney test was carried out to determine whether there was a significant 
difference between male and female in the mean ranking of their responses to the nine constructs.  

Results suggested that there was no significant difference in the mean ranking of male and female 
participants rating (C1, C3and C6), ns, however, female respondents expressed stronger agreement to items 
(C2, C4, C5, C7, C8, and C9) all having p < .05. 

The same test was run to determine if there was a significant difference in the mean ranking between the 
two Survey Languages. Results did not suggest statistically significant difference in C2, C3, C4, C5 and C7. 
However, the two mean ranking in items (C1, C6, C8, and C9) p < .05 were significantly different. 
Respondents using Dari appear to have expressed stronger agreement to these items.  
 
 (5) Kruskal–Wallis test 

The Kruskal-Wallis test was carried out to determine if the mean ranks of the Participants’ Role in 
Reconstruction category significantly differed. Kruskal-Wallis test is a nonparametric test7) which is 
appropriate for data at ordinal level.  

Results suggested a significant difference in the mean ranking of the rating (C1, C3, C5 and C8) p < .05. 
However, findings did not indicate any statistically significant difference in the mean ranking of the other 
five components. 
 
(6) Post hoc test 

Mann-Whitney tests were run to follow up the findings in Kruskal-Wallis test. A Bonferroni correction 
was applied and so all effects are reported at a .0167 level of significance. Findings revealed that there was a 
significant difference in the mean ranking between Beneficiary and Project Staff rating items (C5 and C8) p 
< .0167. A greater percentage of project beneficiaries appear to have strongly agreed with both constructs 
representing challenges for effective community participation in post disaster reconstruction projects. 
However, the findings did not suggest significant difference in the mean ranking between Project Staff and 
Other, p > .0167.  

Mann-Whitney Test also revealed that there was a significant difference in the mean ranking between 
Beneficiary and Other rating (C1, and C3) p < .0167. In a very interesting contrast, the findings indicated 
that while a higher percentage of project beneficiaries agreed strongly with C1 representing a challenge for 
community participation in reconstruction, their percentage agreeing strongly to C3 was lower. Other, on the 
other hand, had a higher percentage strongly agreeing with C3 while this percentage was lower in relation to 
C1. Findings did not suggest any statistically significant difference in the mean ranking of the other seven 
components.   

The qualitative analysis of the additional comments given by the survey participants supported the 
challenges already identified in the extensive review of the extant literature, but did not actually reveal any 
new challenges to those already covered in the survey questionnaire. However, the comments did provide 
substantial evidence suggesting that ‘the presence of illegal armed groups operating in the affected areas’, 
‘corruption in sponsors organisations and in the government’, ‘lack of government support in 
reconstruction’ and ‘the distrust in the faithfulness of the current Afghan government’ were the issues of 
greatest concern that were actually posing real threats to effective community participation in post-disaster 
reconstruction projects. 

          
5. SUMMARY 
 

The qualitative findings from the available literature pertaining to post-disaster reconstruction projects, 
and more specifically to the challenges for effective community participation, were validated by means of 
administering an online questionnaire survey. The primary aim of the survey was to collect participants’ 
opinion on the measures expressed in the form of individual statements. A survey link was made available to 
the wider affected population and to the project staff of the project-implementing agencies and the United 
Nations based in Afghanistan.  

 An initial examination of the survey data revealed the wide-ranging demographic characteristics of the 
respondents. The outcome of the initial frequency analysis of the survey data showed that an overwhelming 
majority of survey participants either ‘agreed’ or ‘strongly agreed’ that the identified ‘challenges’ critically 
and negatively impacted upon effective community participation in post-disaster reconstruction projects.  
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Principle Component Analysis (PCA) was conducted and as result a nine factor solution was suggested. 
Non-parametric Mann-Whitney and Kruskal-Wallis tests were run to examine the resultant nine components.  

The results of both of these tests revealed that regardless of their demographic characteristics, a 
significantly higher percentage of respondents either ‘agreed’ or ‘strongly agreed’ with all items in the 
questionnaire as presenting real challenges for community participation in reconstruction, and there was no 
significant difference in the mean ranking of their ratings. 
 
6. CONCLUSION 
 

This paper explores the most fundamental barriers that impact negatively on effective community 
participation in post-disaster reconstruction projects. A large body of contemporary literature argues that 
community participation is the key requirement for successful delivery of post-disaster reconstruction 
projects. International funding authorities, governments, non-governmental organisations, contractors and the 
affected communities all agree that reconstruction projects planned and executed without meaningful 
community participation seriously jeopardise successful outcomes. The study examines in greater depth than 
in previous research the effect of these challenges on community participation and aims to explain how best 
they can be addressed to allow for more effective participation of affected populations in rebuilding housing 
after a major disaster. 
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In order to meet the land use and infrastructure needs of the community with the additional challenges posed 
by climate change and a global recession, it is essential that Queensland local governments test their proposed 
integrated land use and infrastructure plans to ensure the maximum achievement of triple-bottom line sus-
tainability goals. Extensive regulatory impact assessment systems are in place at the Australian and state 
government levels to substantiate and test policy and legislative proposals, however no such requirement has 
been extended to the local government level. This paper contends that with the devolution of responsibility to 
local government and growing impacts of local government planning and development assessment activities, 
impact assessment of regulatory planning instruments is appropriate and overdue. This is particularly so in the 
Queensland context where local governments manage metropolitan and regional scale responsibilities and their 
planning schemes under the Sustainable Planning Act 2009 integrate land use and infrastructure planning to 
direct development rights, the spatial allocation of land, and infrastructure investment. It is critical that urban 
planners have access to fit-for-purpose impact assessment frameworks which support this challenging task and 
address the important relationship between local planning and sustainable urban development. This paper uses 
two examples of sustainability impact assessment and a case study from the Queensland local urban planning 
context to build an argument and potential starting point for impact assessment in local planning processes. 

 
 

 Key Words: regulatory impact assessment, sustainability impact assessment, local urban planning, inte-
grated land use and infrastructure 

 
1. INTRODUCTION 

 
This paper asserts that well designed, integrated land use and infrastructure planning instruments which 

consider the immediate but also long-term economic, social and environment impacts are a key component of 
achieving sustainable urban development and a resilient community. It is not enough for the planning scheme 
to just articulate the community’s sustainability goals but must also actively pursue those goals through in-
telligently designed spatial land use and infrastructure strategies and provisions that will facilitate those out-
comes. Local government planners must be able to undertake impact assessment to test their proposed strate-
gies and spatial allocation options during the drafting process, in addition to monitoring and evaluation 
mechanisms after implementation, and need to access fit-for-purpose guidelines to undertake this challenging 
task. 

Impact assessment as it relates to the development of legislation and to the field of regulatory reform is not 
new. Being first developed in the United States in the 1970s, impact assessment is a governmental practice that 
has expanded well beyond its original economic focus 1). This form of impact assessment, also called regu-
latory impact analysis or assessment (RIA), is defined in the Organisation for Economic Co-operation and 
Development (OECD) framework as a “process of systematically identifying and assessing the expected ef-
fects of regulatory proposals” 2). In 2012, the OECD identified that 33 out of its 35 member countries have 
adopted a national RIA system 3). Quality RIA is acknowledged to be “administratively and technically chal-
lenging” but is considered to be an “important element of an evidenced-based approach to policy making” and 
“can underpin the capacity of governments to ensure that regulations are efficient and effective in a changing 
and complex world” 3). 
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The Australian Commonwealth Government’s RIA system requires ‘regulatory impact statements’ to sub-
stantiate policy instruments and taxation measure proposals 4). The Australian system is considered by the 
OECD as a “front-runner” in quality for a number of reasons including its: 1) continuous development since 
inception in 1985, 2) consultation requirements, and 3) triple-bottom line approach which has been in place 
since the 1992 Council of Australian Governments agreement on the National Strategy for Ecologically Sus-
tainable Development (NSESD) 5). RIA systems have also been established at the Australian state government 
level such as the Queensland regulatory assessment system which is implemented through the Office of Best 
Practice Regulation under the Queensland Competition Authority 6). 

However despite the implementation of RIA at the national and state levels, it has not been extended to the 
local government level 7). This is noteworthy considering that state governments have increasingly devolved 
responsibility to the local government level and local regulation can have significant impacts 7)8). Local gov-
ernment land use planning and development assessment activities are a strong and topical case in point, with a 
recent review carried out by the Australian Government Productivity Commission to identify potential areas of 
improvement (e.g. increasing the transparency, effectiveness and efficiency of decision making, reducing 
compliance burdens) 8). This paper contends that RIA during the preparation of local government planning 
instruments is appropriate and could contribute to improved regulatory and implementation outcomes.  

RIA for local government planning instruments is argued to be particularly relevant in the Queensland 
context where local government jurisdictions assume metropolitan or regional scale responsibilities. For 
example, the Brisbane City Council controls the largest local government area in Australia and manages an 
annual budget of over $3 billion 9). When applied on this scale with the powers under the Queensland Sus-
tainable Planning Act 2009 planning schemes become influential integrated land use and infrastructure plan-
ning instruments that direct development rights, the spatial allocation of land and billion dollar infrastructure 
investment decisions by government and the private sector. Yet despite their influence, no impact assessment 
is specified for Queensland planning schemes and Queensland is not alone. A desk-top review of other Aus-
tralian state requirements for the preparation of local government planning instruments found only one ex-
ample in the Victorian planning system which is discussed further in this paper.  

This paper contends that quality RIA should incorporate triple-bottom line sustainability considerations. It is 
clear from the scope of RIA systems discussed above that where they are in place, they are increasingly in-
corporating triple-bottom line approaches. This is not surprising given that, internationally, governmental 
decision making practice has been influenced by the international sustainability movement 10). The 1992 
United Nations Conference on Environment and Development (UNCED) at Rio de Janeiro gave birth to in-
fluential international instruments including the Agenda 21 and the Rio Declaration on Environment and 
Development which form a guideline and principles for the implementation of sustainable development (SD) at 
a local and national level 11). The intention was to incorporate environmental protection as an integral part of 
the development process (Principle 4) and within government decision-making through impact assessment 
(Principle 17). 

Interestingly, governments have not automatically included SD as an overarching principle in their impact 
assessment frameworks 5). Some OECD members, such as Australia, have incorporated sustainability aspects 
into their RIA systems, while others have developed separate assessment procedures for impacts on SD, and 
there are advantages and disadvantages to both approaches 5). There are also different opinions in the literature 
as to which of these approaches qualify to be called a sustainability impact assessment (SIA) but for the 
purposes of this paper both will be considered 5)12). Therefore for the purposes of this paper, SIA is defined as 
an ex-ante or forward looking regulatory impact assessment which assesses economic, social and environ-
mental impacts with a SD perspective (e.g. impacts on future generations) 10). The literature identifies that 
while there are additional challenges to incorporating SD considerations into an already challenging RIA 
framework, this practice can improve the overall quality of legislation and support the achievement of sus-
tainability goals 5)13). 

The aim of this paper is to build a case for SIA in Queensland local government planning processes and to 
provide relevant examples to explore their potential benefits and challenges. The paper introduces the 
Queensland planning context and local government case study and looks at how the concept of SD is evident in 
this system. The paper then presents an overview of SIA and two SIA examples, one from Europe and Aus-
tralia, are discussed and compared. It is argued that these two examples could be readily adapted to the 
Queensland context or present an excellent starting point for the development of a Queensland specific SIA 
framework. 
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2. PLANNING CONTEXT AND CASE STUDY 
 

(2.1) Queensland Planning System 
For a sizeable proportion of the 1990’s and 2000’s population growth in South-East Queensland (SEQ) 

encouraged rapid infill and greenfield development and created significant demand on infrastructure net-
works 14). Issues such as land supply, housing affordability, road congestion and environmental concerns were 
consistently in the media spotlight and the subject of political, academic and professional debate 14). The era 
was characterised by local and state government programs of growth management and strategic land use and 
infrastructure planning as well as rapid prioritisation and record spending on major infrastructure projects (e.g. 
$9 billion SEQ water grid) 15).  
a) State planning legislation 

This era also saw the introduction of statutory integrated land use and infrastructure planning under the 
Integrated Planning Act 1997 (IPA) which has become the Sustainable Planning Act 2009 (SPA). The IPA and 
the SPA were influenced by trends such as the expanding role of local government, public sector reform and, 
the central theme of this paper, SD 16). As stated in the introduction, the UNCED SD framework has dominated 
environmental and social science literature and influenced global, national and local policies 17)18). Sustaina-
bility is now a contemporary urban governance goal and it has become conventional planning wisdom for all 
three levels of government in Australia to be committed to environmentally sustainable urban development 18). 
While the SPA ecological sustainability concept is acknowledged to be a variant on the SD concept, it is 
faithful to the basic principles of integrated decision-making, conservation of biological diversity and eco-
logical integrity, intergenerational equity and the precautionary principles 16). The stated purpose of the SPA is 
to achieve ecological sustainability which is defined as a balance that integrates (SPA section 8(a)-(c)):  

• protection of ecological processes and natural systems at local, regional, State and wider levels;  
• economic development;  
• maintenance of the cultural economic, physical and social wellbeing of people and communities. 

Ecological sustainability is to be achieved by (SPA section 3(a)-(c)): 
• managing the development assessment process to ensure it is accountable, effective and efficient 

and delivers sustainable outcomes;  
• managing the effects of development on the environment, including managing the use of premises;  
• continuing the coordination and integration of planning at the local, regional and State levels. 

Regulatory improvement is the second theme of the paper and while a complimentary goal to SD it is a 
challenging balancing technically and politically. The SPA was shaped by the regulatory reform outcomes 
from the global financial crisis which is evident in the SPA Explanatory Notes which states “outcomes to be 
achieved by the Bill are a significantly improved and streamlined land use planning and development 
framework and systems that reduce costs and get development on the ground sooner” 19). While the legislation 
may be considered as leaning towards efficient plan making and development assessment processes, it is quite 
clear that the drafters also envisaged sustainability as a desired community end state. This is demonstrated by 
the inclusion of sustainability in the legislation’s purpose as discussed above, but also in the provisions for 
state, regional and local level plan making (e.g. SPA section 28 Key Elements of Regional Plan) and for the 
Integrated Development Assessment System (e.g. SPA section 689 Environmental Impact Statement Process). 
b) Local government plan making 

Sustainability considerations are evident in SPA provisions for plan making by local governments (SPA 
sections 88 & 89). This has been assisted by the recent development of the Queensland Planning Provisions 
(QPP) which provides a mandatory template for planning schemes and establishes a clear strategic hierarchy 
from which an SIA framework could be designed. The QPP requires a local government to prepare a Strategic 
Framework which sets the policy direction for the scheme and outlines the strategic intent and social, eco-
nomic and environmental themes (e.g. from the relevant regional plan). The strategic themes are refined into 
strategic outcomes and elements and are linked to specific outcomes and land use strategies 20). However no 
guidelines have been provided on how to develop, analyse and select appropriate and influential land use 
strategies that will facilitate the strategic themes and identify potential positive or negative impacts to the 
community, industry or Council itself. 

A second example of the pursuit of SD is through the provision for integrated land use and infrastructure 
planning. Infrastructure is defined as land, facilities, services and works used for supporting economic activity 
and meeting environment needs (SPA Schedule 3 Dictionary). Land use and infrastructure are core matters to 
be integrated into local government planning schemes (SPA section 89). The planning scheme must include a 
priority infrastructure plan (PIP) which outlines the extent and location of proposed infrastructure after having 
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regard to forecasted growth and development and capacity of existing infrastructure networks (SPA sections 
88 & 89). The PIP framework seeks to (SPA section 625): 

• integrate state and local land use and infrastructure plans, 
• establish an infrastructure planning benchmark as a basis for an infrastructure funding framework, 
• establish an infrastructure funding framework that is equitable and accountable.  

Therefore the expectation is that local government plan making which leads to an amendment of the plan-
ning scheme will integrate land use and infrastructure planning and pursue sustainable development as a key 
outcome. However the only mandatory assessment of scheme amendments is a compliance-based State in-
terest review prior to public notification. The review does not include an impact assessment nor does it require 
a self-assessment of impacts to be submitted by the local government. So while the SPA planning process 
provides the scope for such an assessment it is not required in a mandatory or voluntary sense. 

 
(2.2) Local government case study 

Queensland local governments, such as the Brisbane City Council (BCC), undertake a broad range of land 
use and infrastructure planning as identified in Figure 1. The paper’s focus is local area or neighbourhood 
planning which is undertaken for a geographical area commonly the size of a Queensland gazetted locality or 
suburb 21). The neighbourhood plans form part of the planning scheme and are subject to the scheme’s strategic 
framework. It is reasonable to expect that the neighbourhood plans and their development process will be 
characterised by the concepts discussed above.  

 
Fig.1 Brisbane City Council Planning Framework 22) 

 
A desktop review of three recently adopted BCC neighbourhood plans identified that the integration of land 

use and infrastructure is undertaken and that consideration is given to future social, economic and environ-
mental outcomes for the local area. The City Centre Neighbourhood Plan (2009), the Fortitude Valley 
Neighbourhood Plan (2010), and the Indooroopilly Centre Neighbourhood Plan (2012) incorporate tri-
ple-bottom line sustainability considerations in their development principles section and more detailed provi-
sions (e.g. infrastructure planning) in the neighbourhood code 23). A qualification should be made at this point, 
that this level of detail will not necessarily be found in all neighbourhood plans as these three plans have been 
drafted for significant areas of the city and region (e.g. SEQ regional activity centres). The sustainability 
considerations in these neighbourhood plans are considered consistent with the SPA and the scheme’s strategic 
framework. 

A textual analysis of the publically available material on the BCC neighbourhood planning process is also 
supportive of the SPA purpose and approach and a diagram of the process is provided in Appendix 1. For 
example, the BCC factsheet Frequently Asked Questions about Neighbourhood Planning: Infrastructure 
demonstrates a commitment to integrated land use and infrastructure planning 24). Similarly, the Urban Re-
newal Brisbane 20 Year Celebrations includes terminology such as “practical understanding of the market-
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place and commitment to investing in key infrastructure”, “vibrant high-density, mixed-use developments”, 
and “specified environmentally sustainable urban design standards” 25). The report also identifies the positive 
social, environmental and economic outcomes of the program stating that the Fortitude Valley’s workforce has 
increased by 70 per cent since urban renewal began in 1991 25). 

It could be argued that the language of sustainability is easy to draft into planning instruments, but it is a 
different matter again for planners to demonstrate that their plans will achieve triple-bottom line sustainable 
outcomes on the ground. The three neighbourhood plans discussed above have now been adopted and can be 
monitored and evaluated against what is currently occurring in their development footprints but it could be 
argued that implementation is too late, particularly if a plan is not producing desired outcomes or it is pro-
ducing unintended negative impacts. The following section looks at two SIA frameworks and what they 
identify as the social, economic and environmental impacts of planning and policy instruments. These 
frameworks advocate that proposed regulatory instruments can be assessed in an ex-ante or forward looking 
manner and impact assessment does not have to wait until instruments are implemented. The neighbourhood 
planning process affords the opportunity to implement an SIA, so what framework would suit this particular 
context or does a new SIA need to be developed? The next section explores these questions further. 
 
3. SUSTAINABILITY IMPACT ASSESSMENT 

 
This section introduces the umbrella concept of impact assessment, two key traditions of impact assessment 

as applied to urban planning, and specific examples of SIA which could be applied to the case study. 
 

(3.1) What is impact assessment? 
In a general sense, impact assessment is the process of identifying the future consequences of a current or 

proposed action and therefore the ‘impact’ is the difference between what would happen with the action and 
what would happen without it 26). A large body of literature on impact assessment exists internationally arising 
from the very different fields of regulatory reform, environmental management, economics, social sciences, 
and business and knowledge management. Hugé and Waas summarise literature and goals common to an 
impact assessment exercise 27): 

• To provide information for decision-making by analysing the (unintended) consequences of pro-
posed actions; 

• To promote transparency and participation of the public in decision-making; 
• To identify alternative options and/or to design mitigating measures so as to avoid/minimise un-

intended harmful impacts as well as to foster positive impacts. 
Impact assessments can be classified according to their “temporal focus” (e.g. ex-post or backwards look-

ing, continuous monitoring, or ex-ante/predictive) as well as their “object of focus” (e.g. project-level or 
strategic-level assessment) 10. Another classification is that assessment can be goal-oriented (e.g. what is the 
contribution of the plan to its overarching legislation or policy’s goals) or outcome-oriented to identify the 
potential positive and negative impacts with optimisation and minimisation measures 10. This paper is con-
cerned with ex-ante, strategic-level impact assessments that assess a planning scheme’s potential contribution 
to relevant sustainability goals but also its potential impacts.  

While discussing impact assessment a note needs to be made acknowledging the importance of environ-
mental impact assessment (EIA). While not the subject of this paper, EIA is oldest and most commonly used 
environmental impact assessment tool 28). In the Australian context, EIA are required for activities such as 
development applications which can impact on matters of national environmental significance (e.g. world or 
national heritage places, protect migratory species) under the Commonwealth Environment Protection and 
Biodiversity Conservation Act 1999 (EPBCA) and prescribed matters under State environmental legislation.  

 
(3.2) More than an alphabet soup of acronyms? 
a) Regulatory impact assessment 

RIA is a well-established practice internationally and was first developed in the United States in the 1970s, 
with a primary focus on economic analysis 1). RIA is defined in the OECD framework as a “process of sys-
tematically identifying and assessing the expected effects of regulatory proposals” 2). As highlighted in the 
introduction the majority of OECD countries have adopted an RIA framework and this is the strength of RIA 
for the case study, its specific development for a governance framework and its long standing application in 
regulatory improvement processes. As identified by Jacobs 29) the RIA framework is proven to facilitate pos-
itive outcomes:  
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• Asking and answering the right questions in a structured framework which leads to transparent 
policy-making; 

• Systematically analysing the potential impacts of public policy; 
• Communicating information to policy-makers and stakeholders. 

Another strength of the RIA framework is that it has a proven ability to incorporate a triple-bottom line ap-
proach 5). The development of the Australia RIA system, reflecting the international experience, gradually 
expanded to include social and environmental considerations along with the original economic focus. The 
Australian RIA system requires regulatory impact statements to substantiate policy instruments and taxation 
measure proposals 4). It is considered a “front-runner” in quality and has incorporated a triple-bottom line 
approach since the NSESD was signed in 1992 5). RIA systems have also been established at the State Gov-
ernment level and have therefore been applied to the development of planning legislation which is predomi-
nantly created at the State level. The gap in practice, as discussed in the previous sections, is that RIA has not 
yet been extended to the local government level and therefore planning schemes as a regulatory instrument 
have been exempt 7).  
 
b) Strategic environmental assessment 

The second key tradition of impact assessment which must be acknowledged when focusing on sustaina-
bility is from the field of environmental management. Environmental measurement has developed from the 
early 1900s land and resource survey and evaluation techniques into contemporary sophisticated environ-
mental and sustainability assessment, measuring and reporting systems (e.g. state of the environment re-
ports) 28). As noted in previous sections, the influential UNCED framework has influenced government prac-
tice including the adoption of EIA at a project level and strategic environmental assessments (SEA) for policies 
and plans 26).  

The EIA/SEA are now considered integrated impact assessments, which developed from the recognition 
that social and economic factors should be incorporated along with an improved understanding of how the 
three dimensions interact 10). However even with these improvements in the EIA/SEA, new concepts have been 
developed including sustainability assessment, 3-E Impact Assessment and Extended Impact Assessment 30). 
While some consider these developments no more than a confusing “alphabet soup of acronyms” 31) others 
identify the prioritisation of UNCED sustainable development concepts in sustainability assessment as the 
next generation of environmental assessment 27). Sustainability assessments are differentiated in that, in addi-
tion to the triple-bottom line, there is consideration given to the SD principles (e.g. global equity concerns, 
intergenerational equity) 12)10). The OECD identifies that while it is an additional level of challenge to incor-
porate SD considerations into the already challenging impact assessment task, this practice can improve the 
overall quality of legislation and support the achievement of sustainability goals 5). 

In the Australian context the EPBCA allows for a voluntary SEA process for assessing the potential impacts 
of policy and plans on environmentally significant areas and matters. Similar in nature is the Queensland SEA 
where it is incorporated in the SPA plan making process for only three local government areas (e.g. Cairns) to 
protect places of iconic value. Therefore SEA remains limited in application to urban planning and it is still 
being implemented with varying levels of success 32). SEA implementation has been a challenge internation-
ally, for example, in Plan EIA as SEA is known in China 33). 

 
(3.3) A merger for improved sustainability assessment? 

Both the RIA and SEA frameworks offer strengths and weaknesses to apply to the case study. The RIA 
offers a more developed and tested methodology and its strength lies in its application to a public policy 
context. The SEA offers the strength in connecting local urban planning with the SD goal. This paper follows a 
developing discourse which allows RIA that address SD to be classified as an SIA 5)10)27). Early work at 
bridging the two traditions has been undertaken in the European context 27) and the European Commission 
Impact Assessment framework is discussed in section 3.5. An analysis of scientific and policy documents 
concerning SD and impact assessment in the European Union and the sub-national level of the Flemish Region 
of Belgium identified potential elements of convergence between RIA and SEA including common objectives 
and that they share a logical approach and process to decision-support 27). This is not surprising given they are 
both impact assessments to begin with, and interestingly an RIA can be more sustainability-oriented than an 
SEA if the latter is used to justify decisions biased towards economic outcomes 27). 

 
(3.4) Victorian SIA (Australia) 

A desk-top review was undertaken of Australian state planning systems and their requirements for the 
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preparation of local government planning instruments. The initial review was looking for examples of strate-
gic-level assessment incorporating both goal-oriented and impact assessment with a sustainability focus. Only 
one example in total was found and the Victorian strategic assessment example is discussed below. No aca-
demic literature has yet been found on the Victorian strategic assessment but this search is ongoing. 

The Victorian planning system operates under the Planning and Environment Act 1987. The Victorian 
process for the preparation of local government planning schemes (and major amendments to existing 
schemes) includes a mandatory strategic assessment process to be completed by the local government. This 
process is outlined in the Strategic Assessment Guidelines for Preparing and Evaluating Planning Scheme 
Amendments 34) referred to from here on as the Guideline. The Guideline lists strategic considerations that must 
be address by the local government, including:  

• Why is an amendment required? 
• Does the amendment implement the objectives of planning (under the Act) and address any envi-

ronmental, social and economic effects? 
• Does the amendment comply with all the relevant Minister’s directions? 
• Does the amendment support or implement the State Planning Policy Framework? 
• How does the amendment support or implement the Local Planning Policy Framework and, spe-

cifically, the Municipal Strategic Statement? 
• Does the amendment make proper use of the Victorian Planning provisions? 
• How does the amendment address the views of relevant agencies? 
• Does the amendment address the requirements of the Transport Integration Act 2010? 
• What impact will the new planning provisions have on the administrative costs of the responsible 

authority? 
Under the second strategic consideration the Guideline requires that the local government carries out an 

impact assessment. This impact assessment must take the form of a cost-benefit analysis and must be “an 
evaluation of the costs and benefits to businesses and the community arising from any requirement of the 
amendment” 34). The Guideline provides a list of effects that should be considered as part of the cost-benefit 
analysis, examples of effects include: the health of ecological systems (environmental), effects on future public 
and private sector investment in the immediate and surrounding areas (economic), and likely effects on 
community infrastructure (social). 

The structure of the Victorian strategic assessment is argued to be highly relevant to the Queensland local 
government planning context and it is likely to require only minor modification to be fitted into the SPA and 
QPP context. This paper highlights only one major deficiency, and this may only be noticed when contrasted 
against the international examples in the following section, that it is a less rigorous analytical framework. This 
structure may on the positive side be less arduous on planning officers, but on the negative side may not 
produce as beneficial outcomes. This would need to be the subject of further research and testing. At the time 
of writing this proposal, requests for feedback on real-life experience under the Victorian system have not yet 
been answered. 

The Guideline does not prescribe consultation on the strategic assessment outside of the general public no-
tification period for planning scheme. However it could be argued that a consultative approach is implied as it 
requires the local government to have an understanding of and incorporate state agency requirements and 
community and industry concerns. This approach is similar to consultation prescribed under SPA and would 
also compliment the Brisbane neighbourhood planning context.  

The minimum level of procedural guidance contained within the Guideline should be strongly noted, for 
example, in respect to how the local government should undertake the impact analysis. If a local government 
did not have in-house resources that were experienced in cost-benefit analysis, this could then mean additional 
consultancy expenditure. This is once again an important consideration for any implementation in the 
Queensland context as a new process should ideally be supported by quality explanatory material and/or tools. 

 
(3.5) European Commission SIA 

The European Union (EU) is considered to be a contemporary leader in the development of impact as-
sessment frameworks 12)5)27). The European Commission (EC) maintains an RIA system for all policy and 
legislation of interest to the EU 35). The EC also maintains an EIA/SEA framework similar to the Australian 
EPBCA framework and the EC SEA is commonly applied to spatial land use planning (Directive 2001/42/EC). 
The EU member countries also maintain national RIA frameworks some which are experimenting with sep-
arate national sustainability assessment frameworks 13). The United Kingdom, Irish, Swiss and Belgium sys-
tems explicitly reference sustainability but contain no uniform approach in respect to method (e.g. cost-benefit 
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analysis), criteria of assessment (e.g. obligatory SD criteria), consultation, timing, and level of integration 
between their sustainability assessment and RIA systems 13). Given the best practice nature of the EC Impact 
Assessment (referred to from here on as the EC-SIA) and its bridging of the SEA and RIA traditions it will be 
reviewed for potential application to the case study.  

The EC standard is that all significant EC initiatives, future policies and all EU-level legislation are prepared 
on the basis of transparent, comprehensive and balanced evidence to aid political decision making 35). The EC 
provide a comprehensive guideline (referred to as the ECIAG) which provides detailed guidance on substan-
tive and procedural elements. The EC-SIA process is envisaged to take approximately a year and the overall 
process, from planning to adoption, is provided Figure 2 below. Figure 2 illustrates that public and expert 
stakeholder engagement is mandatory at both the planning stage and when drafting the report. 

 

 
Fig.2 EU-SIA Process 35) 

 
A summary of EC-SIA analytical steps from the ECIAG is provided below: 

• problem identification, risk assessment and baseline scenario development, 
• definition of the objectives of the proposal and its linkages and likely contribution to governing 

legislation or policy, 
• development of options (including why alternative should not be pursued), 
• understanding the causal link between problem, objectives, options and impacts, 
• proportional level of qualitative and quantitative impact analysis (including who is affected, across 

society and time, administrative burdens) depending on scope of the proposal, significance of the 
identified impacts, and deemed political importance, 

• comparison and ranking of options, 
• outlining policy monitoring and implementation. 

This structure provides a rigorous and evidence-based approach to the development of legislative proposals but 
further research would need to be undertaken to understand its transference to a specific type of instrument 
such as a local plan. Another important question to be considered is whether it is too arduous a process for a 
local plan, a process which might be reserved for the development of complete planning schemes. However it 
could be argued that quality regulation that produces sustainable outcomes on the ground is highly desirable, 
even if it means an additional analytical burden. 

The EC-SIA framework also gives suggested areas of environmental, economic and social impact against 
which to analyse options along with indicators and examples of the process as applied to real-life EU as-
sessment examples 35). These areas of impact and indicators would need to be reviewed for their application to 
other contexts but they are argued to be a desirable benchmark and baseline. The benefit of the extensive 
ECIAG with examples is that it provides an education platform for planning officers having to undertake the 
tasks and this is important to note for potential application in the Queensland context. 

While the EC-SIA framework doesn’t specify that computer-aided modelling software for impact assess-
ment is mandatory it is highly recommended, and given the sophisticated nature of the analytical framework 
(particularly if applied to a complex planning situation like drafting a local plan) computer-aided modelling 
would be almost essential. Indeed since the implementation of the EC-SIA framework the EC has funded 
decision-support projects such as the SENSOR project - Sustainability Impact Assessment: Tools for Envi-
ronmental, Social and Economic Effects of Multi-functional Land Use in European Regions 36). The SENSOR 
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project (completed in 2009) was designed to: 1) support the development of a single integrated impact as-
sessment process, and 2) develop modelling tools for the EU regional-scale land use policies 36). The SENSOR 
analytical chain aims to (i) link policy options with land use changes, (ii) link land use changes with envi-
ronmental, social and economic impacts, and (iii) provide a valuation framework of these impacts in light of 
sustainable development 10). SENSOR’s main product, the Sustainability Impact Assessment Tool (SIAT) is a 
quantitative multi-modelling tool that undertakes scenario assessment across disciplines, sectors and sus-
tainability dimensions 10). 

The EC-SIA and SIAT tool has informed subsequent projects internationally, for example, the EU LUPIS 
project (Land Use Policies and Sustainable Development in Developing Countries) which developed an SIA 
methodological framework that allows ex-ante assessments of land use policies in African, Asian and Latin 
American countries 12). It is useful to utilise the LUPIS method to further illustrate how the EC-SIA might be 
applied in a real-life local plan drafting process. For example, both the EC-SIA and LUPIS use the OECD 
DPSIR framework - driving forces, pressure, state, impact and responses 12). The DPSIR framework could be 
used in the BCC process to analyse the causal relationships (e.g. between the plan and what the plan can ac-
tually affect). In addition, the LUPIS indicator framework is a good benchmark, which identifies SD targets, a 
generic set of land use functions (e.g. industry, infrastructure, food security, ecosystem production), and 
scenario specific indicators 12) – refer to Figure 3 below. 

 
Fig.3 LUPIS Indicator Framework for SIA 12) 

 
The EC-SIA reiterates the importance of identifying and managing trade-offs between economic, envi-

ronmental and dimensions. As a potential framework for the BCC context the EC-SIA framework and decision 
support tools such as SIAT have proven their versatility by being adopted and adapted for use in other contexts 
internationally. 

 
(3.6) SIA comparison 

Both the Victorian strategic assessment framework and the EC-SIA would complement the Queensland 
SPA context and facilitate positive outcomes for the BCC case study. The principles, structure and language of 
the featured frameworks are relevant and appropriate for the case study. The frameworks would also handle the 
complex suite of SPA concepts including integrated land use and infrastructure coordination and ecologically 
sustainable development. 

The Victorian strategic assessment and EC-SIA structure combine goal-oriented and impact assessment. 
The inclusion of impact assessment provides a more meaningful assessment than a simple compliance ‘check’ 
against the Brisbane strategic framework and SPA legislation. Both frameworks have requirements for the 
analysis of short term impacts but also long term impacts on future community states, which are argued to 
represent the SD requirement to consider inter-generational equity. Further research into SEAs is required to 
further improve this connection with and facilitation of SD considerations. 

The EC-SIA in particular would be well suited to the ethos and high level of stakeholder engagement carried 
out under the BCC neighbourhood planning process. The Victorian strategic assessment does not have explicit 
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consultation requirements but it would be difficult to demonstrate the required understanding of state and 
community concerns without a level of engagement. 

Where the Victorian strategic assessment and EC-SIA differ markedly is in the depth of analysis required. 
The Victorian strategic assessment doesn’t require the EC-SIA options development, analysis and comparison 
phase and it also doesn’t require the consideration of post-implementation monitoring and evaluation actions. 
This does reduce the Victorian analytical rigour and may produce a lesser outcome, but it is a pertinent point in 
time to remind the reader of the difference in regulatory scale. The EU level regulation has the potential to 
affect vast groups of communities, business and environmental systems where as a Victorian local government 
planning scheme is minor in comparison. Despite this the Victorian Guideline does ask if the amendment is 
supported by or as a result of a strategic study or report – so it does not preclude a local government from 
undertaking more detailed options identification and assessment stage if the scale of the proposal requires it. 

The implementation of both frameworks would require training and support tools for the planning officers 
involved in SIA. The EC-SIA provides assistance through extensive explanatory material and through EC-SIA 
officers available to support those preparing the assessments. While the Victorian Guideline is a simpler ap-
proach, if a local government did not have experienced in-house resources that could undertake a robust 
cost-benefit impact analysis this would then require consultancy expenditure which could start to offset the 
benefits. This is another important consideration for any implementation in the Queensland context as a new 
SIA process should ideally be supported by explanatory material and/or tools such as in the EC-SIA situation. 

Both the EC-SIA and Victorian strategic assessment frameworks have potential for inclusion in the 
Queensland local government planning scheme development process. The Victorian SIA framework may at 
first seem more appropriate, particularly given the scale of local planning processes, but better regulatory and 
implementation outcomes may eventuate from the EC-SIA. Further research is required and indeed proposed 
under a Queensland University of Technology research thesis. Ideally both frameworks would benefit from a 
real-life trial in the BCC neighbourhood planning process. If this cannot be achieved it is then proposed to gain 
feedback from a panel of experts (e.g. planning academics and/or professional planners) through survey or 
interview. Further research is also required on the areas of impact recommended by both frameworks to ensure 
an easier transition to the Queensland context. And finally research is required on the neighbourhood planning 
process itself to understand, in the Queensland context, the linkages between policy and land use changes, and 
land use changes with environmental, social and economic impacts.  

 
4. CONCLUSIONS 

 
In conclusion, RIA is a long standing governance practice internationally and within the Australian national 

and state government regulatory instrument development process. With the increasing responsibilities of local 
governments and their growing impacts in land use and infrastructure policy, planning and delivery activities, 
it is argued to be timely to extend RIA to the local government level. To be of maximum long-term benefit to 
the community, this regulatory assessment should be a sustainable impact assessment that incorporates 
UNCED sustainable development considerations. 

Well designed, integrated land use and infrastructure planning instruments which consider the immediate 
and long-term economic, social and environmental impacts are key components in achieving sustainable urban 
development and a resilient community. Planning schemes must not only articulate the community’s sus-
tainability goals but be designed and tested to facilitate sustainable outcomes in their jurisdiction. While 
technically and administratively challenging, sustainability impact assessments can assist in achieving this 
outcome by enabling planners to thoroughly test their plans before presentation to the political level for ulti-
mate decision making and adoption. 

This paper has provided a brief insight into RIA frameworks with a sustainability focus currently in place in 
the European Union and Australia. The European Commission impact assessment framework contains a rig-
orous analytical methodology and is highly focused on sustainable development. In the Australian context a 
sole example of RIA was found in the Victorian planning system and while sound requires much less analysis 
than its European counterpart. However the European Commission framework would place great demands on 
planning officers and systems and therefore both frameworks would have advantages and challenges in im-
plementation.  

Both the European and Victorian assessment frameworks require further research and trial but it is argued 
that these two examples could be readily adapted to the Queensland context or present an excellent starting 
point for development of a Queensland specific SIA framework. 
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What can we learn from people from refugee backgrounds who have been affected by an environmental 
disaster? This paper presents the first year findings of a study that is investigating the impact of the 2011 
Queensland floods on a cohort of men from refugee backgrounds living in Brisbane and the Toowoom-
ba–Gatton region of Southeast Queensland. Between 2008 and 2010, the SettleMEN study yielded pre-disaster 
measures of health and settlement among 233 refugee men. The current 2012−2013 follow-up study offers a 
rare opportunity to investigate and describe the impact of an environmental disaster on the health and wellbeing 
of a group of resettled refugee men who were affected by the 2011 Queensland floods.  

Using a mixed-method approach and a peer interviewer model, this paper reports on the exposure to and 
impact of the floods on the first 100 respondents who were interviewed between September 2012 and March 
2013. Overall, we have found that the floods had a considerable economic and psychosocial impact on this 
group of men, their families and communities in terms of being forced to evacuate their homes, work disrup-
tion, loss of income and personal belongings, and emotional distress. Many of these men reported that their 
previous refugee experience helped them to cope better during and after the floods, and for some, providing 
assistance to others during the floods impacted positively on their relationship with their neighbours. These 
findings challenge the Western deficits model that defines former refugees as traumatised victims. Refugee 
people’s strengths and capabilities should be taken into consideration when developing disaster response 
strategies at the neighbourhood and community levels. 

 
 

   Key Words : Humanitarian refugees, resilience, coping,  floods, natural disaster, social capital 
 
 

INTRODUCTION 
 

War, violence, political and social exclusion, physical and emotional trauma constitute a vivid picture of the 
refugee experience.1 The 1951 UN Refugee Convention defines a refugee as someone who “owing to well 
founded fear of being persecuted for reasons of race, religion, nationality, membership of a particular social 
group or political opinion, is outside the country of his [her] nationality and is unable, or owing to such fear is 
unwilling to avail him[her]self of the protection of that country”.2 In the year 2010–2011, 13,799 refugee and 
humanitarian visas were granted by the Australian government, and this number is expected to increase to 
20,000 in the year 2012-2013.3 Over the last five years, most humanitarian arrivals have come from Southeast 
Asia, Middle East, and Africa. 

 
Previous research has shown that individuals who experience traumatic and life-threatening events com-

monly report a re-evaluation of their purpose in life, improved family and community relationships, and 
greater sense of spirituality and resilience in the face of adversity.4-6 Traditionally, resilience has been con-
ceptualized as an individual attribute (the capacity of an individual to bounce back),7 but there is a drive to 
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understand resilience as an “ongoing and dynamic process of adaptation”(p.600)8 that is developed through 
interactions between the individual, their family and community, and the social institutions.9 Communities are 
“actors that respond to adversity” or threats from the environment, and this is particularly important for mar-
ginalized communities (p.66).10 

 
The process of resettlement into a new country often involves a transition from the traditional setting of 

family and close ethnic community to a situational community of interdependent relationships between people 
from a diversity of backgrounds, including members of the host community. Social and community support, in 
particular, is associated with increased psychological wellbeing among refugees and with their ability to cope 
with the challenges of resettlement.11 12  

 
What happens when refugee migrants are affected by natural disasters in their countries of resettlement? 

How their previous refugee experience impacts on their response to a natural disaster? Very limited research 
has been conducted to date to investigate these issues among resettled refugee communities. Osman and col-
leagues investigated  how former refugees living in Christchurch (Canterbury Province, New Zealand) coped 
after the September 2010 earthquakes. They found that worry and anxiety, hyper-vigilance, feelings of help-
lessness and fear of further earthquake trauma was common among all ethnic groups interviewed. Overall, 
“married participants with children were more anxious than single participants, and females were significantly 
more anxious than males”(p.4).13  Three quarters of  participants reported coping well with the earthquakes  by 
using their strong cultural and spiritual beliefs and practices. Eighty percent reported not receiving enough 
support from government agencies.13 

 
A submission to the Queensland Floods Commission of Inquiry 2011 by the Multicultural Development 

Association (MDA),14 reported that the January 2011 floods displaced about 70 MDA refugee client families 
and that 30 families had ongoing complex needs at the time of the submission. Most of the clients reported 
“feelings of uncertainty, fear, isolation and helplessness during the flood crisis” (p.5).14 Despite these feelings, 
many refugee clients approached MDA with offers to help others during the flood clean up. MDA caseworkers 
reported that many clients were experiencing difficulties adjusting to new homes and that the trauma due to the 
floods was “further compounded for many by re-traumatisation from previous experiences in their home 
countries as well as settlement issues already present in adjusting to life in Australia” (p.6).14 Some refugee 
clients were reluctant to accept mental health support services and chose to stay with family and friends instead 
of moving to new or temporary accommodation. According to MDA, many refugee families who were directly 
impacted by the floods were at risk of homelessness.14 
 

Given the limited research available, this paper reports on a study investigating the impact of the 2011 
Queensland floods on a cohort of men from refugee backgrounds living in Southeast Queensland. It focuses on 
the exposure to and impact of the floods on the first 100 respondents who were interviewed between Sep-
tember 2012 and March 2013. The paper also looks at changes on participants’ relationships with their 
neighbours after the floods, and how resettled men from refugee backgrounds perceive the impact of the past 
refugee experience on their capacity to cope with environmental disasters. 
 
METHODS 
 

This paper reports on a follow up of a cohort of men from refugee backgrounds who participated in the 
2008–2010 SettleMEN project.15 SettleMEN was a longitudinal investigation of health and settlement out-
comes among a group of 233 men from refugee backgrounds who were living in Southeast Queensland. Set-
tleMEN participants were interviewed four times between 2008 and 2010 at 6-month intervals with an overall 
loss to follow up of 10% (i.e. 210 out of the initial 233 participants completed the 2010 interview). In early 
January 2011, severe floods devastated many areas of Southeast Queensland. The SettleMEN study has 
yielded pre-disaster measures of health and settlement among this cohort of refugee men. The current study has 
offered a rare opportunity to investigate and describe the impact of an environmental disaster on the health and 
wellbeing of a resettled refugee population. 

 
The study uses a mixed-method approach. A survey was administered in person by peer interviewers to 

study participants in their preferred language. Peer interviewers were trained in basic research skills and the 
ethical conduct of research. The survey included a combination of quantitative and open-ended questions. The 
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questionnaire consisted of the following sections: (1) About you (socio-demographic characteristics); (2) 
About what you do (educational and occupational indicators); (3) About your health (health status, wellbeing, 
anxiety and depression, post-traumatic stress disorder, use of health services); (4) About your family and the 
social support you have (family composition, family and social support); (5) About your life in Australia 
(living arrangements, experiences living in Australia, discrimination and other forms of social exclusion); and 
(6) 2011 Queensland flood impact. Flood impact questions were adapted from previously published disaster 
research.16 17 This paper focuses on the flood impact section findings. 

 
Descriptive statistics (percentages) are used to summarise key demographic and flood impact variables. 

Thematic analysis has guided the interpretation of the qualitative data obtained from open-ended questions. 
 
 
RESULTS 
 
Participants’ characteristics 

At the time of writing, 100 out of the original cohort of 210 participants had been contacted and interviewed. 
Table 1 summarizes the demographic and pre-migration characteristics of participants. Participants were born 
in eigth different countries, with 72% born in Africa (the majority in South Sudan, followed by Rwanda, the 
Democratic Republic of Congo, Burundi, Congo, and Liberia), 21% in the Middle East (Iraq), and the re-
maining 7% in Southeast Asia (Burma). Respondents have been in Australia for an average of 6 years, and 
over half of them were living in the Toowoomba/Gatton region of Southeast Queensland. 
 

Table 1 Demographic and pre-migration characteristics of participants (n=100) 
 

Characteristic  
Age in years [mean ± SD (range)] 36.7  ± 8.7 (22 – 62) 
Time in Australia in months [mean ± SD (range)] 76.5 ± 17.3 (50 – 105) 
Place of residence during 2011 Queensland floods 

Greater Brisbane 
Toowoomba/Gatton 
 

 
48 (48%) 
52 (52%) 

Region of birth 
Africa 
Middle East 
Southeast Asia 

 
72 (72%) 
21 (21%) 

7 (7%) 
Placed lived most of your life 

City 
Rural area 
Refugee camp 

 
42 (42%) 
28 (28%) 
29 (29%) 

Religion 
Christian 
Muslim 

 
73 (73%) 
27 (27%) 

Highest educational level completed 
Secondary education or lower 
TAFE/college/trade (other than English course) 
University degree 

 
28 (28%) 
46 (46%) 
26 (26%) 

Marital status 
Never married 
Married/de facto 
Separated/divorced 

 
42 (42%) 
54 (54%) 

4 (4%) 
Current employment status 

Employed full-time 
Employed part-time or casual 
Unemployed 

 
24 (24%) 
51 (51%) 
25 (25%) 

 
Exposure to and impact of the 2011 Queensland floods 

Fifty six percent of participants had to temporarily evacuate or move out of their homes because of problems 
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with water flooding in January 2011, 54% reported that there was flood water in the property they were living 
in, and 51% got water in their homes. Eighty one percent of respondents reported that close family or friends 
from the same ethnic background had to be evacuated or moved out of their homes during the floods. 

 
Table 2 summarises the impact of the 2011 Queensland floods on participants. Overall, more than half of the 

participants were impacted by the floods in terms of disruption to their work, loss of income, and damage to 
property and personal belongings. Seven out of ten respondents reported that the floods had either a moderate 
or major impact on their emotional wellbeing. Over half reported that the floods had a severe impact on their 
families and their ethnic communities. 

 
Table 2 Impact of the 2011 Queensland floods (n=100) 

 
Impact 

 
N(%) 

Temporarily or permanently out of work due to the flood 65 (65%) 
You or other household members lost income 58 (58%) 
Experienced damage or loss to property or possessions 52 (52%) 
Other people moved into your home due to the flood 35 (35%) 
You were ill or injured due to the flood 39 (39%) 
Other household members ill or injured 41 (41%) 
Flood had a moderate/major impact on your emotional wellbeing 73 (73%) 
Flood had a severe impact on your family 58 (58%) 
Flood had a severe impact on your ethnic community 64 (64%) 

  
Previous refugee experience and the 2011 Queensland floods 

Sixty five percent of participants reported that their previous refugee experience helped them to better cope 
during the 2011 Queensland floods. For a number of respondents, the refugee experience of war and trauma 
could not be compared to that of natural disasters. For example, a participant stated that “I don’t think that my 
past experience as a refugee or having witnessed persecution in my home country will help me cope better with 
the floods since the situation is quite different in their nature”, while another said: “Different kind of experi-
ences, not like the flood”. 

 
A distinction between the predictability of man-made and natural disasters was highglighted by one par-

ticipant: “Since I have gone through numerous problems back in my home country, Burma, the problem of 
flood the Australian people have seen in January 2011 is less scary. In general, natural disasters are predictable 
and can be avoided, however man made disaster like civil war is shocking and cannot be predicted”. Similarly, 
another respondent stated: “In my home country the problem is man made disaster civil war. This kind of 
problem is an ongoing issue and cannot be predicted. I had been in this situation almost my entire life and many 
of the experiences were far worse than I could imagine. In Australia situation like flood and other natural 
disasters are predictable and do not happen very often therefore if this kind of disaster does occur I would have 
less worry about safety and security”. 

 
Many respondents compared their previous hardship experienced as humanitarian refugees with what they 

went through during the floods. As shown in the following statements, past adversities assisted them to cope 
with the situation during and after the flood: 

“As a refugee you cope many problems in regard to food, water even medical but during the flood, I did not 
fear worse. As I was used to worse in refugee camp I coped well during the floods” 

“Although I was young while in the refugee camp, the experience of living in hardship has assisted me cope 
better with the flood” 

“During the civil war in Darfur-Sudan, we sometimes missed and go without food for three days. These 
experiences have helped my wife and I to cope better during the flood” 

“I spent two days without hot meals. In spite of that, I was not badly affected due to my previous experiences 
as a refugee” 

 
However, participants compared their experiences with that of their children, many of whom had not ex-

perience disasters prior to the 2011 floods. One respondent explained that: “Although my wife and I were not 
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much affected due to our backgrounds from South Sudan, my children were very much affected since they 
have never experienced such disasters in their lives”, while another said: “Although we lost many of our be-
longings due to flood water we were not affected very much in comparison to our children who were seriously 
affected. It is because they have never witnessed such an event in their life time”.  

 
Respondents often compared the government assistance and services available in Australia with those re-

ceived in their home countries when assessing their coping experiences during the floods. For example, one 
participant stated: “Care and security level we get from government, social structure we are living in are far 
better than our country. For this reason I feel secure and safe even in the time of natural disaster”. Another 
participant explained that: “The experiences in my homeland were far worse and still I could manage to sur-
vive. First, in the time of great difficulties I know and understand how to cope emotionally and physically 
whereas in Australia the support we got from government are sufficient”. 

 
During the floods, a number of participants used past strategies and skills learned during their refugee ex-

perience, as shown in the following statements: 
 “I was able to apply strategies used before as refugee in dealing with difficult situations such as relaxation 

approaches to monitor positive mental state” 
“[Previous refugee experience] helped us prepare and act in a safe manner to protect ourselves like what we 

would do during war times” 
“It reminded me about life in camps and war… how to evacuate… keeping calm, courageous and following 

instructions on how to evacuate the area we were living in. Of course my previous experience helped me a lot 
to cope with the floods. Compared to Australians I was very much less stressful than they were” 

“Placing and moving of people and properties. Positive mind state to motivate and encourage others to 
safety” 

“There was flooding in refugee camps before. I learnt survival swimming skills” 
 
Changes in relationships with neighbours 

Participants were asked whether the floods had any impact on their interaction with their neighbours. Thirty 
percent reported that they had no or very limited interaction with their neighbours. For example, several in-
formants stated:  “my neighbours hardly speak to me”. One respondent said: “I rarely engage with my 
neighbours therefore there hasn’t been any changes in relationship with my neighbours before or after the 
floods”, while another stated: “since I rented the unit, my neighbours never talked to me, and there was no 
change or interaction during the flood”. Twenty one percent of participants reported having good, friendly 
interactions with their neighbours prior to the floods and that there were no changes after the floods. Several 
respondents stated: “I  have good neighbours and we have good interaction with them”. One participant re-
ported: “no much change as we interact freely with my neighbours”, while another stated: “there was no 
change in our interaction, we continue with normal good relationship”. Having good relationships with 
neighbours also meant that participants were able to receive useful information during the floods. For example, 
one informant reported: “we discussed about preparedness about the floods”, while another said “my  neigh-
bours informed me about the weather conditions”. 

 
For 14% of participants, providing assistance to their neighbours during the floods impacted positively on 

their relationship. For example, one respondent stated: “due to the assistance I rendered to my neighbour’s 
children, our interaction has improved”, while another said: “the interaction between my neighbours and I has 
improved because we assisted them to drain water out of their houses”. One participant explained how his 
neighbours “began to greet me because I assisted them in the floods”. 
 
 
DISCUSSION 

This paper has described the impact of the 2011 Queensland floods on a cohort of 100 men from refugee 
backgrounds residing in Southeast Queensland. Overall, we have found that the floods had a considerable 
economic and psychosocial impact on this group of men, their families and communities in terms of being 
forced to evacuate their homes, work disruption, loss of income and personal belongings, and emotional dis-
tress. Many of these men reported that their previous refugee experience helped them to cope better during and 
after the floods, and for some, providing assistance to others during the floods impacted positively on their 
relationship with their neighbours. 
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To our knowledge, this is the first study that has investigated the impact of a natural disaster on former 

refugees living in Australia. A recent study by Osman and colleagues13 assessed how 72 former refugees (55% 
males) coped after the September 2010 earthquakes in Christchurch, New Zealand. They found that 
three-quarters of participants reported that they had coped well despite most of them not experiencing an 
earthquake before and less than 20% receiving support from mainstream agencies. Surprisingly, 72% of the 
participants in the New Zealand study had not experience a traumatic event before. Similar to Osman et al. 
study, which reported that married couples with children were more likely to worry about the earthquakes, our 
participants who had children also stated that the floods were particularly stressful for their children because 
they had not experienced any disaster prior to the 2011 floods. 

 
Previous research has shown that the capacity of former refugees to cope with the challenges of resettlement 

is strongly linked to the support and protection of their new community.18 Successful long term resettlement 
depends not only on the capability of refugees to maintain the bonding links of the immediate family and 
ethnic community, but also on their ability to develop bridging links with their new neighbourhoods and other 
members of the society.18 However, previous analysis of social capital among this cohort of refugee men found 
a significant decrease in bridging relationships over time.15 Importantly, some of our participants reported that 
their experiences during the floods had a positive impact on their interaction with neighbours. For them, facing 
a natural disaster created an opportunity to greet and be greeted, to help and be helped by those living next 
door. Building community at the neigbourhood level can be an important strategy to cope with disasters. The 
ability of societies to adapt to environmental disasters is “determined, in part, by the ability to act collective-
ly”(p.387).19 
 

Our paper has a number of limitations that need to be acknowledged. First, the current analysis is based on 
the first 100 participants (from the original cohort of 210) who completed the first follow-up survey more than 
two years after the 2011 Queensland floods. Some of the figures included here regarding the exposure to and 
impact of the floods may vary once all interviews are completed. Second, the time period between the floods 
and data collection may have influenced the recollection of participants’ experiences during the floods. Third, 
given that the original study cohort was recruited using a non-probabilistic sampling technique, our findings 
may not be representative of the entire population of men from refugee backgrounds who experienced the 2011 
Queensland floods. 

 
Nevertheless, our study has shown how the previous experiences of human rights abuses, loss, trauma, 

displacement, flight and refuge are perceived by many former refugees as tools to better cope with natural 
disasters. This challenges the “dominant Western deficits model that defines refugee people as traumatised 
victims (…) at the expense of resilience and coping strengths [which] may in fact contribute to or prolong the 
alienation of refugee people and impede their inclusion into Australian communities”(p.56).6 In fact, refugee 
people’s strengths and capabilities, including the survival skills developed during their refugee experience, can 
enhance a neighbourhood or community’s ability to cope with and adapt to extreme weather events and other 
environmental disasters. Refugees’ capabilities should be recognised and considered when developing disaster 
reponse strategies at the neighbourhood and community levels. 
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A tsunami was an unknown phenomenon for many Sri Lankans until the 2004 Indian Ocean event, when a 
series of giant waves swept across the coastal belt, killing thousands of living beings. The insurmountable 
damage to lives and property caused the Government to introduce a sustainable warning and evacuation 
mechanism to the Island. The Department of Meteorology (DoM) and the Disaster Management Centre 
(DMC) of Sri Lanka were appointed and vested with powers to handle any national emergency disaster 
situation. The Pacific Tsunami Warning Center (PTWC) and Japan Meteorological Agency (JMA) stepped 
up for the delivery of the all important interim advisories to the DoM and DMC. In the nine years that have 
elapsed since the Indian Ocean tsunami, this process has shown noteworthy progress, from the analyses of 
initial information to issuing a prompt warning to potential evacuees.  
 
The warning process, however, naturally suffers from the drawback of triggering false warnings, which 
significantly affect the public confidence in the entire system. Sri Lanka has issued more than 4 false 
warnings during the period from 2004 to 2012. In addition, recent ad hoc real-time decisions, such as 
disconnecting electrical power when a tsunami warning is in effect, have adversely affected the integrity of 
this system. 
 
This paper showcases the evolution of the warning and evacuation process with an emphasis on how 
quickly warnings are promulgated and evacuation is completed. Timeline analyses of each false warning 
event have yielded a quantitative assessment of the above activities, indicating areas that need improvement. 
The probabilities of false warnings and false evacuations are estimated using the Bayesian approach. Ob-
servations during each false warning and mock evacuations have been utilized to derive a set of meaningful 
and practical strategies that could eventually be absorbed in the national preparedness planning process.  

 
   Key Words: tsunamis, warning & evacuation, false warning, preparedness planning  
 
 

1. HISTORY OF TSUNAMI WARNING AND EVACUATION IN SRI LANKA 
 
The word ‘tsunami’ was added to the vocabulary of the vast majority of Sri Lankans in the aftermath of the 
2004 Indian Ocean tsunami. The subsequent learning processes by both residents and the Sri Lankan authori-
ties have been impressive, particularly the enhanced warning dissemination and evacuation strategies. After 
the 2004 event, Sri Lanka established a local warning authority, i.e., the Disaster Management Centre (DMC).  
 
(1)  Anticipated threats (areas and mechanisms) 
It is a fact that the seismicity of the world increases with time,and  more and more earthquakes have been 
recorded, with some of them triggering tsunamis. In particular, the Java earthquake in 2006 and the Honshu 
Island earthquake in 2011 claimed a significant number of lives, despite warning mechanisms being in place. 
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In both those instances, the epicenters of the quakes were very close to the shore, so that residents did not have 
a sufficient time for evacuation.  
 
Table 1:  Earthquake Induced Deadly Tsunamis since 2004 

Year Month Day 
Earthquake 
Magnitude Country Location 

Max. Water 
Height Deaths 

2004 12 26 9.1 INDONESIA 
OFF W. COAST OF 
SUMATRA 50.9 226898 

2006 7 17 7.7 INDONESIA JAVA 20.9 802 

2007 4 1 8.1 
SOLOMON 
ISLANDS SOLOMON ISLANDS 12.1 52 

2009 9 29 8.0 SAMOA SAMOA ISLANDS 22.35 192 

2010 2 27 8.8 CHILE 
OFF SOUTHERN 
COAST 29 156 

2010 10 25 7.8 INDONESIA SUMATRA 7 431 
2011 3 11 9.0 JAPAN HONSHU ISLAND 38.9 15854 

Source: National Geophysical Data Centre (NOAA) 
 
These events stand as examples emphasizing that the efficiency of the tsunami preparedness planning lies not 
only on detection and warning, but how quickly one is able to escape from the danger. Such events can be an 
eye opener for Indian Ocean countries, where tsunamis are more or less expected from known source points. 
No research has been published for India, Sri Lanka, The Maldives etc on probable tsunamis generating from 
locations close to shore. Citizens of Indonesia and Japan are now aware that a course of action needs to be 
followed when they feel an earthquake. Given the developing tectonic boundary south of Sri Lanka2) and 
unknown probabilities for meteorite hits to oceans7,11,12), hypothetical tsunami source points have to be con-
sidered in evacuation planning. 
 
Significant earthquakes that do not trigger tsunamis are also of concern, since they often cause false warnings. 
The earthquake of magnitude 8.6 that struck southwest of Banda Aceh on April 11, 2012 created another 
tsunami evacuation in Sri Lanka. The Department of Meteorology1) (DoM) claims to have issued the evacua-
tion order less than hour after the quake. A second warning was issued two hours later, ordering evacuees to 
remain on safe ground following an aftershock of magnitude 8.2. This event was a practical check of the es-
tablished warning and evacuation mechanism in the country, as more than 1,500 coastal communities from 
Puttalam, Colombo, Kalutara, Galle, Matara, Hambantota, Battocaloa, and Jaffna were evacuated in less than 
two hours.1) Village level committees, set up under DMC supervision, were activated to oversee and assist in 
the evacuations; and, on a national level, the DMC office in the capital, Colombo, coordinated with district 
level committees and DMC district sub-units.  
 
2. NEW THREATS AND COUNTERMEASURES 
 
(1)  Earthquakes that are Felt 
The increased global seismicity creates more tremors; therefore, investment on preparedness planning is not in 
vein. In this context, the biggest threat is having frequent emergency events. While those events keep the 
integrity of the warning and evacuation systems in check, they often provide a learning curve for authorities. 
As an example, the physical ‘feeling’ of an earthquake is something that many other countries, including Japan 
and Indonesia, utilize for evacuation. The quake on April 11, 2012 was felt by many Sri Lankans, although this 
natural early warning was not taken into due consideration. It is critical, therefore, to include in the tsunami 
awareness knowledge base what measures should be taken when an earthquake is felt. This piece of missing 
information can be readily found and adopted from the Indonesian national warning system. 

 
(2)  New Plate Boundary 
After the 2004 Indian Ocean tsunami, the U.S. Geological Survey (USGS)2) claimed that a new tectonic 
boundary has formed about 480 km southeast of Sri Lanka. In fact, Weins et al.3) first suggested the possibility 
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of a diffused plate boundary in the Indo-Australian plate; and, by analyzing drill core samples from the sea-
floor, Van Orman et al.4) presented a theory that seafloor deformations in the region exist. Nine years after Van 
Orman’s discovery, the mega Indian Ocean tsunami with its massive energy release created the distinctivity of 
the inter-plate boundary that led the USGS to acknowledge and publish the new plate tectonics in the Indian 
Ocean region (Figure 1). Dissanayake5) specifically forecasted the probable geohazards that could generate 
from this new boundary, while Wijetunge6) predicted the possibility of tsunamis. However, it takes thousands 
of years to accumulate the energy that could cause earthquakes of significant magnitudes. Given the dire 
consequences of a tsunami from this source point, tsunami models should accommodate such scenarios in their 
travel time estimations. 
 

 
 
Figure 1: New Plate Boundary near Sri Lanka 
Picture Courtesy: U.S. Geological Survey 
 
(3)  Meteorites 
Tsunami generation from triggering mechanisms other than earthquakes does not receive due acknowledge-
ment, purely on the basis of the probability of occurrence. For example, a tsunami from a meteorite hit, which 
is not accounted for in the preparedness planning, may even seem laughable on the grounds that the meteorite 
itself may create more havoc by its very impact. Yet, medium-sized asteroids that impact the ocean will trigger 
tsunamis. Meteors of diameters less than 100 m burn and destroy themselves before reaching the Earth.7) 
However, those with bigger diameters may retain a certain mass even after being ignited and consumed by the 
Earth’s atmosphere. The impact threshold of a global catastrophe is from asteroids of 2 km in diameter.8) In this 
context, the catastrophic impact of an asteroid outweighs any criticism arising from the extremely low prob-
ability of such impacts.  
 
The discussion on meteorite hits has been rejuvenated since the meteor that exploded over Chelyabinsk, Russia 
on 15 February 2013 (Figure 2). It is said that the explosion emitted 20-30 times more energy than was released 
from the atomic bombs detonated at Hiroshima and Nagasaki.9) In 1908, a space rock exploded over Russia’s 
Tunguska River in Siberia and flattened 2,137 square km of uninhabited forest land.10) Repetition of such 
events with tsunamigenic conditions may have more devastating effects than earthquake-generated tsunamis. 
In fact, historic records reveal a few cosmogenic tsunami events  (Table 2). 

 

 

New Plate Boundary 
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Table 2:  Cosmogenic Tsunamis 
Year Description 

~ 6500 BC Deluge comet impact event11) 

2354-2345 BC Meteoritic showers7) 

July 3, 1992 Daytona Beach, Florida.;  5-6 m high waves12)  

 

  
 
Figure 2: Chelyabinsk Meteor -2013 
Source: Deccan Cronicle17)  

 
Sri Lanka currently does not consider the threats from cosmogenic tsunamis, due to the difficulty in identifying 
the source point and the low probability of occurrence. However, the authors urge at least a basic study to be 
undertaken on the consequences of cosmogenic tsunamis to Sri Lanka given that the country is highly exposed 
to the Indian and Southern Oceans. 

 
(4)  Aftershocks 
Following a large earthquake, it is not uncommon to experience a series of aftershocks, some of which can be 
of a magnitude close to the original earthquake. Nonetheless, it was observed that Sri Lankan communities 
respond poorly to aftershocks. Unlike the first warning that reaches evacuees through many channels inclusive 
of media, mobile phones, warning towers, etc., information on aftershocks and whether to stay longer or to 
return home may reach them only via limited news streams. In particular, the aftershock that occurred fol-
lowing the main quake on April 11, 2012, was of magnitude 8.2 and could have been strong enough to generate 
a standalone tsunami had other conditions been met. The DoM advised evacuees to remain at safe locations 
following this aftershock; however, as observed by the authors, many disregarded the alert and returned home. 
Receiving a continuous series of false alarms in quick succession can be frustrating, yet evacuees or any their 
party should not be allowed to make their own decisions, overriding the official warning authorities.  

 
(5)  Regional Tsunami Service Providers (RTSP) 
Until 2012, the Pacific Tsunami Warning Center (PTWC) and Japan Meteorological Agency (JMA) provided 
the Indian Ocean with an interim advisory service. The Indian Ocean tsunami warning system has now become 
fully operational, with three nations emerging as regional tsunami service providers (RTSPs): Australia, India 
and Indonesia. The region continues to receive the PTWC and JMA bulletins, yet all information including that 
from the RTSPs is regulated to provide uniform, unambiguous tsunami information to Indian Ocean nations. 
The system went into action following the earthquake in April 11, 2012; and, as expected, the three RTSPs 
issued alerts within minutes (Table 3). 
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Table 3:  Performance of RTSPs on April 11,2012 
Rank RTSP Time of First Reaction  Time from Earthquake 

(minutes) 

1 Indonesia 8.43 UTC 5  

2 India 8.46 UTC 8 

3 Australia 8.48 UTC 10 
Modified after: UNSIDR (2013) 
 
In this context, RTSPs can be considered a significant positive development in the Indian Ocean region. Not 
only do they enhance the integrity of the system, but they provide quicker bulletins than both the PTWC and 
JMA.  
 
From a local perspective, the DMC has initiated a number of awareness programs,seminars and training for its 
district and village level units. Rehearsals of evacuation in the form of tsunami drills have also been conducted 
at least annually. The first-ever mass tsunami drill in Sri Lanka was on July 13, 2010, although localized drills 
had been practiced since 2007.14) Two more drills were conducted in 2010, on October 13 and December 22. 
As per the DMC, evacuations were completed in 13 coastal districts within 20-45 minutes on December 22, 
2010.1) A drill on June 22, 2012 rehearsed the evacuation of 11 villages in selected coastal districts with 
warning dissemination from tsunami warning towers, along with other traditional modes.  

 
3. FALSE WARNINGS AND EVACUATIONS 
 
Although the Indian Ocean tsunami warning system is now firmly in place, situations arise where no actual 
tsunami occurs, despite an evacuation order being issued. The potential for receiving a false warning is twofold 
in Sri Lanka. First, the protocol of issuing an evacuation order depends on the earthquake magnitude; thus, 
earthquakes of magnitude 7.9 or greater cause the DoM to issue the order right away, without waiting for 
confirmation from tsunami buoys or tide gauges. Second, there may be positive detections from buoys and 
gauges where an evacuation order is inevitable. These detections may later transpire to be of harmless tsunamis 
with small magnitudes. Table 4 presents details of evacuations based on false warnings that have occurred in 
Sri Lanka from 2004. 

 
Table 4:  False Warnings in Sri Lanka 

Event 
No 

Date Earthquake 
Magnitude 

Description 

1 3/28/2005 8.7 Official evacuation order, minute-scale tsunami 

2 9/12/2007 8.4 Official evacuation order, minute-scale tsunami  

3 9/08/2008 <6.5 No official evacuation order, warning was misinterpreted 

by the media, local evacuation, no tsunami 

4 6/13/2010 7.5 No official evacuation order, local evacuation by false 

judgement over warning bulletin, minute-scale tsunami 

5 4/11/2012  8.6 Official evacuation order, minute-scale tsunami 
 
 
These events have been analyzed based on the time consumption of the international warning process (IWP), 
the national warning process (NWP) and evacuation (EVC) (Figure 3). Information related to IWP was ex-
tracted from PTWC’s tsunami message archive, whereas NWP information was obtained from the DoM. Time 
estimates of the evacuations were based on an author’s personal observations in Hambantota (Events 1 and 2) 
and Panadura (Events 4 and 5). Figure 3 clearly indicates the progressive reduction of the time taken by in-
ternational authorities to alert Sri Lanka from 2005 onwards. Event 2 (in 2007) was unique in this context, as 
the national authorities waited for tsunami buoy/tide gauge confirmations for the issuance of the evacuation 
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order. Comparing the time consumption of this event with Event 5 (in 2012), where an evacuation order was 
issued as soon as the first international alert was received, one could argue that the DoM should not wait until 
oceanic confirmations. On the other hand, it explains why the tendency for false warnings has not decreased. 
 

 
Figure 3: Time Consumption for Warning and Evacuation  

 
4. NEW EQUATION FOR FALSE WARNINGS AND EVACUATIONS IN SRI 

LANKA 
 
Quantification of the probability of false warnings is crucial for decision-makers and stakeholders to maintain 
the integrity of the existing national warning mechanism. Wickramaratne et al.15) elaborated on a preliminary 
exercise in determining the probability of false warnings. However, this estimate is time dependent and needs 
continuous updates based on new earthquakes/tsunamis. In addition, it does not differentiate between false 
warnings and false evacuations, as the latter can occur due to to many social reasons (Table 4); hence, the  
probabilities of false warnings and false evacuations should be computed separately. Revisiting Bayes’ theo-
rem, and given an earthquale in the Sunda Trench, the posterior probability of a “false warning”, i.e., a warning 
being issued (𝑊) given no tsunami (𝑇�) can be written as: 
 

𝑃(𝑊|𝑇�) =
𝑃(𝑇�|𝑊).𝑃(𝑊)

𝑃(𝑇�|𝑊).𝑃(𝑊) + 𝑃(𝑇�|𝑊� ).𝑃(𝑊� )
                                                     (1)  

where  𝑃(𝑇�|𝑊) = probability of no tsunami given a warning,  
𝑃(𝑇�|𝑊� ) = probability of no tsunami given no warning, and 
𝑃(𝑊) and 𝑃(𝑊� ) are the prior probabilities of warning and no warning, respectively.15)  

 
Assuming a successful warning was a possibility if a warning mechanism was in place for the 2004 Indian 
Ocean tsunami, the number of total evacuations that would have occurred during the period of 2004-2013 
would have been four. Furthermore, the PTWC message archive reveals that the same period had 63 significant 

? 
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(> 6.5) earthquakes in the Indian Ocean. Thus: 
 

𝑃(𝑊) =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑤𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑖𝑠𝑠𝑢𝑒𝑑

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 𝑒𝑎𝑟𝑡ℎ𝑞𝑢𝑎𝑘𝑒𝑠 𝑡𝑟𝑖𝑔𝑔𝑒𝑟𝑒𝑑
=  

4
63

                (2) 

and 

𝑃(𝑊� ) =  1 −
4

63
=   

59
63

                                                                                               (3) 

 
Assuming that all warnings, except the 2004 case, turned out to be false, 
P�T|�W� =  3

4
.  Furthermore, the 63 earthquakes that did not initiate tsunami warnings, in fact, did not generate 

tsunamis. On this basis, 𝑃(𝑇�|𝑊� ) = 1.   
 
Thus, the probability of false warning is: 
 

𝑃(𝑊|𝑇�) =
𝑃(𝑇�|𝑊).𝑃(𝑊)

𝑃(𝑇�|𝑊).𝑃(𝑊) + 𝑃(𝑇�|𝑊� ).𝑃(𝑊� )
=  

3
4 . 4

63
3
4 . 4

63 +  1. 59
63

=  0.0484                   (4) 

 
The estimate of 4.8% for the probability of a false tsunami warning is a noteworthy reduction in the corre-
sponding estimate made in 2009, which was 8.6%15).  

 
Similarly and with the same notations as equation (1), the probability of a false evacuation, 𝑃�𝐸�𝑇��, can be 
written as: 
 

𝑃(𝐸|𝑇�) =
𝑃(𝑇�|𝐸).𝑃(𝐸)

𝑃(𝑇�|𝐸).𝑃(𝐸) + 𝑃(𝑇�|𝐸�).𝑃(𝐸�)
                                                     (5)  

where  𝑃(𝑇�|𝐸) = probability of no tsunami when evacuation occurred,  
 𝑃(𝑇�|𝐸�) = probability of no tsunami when evacuation not occurred,  and 
 𝑃(𝐸) and 𝑃(𝐸�) are the prior probabilities of evacuation and no evacuation, respectively. 
 
Using the same argument as for a false warning, it can be shown that:  
 

𝑃(𝐸|𝑇�) =
𝑃(𝑇�|𝐸).𝑃(𝐸)

𝑃(𝑇�|𝐸).𝑃(𝐸) + 𝑃(𝑇�|𝐸�).𝑃(𝐸�)
=  

5
6 . 6

63
5
6 . 6

63 +  1. 57
63

=  0.0806                             (6) 

 
Therefore, in the current context, the probability of a false evacuation in Sri Lanka is 8.06%. This is a 66% 
increase compared with the probability of a false warning. It is imperative to note that evacuations will still be 
triggered with no official warning.   
 
5. STRATEGIES IN PREPARDNESS PLANNING 
 
(1)  Improvements in Public Warning 
With advancements in technology, one could expect the use of electronic/telecommunication media would 
increasingly contribute to the promulgation of tsunami warnings. Text messages with appropriate information 
delivered to mobile phones could theoretically be one of the best modes of dissemination, since there are more 
mobile phones in Sri Lanka than the entire population.16) However, networks become overloaded, and getting a 
connection is difficult during an emergency. For the same reason, the DMC first sends messages to all service 
providers to pass on to their subscribers. However, no Sri Lankan tsunami event has been covered with 
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warning text messages sent to evacuees. Since under current technology such messages themselves contribute 
to mass telecommunication traffic, this mode of dissemination is not encouraged. 
  
Multi-hazard warning towers established around the coastline is a far better option in this regard. Currently, 
there are 74 towers and counting. These towers had a reality check on April 11, 2012, when an earthquake of 
magnitude 8.6 occurred. Ten towers did not work, but the rest disseminated the warning. Out of the ten that did 
not work, five were in testing mode, and the other five had been affected by technical difficulties that arose in 
shifting the DMC headquarters to a new building. It is expected that no identical flaw would occur in future 
events. On the positive side, more than 86% of the towers alerted the population; and, in general, the towers’ 
warnings received quick attention and responses. Thus, it is very advisable to proceed with the construction of 
the remaining towers as scheduled. 

 
(2)  Improvements in Evacuation Strategies 
The national evacuation plan has been continuously updated with commendable efforts from the DMC. In 
addition, the Sri Lanka Red Cross (SLRC) also developed community-based early warning mechanisms by 
setting up local groups to assist in evacuations. Evacuation necessarily depends on public awareness in addi-
tion to the pure efficiency of the warning protocols. As Wickramaratne et al.14) explained, there are five cat-
egories of evacuees: 

• People who evacuate correctly 
• People who chose the wrong way to evacuate 
• Those who return home prior the withdrawal of the evacuation order 
• Those who remain on roads 
• People who never evacuate 

 
Interestingly, in the 2012 false warning event, it was been observed that a very significant number of people 
went to coastal areas from inland locations just to observe how the evacuation works. This was particularly 
evident in Panadura, where the evacuation on Old Galle road was severely hindered due to oncoming traffic. 
While this issue has been recommended for rectification through awareness campaigns, the underlying cause is 
the lack of resources for guided evacuation.    
 
In addition, a proper traffic management protocol must be developed in such a way that ad hoc decisions can be 
minimized. Stopping public transportation altogether is unadvisable, as careful utilization of buses through the 
identified safe routes can assist the evacuation. For example, Galle bound buses from Colombo could take the 
Panadura-Ingiriya-Bulathsinhala-Agalawatte route to reach Galle. The DMC district units and local police 
stations possess traffic plans, but they are more location specific. A broader national level protocol must meet 
the needs of traffic management. Such a plan can include the instructions for a new operations policy for ex-
pressways during an evacuation.  
 
The Ceylon Electricity Board disconnected the power in the coastal belt during the April 11, 2012 event, 
pointing out the risks of tower collapses. This was a highly criticized decision that deserves a national level 
debate, since street lights play a crucial role in nighttime evacuations, and communications media require 
power in both day and night times. 

 
6. CONCLUSIONS  
 
This paper presents an update of the international, national and local level developments and responses for  
tsunami warning and evacuation in Sri Lanka. Regional Tsunami Service Providers (RTSPs) are a new addi-
tion to the Indian Ocean warning system, which was proven to be successful, as observed in the earthquake 
event on April 11, 2012. Earthquake information from RTSPs now reaches Sri Lanka in 5-6 minutes, which 
would otherwise take more than 11 minutes through the previous methods. A significant and commendable 
progress has also been achieved at the national and village levels with notable government investments in 
warning dissemination tools, awareness campaigns, and evacuation drills. However, certain high  level policy 
decisions require a review, particularly with respect to evacuations.  
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The paper derives the probabilities for false warnings and evacuations in Sri Lanka. The derivation still indi-
cates that there exists a considerable level of possibility of one receiving a false warning and being a part of an 
unnecessary evacuation. In addition, these evacuations exceed the number of false warnings,  emphasizing the 
need to enhance the education system with clear instructions on reliable sources of warning. 
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Early Warning System (EWS) is expected to provide accurate warnings, at the same time it is also requires 
an understanding of risk and a link between provider and receivers of warning information, in order 
triggering action to mitigate a disaster. A network of tsunami warning systems has been created in 
Indonesia following the 2004 tsunami. Some of the existing systems have experienced technical failures. 
One of them are 4 June 2007 false alarm which spread panics amongst residents in Banda Aceh, high 
number of lives lost in 25 October 2010 tsunami Mentawai and the overdue tsunami warning on 11 April 
2012 earthquake. A complete and effective EWS consist of four integrated elements: 1) Risk knowledge, 2) 
Monitoring and warning service, 3) Dissemination and communication and 4) Response capability. Failure 
in any one of these elements can mean failure of the whole early warning system.The evaluation of EWS’s 
effectiveness is a cost-effective way to deal with potential disasters and to aid the process of, and prospects 
for, sustainable development. The purpose of the study was to research, develop and validate an evaluation 
instrument for Tsunami EWS according to UNISDR (2006) EWS Checklist that would measure the 
effectiveness of dissemination and communication. As a result of this study an evaluation instrument for 
measuring the effectiveness of Tsunami EWS, particularly for dissemination and communication element, 
was developed using the Research and Development cycle and methodology using the Analytic Hierarchy 
Process (AHP).  

 
   Key Words :tsunami, early warning system, effectiveness, dissemination, communication 

 
 

1. BACKGROUND 
 

Early warning is an essential factor in disaster risk reduction. Early warning is not only the production of 
technically accurate warnings but also a system that requires an understanding of risk and a link between 
producers and consumers of warning information, with the ultimate goal of triggering action to prevent or 
mitigate a disaster1). 

Early warning is a social process for generating maximally accurate information about possible future harm 
and for ensuring that this information reaches the people threatened by this harm, as well as others disposed to 
protect them from the harm.Effectiveness of an early warning system refers to the ability of the system to fulfill 
its designated functions. Early warning systems always work well (efficiently and effectively) in theory, in 
PowerPoint presentations, and on paper. In the real world, however, constraints restrict the attainment of that 
efficiency and effectiveness2). 

A network of tsunami warning systems has been created in Indonesia following the 2004 tsunami. Some of 
the existing systems have experienced technical failures. One of them are 4 June 2007 false alarm which spread 
panics amongst residents in Banda Aceh, high number of lives lost in 25 October 2010 tsunami Mentawai and 
the overdue tsunami warning on 11 April 2012 earthquake 3,4,5). 

A complete and effective EWS consist of four integrated elements: 1) Risk knowledge, 2) Monitoring and 
warning service, 3) Dissemination and communication and 4) Response capability. Failure in any one of these 
elements can mean failure of the whole early warning system. In addition to the four elements, a number of 
cross-cutting issues that are critical to the development and sustainability of effective early warning systems 
includes effective governance and institutional arrangements, a multi-hazard approach to early warning, 
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involvement of local communities and consideration of gender perspective and cultural diversity 6). 
In order to evaluate the effectiveness of the EWS in a timely and sustainable manner, it is highly required a 

valid evaluation instrument. Although some initial concepts in the form of a ‘checklist’ is available (UNISDR 
and GTZ-IS), but an instrument to evaluate the effectiveness of EWS has not been developed, especially that 
considering the nature of the local context, including the governance, policies, hazards and others.  

The evaluation instrument is also expected to provide inputs to the policy or program in achieving 
sustainable development. An EWS is an important tool in a government’s toolbox for achieving sustainable 
development. An EWS can help to identify and remove hazard-related obstacles to sustainable development. It 
is a necessary part of government operations and of sustainable development plans but it is not sufficient to 
assure that those plans will be successful. It is a cost-effective way to deal with potential disasters and to aid the 
process of, and prospects for, sustainable development 7). 

The evaluation instrument of EWS is also a supporting element in the application of Integrated System 
Model of EWS which emphasizes the characteristics of the relationship and feedback interaction between all 
elements for early warning and effective response 8). It is expected that features in the Integrated System Model 
can be evaluated periodically using the instrument. At the end, from the results it can provide feedback to the 
application of the Integrated System Model of EWS. 

The purpose of the study was to research, develop and validate an evaluation instrument for Tsunami EWS 
according to UNISDR (2006) EWS Checklist that would measure the effectiveness of dissemination and 
communication. 

 
2. METHODOLOGY 
 
This study has adhered to the research and development (R&D) methodology of Borg and Gall (1989) 9). 
Research procedures in this study are: 
1. A preliminary investigation and instrument design. Preliminary studies were conducted to collect 

information (via literature review, field observations, and interviews), the identification of the problems 
encountered in dissemination and communication tsunami EWS, and summarizes the problems existing. 
Design of the instrument was prepared to determine the purpose of the instrument, who the users, as well as 
a description of the components of the instrument and its use.  

2. Instruments made by first doing the preparation and identification of parameters/ indicators for aspects that 
support the effectiveness of dissemination and communication of tsunami EWS, and the preparation of the 
evaluation. 

3. Weighting of indicators for aspects that support the effectiveness of dissemination and communication of 
tsunami EWS using Analytic Hierarchy Process and Super Decision ® software. 

 
Figure 1 has graphically represented the research framework for this study. 
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3. RESULTS AND DISCUSSION 
 

Preliminary studies were conducted to collect information (via literature review, field observations, and 
interviews), identify problems encountered in dissemination and communication of tsunami EWS, and 
summarizes the problems existing. 

The instrument was made by first doing the preparation and identification and weightings of indicators for 
aspects that support the effectiveness of dissemination and communication tsunami EWS, and the preparation 
of the evaluation instrument. 

Indicators used in the instrument refers to the checklists to evaluate EWS, developed by UNISDR during 
the Third International Conference on Early Warning held in Bonn, Germany in 2006. 

In general, dissemination and communication effectiveness evaluation of  EWS consist of 3 aspects, 
namely: 1) Organizational and Decision-making Processes Institutionalised with 5 indicators, 2) Effective 
Communication Systems and Equipment Installed with 8 indicators and 3) Warning Messages Recognised and 
Understood with 7 indicators. 
Explanation of the indicators for each aspect can be seen in Table 2. 

Once the indicators are composed, the next step is weighting to the indicators of each aspect. Weighting 
and feedback on existing indicators, conducted through in-depth interviews  to 15  practitioners in disaster area 
as listed in Table 1 below. 
 
 

No Name Institution/ agency Position held 

1 
Drs. Syahnan Agency for Meteorology, Climatology and 

Geophysics (BMKG) Banda Aceh Head 

2 Muchsin, ST, MT Aceh Provincial Agency for Disaster 
Management (BPBA) Head of Preparedness Unit 

3 Nur Fadli, ST BPBA Emergency Service Response staff 

4 QamaruzzamanHagny Indonesian Red Cross (PMI) Banda Aceh Head 

5 Dr. M. Saleh Sjafei Syiah Kuala University  Sosiologist 

6 
Dr. Husnan, ST, MP Provincial Development Planning Agency 

(BAPPEDA) Aceh Head of Infrastructure Planning 

7 AKBP Sumardi, SKM Provincial Police Department (POLDA) Aceh Head of Emergency and Operation 

8 
Mayor Inf. SarwoSupriyo Military Area Command (KODAM) 

IskandarMuda Pabanda Bhakti TNI Sterdam IM 

9 JafarMansyur TVRI Aceh (Local TV station) Editor in Chief News  

10 Hj. NurlindaNurdin RRI  Banda Aceh (Local Radio station) Head of news review and 
communication unit 

11 Keisa Djati FM Radio Announcer/ Journalist 

12 Taf Haikal RAPI Banda Aceh (Citizen Band Radio) Head 

13 Syahbuddin, S.Sos Social Department Aceh Head of Disaster Management Unit 

14 Ir. Tarmizi Umar TAGANA Aceh (Disaster Response Team) Head 

15 MaimunSaleh AJI Aceh (Alliance of Independent Journalists) Head 

 
Weighting was done using Analytical Hierarchy Process (AHP) method and using Super Decision® 

software 10). Prior to weighting, as presented by Saaty TL (2012), first of all we should develop the Linear 
Hierarchy which consists Goal, Criteria and Alternatives. Hierarchy is defined as a representation of a complex 
problem in a multi-level structure. Through the hierarchy, a complex problem can be decomposed into their 
groups,  then can be arranged into a hierarchy so that the problem will appear more structured and systematic. 
 
A Linear Hierarchy that has been prepared for weighting of dissemination and communication elements can be 
seen in Figure 2. 
 

Table 1 List Name of Resorce Person 
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The first stage of weighting is done by comparing every aspect of the dissemination and communication 
elements. The second stage compares each indicator on the first aspect which is Organizational and 
Decision-making Processes Institutionalised. The third stage compares each indicator on  aspect 2 which is 
Effective Communication Systems and Equipment Installed. The fourth stage of comparing each indicator on 
aspect 3 which is Warning Messages Recognised and Understood. For more details on the four stages can be 
seen in Figure 3 to Figure 6 below. 
 

 
 
 

 
 
 

Fig.2 Linear Hierarchy of Dissemination and Communication elements 

Fig.3 Pairwise Comparisons with respect to Dissemination and Communication Element 

Fig.4 Pairwise Comparisons with respect to Aspect 1 
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Weighting was done by using the Saaty scale that ranging from 1 to 9 weight values. 1 illustrates the 
weight of "equally important". This means that the same attribute value scale, the value of weight 1, while the 
value of attribute weights 9 illustrates the case of the "absolute importance" than others 11, 12). 

After the pairwise comparison is done, it will automatically appear weight values for each of the criteria 
and alternatives can be viewed at the top right of the results of pairwise comparisons. 

To test the consistency of any pairwise comparisons between alternative charging, it can be seen from the 
value of Inconsistency or Consistency Ratio (CR).  
- If CR < 0.1, then the value of pairwise comparisons on a given criteria consistent. 
- If CR > 0.1, then the value of pairwise comparisons on a given criteria are not consistent. If not consistent, 
then filling the values in the matrix element pairs in both the criteria and alternatives should be repeated. 

Fig.5 Pairwise Comparisons with respect to Aspect 2 

Fig.6 Pairwise Comparisons with respect to Aspect 3 



 

 6 

After weighting by all sources is done, then all the data recapitulated in Microsoft Excel ® to obtain a 
weighted average that will be used in the instrument. 
 
Tables 2 below is a result of weighting for dissemination and communication element. 
 
 

Point Evaluation Aspects Weights 

1 Organizational and Decision-making Processes Institutionalised 0.26 
1.1 Warning dissemination chain enforced through government policy or legislation 0.34 
1.2 Recognized authorities empowered to disseminate warning messages 0.15 

1.3 Functions, roles and responsibilities of each actor in the warning dissemination process specified in 
legislation or government policy 0.29 

1.4 Roles and responsibilities of regional or cross border early warning centres defined, including the 
dissemination of warnings to neighbouring countries. 0.06 

1.5 Volunteer network trained and empowered to receive and widely disseminate hazard 
warnings to remote households and communities. 0.16 

2 Effective Communication Systems and Equipment Installed 0.26 
2.1 Communication and dissemination systems tailored to the needs of individual communities 0.18 

2.2 Warning communication technology reaches the entire population, including seasonal populations and 
remote locations. 0.16 

2.3 International organizations or experts consulted to assist with identification and procurement of 
appropriate equipment. 0.04 

2.4 Multiple communication mediums used for warning dissemination 0.18 
2.5 Agreements developed to utilise private sector resources where appropriate 0.05 
2.6 Consistent warning dissemination and communication systems used for all hazards. 0.13 

2.7 Communication system is two-way and interactive to allow for verification that warnings have been 
received. 0.16 

2.8 Equipment maintenance and upgrade programme implemented and redundancies enforced so back-up 
systems are in place in the event of a failure. 0.10 

3 Warning Messages Recognised and Understood 0.48 
3.1 Warning alerts and messages tailored to the specific needs of those at risk 0.14 

3.2 Warning alerts and messages are geographically-specific to ensure warnings are targeted to those at 
risk only. 0.17 

3.3 Messages incorporate the understanding of the values, concerns and interests of those who will need to 
take action 0.14 

3.4 Warning alerts clearly recognisable and consistent over time and include follow-up actions when 
required. 0.19 

3.5 Warnings specific about the nature of the threat and its impacts. 0.12 
3.6 Mechanisms in place to inform the community when the threat has ended. 0.11 

3.7 Study into how people access and interpret early warning messages undertaken and lessons learnt 
incorporated into message formats and dissemination processes. 0.13 

 
Design of the instrument was prepared to determine the purpose of the instrument, whom users, as well as 

a description of the components of the instrument and its use. 
 
a. Instruments objectives: 

1. To have a sustainably and continuously evaluation of  the tsunami EWS effectiveness  
2. To acquire / identify the current situation (assessment) in order to improve the effectiveness of the 

existing EWS, make priorities and action plans (planning) as well as in performance evaluation 
(monitoring and evaluation) in order to maintain and strengthen the existing EWS 

3. To provide input to the policy or program in achieving sustainable development through identification 
of hazards that may hinder development 

4. To provide feedback between all the elements needed for effective early warning and response which is 
also a model of support for the implementation of an Integrated System model of EWS. 

 

Table 2 Weighting for Dissemination and Communication Element. 
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b. User Instruments: 
In practical terms, this instrument can be used by the Government of Indonesia and the Government of 

Aceh, especially BMKG, BPBA, Pusdalops in order to improve the effectiveness of dissemination and 
communication of tsunami EWS. 
 
c. Instrument Components Description: 

Evaluation instrument was designed as simple as possible by using Microsoft Excel ® to be easy to use 
(user friendly). 

 
 

 
The instruments are consisted of 3 components, they are: 

1.  Data Input 
Form contains the key questions for each indicators of 3 aspects of dissemination and communication 

elements of Tsunami EWS which are 1) Organizational and Decision-making Processes Institutionalised 
(Calculate F1), 2) Effective Communication Systems and Equipment Installed (Calculate F2) and 3) Warning 
Messages Recognised and Understood (Calculate F3). Evaluation is done by answering key questions on each 
indicator. By answering these questions, then the value (score) will automatically be filled with a range of 1-5. 
The key question format of the questionnaire evaluation adopted the Hyogo Framework for Action which had 
developed by UNESCO and KOGAMI. This instrument is also taking into account the objectivity of 
assessment by including additional information and means of verification required. Examples of key questions 
form on the Calculate F1 can be seen in Table 3. 

 
 

INDICATOR 1.1 Warning dissemination chain enforced through government policy or legislation 

Description of 
Criteria Key Questions 

Response 
Score  Additional 

Information 
  Means of 

verification Yes No    

The policy of the 
government or 
legislature has 

drafted and 
disseminated to 
strengthen early 

warning 
dissemination 

chain 

1 
Does the local government has drafted a policy on 
Tsunami Early Warning Chain? (IF 'NO' GO TO 
QUESTION NUMBER 4) 

3-5 2-1 

  

 

Mention policy/ 
legislation ..... 

  Policy 
documents or 

legislation 

2 

Does the policy contain procedures on how and 
where acceptance Warning Center warning of 
national / provincial, local decision-making 
contains criteria on how to react to incoming alerts 
and to contain the spread of local institutions and 
the general public? (IF 'NO' CONTINUE TO 
QUESTIONS FOR THE NEXT INDICATOR, IF 
'YES' GO TO THE NEXT QUESTION) 

4 3  

Mentioned on the 
page or section 
where .... 

  

Policy 
documents or 

legislation 

3 
Does the policy have been socialized? 
(CONTINUE TO QUESTIONS FOR THE NEXT 
INDICATOR) 

5 4  

To whom and when 
socializing ..... 

  
Socialization 
activity report 

4 
Is there any attempt to formulate government 
policy on Early Warning Chain? (CONTINUE TO 
QUESTIONS FOR THE NEXT INDICATOR) 

2 1  

Efforts made in the 
form ..... 

  
Supporting 

documentation 

 
 

Fig.7 Home Display of Evaluation Instrument 

Table 3 Examples of Key Questions Form  
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2. Asessment 
Form contains the assessment results for the indicators in each aspects of dissemination and 

communication elements.  This will then be multiplied by the weight to get the final value (Format 1/F1, 
Format 2/F2 and Format 3/F3). Examples of assessment forms for each indicator can be seen in table 5 below. 
 

 
No Point Indicator Score Weigths Result (ScoreX Weigths) 

1 1,1 Warning dissemination chain enforced through 
government policy or legislation   0,34   

2 1,2 Recognized authorities empowered to disseminate 
warning messages   

0,15 
  

3 1,3 
Functions, roles and responsibilities of each actor in 
the warning dissemination process specified in 
legislation or government policy   

0,29 
  

4 1,4 
Roles and responsibilities of regional or cross border 
early warning centres defined, including the 
dissemination of warnings to neighbouring countries.   

0,06 
  

5 1,5 
Volunteer network trained and empowered to receive 
and widely disseminate hazard 
warnings to remote households and communities.   

0,16 
  

 
3. Final Report 

The final report consists of  2 (two) sections, which are: 
a. Recommendation Form of Dissemination and Communication Effectiveness.  

Recommendation form (F4) is filled based on the inputs obtained during the evaluation.  
b. Recapitulation Form of Dissemination and Communication Effectiveness Evaluation Value. 

Recapitulation form filled based on the results of the F1, F2 and F3. Recapitulation form can be seen in 
Table 5 below. 
 
 

  
RECAPITULATION OF EVALUATION SCORE OF DISSEMINATION AND COMMUNICATION ELEMENT  
 
 Assessor  Date    : ………………………….. 
 Date of Assessment  : …………………………..  

 

 
 Evaluation Result 

       

 

 
Point F1 Calculation 

 Point F3 Calculation  
 Score Weights Result 

 
Score Weights Result  

 1       
 

1        
 2       

 
2        

 3       
 

3        
 4       

 
4        

 5       
 

5        
 Total       

 
6        

 
     

7        
 

Point F2 Calculation 
 

Total        
 Score Weights Result 

     
 

 1       
 

Recapitulation of evaluation  
 2       

     
 

 3       
 Calculation Total  

 4       
 

Result Weights Score  
 5       

 
F1        

 6       
 

F2        
 7       

 
F3        

 8       
 

Final Score    
 Total       

 
Valuation Result    

 
         

 
 

        
 

 
     

F1 : Organization Institualized  
 

     
F2 : Communication Effectiveness  

 

     

F3 : 
 

Warning Messages 
 

 

 

Table 4 Examples of assessment forms for each indicator 

Table 5 Recapitulation Form 
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After the final value is obtained, then the results are categorized into 5 (five) levels. The final grade 

grouping and description of the category results are described in Table 6 below. 
 
 

Final Score Result Meaning 

0 - 1 Level 1 Small progress with some actions progressed in the plans or policies 

1.01 - 2 Level 2 There has been progress, but a systematic policy and/ or institutional commitment 
is not available yet 

2.01 - 3 Level 3 Institutional commitment is achieved, but the acvievement is still not compre-
hensive yet and has not enough mean 

3.01 - 4 Level 4 The achievement has been obtained significantly, but it is recognized that there 
are some constraints in our commitment, resources and operational capacity 

4.01 - 5 Level 5 Comprehensive achievement has been obtained with commitment and adequate 
capacity in all level 

 

d. Use of Instruments: 
The instruments is used by 2 (two) assessors who have been appointed and commissioned to perform the 

evaluation. Evaluation is done through two (2) phases, which are: 
1. Focus Group Discussion (FGD) 

FGD were conducted by inviting disaster practitioner / representatives of institutions involved in the chain 
of dissemination and communication Tsunami EWS, such as: 1) Disaster Management Agency, 2) Emergency 
Operation Center, 3) Military Command, 4) Police Department , 5) Agency for Meteorology, Climatology and 
Geophysics, 6) Media, and 7) Society and other relevant agencies. 
FGD is conducted to provide value (score) on the key questions in each indicators of the dissemination and 
communication aspects  in the instrument. 
2. Institution Evaluation 

After the completion of FGD, the assessor needs to conduct an evaluation to the institutions involved in 
the chain of dissemination and communication of tsunami EWS. Evaluation of this institution to be conducted 
to assess the validity of the outcome of the value (score) filled in during the FGD. In particular, the evaluation 
was conducted to obtain additional information to strengthen the assessment and verification of the required 
documents as a means of verification assessment. 
 
4. CONCLUSIONS 
 

According to the evaluation instrument has been made, it can be concluded that: 
1. Evaluation Instruments of dissemination and communication effectiveness of tsunami EWS was developed 

from EWS checklist that was created by the UNISDR. In general, there are three aspects that were evalu-
ated, which are: 1) Organizational and Decision-making Processes Institutionalised with 5 indicators, 2) Ef-
fective Communication Systems and Equipment Installed with 8 indicators and 3) Warning Messages Recog-
nised and Understood with 7 indicators. 

2. Weighting is done using Analytical Hierarchy Process (AHP) and Super Decision ® software. 
3. The evaluation instrument was designed using Microsoft Excel ® to be easily used by anyone. 
4. The instruments were designed consisted of three components, namely 1) Input Data that contains the key 

questions for each indicators of 3 aspects of dissemination and communication elements, 2) As-
sessment that containts the assessment results for the indicators in each aspect and 3) Final Report that 
contains recommendations form and recapitulation form. 
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Abstract— between mid 2010 and early 2013, Queensland road related infrastructures were devastated by flood 
and cyclone related natural disasters. Responding to these recent events and in preparing for more regular and 
intense climate-change induced events in future, the Queensland Government is now reviewing how post-
disaster road infrastructure recovery projects are planned and delivered. In particular, there is awareness that 
rebuilding such infrastructure need sustainable strategies across economic, environmental and social dimensions.   
A comprehensive sustainability assessment framework for pre and post disaster situations can minimize negative 
impact on our communities, economy and environment. This research is underway to develop a comprehensive 
sustainability element frame work for post disaster management in road infrastructures in Queensland, Australia. 
Analyzing the implications of disruption to transport network and associated services is an important part of 
preparing local and regional responses to the impacts of natural disasters. This research can contribute to 
strategic planning, management leading to safe, efficient and integrated transport system that supports 
sustainable economic, social and environmental outcomes in Queensland. 
Within this context, this paper provides an overview of the  qualitative mixed-method research approach 
involving literature reviews and case studies to explore and evaluate a number of sustainability elements with a 
view to develop operational strategies for disaster recovery road projects. 
 
Keywords-Sustainability Assessment Framework; Social Sustainability; Economic Sustainability; Environmental 
Sustainability; Post Disaster Road Recovery Projects. 
 
 

I. INTRODUCTION 
The Queensland Government is dealing with the impacts of an unprecedented number of natural 
disasters, which have caused extensive damage to communities and key road, rail, ports and 
waterways infrastructure. Within mid 2010 and early 2011 for example Queensland transport related 
infrastructures were damaged by natural disasters with the estimated total damage exceeding $4 
billion. 

mailto:Ruwan.Weerakoon@rrc.qld.gov.au
mailto:arunkumarau@gmail.com
mailto:cheryl.desha@qut.edu.au
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About 9,170 km of our Queensland state-controlled roads and more than one quarter of the total state-
controlled network were damaged (TMR Intranet, no date). Three major ports were significantly 
affected and 29 per cent of our state rail network was impacted. In addition, 117 maritime navigational 
aids were damaged. This unprecedented scale of damage calls for a state-wide response, which is why 
the Main Roads Department has established the Transport Network Reconstruction (TNR) Program to 
reconstruct flood damaged transport network in three stages.  Stage 1 rectification works were done to 
make the road trafficable and re-open to communities. Stage 2 recovery projects for repair works 
which will keep the road trafficable and safe for at least one year until proper restorations will be done 
with proper engineering designs. Stage 3 reconstruction program will manage all restoration works 
according to current engineering standard and will apply comprehensive engineering design to recover 
the transport network in Queensland. 
Most of time engineering and asset management aspects are ignored when emergent disaster recovery 
projects are implemented due various constraints (time, resources and financial constraints) and 
political pressures. This kind of ignorance and irregularities in road asset recovery projects will bring 
negative internal and external effects for the community, economy and environment. This research 
focuses on proper asset management and engineering principles which should be followed and adopted 
in post disaster recovery projects to maximize sustainability and social benefits.  
 

II. RESEARCH METHOD 
For this research existing data related to disaster recovery projects is being collected from Department 
of Transport and Main Roads (DTMR) Queensland Government and will be analyzed. Any secondary 
research data can be structured to assess sustainability level of strategies that have been used for 
“disaster recovery road infrastructure projects”. In addition interviews are planned to gather 
information on sustainability elements which have been used for road reconstruction projects after 
disaster and develop a sustainability assessment element frame work for future post disaster projects.  
 

III. SUSTAINABILITY 
According to Oxford Advanced Learner’s Dictionary, (Hornby, 2005) sustainable means “involving 
the use of natural products and energy in a way that does not harm the environment”. 
Always the environment dimension has been highlighted rather than social and economic dimensions 
in most definitions and comments on sustainability. The argument is society and economy are sub 
systems of environment and the economy is a sub system of the society as shown in the figure 1. 

 

Figure 1.  The relationship between the three pillars of sustainability suggesting that both economy and society are 
constrained by environmental limits (Source: Elkington, 1997) 

The following discussion of Infrastructure Sustainability Assessment Categories mainly based on 
research conducted by Australian Green Infrastructure Council (AGIC 2011) and presents a brief 
summary of develop infrastructure project sustainability frameworks with the intent of delivering 
optimized outcomes: 
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The provided main themes are  
1. Management & Governance  
2. Using Resources 
3. Emissions, Pollution and Waste  
4. Ecology 
5. People & Place  
6. Innovation  
 
These all mentioned themes can be allocated to triple bottom sustainability domains and can be used 
as criteria for the sustainability assessment.  When we deliver road reconstruction projects, these six 
elements and their indicators can be accommodated to have a balance development. 
 
Santos is one of the Australian leading gas producing and supplying company that operates in 
Australia and foreign countries. For Santos sustainability means supplying energy for the future and 
positive outcomes for shareholders, employees, business partners and the communities in which it 
operates (Santos Sustainability Report, 2010) 

 

 
 

Figure 2.   Sustainability Performance Scorecard (Santos Sustainability Report, 2010) 

According to Santos annual report 2010, social sustainability has been divided to two parts as “our 
People” and “community” as shown in figure 2. Each sector in four domains has been scored for 
sustainability performance and performance compares with previous years with a defined benchmark 
and color coding. Even though Santos reports on sustainable energy supply, this type of performance 
scorecard can be used to represent or assess the level of sustainability of “infrastructure reconstruction 
projects”.  
 
An overview of the process of developing environmental indicators for the transport sector is provided 
by Litman (2007; 2011). This report discusses how sustainability indicators can be applied to transport 
sector. 
 
It describes factors to consider when selecting sustainable transportation indicators, identifies 
examples of indicators and indicator sets, and provides recommendations for selecting sustainable 
transport indicators for use in a particular situation. 
 
Litman (2011) well describes and defines transport sustainability goals for all three domains and 
objectives and performance indicators for each goal. Also it shows the good governance and planning 
(integrated, comprehensive and inclusive planning) promotes and supports the sustainability of 
transport sector. 
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According to Austroads climate change research report (Impact of Climate Change on Road 
Performance-2010: Updating Climate Information for Australia, Austroads Pub. No. AP-R358/10, 
Sydney.), rainfall is a useful “climate series” to provide explanations of possible variations in 
pavement performance. For example, knowledge of future rainfall patterns can assist in the design of 
upgrades, or of pavement drainages, cross falls, selection of pavement material, surfacing, drainage 
and storm water structures etc. Climate condition, patterns and trends play a significant role in the road 
infrastructure performance and predictions of future climate conditions allowing road authorities to 
forecast climate change effects on their road infrastructure. 
 
This Austroads research project could develop a finished software tool that efficiently extracts climate 
time series queries of historical data and simulated scenarios of climate change patterns. This data can 
be fed into deterioration models to compare past performance and identify future plausible scenarios 
of performance. 
 
Climate change influences can be seen for the simple case of a pavement deteriorating due to time, or 
in the more complex multi-variable models which may include climate with traffic, some measure of 
structural strength, age, pavement type, etc. Another important research document has been published 
by Department of Climate Change and Energy Efficiency on climate change risks to coastal buildings 
and infrastructure. According to that report, by year 2100, nationally between 26,000-33,000km of 
roads are potentially at risk from the combined act of inundation and shoreline recession. It has 
predicted 1.1m sea level rise may happen by year 2100 and replacement value of Queensland roads 
will be around $10 billion. Future climate change trends, patterns and sea level rise needs to be 
considered and accommodated for transport planning and designing process. 
 
According to ARRB research paper (Strategies for Sustainable Roads- 21st ARRB Conference May 
2003- Tom Wilmot and Stuart Wilmot) there is a growing pressure from governments to be more 
frugal with the resources consumed for road construction. 

• Reduce or avoid consumption of input materials 
• Encourage reuse of material (especially non renewable resources) 
• Recycle material which cannot be reused 
• Reduce waste send to land fills 
• Insitu stabilization of soils and pavement materials is one option to assist in conserving these 

valuable resources. 
 
Huge soil stock piles are available from open cut coal mines and most of excavated soil is suitable to 
use as structural layers in road pavement. Those stock piles are rehabilitated and re-vegetated and 
become man made mountains as shown below in figure 3.  

 

 

 

 

 

 

 

 

Figure 3.  Open Cut Coal Mines in Biloela, Queensland-Excavated Soil Stockpiles (Weerakoon, 2011) 

Government organizations, coal mines and road authorities can have pre arranged agreement to use 
open cut mines’ gravel stock piles for road reconstruction activities in disaster situation. Required 
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tests, environmental permits and accesses can be organized as a preparation before disasters happen 
and it will avoid any environmental and legislative conflicts. 
 
Austroads Pavement Research Group (APRG) and Australian Asphalt Pavement Association (AAPA) 
has published some technical notes and research papers on reuse and recycling of road construction 
materials and reduce the non-renewable energy consumption. 
 
We can minimize our demand, use and impacts on scarce resources such as water, gravel, rock, lime 
and non renewable energy products (Bitumen, Asphalt, Tar, Cutter, oil, Emulsions) and seek 
innovative solutions with more sustainable outcomes.  
 
Some environmental friendly options for post disaster management of road projects are: 
 

• Reduce the use of new materials 
• Satisfy residual needs with reused and recycled material 
• Material durability to fit asset life cycle (fit for purpose) 
• Minimize inbuilt redundancy / minimal environmental impacts 
• Recyclability / disposability in materials selection 
• Include embedded energy aspects in life cycle evaluation 
• Perpetual pavements 
• Recycled asphalt pavements (RAP) 
• Warm Mix Asphalt 
• Emulsion based primes, primer seals & seals 
• Use of waste materials (Crumb rubber –tires, Fly ash, glass, concrete) 
• Bitumen stabilized pavements/ Insitu stabilization of pavement material 
• Protection of scarce road surfacing gravel 
• Modified binders lower risk for temperature rise and low odor binders 
• Use waste engine oil as a pre coating agent for aggregate on road wearing course surface 

sealing 
Above concepts are adopted from AAPA pavements training & advisory centre technical note on 
sustainability concepts in August 2011. 
 
Transportation Research Board in USA (2004) explains current trends in transportation that could 
contribute to unsustainable conditions, including climate change, energy insecurity, congestion, noise 
pollution, and ecological impacts. The negative impacts of the transportation system include 
congestion; fatalities and injuries; noise, air, and water pollution; greenhouse gas emissions; 
diminishing energy resources; and biological and ecosystem damage. These negative effects can be 
minimized with integration sustainability into the transportation planning process.  
 
 

IV. SUSTAINABILITY OF POST DISASTER ROAD RECOVERY PROJECTS 
Planning, designing and construction of road infrastructure projects should be delivered according to 
economical, environmental and ecological sustainability aspects. Comprehensive designs to cater to 
future demands and applying current engineering standards for post disaster recovery projects are 
challenges with limited reconstruction time and financial constraints. Pressures to reopen the damaged 
road network with temporary recovery strategies are inevitable with the political pressures and social 
demands. 
 
The concept of sustainable development is faced with the challenge to combine ecological, economic 
and social goals into one integrated approach by minimizing negative impacts and making the best and 
most equitable use of resources. 
 
Proper engineering designs and construction methodologies do play a vital role in achieving all three 
sustainability domains.  
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Figure 4.  Flood damaged roads in Central West Region,Queensland, Australia in early 2011 (DTMR, 2011) 

 

The concept of Sustainable Development was first put forward by the OECD World Commission on 
Environment and Development (the "Brundtland Commission" 1987 "Our Common Future") and 
defined as: "Development that meets the needs of the present without compromising the ability of 
future generations to meet their own needs." 
 
In promoting sustainable development, the challenge for policy-makers is to reconcile three objectives 
(triple bottom line):  

• Securing higher standards of living through economic development;  
• Protecting and enhancing the environment;  
• Ensuring an equitable distribution of the benefits within the present generation and between 

present and future generations.  
 
In the past, however, not many of these post disaster reconstructions had an entire sustainability-
oriented evaluation conducted. Insufficient financial and time resources reserved for such a task, lack 
of information and data availability, missing expertise and often a low level of awareness within 
authorities and the public, are some of the reasons. 
 
After 2010 flood damages to Queensland Road Network, Emergency Management Queensland was 
under pressure to reconstruct the road network according to current engineering standard rather than 
rectify the damages to bring the road to existing condition.  Sustainability in infrastructure engineering 
and asset management empower triple bottom domains and is the integrating dimension of 
infrastructure sustainability.  
 
A framework (Table 1 below) has been developed to assess the sustainability in post disaster road 
recovery projects and it will be expanded with more categories and subcategories with indicators. 
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TABLE I.  SUSTAINABILITY ASSESSMENT FRAMEWORK FOR POST DISASTER ROAD RECOVERY PROJECTS 

Social Sustainability Dimension 

Category Description 
Acess for the essential social services Community access to education, health and other basic services provided by the 

government and private sector 

Sanitation, health and safety Clean drinking water and food supply after the disaster. Medicines, medical 
treatments and access to safe shelters. 

Community consultation Community involvement for post disaster recovery projects in different stages at 
different levels  

Community development and empowerment Develop damaged community infrastructure through their involvement and 
enhance their financial capacity and empower them through their participation 

Amenity and land use Improved amenity and acquisition of lands for reconstruction and flood immunity 
Economic Sustainability Dimension 

Category Description 
Efficient transport operations  Re open the road network and provide efficient transport system  for agriculture, 

coal, gas and other industries after the disaster to rebuild the economy. 
Value for money Benefit cost analysis and multi criteria analysis for post disaster recovery projects 

to acheive maximum benefits for money spent. 
Creation of employment opportunities for 
vulnerable groups  

Generation of livelihoods for vulnerable groups and disaster affected communities 
to enhance their financial capacity. 

Environmental Sustainability Dimension 
Category Description 

Debris removing and proper disposal Remove all debris from road corridors and adopt a waste management hierarchy 
of waste avoidance, waste reuse, waste recycling, energy recovery from waste and 
waste disposal  

Pollution control through reconstruction Avoid or minimize adverse impacts to soil, water and air through the 
reconstruction projects. 

Reuse and recycle of material  Minimize demand, use and impact on scarce resources such as water, gravel, rock, 
lime and non renewable energy products 

Biodiversity protection Protect bio diversity and habitats for future generations and sustainable eco system 
during the reconstruction process. 

Engineering Design and Good Governance ( This element reinforces and enforces the triple bottom sustainability domains) 
Category Description 

Improved flood immunity Design and rebuild all possible road related infrastructure with improved flood 
immunity with proper engineering designs. 

Build in to current engineering  and safety 
standards 

Rebuild the structures according to current safety and engineering standards. 

Innovation and reengineering Seek innovative engineering solutions with more sustainable outcomes 
Efficient use of material and resources Efficient and effective use of available resources and fund to rebuild the damaged 

road related infrastructure. 
Good Governance Policies, procedures, legislations,enforcement  and functional structure. 

 

V. TRANSPORT NETWORK RECONSTRUCTION (TNR) PROGRAM IN QUEENSLAND 
Department of Transport and Main Roads (TMR) vision for the TNR Program is ‘Restoring our flood-
damaged transport networks in a safe, timely and efficient manner to reconnect, rebuild and improve 
Queensland’. TNRP is the program created by Queensland Government TMR to respond and 
reconstruct the flood damaged road network and TNRP data and project status reports will be used to 
assess the sustainability of delivered outcomes. It will be the main data source for the research study. 
 
There are seven objectives for the TNR Program: 

• Coordination across lines of reconstruction: Support the economic recovery of industry and 
communities through timely completion and prioritization of reconstruction work.  

• Resilience: Deliver a transport network with greater resilience by following the TNR Program 
Guidelines for Reconstruction.  

• Immunity: Identify asset enhancement opportunities for infrastructure requiring 
reconstruction, focusing on safety and immunity.  

• Value for money: Achieve demonstrated value for money for the Commonwealth and the 
people of Queensland in delivering the transport reconstruction program.  

• Timely completion: Complete the program and make use of available funding within our 
stakeholder’s timeframes.  
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• Communication and engagement: Regularly engage with stakeholders including communities, 
industry, Emergency Management Queensland and the Queensland Reconstruction Authority 
to inform our reconstruction priorities and business.  

• Transition back to normal business: Maintain and enhance TMR's reputation with stakeholders 
and transfer information, systems and knowledge into the department’s structures.  

 
The Transport Network Reconstruction Program objectives align with the Queensland Government’s 
Towards Q2: Tomorrow’s Queensland, Queensland Reconstruction Authority strategic objectives and 
strategic milestones.  

VI.  CONCLUSIONS 
It is essential that sustainability should be an integral part of road infrastructure recovery projects. This 
study captures the existing disaster recovery strategies that have been implementing to rebuild the road 
infrastructures damaged by Queensland Flood Disasters from 2010 to 2013 January and assesses the 
sustainability impact which has environmental, economic, and social dimensions. It develops a 
framework for improvements with a view to optimize the sustainability of disaster recovery road 
projects that will deliver services to Queensland communities in Australia.  
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After Fukushima No.1 nuclear power plant accident in 2011, radiation monitoring in habitation area be-

comes one of the crucial issues of environmental risk assessment. Airborne survey is a valid technique to 

detect environmental data in broad area. In case of radiation monitoring, observed data should be calibrated 

by considering microtopography or heights/types of trees to estimate ground-level contamination. Recent 

UAV stereo-camera survey makes it possible to provide digital surface model (DSM). This study aims to 

develop a calibration method of airborne radiation monitoring data by using DSM by UAV. 

First of all, the authors conducted airborne radiation survey in a rural area of Fukushima city where forests, 

rice fields and vegetation fields are contaminated by radiation after the accident. Here, we employed an 

UAV named “Robin-PARS” for airborne radiation, on which a stereo camera and radiation survey meter 

are mounted. In this study, UAV flies about 250m above the ground in order to make DSM data resolution 

about 5cm and to detect air radiation at intervals of one second. Here, midair of the following types of areas 

are selected as research fields; (1) flat rice field, (2) orchard field and (3) conifer forest. Ground features are 

categorized by using true ortho mosaic pictures. 

Secondly, detected data are calibrated by estimating the difference between aviation altitudes and surface 

elevation that is calculated elevation and the ground feature height by using DSM. Here, air radiation at 1m 

from the ground is estimated by using the proposed calibration model. Finally, calibrated data are mapped 

and spatially interpolated on GIS. Grid cell size that is employed for interpolation is less than 1m. 

It is indicated that proposed techniques make it possible to detect micro hotspots of radiation in the fields 

where the ground survey is hard to be conducted. 

 

   Key Words : radiation monitoring, air-bourne survey, UAV, digital surface model, Bayesian model 

 

 

1. RESEARCH BACKGROUNDS AND PURPOSES 
 

(1) Backgrounds 
After the Fukushima Nuclear Power Plant (NPP) accident aused by the great Earthquake of East Japan on 
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March 11th, 2011, environmental radiation risk monitoring has been one of the crucial issues in Japan for the 

purpose of decontamination and health monitoring. Not only food contamination (e.g. rice, mushroom and 

fishes) but also contamination of rice fields and soilds have been surveyed by the government, local authorities 

and private enterprises. 

Because the majority of lance spaces in Japan is covered by mountaneous area, it is necessary to conduct 

radiation surveys on the mountains. Air-borne survey of radiation is one of the effective method to show spa-

tial distribution of radiation in the vast field1), 2), 3). In case of air-borne survey of radiation, monitoring errors 

caused by elevation level and heights of surface objects such as trees and buildings have to be considered. 

However, it has been difficult to calibrate air-borne radiation survey results by considering these effects4). This 

is mainly because spatial data on hights of surface objects cannot be calculated by using digital elevation 

model. 

 

(2) Purposes 

This study aims (1) to propose calibration methods of air-borne radiation survey, (2) to conduct radiation 

monitoring by using unmanned air vehicle (UAV) in Fukushima and (3) to apply the proposed calibration 

method to the survey data. 

 

2. METHODOLOGIES 
 

Outline of methodologies is shown in Fig. 1. In this study, first of all, environment radiation is measured by 

using UAV that install NaI scintillator in Fukusihma city. Secondary, measured data set is calibrated with a 

calibration model that estimate ground level radiation according to height of elevation and spatial objects. 

Here, precise digital surface mode (DSM) is employed for calibration. Finally, calibrated data set is visualized 

on a GIS map. 

 
Fig 1. Analysis flow 

 

(1) Unmanned air vehicle (UAV) survey 
UAV is employed for detecting air-radiation in order to show spatial distribution of radiation in the narrow 

fields. In this study, a UAV (Robin PARS) shown in Pic. 1 is employed. Radiation monitoring devices (Fig. 2) 

and digital camera is mounted on the bottom of the UAV. NaI scintillator (TS100A) (Fig. 3) radiation survey 

meter (Techno AP Cpo. Ltd.) is installed on the beneath of the vehicle. With TS100A, such air doses are 

recorded at intervals of 1 second, three second and 10 seconds. In this study, three seconds average of air-doses 

is employed as the data that indicate radiation level. 

 

    
Fig. 2 UAV employed in this study (left: front, right: back) 
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                      Fig. 3 NaI scintillator mounted               Fig. 4 Image of data measurement by a UAV survey 

                        on the beneath lack of UAV 

 

By combining these devices, it becomes possible (1) to measure radiation air doses, (2) to survey ground 

surface/features and (3) to model dogotal surface (its resolution is approximately 5cm). When combining these 

data set with digital elevation model (DEM), ground level radiation could be estimated by using a calibration 

model (shown in the next column) that indicate relationship between hight of UAV and environmental radia-

tion (Fig. 4) . 

In order to estimate a calibration model, hovering survey of radiation is also conducted. In this study, the 

UAV hovered from 50m to 200m by 10m pich on the calibration point (Fig. 5) 

 

 
Fig.5 Image of Hoveing survey (left) and decay curve of calibration model (right) 

 

As air-radiation is assumed to be stochastically distributed according to Normal distribution, we planned 

that UAV fly along quadrat center line (Fig. 6). In this study, the width of quadrat is configured to 10 meter. 

 

 
Fig. 6 Image of quadrat air-borne survey 

(Squares indicate quadrats and dots mean sampling points) 

 

(2) Outline of a calibration model 

 

Calibration models are estimated by using (1) fixed point survey and (2) hovering survey. In this study, we 

decided hight of estimationpoint is 1m from the ground. Therefore, several points are selected for calibration 

and radiation air-doses are measured. In order to consider spatial eccentricity of radiation nuclear, five points 

(estimation point and spatial neighbors) are selected as caribration points (Fig. 7). 

Flight route 
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Fig. 7 Relation between stimation point and spatial neighbors for the ground level calibration 

 

As environmental radiation is assumed to be distributed according to Normal distribution, posterior of 

Normal distribution of radiation is estimated by using Markov-chain Monte Carlo (MCMC). Here, observed 

radiation (air-doses) data of fixed-point and UAV hovering data are indicated as y1 (vector) and y2 (vector), 

respectedly. 

 

y1 ~ N q1,s1

2( ), y1 = y1,1,… , yn1,1{ }                                                     (1) 

y2 ~ N q2,s 2

2( ), y2 = y1,2,… , yn2 ,2{ }                                                    (2) 

Then, hierarchical prior of variance, precition and mean are expressed as equation (3a), (3b) and (3c). 

1 s 2 ~ G n0 2,n0s 0

2 2( ),                                                         (3a) 

1 t 2 ~ G n0 2,n0t 0

2 2( ),                                                         (3b) 

m ~ N m0,g0( )                                                                       (3c) 

Hierarchical posterior of mean, variance and hyper-parameters are then expressed as from equation (4a) to  

(4f). 
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In order to estimate hierarchical posterior of Normal distribution, Gibbs sampler is employed as MCMC 

sampling method. In this study, we employed 11,000 MCMC iteration and 1,000 burn-in for one chain with 

single thinning interval. 

A decay curve model of radiation according to height from the ground can be expressed as equation (5). 

y = exp ax+b( )                                                                      (5) 

Here, y  and x  mean air radioactivity and height from the ground. a  and b  are unknown parameters and 

a < 0 . When estimating the model, posterior mean of y  and x  are employed calculated according to equation 

(1) to (4). 

 



 

 5 

3. RESULTS OF UAV SURVEY 
 

(1) Study area 

In this study, Hiraishi district in Fukushima prefecture is selected as sampling area (Fig. 8). This district 

locates at the southwest of the center of Fukushima city. Majority of the residents in this area is farmars and 

they are prohibited to cultivate rice field, fruits trees and to sell the locally grown vegitables (Fig. 9). A pilot 

survey is conducted on September 1st 2012, and the main survey is conducted on February 11th 2013. 

 

(2) Results of UAV radiation measurement 

Fig. 10 shows the result of the airial ortho photo that is taken by a digital camera on the UAV and modified 

geometrically.  

Fig. 11 indicates the result of radiation measurement. As shown in this figure, it is considered that features 

on the ground. 

Fig. 12 shows elevation at sampling points of UAV. 

 

  
Fig. 8 Location of the study area                                                   Fig. 9 Scenary of the study area 

 

 
Fig. 10 Airial ortho photo of the study area by the UAV 

 

Study Area 

Fukushima 

NPP1 
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Fig. 11 UAV air-borne radiation survey result (before calibration) 

 

Fig. 12 Surface elevation at sampling points of UAV 

 

 

4. ANALYSIS RESULTS 
 

(1) Calibration model 

MCMC posterior distribution of radiation air-doses at the calibration (fixed-point) is shown in Fig. 13 and 

decay curve according to UAV height is estimated as shown in Fig. 14. Calibration model is estimated as 

indicated in equation (5). 

y = exp -0.008556x-0.285962( )                                                        (5) 

Here, x  and y  mean height of UAV (unit: meter) and air-doses (unit: uSv/h), respectively. 

    Using equation (5), air radioactivity at the grould level ygcan be calculated as following. 

yg =a yx=1 + yobs - yk{ }                                                                (6a) 

yk = exp a xUAV - xDEM( )+b{ }                                                          (6b) 
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Here, yx=1
 means model based air radioactivity at the ground level (height = 1m) as calculated in equation (7). 

yx=1 = exp -0.008556 ×1-0.285962( ) = 0.7444                                      (7) 

    yobs is observed air radioactivity. xUAV  and xDEM  mean UAV flight altitude and altitude obtained from digital 

elevation map at the correspondant point of xUAV . 

 

(2) Estimation of air-doses at the ground level 

Fig. 15 indicates calibrated result of air-doses by using equation (5). As shown in this figure, micro 

hot-spots of radiation are detected in the midst of the forest. Besides, radiation in the area framed by black dot 

line (fruit trees on southern slopes) are comparatively higher. When comparing with Fig. 11 and Fig. 15, it is 

indicated that both elevation and feature height should be considered when estimating ground level contami-

nation when air-borne survey is conducted.  

 

 
Fig. 13 Prior (observed) sample and posteriors of radiation at the fixed calibration points 

 
Fig. 14 Airial ortho photo of the study area by the UAV 
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Fig. 15 Caribrated radiation air-doses in the study area 

 

Fig. 16 Difference between estimated and obsereved air radioactivity 



 

 9 

 
Fig. 17 Difference between UAV flight height and surface elevation (unit: meters) 

 

    Fig. 16 indicates difference between estimated radioactivity at the ground level and observed radioactivity 

by UAV air-borne survey (before calibration). This results basically corresponds to defference between UAV 

flight height and elevation as shown in Fig. 17. 

 

5. CONCLUSIONS 
 

In this  study, the authors proposed methodology to calibrate air-radioactivity that is obsereved by UAV 

air-borne survey. Because the number of sampling points is limited, posterior mean of Normal distribution on 

air-radiation is estimated by MCMC. A decay model for calibration corresponds to UAV flight altitude, sur-

face height and elevation is also estimated by Bayesian approach. It is indicated that calibrated result of 

air-doses at the ground level seem to reprecate actual surface air-doses well. 

In the future, the authors plan to conduct air-borne radioactivity suevey with UAV in forestery area where 

radiation contamination seems to be high, such as Iitate-village. It is also a crucial issue to make UAV 

air-borne survey reasonable. Air-borne survey combined with manned air vehicle is also remained research 

field. 
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Awareness to avoid losses and casualties due to rain-induced landslide is increasing in regions that rou-
tinely experience heavy rainfall. Improvements in early warning systems against rain-induced landslide 
such as prediction modelling using rainfall records, is urgently needed in vulnerable regions. The existing 
warning systems have been applied using stability chart development and real-time displacement meas-
urement on slope surfaces. However, there are still some drawbacks such as: ignorance of rain-induced 
instability mechanism, mislead prediction due to the probabilistic prediction and short time for evacuation. 

In this research, a real-time predictive method was proposed to alleviate the drawbacks mentioned above. 
A case-study soil slope in Indonesia that failed in 2010 during rainfall was used to verify the proposed 
predictive method. Using the results from the field and laboratory characterizations, numerical analyses can 
be applied to develop a model of unsaturated residual soils slope with deep cracks and subject to rainwater 
infiltration. Real-time rainfall measurement in the slope and the prediction of future rainfall are needed. By 
coupling transient seepage and stability analysis, the variation of safety factor of the slope with time were 
provided as a basis to develop method for the real-time prediction of the rain-induced instability of slopes.  

This study shows the proposed prediction method has the potential to be used in an early warning system 
against landslide hazard, since the FOS value and the timing of the end-result of the prediction can be 
provided before the actual failure of the case study slope. 

 
   Key Words : numerical analysis, rain-induced slope instability, real-time prediction. 
 

1. INTRODUCTION 

The growth of the world population has created an intensive demand for residential and agricultural 
development1). The limited availability of suitable residential land has forced people to live in areas 
proven to be subjected to natural disasters, such as landslides and floods. It has been reported that most 
landslides occur in the rainy season, potentially causing damage to infrastructure and human lives 2), 3), 4), 

5), 6), 7), 8), 9), 10), 11). The effects of rainfall have to be considered in rain-induced landslide hazard assess-
ments12). In Indonesia which is located in a tropical region with high seismic activity and receives a very 
high annual rainfall, rainfall-induced landslides are acknowledged as one of the major natural disasters. 
In-depth studies of the stability of these slopes, together with the related programs to increase the safety 
awareness of people living in these areas, has become important and challenging geotechnical engi-
neering task. 

The existing warning systems against rain-induced slope failures are mainly based on the following: 
• Charts developed correlating past measured rainfall and observed slope failures associated with 

rainfall (e.g. 13), 14), 15), 16)). These charts can be used with the real-time measured rainfall data to 
predict slope failures. The failure of individual slopes cannot be predicted accurately using this 
method due to its probabilistic nature. Further, these charts cannot be used to assess the stability 
gain of a slope after a rainfall event. 

• Real-time displacement measurement on slope surfaces (using GPS, extensometers) or/and in the 
sub-soil (using inclinometers) (e.g. 17), 18), 19), 20)). Although this method can be applied to an indi-
vidual slope, it may give short time for possible evacuations, as the displacement is measured when 
the slope moves. The displacement measurement of the slope cannot be used to assess the stability 
gain of the slope after a rainfall event. 

Note: Slopes become less stable during and just after rainfall but sometimes do not fail, these slopes 
gain the stability with time after the rainfall event. 

mailto:andisuryo@gmail.com
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Considering the drawbacks of the existing methods, there is a real need to develop a landslide pre-
dictive method that can be used for predicting the rain-induced failure of individual slopes in real-time. 
This paper presents a method for predicting rain-induced slope instability. The method is based on 
coupled transient seepage and stability analyses that capture the mechanism of rain-induced slope in-
stability. This method can be used in real-time, applied to an individual slope, and to predict the stability 
gain of the slope after a rainfall even. The applicability of the proposed method is also presented by 
using a case study slope that failed on the 31st of October 2010.  
 
 
2. METHOD TO PREDICT RAIN-INDUCED INSTABILITY OF A SLOPE 

When applying the proposed method to a slope, ‘critical slope’ that refers to soil slope that highly 
susceptible to landslide or slope failure that ranges in its potential effects from being a temporary nui-
sance as a result of the partial closure of a roadway, to destroying human lives and  physical structures, 
or being potentially catastrophic has to be identified. The proposed method of predicting rain-induced 
instability of a critical slope consists of the steps briefly described in the following sections. 

 
(1) Land Survey and field observation 

Field surveys and tests are conducted to obtain geometrical details of the critical slope, soil samples 
for laboratory testing, water table location, water content of the soil, deep crack locations and orienta-
tion. The main equipment used in field survey includes a total station, a levelling apparatus, and a global 
positioning system (GPS) device. A number of bore-holes are drilled along the slope to identify soil 
profile, to take undisturbed/disturbed soil samples for laboratory soil tests, to identify water table lo-
cation. The electrical resistivity tomography (ERT) survey is conducted in the subsoil to identify the 
location and geometrical information relating to subsoil cracks 21).  

 
(2) Laboratory investigations 

Laboratory tests are conducted on undisturbed/disturbed soil samples collected from the field 
bore-holes to determine soil classification parameters, unit weight, water content, saturated/unsaturated 
shear strength parameters, and saturated/unsaturated hydraulic properties of the soil in each soil layer. 
These parameters are needed for the modelling and analyses of the slope. 

 
(3) Rainfall data collection & prediction 

It is recommended to collect rainfall records at the selected location for at least five years are col-
lected for this research. Past and current rainfall data would then be used for predicting future annual, 
daily, and hourly rainfall. Most meteorological institutions provide long-term history rainfall records 
for research purposes. For instance, The Indonesian Agency for Meteorology, Climatology and Geo-
physics (Badan Meteorologi, Klimatologi, dan Geofisika - BMKG) provides forecasts of monthly 
rainfall for up three months ahead. Simple statistically method also can be used to predict hourly 
rainfall. By calculating deviation of hourly rainfall in every single hour compare to previous hour, and 
then comparing the results over several years, the maximum deviation in each hour in a year can be 
determined. Regardless of its moderate level of accuracy, the maximum deviations can be applied as a 
threshold for predicting the hourly rainfall for slope stability analysis purposes. This study uses the 
combination of statistical methods and monthly rainfall forecast from climatology institution to predict 
future rainfall. 

 
(4) Transient seepage and stability analyses 

Based on the field and laboratory test results, the slope is modelled for transient seepage (using 
SEEP/W) and stability (using SLOPE/W) analyses. The analyses are conducted following the steps 
listed below. The results of these analyses are used for warning (real-time) against rain-induced slope 
instability of an identified and investigated critical soil slope. 

• The slope is modelled in SEEP/W and SLOPE/W, based on slope geometrical information 
obtained from the field survey, sub-soil layers and soil cracks identified by bore-hole data, 
geophysical surveys, and laboratory soil testings. 
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• The relevant boundary conditions are defined for both models in SEEP/W and SLOPE/W, and 
necessary material properties are assigned for each layer. For the transient seepage analysis 
using SEEP/W, the hydraulic conductivity function for each soil needs to be given. For the 
stability analysis using SLOPE/W, shear strength parameters (c, φ, and φb) and unit weight 
should be given for each layer.  

• The transient seepage analysis of the slope are performed using SEEP/W by giving initial 
pore-water pressure condition in the soil based on water table and rainfall (unit flux) as a 
function of time on the surface boundary of the model. 

• The results of the transient seepage analysis (the variation of pore-water pressure conditions in 
the soil slope with time) can be used in SLOPE/W to get the pore-water pressure in the slope to 
calculate the stability of the slope at a given time. 

• The above steps are schematically illustrated in Figure 1. 
 

 
 

Fig 1: Illustration of coupled analysis of SEEP/W and SLOPE/W 
 
 

• Following the procedure outlined in Figure 1, the stability of the slope (FOS) can be calculated 
for a year in advance (365 days), based on the predicted rainfall pattern given in Figure 2. One 
year prediction of rainfall is based on the past rainfall records. If the calculated FOS of the slope 
reaches or goes below a critical FOS anytime during the forecast 365 days (Figure 3), it is 
recommended that a real-time stability analysis using an hourly or daily (24 hours) basis of 
recorded rainfall (Stage 2) be conducted commencing from the time when FOS = 1.1 * 
FOScritical. FOScritical has to be determined based on criticality of the consequences of the slope 
failure. 

• Figure 4 shows that the FOS can be calculated near real-time in daily basis (one day ahead of 
the current time) based on the predicted maximum possible rainfall for the next day. If the next 
day FOS reaches or goes below the FOS critical, a warning should be issued for the evacuation 
of people in the potentially affected area.  
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Fig 2: Typical measured and predicted rainfall patterns 

 

 
Fig 3: Illustration of measured and predicted FOS 

 
 

Fig 4: Illustration of FOS using predicted daily rainfall 
 

 
 
 
 
 
 
 
 
 
 
 

3. THE CASE-STUDY SLOPE  
 

(1) Location of the case-study slope 
To verify the applicability of the proposed method, a residual soil slope located slopes in the hilly terrain in 

East Java Province in Indonesia were selected. As shown in Figure 5, the chosen slope located is located in a 
high seismic active region where three tectonic plates meet. The field investigation which consists of geo-
metrical survey, surface observation, three bore–holes, and Electrical Resistivity Tomography (ERT) was 
conducted on the slope in May and June 2010. This slope failed on the 31st of October 2010 during rainy 
season. 

 

 
Fig 5: (a) Map of Tectonic Plate in the Indonesian Archipelago; (b) Indonesian Region; 

(c) Selected slope location for this study 
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Figure 6 shows the elevation contour map of the area where the selected slope is located. The land survey 
conducted on the slope gave the maximum average slope angle of about 300 along line BB’ (Figure 6). The 
ERT survey was undertaken along the line BB’ to detect the sub-soil cracks and the cracks observed on the 
surface are shown in Figure 6. As shown in Figure 6, three bore-holes (BH1, BH2, BH3) were conducted along 
line BB’ to get undisturbed soil samples for laboratory tests, to identify sub-soil profile, and to obtain ground 
water table location. 

 

 
Fig 6: Topographical map of  the case-study slope 

 
(2) Rainfall records and prediction in the area where the slope is located 

Figure 7 shows the monthly rainfall records for five years from 2007 to 2011. These data were collected 
from rain gauges located not more than 5 km from the investigated slope. Though the rainfall data presented in 
Figure 7 are in monthly basis, both daily and hourly rainfall data were also collected for these five years (2007 
to 2011).  

 
Fig 7: Mothly rainfall record form 2007 to 2011 at case-study slope 

 
Several methods can be used to predict the rainfall for one year in advance by using the past recorded rainfall 

data. One of them is statistical method 22), 23) that is used by meteorological institutions to forecast the rainfall. 
The simple average or the maximum rainfall over the past five years (at least) on daily or monthly basis can be 
used as the predicted daily or monthly rainfall for the next 365 days.  

When it is necessary to predict the stability in near real-time (one day in advance), then the rainfall has to be 
predicted only one day in advance. One method is to use the next day rainfall forecast by the meteorological 
institute for the analysis. Another method is to calculate the maximum increase in rainfall for a given day (e.g.: 
2nd of January) with respect to the rainfall of the previous day (e.g.: 1st of January) over the period where the 
past rainfall records are available (e.g.: five years) and then the maximum rainfall increase in the next day is 
added to the present day rainfall (measured) to predict the next day rainfall. 
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4.  MODELLING of CASE STUDY SLOPE 

Based on the field investigations and the laboratory soil testing, the slope can be modelled with two-layer 
soil profile with few deep cracks a shown in Figure 8. 

 
Fig 8: Illustration of soil layers in case-study slope with crack zone and material 

 
The slope has a length of 140 m and the maximum elevation difference of 35 m. The angle of the slope 

surface was up to 30o. The location of the ground water table found on the day of investigation (12th June 2010) 
is shown in Figure 8. A stream was found at the downstream of the slope with its water level at the elevation of 
660 m at the time of the field investigation on 12th June 2010. 

Based on the laboratory soil tests, properties and classification of soil in each layer is presented in Tables 1. 
These properties are used in transient seepage and stability analysis of the slope. The deeps cracks were 
modelled as “weak zones” which are zones of the silty soil that was being disturbed by direct rainwater infil-
tration through the soil deep crack. Since deep cracks cause the direct infiltration of rainwater into soil slope 24), 

25), a thin layer (less than 20 cm) with very high hydraulic (ksat = 0.1 cm/sec) was introduced in to the weak 
zone to facilitate the direct infiltration process. 

 
Table 1: Parameter of Soil Layers of Case-study slope 

Parameter Layer 1 Layer 2 Weak zone 
USCS type ML-MH ML-MH ML-MH 
γ (kN/m3) 16 17 15 

W (%) 36 38 43 
C (kPa) 17 23 5.4 

φ (degree) 20 32 17.5 
ksat (cm/sec) 3.87x10-5 1.83x10-6 0.001 

 
Some of the properties of the weak zone were not measured, but were estimated based on some studies24), 25), 

26), 27). Soil water characteristic curve (SWCC) is needed in transient seepage and stability analysis of 
unsaturated soil condition. Since SWCC was not measured for any soil type in the case study slope, therefore, 
the sample of SWCCs available in SEEP/W were assigned to the materials in the slope based on the results of 
the grain-size distribution test 28) that is available in SEEP/W. Due to the absence of grain-size distribution data 
of the weak zone soil, the SWCC of the weak zone at case-study slope was assigned by using a similar SWCC 
value as for the weak zone21), since both slopes were in close proximity. For determining φb  in this case study, 
the prediction method suggested in previous research was used29). 

To apply the proposed method of prediction of rain-induced slope stability and warning against the slope 
failure, of the case-study slope which failed on the 31st October 2010, the following steps would be followed: 
• The ‘current day’ for prediction purposes was assumed to be 12th June 2010 when field investigations 

were completed. The case-study slope shown in Figure 8 was modelled in SEEP/W, with the initial 
pore-water pressure in the slope being a based on water table location that was observed during the field 
investigation. 
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• Using average value of the past three years rainfall records and three monthly rainfall prediction from 
BMKG as mentioned in a previous section in this paper, the daily rainfall for the next 365 days from the 
12th of June 2010 (13th June 2010 to 13th June 2011) was predicted and shown in Figure 9. For this pre-
diction, measured rainfall records for the last 3 years period (June 2007 to June 2010), were used. 
 

 
Fig 9: Predicted annual rainfall data from 13th June 2010 to 12th June 2011  

 
Figure 10 shows the maximum increase in daily rainfall with respect to the previous day over one year period 
(13th June 2010 to 13th June 2011) that was calculated using the daily rainfall records for the past years (June 
2007 to June 2010). 

 

 
 

Fig 10: Deviation chart of maximum increase of daily rainfall from 13th June 2010 to 13st June 2011   
 

 
In the modelling of case-study slope using finite element in SEEP/W, as shown in Figure 8, the surface was 

defined as flux boundary where rainfall for the period of analysis was assigned. The left vertical boundary and 
the bottom boundary were considered as “no flow”. The right vertical boundary was defined as a constant head 
boundary as there is a stream in the area. The initial conditions (pore-water pressures) in the slope were given 
based on the location of the water table that was monitored during the field investigation. The pore-water 
pressure below the water table is positive and increase linearly with the depth at a rate of 9.8 kPa/m. It is 
negative above the water table and considered to be decreased linearly with the height (above the water table) 
at the negative rate of 9.8 kPa/m.  

The time-dependent pore water pressure distribution determined from SEEP/W analysis was then coupled 
with the stability analysis using SLOPE/W to obtain the variation of the FOS with time. The general limit 
equilibrium method available in SLOPE/W was used to analyse the stability of the slope during rainfall. By 
applying auto locate method to define 2000 iterations of trail failure surfaces for each scenario, the minimum 
safety factor of the slope under given conditions was obtained. 
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5. RESULT AND DISCUSSION 

Transient seepage and stability analyses using the predicted daily rainfall for one year in advance (from 13th 
June 2010 to 12th June 2011) was performed and the variation of stability (Factor of safety -FOS) for this 
period is shown in Figure 11. 
 

 
Fig 11: Factor of safety of case-study slope with predicted rainfall from 13th June 2010 to 12th June 2011 

 
It can be seen in the Figure 11 that case-study slope is in near failure condition (FOS = 1.04) on the current 

date (13th June 2010) and FOS of the case-study slope will eventually go below unity at time step #155 (14th 
November 2010) if the case-study slope receives the predicted rainfall. Since FOS is 1.04 on 12th June 2012, 
the people living in the area that could be affected by the possible failure of the case-study slope can be in-
formed to be ready for possible evacuation from the start of the next rainfall event. For this slope, it is im-
portant to conduct near real-time stability analysis (daily) from 13th June 2010, to closely observe the stability 
of the slope for accurate warning and safe evacuation of the people. 

It can be decided to warn and evacuate the people in the possible affected area when the real-time FOS is 
equal to, or just below 1.02. This evacuation could be possible, as it is not raining at present. If it is raining, an 
FOS = 1.04 could be critical for evacuation of the people  

With the start of rainfall at 1 pm on 22nd September 2010, the real-time stability can be calculated. The de-
viation chart as shown in Figure 10 was used. The result of the real-time stability analysis using daily rainfall is 
shown in Figure 13. In this real-time daily analysis, all analyses were started at 1 am in every single day during 
the observed time.  
 

 

 
Fig 13: FOS at day #141 (31st October 2010) after assigned with predicted rainfall 
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After predicted rainfall using deviation chart was assigned, it can be seen in Figure 13, the FOS on 31st 

October 2010 had decreased below 1.02. The FOS value on 31st October 2010 was very near to unity. Based on 
this daily prediction, it can be stated that the landslide at the case-study slope was likely to have occurred, after 
being triggered by the rainfall event on 31st October 2010.  

This verification result shows that the predictive method could be used to prevent losses or casualties (e.g. 
closing of roads, movement of the people) in the area of the landslide disaster on 31st October 2010, by giving 
an immediate warning for evacuation. Since this near real-time analysis can be done in short time, the analysis 
can be started at the beginning of rainfall with the result (FOS) able to be determined even before the rainfall 
stop. However, the safer warning should have been given before any rainfall event occurred from 13th June 
2010 since the FOS was very near to unstable conditions from the beginning of the analysis (FOS=1.04).  

By using long-term stability analysis, the landslide on 31st October 2010 at case-study slope can be esti-
mated to occur between 13th June to 14th November 2010. The near real-time stability analysis can predict a 
landslide at the beginning of the triggering rainfall, by detecting the decrease of FOS. However, in this study, it 
could be possible to have a discrepancy between calculated FOS and the actual stability due to the uncertainty 
of soil parameter and the accuracy of the rainfall prediction. It is recommended to use the probabilistic stability 
analysis to minimize above uncertainties. 
 
 
6. CONCLUSION  

By coupling transient seepage analysis using the finite element method with slope stability analysis using 
the limit equilibrium method, a predictive method for rain-induced slope instability of natural residual soil 
slopes has been proposed in this paper. To apply the proposed method to a critical slope, field investigations, 
laboratory soil testing, and rainfall prediction have to be performed. The proposed method was applied to a 
natural slope in Indonesia which was investigated (field and laboratory testing) in June 2010 and failed on 31st 
October 2010. The results of the analyses suggested that the application of the proposed method in near re-
al-time (one day in advance) would have prevented the human casualties and minimized damage to movable 
properties.  
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Abstract 
 

One of the most evident casualties of a natural disaster is the property market. The private and social 
costs from such events run into millions of dollars. In urban and semi urban areas these costs are even 
larger. In this paper we use a unique dataset to examine the impact on residential house prices affected 
by natural disasters using a hedonic property values approach. For this purpose we use data before and 
after a wildfire and floods from Rockhampton in central Queensland, Australia. The data is unique 
because one suburb was affected by wildfires and another (amongst others) was affected by floods. 
For the analysis, three suburbs namely Frenchville, Park Avenue and Norman Gardens are used. 
Frenchville was significantly affected by wildfires in the latter part of 2009, while Park Avenue was 
affected by floods at the end of 2010. Norman Gardens, which was relatively unaffected, is used as a 
control site. This enables us to examine the before and after effects on property values. Property sales 
data for the period 2007-2011 are considered in the HP analysis. Regression results provide some 
evidence (at least in the short term) to conclude that house prices in natural disaster affected suburbs 
fall, whereas relatively unaffected suburbs show an increase in prices. This has several important 
welfare implications. 
 

Key words: wildfires, floods, before and after effects on property values, hedonic property 
                     values approach, Australia 
 
 
Introduction 

 
In recent years several major natural disasters have occurred in Australia. They include wildfires (e.g. 
Victoria, 2009), floods (e.g. South East Queensland, 2011) and cyclones (e.g. Far North Queensland, 
2006, 2011). As can be expected, these natural disasters cause major damage to infrastructure, 
industrial and agricultural production and the services sector.  The private and social costs run into 
millions of dollars. Another casualty of natural disasters is the residential property (house) market. 
Although the costs to residents are obvious and documented, not much work has been undertaken that 
examines the impact of natural disasters on house prices after such an event. The issue here is that 
those areas or suburbs that are badly affected by a natural disaster are likely to record lower house 
values in the next few years until stability and confidence returns. On the other hand, it could be 
expected that areas or suburbs that are unaffected or less affected are likely to witness an increase in 
house prices, at least in the short term. This paper addresses this issue using the hedonic property (HP) 
price approach.   
 
This paper examines this under researched issue selecting three suburbs from the Rockhampton 
Regional Council, located in close proximity to the city of Rockhampton approximately 600 
kilometers north of Queensland’s capital, Brisbane, Australia. This region is selected because it was 
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affected by wildfires in the latter part of 2009 (October) and by floods at the end of 2010.  
Interestingly, the suburbs were affected separately − first wildfires affected the suburb of Frenchville, 
followed by floods affecting the suburb of Park Avenue. Hence, we have two suburbs being affected 
by two natural disasters, almost a year apart. This provides us with a unique opportunity to examine 
the before and after effects of natural disasters on the residential property market. A control site is 
used in the analysis, a large area of this suburb was unaffected by wildfires. The selected sites are 
shown in Figure 1. 
 
In the paper we examine the following. Are residential property prices affected after a natural 
disaster? As mentioned above, we use two suburbs from the same locality, but one affected only by 
wildfires and the other by floods. This gives us an opportunity to examine the before and after impact 
of natural disasters. The results are then compared with a control site from an adjoining suburb. This 
enables us to make a comparison with the affected sites as well as the impact of the global financial 
crisis (GFC) on house prices since 2009.  We hypothesize that house prices in the natural disaster 
affected suburbs are likely to fall after such an event which can be exacerbated by the GFC. On the 
other hand, suburbs that are largely unaffected are likely to see an increase in property prices, 
although the increase in prices could be subdued by the post GFC. 
 
We test the above hypotheses using an HP values model which includes a vector of structural and 
neighbourhood characteristics and a vector of environmental attributes as explanatory variables. For 
this purpose, data were collected for years 2007-2011 from various sources and were merged to create 
a unique and comprehensive data set. The final data set contains 946 observations, 436 from 
Frenchville, 296 from Park Avenue and 210 from Norman Gardens. Dummy variables for year of 
sale, 2007, 2008 (before natural disaster) and 2010, 2011 (after natural disaster) are designed to 
capture price changes of the property market due to wildfires. Year 2009 is set as the base year. This 
is because the major wildfire in Rockhampton occurred in 2009. 
 
The regression results clearly show that house prices were increasing before the two natural disasters 
(2007 and 2008) in all the three suburbs. However, the results clearly show that after the natural 
disasters (2010 and 2011), house prices have shown a decline in the affected areas. This is at least the 
case for the wildfire affected suburb. The fall in prices could also have been exacerbated by the GFC. 
The results for the flood affected suburb also show a decline in property prices (which could also be 
attributed to the GFC, at least for year 2010), but are statistically insignificant. Interestingly, the 
control site records an increase in house price in 2010 and 2011. These results provide some evidence 
to show that buyers are willing to pay more to live in natural disaster secure areas and vice versa. 
However, we believe that a complete data coverage for each of the suburbs considered is necessary 
and include more years (i.e. 2006 and 2012) to make the current findings more robust. Capturing the 
severity of wildfires and floods in the analysis may also strengthen the arguments. 
 
The remainder of the study is set out as follows. Section 2 provides an introduction to the background 
of the study areas and Section 3 undertakes a literature review of the existing work related to HP 
values studies conducted in relation to wildfires and floods. Section 4 presents a brief overview of the 
underlying theory of the HP model and the data collected. Section 5 summarizes the results of the 
regression models (Ordinary Least Squares and Spatial Error model) and the final Section summarizes 
and concludes. 
 
2. Background to the study areas 
 
For this study, we select three suburbs from the Rockhampton Regional Council, in Queensland 
Australia. The city of Rockhampton is approximately 600 kilometers north of the state capital, 
Brisbane and in 2011 the region’s population was estimated to be approximately 117,315 residents 
(Rockhampton Regional Council, 2012). The Rockhampton region experiences a humid subtropical 
climate and some areas are prone to wildfires, floods and cyclones. The region is prone to wildfires 
due to the lower than average rainfall and hot, dry weather combined with large expanses of forested 
and bushland some of which are declared large national parks and state reserves. Although there have 
been wildfires in the past, the most recent major wildfire was recorded in October 2009. As much as 

http://en.wikipedia.org/wiki/Humid_subtropical_climate
http://en.wikipedia.org/wiki/Humid_subtropical_climate
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some areas are prone to wildfires, there are other areas along the Fitzroy River and its environs that 
are subject to floods. The Fitzroy River flooding of Rockhampton and adjacent areas is well 
documented with flood records dating back to 1859. The highest recorded floods occurring in January 
1918, and the most recent major flood occurring in December 2010–January 2011. 
 
Wildfires and floods occurring in adjacent suburbs, but none of these suburbs affected by both events, 
provide us with a unique opportunity to examine the effect of these events on property values. As 
mentioned earlier, the first casualty of natural disasters is the property market. Two suburbs affected 
by these natural disasters are Frenchville (wildfires) and Park Avenue (floods). These two suburbs are 
adjacent to each other. In addition, we select a control site that is mostly unaffected by the recent 
wildlife and floods. The suburb selected is Norman Gardens. The selected three suburbs are shown in 
Figure 1. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Source: Google and Google Earth Maps (2012).  
 
As can be seen from Figure 1, the three suburbs selected for this study are adjacent to each other. 
Interestingly, the suburb of Frenchville with a population of 5,684 in 2011 bordering the Mount 
Archer National Park was one of the suburbs most affected by major wildfires in October, 2009 
(worst in 20 years) and also during another minor wildfire in 2011. This suburb has a sizeable area of 
residential properties bordering Mount Archer National Park, with a few residential areas forming an 
enclave in the national park. Frenchville and two other suburbs (Koongal and Lakes Creek) are 
frequently mentioned in the media for having suffered the most threat and damage. In addition, houses 
in approximately seven streets that back onto the bushland facing Mt Mount Archer national park in 
the suburb of Norman Gardens with a population of 9,484 in 2011 were also threatened and some 
damaged. The bushland area facing Mount Archer National Park in Norman Gardens is also 
mentioned in the media. We select this suburb as the control site because it is adjacent to the two 
suburbs mostly affected by the two natural disasters and has a section backing into bushland and 
Mount Archer National Park. In addition, Central Queensland University, which is an important 
landmark in Rockhampton, is located in Norman Gardens.  
 
The suburb selected to examine the impact of floods on house prices is the suburb of Park Avenue 
with a population of 5,684 in 2011 which is located along the Fitzroy River and is two kilometres 

http://en.wikipedia.org/wiki/Fitzroy_River_(Queensland)
http://en.wikipedia.org/wiki/Fitzroy_River_(Queensland)
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from the centre of the city of Rockhampton. A major flood affected this suburb at the end of 
December 2010-January 2011. Since then the Rockhampton Regional Council has published flood 
maps for the area (see Rockhampton Regional Council, 2012). Parts of Park Avenue went under nine 
metres of water and many residents had to be evacuated. The area was also flooded at the end of 
March 2012. 
 
 
3. Literature review 

 
It is evident from the HP literature that a number of studies have considered various aspects of 
environmental issues on property values (see, for example, Freeman, 1993; Tyrvainen, 1997; 
Tyrvainen and Miettinen, 2000; Lutzenhiser and Netusil, 2001; Crompton, 2001; Kim and 
Johnson, 2002; Freeman, 2003; Hui et al. 2007). However, what is evident from the HP literature is 
that not many studies have been conducted to analyse the impacts of natural disasters on property 
values. Two papers are of particular interest in relation to wildfires.  In the first paper, Athukorala et 
al. (2012) show that buyers in the study areas were paying higher prices to live close to green spaces 
despite these areas being also well known high wildfire prone areas. Their results clearly indicate that 
residents either discount or are unaware of the risks of wildfires. In the second paper Donovan et al., 
(2007) examine the impact of information available to residents on wildfire risks on housing prices in 
Colorado Spring’s wildland-urban interface.  They showed that pre-website overall wildfire risk 
ratings were positively related to house prices. This suggested that the positive amenity values of the 
house and neighbourhood characteristics that affect a house’s wildfire risks outweighed the perceived 
loss in house utility from increased wildfire risks.  However, this relationship between overall wildfire 
risk rating and housing price was not observed post-web site. This shows that the availability of 
parcel-level wildfire ratings contributed to an increased awareness of wildfire risks.  However, 
Donovan, et al. (2007, p.231) state that they ‘found evidence that this effect diminished with time’.  
 
A review of sales transactions by Eves (2004a) for streets in specific suburbs of Sydney, Australia 
states that “the advantages of living close to a national park or bushland setting counteract potential 
risk associated with these locations”. 
 
Apart from the above studies, there are other studies that examine wildfire risks in relation to 
perceptions. Beringer (2000) observed significant differences in wildfire risk perceptions between 
newcomers and long-term residents in his study. He explained that new residents were unable to 
identify their level of exposure to risk until they assess the hazards to which they are exposed. 
Beringer (2000) and Gilbert (2004) found differences in wildfire knowledge between genders. Men 
tended to have a better understanding of wildfire, and this was statistically significant. According to 
Beringer (2000) a lack of knowledge may lead to females perceiving the wildfire to be a greater 
threat. Anderson-Berry (2003) linked level of education with risk perception. Accordingly, people 
with a higher education are likely to have a more accurate perception of risk because they more 
readily understand the scientific complexities of hazards, and they are likely to be better skilled at 
searching for and acquiring information. McGee and Russell (2003) show that the high level of risk 
perception of many of the respondents, and a good knowledge of wildfire, can be attributed to past 
wildfire experience and a close association with the local fire management institutions.  
 
Fothergill and Peek (2004) reviewed the literature concerning the effect of socioeconomic status on 
risk perceptions. They showed that people of lower socioeconomic status may perceive higher levels 
of risk possibly because poorer people have little control over their lives and hold little power in the 
world. However occupation may affect risk perception − people of lower socioeconomic status tend to 
work in more hazardous occupations which can moderate risk perceptions (Fothergill and Peek, 
2004). Fisek et al. (2002) alternatively suggested that socioeconomic status does not affect risk 
perception. For example, income had no effect on overall risk perception. These studies strongly 
suggest that while demographics and socioeconomic factors can influence risk perceptions, the 
resultant effect is largely unpredictable. McCaffrey (2004) also explained that the lack of action in 
undertaking wildfire protection activities is additionally due to the fact that people live busy and 



5 
 

complicated lives, which often means that natural hazards have low salience compared to other 
concerns. 
 
In addition, Bureau of Transport Economics (BTE, 2001) has examined the economic cost of disaster 
level wildfire events in Australia. The study presents a methodological approach to estimating the 
economic cost of disasters and has applied it to wildfire events. This report firstly identifies the 
difference between the financial and economic analysis. Secondly it attempts to separate the direct 
and indirect costs, as well as tangible and intangible costs of disasters. 
 
In relation to floods, too, not many HP studies exist that assess the impact of floods on property 
markets. A recent study has attempted to estimate the likely impact of the release of flood maps on 
property values within Brisbane City (Rambaldi et al., 2011). The study was carried out after the 
release of flood maps by the Brisbane City Council in 2008. The paper, however, does not capture the 
actual impact of floods on affected properties and those that are not affected.   
 
However, there are other studies that have been conducted to examine the impact of floods on 
property values. However, the results are contradictory. Some studies argue that flooding negatively 
impacts on residential properties and few studies have concluded that there is no real effect. The study 
conducted by Zhai and Fukuzono (2003) have tried to estimate the actual impact of floods on land 
values. The study attempted to investigate the impact of the Tokai flood in Japan in 2000 on property 
values. The results show that floods do have a negative effect on land prices.  
 
According to Lamond (2008), flood related estimates are area specific. Empirical studies have shown 
that the impact of floods on housing prices is a temporal effect and ‘fades-off’ within a short period 
(see, for example, Eves, 2004b, Lamond et al., 2010, Lamond and Proverbs, 2006). According to UK 
evidence, flood negatively affects property values, but it fades-off within three years. 
 
Other empirical evidence have shown that floods or floodplain related variables have a negative and a 
significant effect on property values (see, for example, missing, Zhai and Fukuzono, 2003). 
According to Donnelly (1989), prices for houses within a floodplain are reduced by 12%. Most of 
these studies have been conducted to evaluate the impact of floods on properties in a few years 
immediately following a major incident, whereas some studies have considered the flood risk. But 
these studies considered properties those that are in flooded areas or floodplain locations but did not 
consider properties in adjacent areas.  
 
Finally, Sirmans et al. (2005) who reviewed approximately 125 studies which have estimated HP 
models in relation to residential property values in the past decade, show that factors that are 
consistently significant in determining property values are the number of bedrooms, the number of 
bathrooms, lot size, house size, age of the house, number of garage spaces, the presence of a 
swimming pool, time on the market as well as the distance to schools, shopping centres and the 
central bus station.  Review of these studies also shows that many hedonic studies attempt to quantify 
for policy makers and communities the economic benefits which can be achieved from having some 
environmental amenities. The results of previous studies show that buyers are willing to pay more to 
be closer to green space, including forests (see, for example, Athukorala, et al., 2012) and near rivers, 
reservoirs and lakes.  This is attributed to the recreational and therapeutic values they generate.  In 
addition, such places are quieter, provide a cleaner environment with premium amenity values and 
afford an opportunity to live close to nature.  However, to date no studies have carried out the before 
and after analysis to investigate the impact of wildfire on property values. This study will fill this void 
in the literature. 
 
4. Method and data 
 
The theoretical developments and extensions of HP are documented by Rosen (1974), Halvorsen and 
Pollakowski (1981), Anselin (1988), Cropper et al. (1988), Freeman (1993), Bockstael (1997), Huh 
and Kwak (1997), Freeman (2003) and Griffith et al. (2003). Freeman (1993) defined the HP function 
using three vectors for location-specific environmental amenities, structural characteristics of the 
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house and characteristics of the neighbourhood. Accordingly, the model that is used to analyse the 
determinants of house prices can be written as follows: 
 
     𝐻𝑃 = 𝑓 (𝐻𝑖, 𝐿𝑖,𝐸𝑖) …………………………………………….(1) 
 
where Hi is a vector of the property characteristics (structural characteristic) such as size of the 
property, number of bathrooms and bedrooms, availability of carport and swimming pool. Li is a 
vector of the locality or neighborhood attributes such as accessibility to schools and shops. Ei is a 
vector of the environmental characteristics including pollution level, distance to environmental risk 
area and so on. The general form of the model can be expressed as: 
 
   𝐻𝑃 = 𝛽𝑖𝑋𝑖 + 𝜖…………………………………………………...(2) 
 
where Xi is a vector of explanatory variables, βi is a vector of coefficients which describe the implicit 
prices of the corresponding explanatory variables and 𝜖 is a normally distributed random error term. 
The dependent variable HP is generally defined as the recent selling price, which acts as a proxy for 
the true value of the property. As widely discussed in the literature (see, for example, Halvorsen and 
Pollakowski, 1981; Cropper et al., 1988), the correct functional form for the HP function has received 
a great deal of attention in the literature, with a variety of different specifications suggested. The 
different functional forms such as linear, log-linear and log-log have been used by previous studies. 
However, no evidence shows the superiority of any functional forms. It has been suggested (see, for 
example, Cassel and Mendelsohn, 1985) that the estimates of the environmental-variable coefficient 
may be more reliable with simple functional forms. Since the environmental variable (in most cases), 
plays a secondary role in determining the house price, complex mathematical transformation might 
result in less accurate parameter estimates (Palmquist, 1991). We tested the results of different 
functional forms in the present study and found that a simple log linear equation gave better results.  
 
The main attributes used in this study and their expected signs on determining house values are 
presented in Table 1. The signs of the estimated coefficients could be positive if the characteristic has 
positive impacts on property values and negative if the characteristic contributes to reducing the house 
values, 
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Table 1: Independent variables used in the HPM and their expected signs 
 
Variable Sign 
Structural characteristics  
   Bed - number of bed rooms + 
   Bath- number of bathrooms + 
   Garage - number of garage spaces + 
   Area - lot size (sq meters) + 
   UCV- unimproved capital values + 
   Pool - swimming pool, dummy: 1 if available, 0 otherwise + 
   Brick - dummy:1 if primary building material is only brick, 0 = otherwise  
   Mix - dummy:1 if primary building material is brick and wood, 0 = otherwise  
  
Neighborhood characteristics  
 D_School - road distance to nearest school (m) -/+ 
 D_Shop - road distance to nearest supermarket (m)  -/+ 
 MHI- medium household income (AUS $/weekly) + 
 MR- Medium rent (AUS $/weekly) + 
  
Environmental characteristics  
D_Park - Distance to nearest park (m)  - 
D_Green- Distance to green space area (m) + 
  
Other variables  
   D_2007-  dummy:1 if  Property sale took place in 2007, 0 = otherwise + 
   D_2008-  dummy:1 if  Property sale took place in 2008, 0 = otherwise + 
   D_2010-  dummy:1 if  Property sale took place in 2010, 0 = otherwise + 
   D_2011-  dummy:1 if  Property sale took place in 2010, 0 = otherwise + 

Note:  The main attributes used in this study and their expected signs on determining property value are 
presented in Table 1. The signs of the estimated coefficient could be positive if the characteristic has positive 
impacts on property value and negative if the characteristic contributes to reducing the property value.  
 

Lacking any formal measure of house size, the number of bedrooms (Bed), bathrooms (Bath) and 
number of garage space (Garage) act as a proxy for the dimension of the house. This may vary 
independently of land size. The garage space is deemed important as many households are now 
frequently in the possession of more than one automobile. This variable includes both lock up garages 
and carports as both provide shelter and an additional level of security to car owners. Area is simply 
the size of the property and is measured in square meters. The unimproved capital value (UCV) is a 
measure of the total value of the land without any structural improvements. The UCVs for properties 
in Queensland (Australia) are issued periodically by the Queensland Department of Environment and 
Resource Management. Pool indicates the presence of a swimming pool on the property.  
 
Distance to supermarkets (D_Shop), high schools (D_School) and parks (D_Park) represent access to 
community and commercial areas. Parks, here refer to playgrounds and recreational areas. While 
supermarket and school proximity may be considered a simple convenience, the proximity to parks 
represents a community amenity.  Distance to green space (Mt Archer National Park) is shown by 
D_Green. The dummy variables for year of sale (D_2007, D_2008, D_2010 and D_2011) are 
designed to capture price changes of the property market due to wildfires. Year 2009 is set as the base 
year. This is because the major wildfire in Rockhampton occurred in 2009. It should be noted here 
that only ‘normal’ real estate transactions were recorded for this study. Any transaction which listed a 
relationship between the buyer and seller or any government purchase of property was disregarded. 
Also disregarded were properties with land size greater than 3000m2. This approach follows Lewis et 
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al. (2008) who also point out that by removing larger lots the problem of inadvertently capturing the 
prices of potentially developable sites is avoided.  
 
The following log linear equation was found to give the best results. Accordingly, the model that is 
used to analyse the determinants of property values is given by Equation 3: 
 
𝑙𝑛𝐻𝑃 = 𝐶 +  𝛽1𝐵𝐸𝐷 + 𝛽2𝐵𝐴𝑇𝐻 + 𝛽3𝐺𝐴𝑅𝐴𝐺 + 𝛽4𝐴𝑅𝐸𝐴 + 𝛽5𝑈𝐶𝑉+𝛽6𝑃𝑂𝑂𝐿 + 𝛽7𝐵𝑅𝐼𝐶𝐾 +
𝛽8𝑀𝐼𝑋 + 𝛽9𝐷_𝑠𝑐ℎ𝑜𝑜𝑙 + 𝛽10𝐷_𝑠ℎ𝑜𝑝 + 𝛽11𝐷_𝑝𝑎𝑟𝑘 + 𝛽12𝐷_𝑔𝑟𝑒𝑒𝑛 + 𝛽13𝑀𝐻𝐼 + 𝛽14𝑀𝑅 +
𝛽15𝐷_2007 + 𝛽16𝐷_2008 + 𝛽17𝐷_2010 + 𝛽18𝐷_2011 + 𝑈.....................(3) 
 
It is often the case that in HP models, heteroskedasticity is present. If heteroskedasticity is present 
then estimators become inefficient and standard errors are inconsistent (Dougherty, 2007). In this 
study the Bruesch-Pagan test and a visual examination of residuals were used to diagnose 
heteroskedasticity.  
 
The analyses for the study are conducted in three stages. In the first stage, separate Ordinary Least 
Squares (OLS) models were estimated for the three suburbs using with and without year dummy 
variables. In the second stage of the analysis, we test for spatial autocorrelation using the Moran’s I 
test. For this purpose, longitudinal and latitudinal data for each property are collected. They are then 
translated into geographical coordinates using Cartesian coordinates in order to estimate the spatial 
weight matrix.  
 
Moran’s I statistic provides proof of spatial dependence which takes into account the level of spatial 
clustering or dispersion patterns. Moran’s I statistic ranges between -1 to +1 where -1 implies extreme 
negative spatial dependence (aggregation of dissimilar prices) and +1 implies extreme positive spatial 
dependence (clustering of similar prices). Moran’s I is estimated using the following Equation: 
 

                                         𝑀𝑜𝑟𝑎𝑛′𝑠 𝐼 =  
𝑛∑ ∑ 𝑤𝑖𝑗(𝑦𝑖−𝑦�)(𝑦𝑗−𝑦�)𝑛

𝑗=1
𝑛
𝑖=1

(∑ (𝑦𝑖 − 𝑦�)2𝑛
𝑖=1 (∑∑ 𝑤𝑖𝑗)𝑖≠𝑗

               (4) 

 
In Equation 4, 𝑦𝑖 is the market value of the property and 𝑦� is its mean value. 𝑊 is the spatial weight 
matrix, wi is used in the Spatial Autoregressive (SAR) model, the weighted average of which is 
typically referred to as a Spatial Lag Model (SLM) in Equation 5. We follow the spatial expression 
below in estimating the SAR model to correct for spatial dependence. Equation 5 provides the matrix 
representation of the general model.  
 

                                                      𝑍𝐿 =  𝜌𝑊𝑍𝐿−1 +  𝑋𝛽 + 𝑢                                 (5) 
     
In Equation 5, 𝑍𝐿 is the price of the property in location L and 𝑍𝐿−1 is the lag price of the adjacent 
locations.  𝑊 has the properties of  row standardized, symmetric and is an inverse distance weight 
matrix. Failing to include this lag price variable as an independent predictor has a significant 
impact on the model specification when spatial dependence is present (Moran’s I is 
significant). The spatial dependence parameter is shown by ρ. 𝑋 is a vector of independent 
variables and 𝛽’s are coefficients to be estimated 
 
As shown by Anselin (1988), spatial dependence is one of the main consequences of using geographic 
data, especially when the properties are located close to each other. This spatial dependence occurs 
when the price of a property located in a particular suburb is determined both by its own 
characteristics and the characteristics of nearby properties as well. In this study, spatial dependence is 
investigated estimating four different models namely Geographically Weighted Least Squares 
(GWR), Spatial Error Model (SEM), Spatial Lag Model (SLM) and Spatial Mixed Model (SMM).  
 
This study uses data collected from several sources. House sales occurring between January 2007 and 
December 2011 are considered. The primary source of data was the subscription-based online real 
estate database, RPdata (http://rpdata.com.au). RPdata provides commercial and residential real estate 
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information for Australia and New Zealand and is updated almost on a daily basis. The database 
covers 99 per cent of Australia and obtains its data directly from the Valuer Generals Office of each 
state. Rpdata consistently provides information on house sale price, date, location, bedrooms, 
bathrooms, land size and the unimproved capital value (UCV) of the property. Information regarding 
garage space and swimming pools is not consistently provided for every property transaction on the 
database. Where information regarding these factors was absent, pictures obtained from Rpdata and 
google maps were used to individually assess their presence and quantity (garages). Due to the 
extensive coverage of ‘google street view’, obtaining this information for almost all transactions was 
possible. In a few cases this information could not be obtained. Hence, this sales transaction was 
dropped from the study sample. 
 
All distance-based measurements used in the models were obtained using google maps Australia. 
Google maps allow users to calculate the road or walking distance between any two locations by 
entering each address into the directions tab on the website. For all socioeconomic data, the Australian 
Bureau of Statistics (ABS) 2006 census data was used. Data on median household income ($/weekly) 
was also obtained from the 2006 census data. For privacy reasons it is not possible to obtain income 
information on individual households, hence census collection districts were used. A census collection 
district is the smallest geographical area for which census statistics are calculated, with each district 
containing approximately 220 dwellings. All of the collected data was merged to create a unique and 
comprehensive data set. The final data set contains 946 observations, 436 from Frenchville, 296 from 
Park Avenue and 210 from Norman Gardens. This level of observations is large enough to satisfy the 
asymptotic assumptions of the OLS model. 
 
5. Results and discussion 
Tables 2, 3 and 4 present the descriptive statistics of the variables used to estimate the regression 
model(s). It is clear that the minimum and maximum house values in Frenchville are $160,000 and 
$905,000 respectively. Mean house value for the same suburb is $350,746, while the average land size 
is 762 m2. The average number of bedrooms and bathrooms are 3.4 and 1.4 respectively. 
Approximately 21 per cent of houses have swimming pools. The distance variables are particularly 
interesting in this study. Average distance to high school and supermarket are approximately 2.1 Km 
and 1.9 Km respectively. Average distance to Mt Archer National Park/ green space (the source of 
wildfire) is low compared to the other distance variables. The distance is 150.35 meters. The average 
distance to nearest park is approximately 843 meters. These average figures can be compared with 
Park Avenue and Norman Gardens. The minimum and maximum house values in Park Avenue are 
$60,000 and $692,500 respectively, while they are $210,000 and $730,000 for Norman Gardens. 
Mean house values for Park Avenue are $266,918, and average land size is 738m2 while they are 
$372,171 and 715m2 respectively for Norman Gardens. The average number of bedrooms and 
bathrooms for Park Avenue are 3 and 1.2 respectively while they are 3.5 and 1.5 for Norman Gardens. 
Approximately 7 per cent of houses in Park Avenue have swimming pools and 14 per cent have 
swimming pools in Norman Gardens. Average distance to high school and supermarket are 
approximately 2.4 Km and 3.7 Km respectively for Park Avenue and 6.3 Km and 1.08 Km for 
Norman Gardens. The average distance to nearest park is approximately 1.1 Km for Park Avenue and 
it is 887 meters for Norman Gardens. Note that distance to Mt Archer National Park/ green space (the 
source of wildfire) is not provided for Norman Gardens and distance to Fitzroy River (the source of 
flooding) is not provided for Park Avenue.  This was omitted for lack of time.  The work will be 
undertaken in due course. 
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Table 2: Descriptive statistics of estimated variables in Frenchville 

 
Variable  Minimum  Maximum  Mean  Std. Dev.  
HP  160,000.00 905,000.00 350,764.30 99307.79 
Bed  2.00 6.00 3.44 0.70 
Bath  1.00 4.00 1.48 0.58 
Garage  0.00 5.00 1.81 0.70 
Area  224.00 2907.00 762.15 280.50 
UCV  92,000.00 222,500.00 124,897.94 21994.34 
Pool 0.00 1.00 0.21 0.41 
Brick 0.00 1.00 0.59 0.49 
Mix 0.00 1.00 0.47 0.56 
D_school 230.00 4,700.00 2,113.00 905.84 
D_shop 45.00 4,700.00 1,968.60 791.30 
D_park 20.00 2,800.00 843.38 455.06 
D_green 5.00 642.00 150.35 115.45 
MHI 941.00 1,678.00 1,309.70 203.73 
MR 135.00 270.00 177.63 33.45 
D_2007 0.00 1.00 0.09 0.28 
D_2008 0.00 1.00 0.28 0.45 
D_2010 0.00 1.00 0.21 0.41 
D_2011 0.00 1.00 0.14 0.34 

Note: all definitions of the variables and measurement units are given in Table 1. 
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Table 3: Descriptive statistics of estimated variables in Park Avenue 
 
Variable  Minimum Maximum Mean Std. Dev. 
HP  60,000.00 691,500.00 266,918.24 65,271.96 
Bed  1.00 5.00 3.03 0.72 
Bath  1.00 4.00 1.23 0.50 
Garage  0.00 5.00 1.36 0.90 
Area  92.00 2023.00 738.16 207.94 
UCV  0.00 139,000.00 80,510.15 19,759.48 
Pool 0.00 1.00 0.07 0.26 
Brick 0.00 1.00 0.16 0.37 
Mix 0.00 1.00 0.26 0.44 
D_school 170.00 5,200.00 2,396.96 1,468.93 
D_shop 2,000.00 5,500.00 3,751.69 577.54 
D_park 50.00 3,400.00 1,111.72 638.06 
MHI 790.70 1,116.10 992.25 94.01 
MR 126.00 155.00 146.67 6.32 
D_2007 0.00 1.00 0.22 0.41 
D_2008 0.00 1.00 0.18 0.38 
D_2010 0.00 1.00 0.17 0.38 
D_2011 0.00 1.00 0.14 0.35 

Note: all definitions of the variables and measurement units are given in Table 1. 
 
Table 4: Descriptive statistics of estimated variables in Norman Gardens 

Variable  Minimum  Maximum  Mean  Std. Dev.  
HP  210000.00 730000.00 372171.42 94899.38 
Bed  2.00 6.00 3.51 0.71 
Bath  1.00 3.00 1.49 0.51 
Garage  1.00 4.00 1.82 0.63 
Area  214.00 1994.00 715.46 178.12 
UCV  0.00 217500.00 111754.83 224772.96 
Pool 0.00 1.00 0.14 0.35 
Brick 0.00 1.00 0.73 0.44 
Mix 0.00 1.00 0.20 0.40 
D_school 5400.00 7200.00 6377.14 574.12 
D_shop 100.00 2400.00 1085.52 480.37 
D_park 100.00 1900.00 889.09 438.41 
MHI 1069.00 1390.00 1128.02 14.40 
MR 150.00 185.00 168.02 14.40 
D_2007 0.00 1.00 0.26 0.44 
D_2008 0.00 1.00 0.23 0.42 
D_2010 0.00 1.00 0.09 0.28 
D_2011 0.00 1.00 0.19 0.39 

Note: all definitions of the variables and measurement units are given in Table 1. 
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As discussed earlier, in the first stage of the analysis, separate OLS models were estimated for the 
three suburbs without a year dummy. The purpose of this analysis was to identify the impact of 
household, neighbourhood and environmental characteristics on property values in the study period. 
Once this analysis was completed, we introduced year dummies to estimate the same models. The 
results for each of the three suburbs are shown as Model 1 (without year dummies) and Model 2 (with 
year dummies) in Table 5. The regression results show that most of the estimated coefficients have 
their expected signs and most of them are statistically significant at 1, 5 and 10 per cent levels.  
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Table 5: OLS Regression results of the estimated HP values models  

Variables Frenchville 
Model 1 

Frenchville 
Model 2 

Park Avenue 
Model 1 

Park Avenue 
Model 2 

Norman Gardens 
Model 1 

Norman Gardens 
Model 2 

Constant 11.667(183.96)* 11.649(186.56)* 10.986(24.15)* 11.153(25.29)* 11.384(35.44)* 11.578(35.93)* 
Bed  0.037(3.54)* 0.035(3.45)* 0.079(4.19)* 0.075(4.15)* 0.033(1.59)**** 0.376(1.82)*** 
Bath  0.095(6.72)* 0.102(7.27)* 0.070(2.45)** 0.056(2.04)** 0.089(3.37)* 0.087(3.38)* 
Garage  0.018(2.02)** 0.018(2.03)** 0.048(3.42)* 0.052(3.77)* 0.009(0.57) 0.011(0.64) 
Area  1.15E-04(3.36)* 1.09E-04(3.23)* 1.68E-04(2.48)** 1.35E-04(2.03)** 2.51E-06(1.16) 1.1E-04(1.38)**** 
UCV  3.03E-06(5.27)* 3.08E-06(5.46)* 8.12E-07(1.08) 1.57E-07(2.14)** 9.4E-05(3.81)* 2.49E-06(3.83)* 
Pool 0.050(3.08)* 0.053(3.35)* 0.048(0.95) 0.068(1.35)**** 0.051(1.79)*** 0.036(1.30)**** 
Brick 0.112(6.72)* 0.113(6.84)* 0.145(3.83)* 0.158(4.35)* 0.095(2.24)** 0.118(2.79)* 
Mix 0.047(2.26)** 0.047(2.26)** 0.082(2.51)** 0.088(2.79)* 0.030(0.66) 0.046(1.03) 
D_school 3.88E-06(0.43) 3.96E-06(0.45) -0.17E-05(-1.83)*** -1.92E-05(-2.04)** 1.02E-04(2.61)* 8.87E-04(2.21)* 
D_shop -1.17E-06(-0.08) -6.40E-06(-0.47) 3.31E-05(1.30)**** 1.64E-05(0.67) 1.4E-05(0.48) 2.9E-05(0.98) 
D_park 4.47E-05(2.31)** 5.54E-05(2.90)* 1.95E-05(0.89) 2.19E-05(1.03) 1.1E-04(3.44)* 9.7E-04(3.18)* 
D_green 6.65E-06(0.11) 2.66E-06(0.04) - - - - 
MHI 2.03E-04(3.44)* 2.09E-04(3.56)* 3.87E-04(2.20)** 3.51E-04(2.07)** 3.3E-04(1.32) 2.26E-04(0.88) 
MR -3.00E-04(-1.06) -2.55E-04(-0.92) 2.81E-03(1.14) 2.08E-03(0.88) -0.003(-2.17)** -0.003((-2.53)** 
D_2007 - 0.065(2.79)* - 0.136(4.02)* - 0.031(1.12) 
D_2008 - 0.021(1.32)**** - 0.029(0.82) - 0.009(0.30) 
D_2010 - -0.022(-1.26)**** - -0.041(-1.11) - 0.074(1.92)*** 
D_2011 - -0.047(-2.40)** - -0.047(-1.22) - 0.101(3.27)* 
Adjusted R2 0.730 0.742 0.454 0.420 0.660 0.676 
N 436 436 296 296 210 210 

Note: The asterisks *,**, *** and **** denote significant variables under 1, 5, 10 and 20 per cent level of significant respectively.  The t and z ratios are shown in the 
parenthesis.
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The estimated OLS model was tested for the presence of heteroskedasticity. The Bruesch-Pagan test 
for heteroskedasticity accepts the null hypothesis of constant variance. With 436 observations in 
Frenchville, the estimated model is considered to be able to reasonably represent the data profiles. The 
models explain about 73 per cent of variations in the property values. All the examined coefficients 
except the GARAGE variable under structural characteristics are significant at 1 per cent level. Result 
shows that brick and ‘mix’ houses are relatively more expensive than timber houses. In this model the 
slope coefficients with respect to the number of bedrooms, number of bathrooms, number of garages, 
availability of swimming pool, size of the land area and the value of unimproved capital assets 
measure the constant proportional or relative change in property values for a given absolute change in 
the value of each variable (Greene, 1997). For example, the coefficients with respect to the number of 
bedrooms and bathrooms are 0.035 and 0.102 respectively. This implies that when the number of 
bedrooms and bathrooms increase by 1, property values will increase by 3.5 and 10.2 per cent 
respectively. Of the neighbourhood characteristics, median household income is significant while 
median rent is not statistically significant. Distance to school variable is not statistically significant.  
Distance to park is significant, but has a positive sign. The positive signs in these two variables could 
be due to short driving distance to these amenities. This is especially the case with high school where 
students can also use public transport. Distance to supermarket has a negative sign, but is not 
significant in the model. Distance to Mt Archer National Park/green space (source of wildfires) 
variable is also not significant, but has the correct sign. Will more data in the sample, this variable is 
likely to be significant. We have used 2009 as the base year for creating dummy variables. It shows 
that house prices before 2009 were increasing. Furthermore, after 2009 property prices have fallen for 
Frenchville.  
 
We have used 296 observations for the Park Avenue sample. This model explains about 42 per cent of 
variations in the property values. The regression results show that most of the estimated coefficients 
have their expected signs and are statistically significant at the 1 per cent level. A few variables are 
significant under the 5 per cent and 10 per cent level of significance and have the correct signs. Most 
of the examined coefficients under structural characteristics are significant at 1 per cent level. Of the 
neighbourhood characteristics, median household income is significant while median rent is not 
statistically significant. Distance to school is not statistically significant.  Distance to park is 
significant, but has a positive sign.  This could be due to the driving distance is only 1.1 km. 
Similarly, distance to supermarket has a positive sign and is not significant in the model. As was done 
for Frenchville, we used 2009 as the base year for creating dummy variables. It shows that property 
prices before 2009 were increasing for both years. However, after 2009 property prices have fallen. 
The results are not statistically significant. The fall in prices in 2010 could be attributed to the GFC. 
However, after the floods in December 2010, it is likely that the fall in prices can also be attributed to 
the floods. With more data for 2010 and 2011 this variable is likely to be significant and the impact of 
the floods could be seen if 2012 is also included in the analysis. This will be undertaken shortly. 
 
For the control site (Norman Gardens), 296 observations were used. This model explains about 67 per 
cent of variations in the property values. The regression results show that most of the estimated 
coefficients have their expected signs and are statistically significant at the 1 per cent level. A few 
variables are significant under the 5 per cent and 10 per cent level of significance and have the 
expected signs. For the control site, too, we used 2009 as the base year to create the dummy variables. 
It shows that before 2009, house prices were positive (increasing) and post 2009 house prices have 
continued to increase. The dummy variables for year 2010 and 2011 year are significant under 20 and 
1 per cent respectively.  
 
In addition to the OLS analyses, we also estimated Geographically Weighted Regression (GWR) 
models. GWR is an auxiliary regression which checks for the robustness of the spatial models used in 
this study. GWR is similar to the other spatial models where the data points are measured across 
Cartesian coordinates using the converted geographical coordinates. However, unlike in the Spatial 
Autoregressive (SAR) and the Spatial Error (SEM) model, in GWR, the spatially distributed 
observations are weighted across Cartesian coordinate points through ‘north and east’ (Brunsdon et 
al., 1996).  Hence the GWR estimates are less reliable as they do not consider the inverse distance 
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relationship and the dependent variable is not weighted using a specific spatial weight matrix. This 
does not provide spatial dependent parameters as it is done in SAR and SEM. However, GWRs are 
estimated to support the OLS results.  As Table 6 shows, the results are similar to OLS estimates. 
 

Table 6: The results of the GWR for three suburbs 

Variables Frenchville Park Avenue Norman Gardens 
Constant 11.669(186.50)* 11.153(25.29)* 11.578(35.93)* 
Bed  0.035(3.45)* 0.075(4.15)* 0.037(1.82)*** 
Bath  0.102(7.27)* 0.056(2.04)** 0.087(3.38)* 
Garage  0.018(2.03)** 0.052(3.77)* 0.011(0.64) 
Area  1.09E-04(3.23)* 1.35E-04(2.03)** 1.1E-04(1.38)**** 
UCV  3.08E-06(5.46)* 1.57E-06(2.14)** 2.49E-06(3.83)* 
Pool 0.053(3.35)* 0.068(1.35)**** 0.036(1.30)**** 
Brick 0.112(6.84)* 0.158(4.35)* 0.118(2.79)* 
Mix 0.047(2.35) )*** 0.088(2.79)* 0.046(1.03) 
D_school 3.96E-06(0.45) -1.92E-05(-8.04)* 8.87E-04(2.29)* 
D_shop -6.40E-06(-0.47) 1.64E-05(0.67) 2.9E-05(0.98) 
D_park 5.54E-05(2.2.90)* 2.19E-05(1.03) 9.7E-04(3.18)* 
D_green 2.66E-06(0.14) - - 
MHI 2.09E-04(3.56)* 3.51E-04(2.07)** 2.26E-04(0.88) 
MR -2.55E-04(-0.92) 2.08E-03(0.88) -0.003((-2.53)** 
D_2007 0.065(2.79)* 0.136(4.02)* 0.031(1.12) 
D_2008 0.021(1.32)**** 0.029(0.82) 0.009(0.30) 
D_2010 -0.022(-1.26)**** -0.041(-1.11) 0.074(1.92)*** 
D_2011 -0.047(-2.40)** -0.047(-1.22) 0.101(3.27)* 
Adjusted R2 0.742 0.420 0.676 
N 436 296 210 

Note: The asterisks *,**, *** and **** denote significant variables under 1, 5, 10 and 20 per cent level of 

significance respectively.  The t and z ratios are shown in the parenthesis. 

 

In the third stage of the analysis, we examined the existence of spatial autocorrelation for the three 
samples. Moran I test results for spatial correlation showed that there is no spatial correlations for the 
Frenchville and Park Avenue suburb data. However, the Moran I value is significant at 1 per cent 
level for the Norman Gardens sample. Hence, from the results it can be concluded that there is no 
spatial correlation in the Frenchville and Park Avenue suburb data.  In the next stage of the analysis, 
SEM, SLM and SMM are estimated and Robust Lagrange multiplier tests are used to determine the 
best model for the interpretation of the coefficients. A comparison of Lagrange multiplier tests shows 
that SEM is the best model for the interpretation of coefficients for the Norman Gardens sample data. 
Although a SEM is not required for Frenchville and Park Avenue suburbs, we show the estimates of 
SEM as well in Table 7 for comparison purposes. 
 
  



16 
 

Table 6: Regression results of the estimated SEM models  

Variables Frenchville Park Avenue Norman Gardens 
Constant 11.649(190.57)* 11.151(25.30)* 11.443(31.75)* 
Bed  0.035(3.53)* 0.076(4.33)* 0.033(1.85)*** 
Bath  0.102(7.44)* 0.052(3.89)** 0.082(3.48)* 
Garage  0.018(2.07)** 0.052(3.89)* 0.015(1.00) 
Area  1.09E-04(3.30)* 1.33E-04(2.05)** 1.05E-04(0.26) 
UCV  3.01E-06(5.58)* 1.61E-06(2.21)** 2.77E-06(4.60)* 
Pool 0.053(3.42)* 0.067(1.39)**** 0.037(1.53)**** 
Brick 0.112(6.98)* 0.156(4.40)* 0.095(2.52)* 
Mix 0.047(2.39)** 0.086(2.82)* 0.036(0.91) 
D_school 3.96E-06(0.46) -2.00E-05(-2.13)* 1.07E-04(2.45)* 
D_shop -6.41E-06(-0.48) 1.90E-05(0.75) 2.36E-05(0.74) 
D_park 5.54E-06(2.97)* 2.08E-05(0.96) 7.13E-04(1.77)** 
D_green 2.67E-06(0.05) - - 
MHI 2.09E-04(3.64)* 3.44E-04(2.01)** 2.49E-04(0.98) 
MR -2.55E-04(-0.94) 1.90E-03(0.75) -0.002((-1.91)** 
D_2007 0.065(2.84)* 0.136(4.18)* 0.037(1.48)**** 
D_2008 0.021(1.35)**** 0.028(0.82) 1.4E-04(0.01) 
D_2010 -0.022(-1.29)**** -0.043(-1.19) 0.062(1.79)*** 
D_2011 -0.047(-2.46)** -0.048(-1.29)**** 0.065(2.20)** 
Variance Ratio 0.753 0.457 0.620 
Lambda 0.001(0.01) 0.087 (0.78) 0.499(4.25)* 
N 436 296 210 

Note: The asterisks *,**, *** and **** denote significant variables under 1, 5, 10 and 20 per cent level of 

significance respectively.  The t and z ratios are shown in the parenthesis. 

 

It is clear that the results are comparable with OLS and GWR models and all parameters 
show almost identical coefficient values for the same variables. SEM estimates, too, have the 
same signs as the OLS and GWR models and most are statistically significant at the 1 per 
cent level. A few variables are significant under the 5 per cent and 10 per cent level of 
significance. 
 
In addition to the above results we also report the buyers’ WTP values for selected 
(significant) attributes. WTP is estimated using OLS results for Frenchville and Park Avenue 
data while SEM results are used for Norman Gardens data. They are shown in Table 7. For 
example, the WTP for an additional bedroom and bathroom will increase the house value by 
approximately AUS $12,530 and AUS $35,875 for the suburb of Frenchville. A swimming 
pool will increase the value of a house by approximate AUS $18,698. The WTP figures for 
the other two suburbs can also be interpreted in the same way. 
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Table 7: Estimated WTP values for selected attributes 
Variable WTP values (AUD $) 

Frenchville Park 
Avenue 

Norman 
Gardens 

An additional bedroom 12,530 20,165 12,604 
An additional bathroom 35,875 15,128 30,549 
An additional garage 6,408 13,948 5,652 
Availability of swimming pool  18,698 18,167 14,133 
Additional one sq meter of land 38 36 8 
Increasing UCV by  AUD $ 1 1.1 0.42 1.03 
House made of bricks compared to wood 39,523 42,439 35,579 
House made of bricks and wood compared to only wood 16,804 23,514 13,417 
Increasing median household income by AUD $ 1 74 93 92 
House value change in 2007 compared to 2009 22,959 36,304 13,794 
House value change in 2008 compared to 2009 7,507   
House value change in 2010 compared to 2009 -7,799  23,088 
House value change in 2010 compared to 2009 -16,746  24,437 
 

Furthermore, when UCV increases by one unit, property value increases by AUD $1.1 and an 
additional square meter of land increases the house value by AUD $38. House values in 2007 and 
2008 are clearly higher than 2009. As can be seen in Table 7, house prices recorded negative signs in 
2010 and 2011 for the suburb of Frenchville. Negative signs were also recorded for the suburb of Park 
Avenue, but were statistically insignificant. This implies that properties which were sold after the 
wildfires in 2009 have recorded lower values. The regression results show that the average property 
value loss in 2011 is approximately $16,746. In other words, the results of this study provide some 
evidence to conclude that wildfires decreased the average house values by 4.7 per cent in 2011 when 
compared to the average house values before wildfires in 2009. On the other hand, Norman Gardens 
(control site), which was not affected greatly by wildfires and floods, shows an increase in house 
prices. The results clearly show that residents are WTP more to live in a suburb that is largely 
unaffected by natural hazards, while they are WTP less to reside in a suburb that has been affected by 
wildfires. 
 
6. Conclusions and policy implications 
 
In the paper we examined the impact of natural disasters (especially in relation to wildfires) on house 
prices after such events.  For this purpose we selected the Rockhampton region in central Queensland, 
Australia. This region is ideal for a study of this nature because wildfires and floods have occurred in 
the same locality, one year apart affecting different suburbs. A major wildfire affected the suburb of 
Frenchville (and a few other suburbs) in October 2009 which was followed by floods at the end of 
December 2010 affecting suburbs adjacent to Frenchville. We selected one such suburb (Park 
Avenue) to test our hypothesis that house prices in natural disaster affected areas are likely to fall (at 
least in the short term) after such an event. On the other hand, we hypothesized that those suburbs (in 
the same area) which suffer less damage are likely to witness an increase in house prices simply 
because buyers will be willing to pay more to live in more secure areas. The control site selected is 
Norman Gardens which borders Frenchville and Park Avenue. Only a small area of Norman Gardens 
was threatened by wildfires. 
 
The regression results show that all structural variables are significant. These findings are consistent 
with other empirical studies (Weicher et al. 1982; Sirpal, 1994; Des Rosiers et al. 1996; Tyrvainen, 
1997; Sirmans et al. 2005; Hui et al. 2007; Jim and Chen, 2009). The results show that in addition to 
the number of bedrooms, bathrooms and carports, the availability of facilities such as a swimming 
pool has a large impact on property prices. The results further show that brick and ‘mix’ houses are 
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relatively more expensive than timber houses. Interestingly, the distance to wildfire risk area (which is 
also the distance to green space) has a positive sign and is not statistically significant. This implies 
that as the distance to green space (forest) increases, the house values increase.  
 
Apart from the above results, the before (years 2007 and 2008) and after (2010 and 2011) results are 
interesting. The regression results clearly show that house prices were increasing before the two 
natural disasters (2007 and 2008) in all the three suburbs. However, the results clearly show that after 
the natural disasters (2010 and 2011), house prices have shown a decline in the affected areas. This is 
at least the case for the wildfire affected suburb of Frenchville. The fall in prices could also have been 
exacerbated by the GFC. The results for the flood affected suburb (which are less conclusive) also 
show a decline in property prices. However, this could at least in part be attributed to the GFC since 
floods affected this suburb only at the end of 2010, but are statistically insignificant. Interestingly, the 
control site records an increase in house prices in 2010 and 2011. These results provide some 
evidence to argue that buyers are willing to pay more to live in natural disaster secure areas and vice 
versa. However, we believe that a complete data coverage for each of the suburbs considered is 
necessary and include more years (i.e. 2006 and 2012) to make the current findings more robust. 
Capturing the severity of wildfires and floods in the analysis may also strengthen the arguments.  
 
The results have several policy implications. What the results show is that affected suburbs have 
lower property values.  This means that in the case of bushfires, any avertive action taken can lead to 
decreased fires and hence increase property values. Avertive action can include back burning for 
which a council levy for affected suburbs can be charged.  Furthermore, insurance companies can also 
contribute towards mitigation efforts. In the case of areas subject to frequent flooding, it is important 
to weigh the costs and benefits of rebuilding. In some areas it might be best to convert such areas into 
green spaces.  Furthermore, the study also shows the importance of disclosing natural disaster affected 
areas to potential buyers so that the purchase price reflects the true costs of living in disaster prone 
areas. 
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Abstract 

Dr. Marlene Kanga FIEAust, CPEng FIPENZ FAICD 

THE IMPORTANCE OF SYSTEMATIC NATURAL DISASTER RISK 
MANAGEMENT 
 
The increasing trend in the number and severity of natural disasters has increased the level of 
devastation and loss to people all around the world. These events threaten the sustainable 
development and security of people. The application of sound principles of systematic natural 
disaster risk management is therefore becoming increasingly important.  

This presentation will provide an overview of systematic natural disaster risk management 
methods and the role of including structural measures, policy and planning. The use of such 
measures is important for all countries but especially less developed ones where widespread 
damage after a natural disaster has a significant human and economic cost.  

Approaches to natural disaster risk management used by in different parts of Australia will be 
presented as case studies to demonstrate the benefits of good practices for sustainable 
development. 

The establishment of an international committee under the auspices of the World Federation 
of Engineering Organisations Committee for Disaster Risk management to share resources, 
especially with developing countries to build resilience in this area, will be discussed.  
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Natural events that cause deaths, injuries and property damage are identified as emergencies, natural dis-
asters, catastrophes, calamities and cataclysms. We will define these levels in the order given as being of in-
creasing seriousness. Selected natural events that are planned to be included in the comparative study include 
earthquake, flash flood, flood, forest fire, landslide, cyclone, lightning, tornado, meteoroid strike, tsunami and 
volcano eruption. The comparative analysis will focus on clear definitions; analysis of probability of occur-
rence; intensity; region of impact; deaths and major injuries. 

 
   Key Words: Natural Disasters, Catastrophe, Calamity, Cataclysm, Disaster definitions, Compar-

ative-analysis, Classification 
 

 
 
1. INTRODUCTION 
 
The temporal and spatial distribution of disasters gives an overall picture about various occurrences in the 
world. The severity of these events depends on many factors.  The literature uses different terminology such as 
disaster, catastrophe to describe the nature of these events. But, these terms do not give a clear sense of scale as 
there is no consistent method to distinguish them from one another. The vocabulary, context and the inter-
pretations of each term is not fixed in the literature.1) In this paper, the term ‘disaster’ is used as a general word 
to represent event occurrences, although it is also recognized as a specific term under the classification in 
Section 4. 
 
The lack of a common terminology to identify the scale is a major issue in disaster related information man-
agement and processing2). This can lead to “…inconsistent reliability and poor interoperability of different 
disaster data compilation initiatives”3).  For example, the term ‘disaster’ may be different from one database to 
the other and therefore a given event occurrence is recognized as a ‘disaster’ in one database while another 
database records it as a ‘catastrophe’. The nature of the disaster (whether it is primary or secondary) is a main 
issue that raises problems in distinguishing one disaster from the other. One disaster may lead to another 
disaster resulting in conjoint disaster records and therefore the separation of the impact of of one type of dis-
aster from the other can be problematic. Different databases that follows different entry criteria, may give 
different interpretations for the same event3). Moreover, databases that compile disaster events at the country 
level face issues with disasters that have impacts at the regional or continental level. The same disaster event 
can have very different impacts in each country4) and thus the interpretation of scale for the same event can be 
different from one country to the other.  
 
With these deficiencies that degrade the quality of the dataset, comparison of different events and obtaining a 
sense of scale are problematic and disaster managers may face inconsistencies in identifying the hazard po-
tential, responding to the event properly and allocating resources for mitigation measures5). Further, disaster 
compensation and insurance policies may not manifest a clear basis when there are deficiencies1). These issues 
support the need to develop a consistent scale to understand the disaster continuum and develop a flat form for 
reliable and transparent data management process that facilitates relative comparison among various degrees 
of disasters4)&5).  
 
The objective of this research is to initiate the development of a scale or scales to recognize natural disaster 
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events considering various parameters such as event magnitude, number of fatalities, affected population and 
impact area. We intend to use a statistically sound methodology to analyze past disaster records in developing 
a multidimensional scale that can be used for all types of disasters at different levels. As an initial step of this 
scale development process, we present a rough scale derived by analyzing the top ten fatality records for a 
selected set of disasters.  
 
Section 2 of this paper reviews various disaster definitions and proposes a clear set of definitions for the terms 
emergency, disaster, catastrophe, calamity and cataclysm.  Section 3 presents a detailed profile about the ori-
gins and triggers of various disasters. In this section, we begin the analysis of the deadliest events reviewing 
physical aspects, prediction/detection, impact and mitigation measures for a selected set of disasters. The top 
ten fatality records of these disasters are used to conduct a comparative analysis and develop a fatality based 
scale in Section 4. Section 5 concludes the overall analysis.  
 
 
2. REVIEW OF DISASTER DEFINITIONS  
 
The words disaster, catastrophe, calamity and cataclysm are used commonly in describing natural disasters of 
various magnitudes. The definitions of these terms as given by well known dictionaries are given in Table 1. 
We note that the words are used interchangeably. For example, the Oxford Dictionary describes a disaster as a 
catastrophe, and then defines catastrophes and calamities as disasters. Google describes a disaster as a catas-
trophe and a calamity as a disaster. On the basis of the descriptions and definitions given in Table 1, and 
commonly accepted understandings, we propose the following definitions of natural events. It is considered to 
be understood that each of the following refers to natural events that cause at least one fatality. 
 
EMERGENCY: A sudden natural event that causes damage, injuries and some fatalities 
 
DISASTER: A major natural event that causes significant damage, and many serious injuries and fatalities 
 
CATASTROPHE: A large scale natural disturbance that causes severe destruction, major amount of injuries 
and extensive fatalities 
 
CALAMITY: A very large scale natural disturbance that causes widespread destruction, massive amount of 
injuries and a great loss of life 
 
CATACLYSM: An extremely large scale natural upheaval, that causes widespread devastation, uncountable 
amount of injuries and unimaginable loss of life 
 
 
We have carefully avoided using the five words above to describe each other; rather we take the position that the 
order in which the words are arranged above from top to bottom is the commonly accepted understanding of the 
increasing severity of the events. There is increasing seriousness from ‘event’ to ‘disturbance’ to ‘upheaval’; from 
‘damage’ to ‘destruction’ to ‘devastation’, from ‘serious’ to ‘major’ to ‘massive’ to ‘uncountable’; and ‘many’ to 
‘extensive’ to ‘great’ to ‘unimaginable’. 
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Dictionary  Emergency Disaster  Catastrophe  Calamity Cataclysm  

Oxford6) A serious, unexpected, and 
often dangerous situation 
requiring immediate action 

A sudden accident or a natu-
ral catastrophe that causes 
great damage or loss of life  

An event causing great and 
usually sudden damage or 
suffering; a disaster  

An event causing great and 
often sudden damage or dis-
tress; a disaster  

A large-scale and violent event 
in the natural world  

Merriam- 
Webster7) 

An urgent need for assistance 
or relief  

A sudden calamitous event 
bringing great damage, loss, or 
destruction  

• A violent and sudden change 
in a feature of the earth 

• A violent usually destructive 
natural event (as a supernova)  

A disastrous event marked by 
great loss and lasting distress 
and suffering  

• Flood, deluge 
• Catastrophe 

Diction-
ary.referenc
e.com8) 

A state, especially of need for 
help or relief, created by som
e unexpected event 

A calamitous event, especially 
one occurring suddenly and 
causing great loss of life, 
damage, or hardship, as a 
flood, airplane crash, or busi-
ness failure.  

• A sudden and wide-
spread disaster 

• Geology. A sudden, violent 
disturbance, especially of a 
part of the surface of the 
earth; cataclysm.  

A great misfortune or disaster, 
as a flood or serious injury. 

• Physical Geography. A sudden 
and violent physical action 
producing changes in the earth's 
surface. 

• An extensive flood; deluge. 

Google 
Glossary9) 

A serious, unexpected, and 
often dangerous situation 
requiring immediate action. 

A sudden event, such as an 
accident or a natural catas-
trophe, that causes great 
damage or loss of life.  

An event causing great and 
often sudden damage or suffer-
ing  

• An event causing great and 
often sudden damage or dis-
tress; a disaster. 

• Disaster and distress  

A large-scale and violent event 
in the natural world. 

Thefreedic-
tion-
ary.com10) 

• A serious situation or occur-
rence that happens unex-
pectedly and demands im-
mediate action. 

• A condition of urgent need 
for action or assistance 

An occurrence causing wide-
spread destruction and distress; 
a catastrophe  

• A great, often sudden calamity  
• A sudden violent change in the 

earth's surface; a cataclysm 

An event that brings terrible 
loss, lasting distress, or severe 
affliction; a disaster  

• A violent upheaval that causes 
great destruction or brings 
about a fundamental change. 

• A violent and sudden change in 
the earth's crust. 

• A devastating flood.  

Wikipe-
dia11) 

A situation that poses an 
immediate risk to health, life, 
property or environment 

A natural or man -made hazard 
resulting in an event of sub-
stantial extent causing signifi-
cant physical damage or de-
struction, loss of life, or drastic 
change to the environment.  

An extremely large-scale dis-
aster, a horrible event. 

A disaster, a terrible event • Any catastrophic geological 
phenomenon (volcanic erup-
tion, earthquake), the result of a 
sudden release of energy in the 
Earth's crust that creates seis-
mic waves 

• More generally any 
large-scale disaster 

Table 1 Disaster Definitions  
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3. DISASTER PROFILE AND ANALYSIS OF DEADLIEST DISASTER EVENTS 
 
A disaster profile developed based on the nature of triggering events, as proposed in the given references3) &4), 
is shown in Figure 1. The very basic classification of disasters is based on whether the event is natural or 
human-induced. Natural disasters can be grouped based on the origin namely; biological, geophysical, hy-
drological, climatological and extraterrestrial events. Further classification into main type, sub-type and 
sub-sub type divides broad disaster groups to specific disaster types.  
 

 
Figure. 1 Disaster Profile  

 
 
In the  continuing discussion, we consider only the natural disaster events, and a selected set from the above 
profile are used for the comparative analysis. These disaster events are shown in Table 2. To analyze a global 
level dataset and minimize regional specificities, we ignore the winter disaster events that are specific to  
countries in cold regions. However, we will continue to study them for inclusion in future classifications. 
Further, slow-moving disasters such as droughts are not considered in this analysis as they do not usually  
cause direct fatalities and in many cases it is a secondary cause that leads to fatal incidents. Slow moving 
disasters including pandemics will also continue to be studied. Further, we include the falling of  “meteoroids” 
that has gained much attention after the Russian meteor strike in 2013 that injured more than 1,000 people.   
 
The intention of the comparative analysis is to increase our understanding of  how one disaster is different from 
another considering several factors. Table 2 provides definitions, magnitude and frequency information about 
the disaster set. Table 3 elaborates how these events are predicted or detected and the estimated time interval 
from detection to the actual occurrence. Analyzing the disaster events in recorded history, Table 4 highlights 
the highest cases of fatalities, injuries, impact area and economic loss for each disaster type.  Table 5 discusses 
mitigation measures to cope with these disaster events.  
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Type 
Physical Aspects  

Definition Magnitude Occurrence (Frequency/No. of Events) 
Cyclone 
/Hurricane/ 
Storm Surge 

An intense tropical weather system with a well defined 
circulation and maximum sustained winds of 74 mph (64 
knots) or higher. In the western Pacific, hurricanes are 
called "typhoons," and similar storms in the Indian Ocean 
are called "cyclones."12) 

Cyclone-Tropical Cyclone Intensity 
Scales;                                        
Hurricane- Saffir-Simpson scale (Cat-
egory 1-5)12);                                    Storm 
surge-Surge height. 

Globally, about 80 tropical cyclones occur annually, 
one-third of which achieve hurricane status13) 

Earthquake A sudden violent shaking of the ground, typically causing 
great destruction, as a result of movements within the 
earth’s crust or volcanic action6) 

Richter Scale5)&14) Smaller earthquake occur frequently, but annually 
only as many as 18-20 reach a magnitude above Ms 
7.   

Flash flood A sudden local flood, typically due to heavy rain6) Inundation area, Height  n/a 
Flood An overflow of a large amount of water beyond its normal 

limits, especially over what is normally dry land6) 
Peak level of the water at a particular 
location in a waterway                                    

“100-year flood” or “500-year 
flood” to convey the idea of the  frequency of a flood 
of certain magnitude15) 

Forest fire A fire in scrub or a forest, especially one that spreads rap-
idly6) 

Damaged area;                                                                
Rate of spread16) 

In Australia, around 52000 bushfires per year17) 

Landslide A collapse of a mass of earth or rock from a mountain or 
cliff6) 

Damage area (no single measure of 
landslide magnitude exists.)18) 

 n/a 

Lightning The occurrence of a natural electrical discharge of very 
short duration and high voltage between a cloud and the 
ground or within a cloud, accompanied by a bright flash 
and typically also thunder6) 

Flashes per unit area per unit time19) The average lightning flash density in Canada 
Highest 3+   flashes/km2 / 19) 

Meteoroid 
Impact 

A small body moving in the solar system that would be-
come a meteor if it entered the earth’s atmosphere6) 

Energy released, Minimum orbit inter-
section distance (MOID) and absolute 
magnitude (H)20)                                                                                    

39,454- In the world -Meteoritical Bulletin Data-
base, November, 9, 200921)       

Tornado A mobile, destructive vortex of violently rotating winds 
having the appearance of a funnel-shaped cloud and ad-
vancing beneath a large storm system6)  

Fujita scale5) More than 1000 tornadoes annually in the USA 

Tsunami A long, high sea wave caused by an earthquake or other 
disturbance6) 

Wave Height, Number of waves, 
Damage area 

No. of events 19 from 1980-200822) 

Volcano A mountain or hill, typically conical, having a crater or vent 
through which lava, rock fragments, hot vapour, and gas are 
or have been erupted from the earth’s crust6) 

Volcanic Explosivity Index  On average 50-60 volcanoes are active each year23) 

Table 2 Physical Aspects  
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Type 

Prediction/ Detection 

Ability to Detect and Track  Mechanism Estimated Time  

Cyclone/ 
Hurricane/ 
Storm Surge 

Can be detected and tracked.   Once formed, the path and intensity can be predicted using heuristic models, em-
pirical observations, and super computers14) 

Cyclone-Days;    Hurricane- 1 
week14);  
Storm surge – Few hours - Day 

Earthquake Cannot be predicted accurately, 
general location is known but 
exact time and location is un-
known14)    

Detection of foreshocks by dense local monitoring networks24)   
Detection of sudden change in parameters by long term monitoring and examina-
tion of various sensors  
P-waves 

About 20 Seconds5)&14) 

Flash flood Can be predicted, but there are  
sudden onset floods as well 

using data such as rainfall intensity, duration, sudden rise of water levels  Minutes-Hours 

Flood Can be predicted  Using Rainfall intensity measurements, river flow data  and prediction models Days25) 

Forest fire Approximate location and time 
can be predicted  

Using satellite, weather data to predict spread direction and intensity        
Using Fire Danger Rating to provide early warning of the potential for serious 
forest fires based on daily weather data26) 

Up to Two weeks26) 

Landslide  Approximate locations can be 
predicted 

Using landslide zoning maps  
Using the appearance of landslide warning signs  

Minutes-Days 

Lightning Lightning areas can be detected 
but exact location is unknown 

Using lightning sensors to obtain electromagnetic pulse information19) Several hours prior to a thunder-
storm.  

Meteoroid 
Impact 

Only  large meteor strikes can be 
predicted (NASA) 

Space observation by ground based & satellite telescopes Days-Decades25) 

Tornado General location is known but 
exact time and location is un-
known 

Using Doppler radar, ground truth information, approximate location of a tornado 
occurrence can be predicted. 

Approximately15-30 minutes14) 

Tsunami Impact areas and arrival times can 
be predicted  

Detecting sea level changes using tide gauge records27)                   
Using tsunami modeling techniques 

Minutes-Hours25)  

Volcano Cannot be predicted accurately, 
only the approximate time can be 
predicted through regular moni-
toring 

By closely monitoring of volcanoes, the risk levels can be estimated. Hours-Days for prediction 30s 
before explosion11) 

Table 3 Disaster Prediction/Detection 
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 Type 

Impact 

Fatalities Total No. of Affected People 
Area Destroyed 

 Economic Loss 
  

Damage Extent  
Cyclone/ 
Hurricane/ 
Storm Surge 

500,000- 1970 
Bhola cyclone 

11) 

Cyclone- 29,622,000 - China P 
Rep, Tropical cyclone-200628);  
Storm surge - 100,000,000- Chi-
na, Storm -200228) 

Hurricane Katrina 2005 – flood in seven 
states of the U.S.A ;New Orleans 
,Louisiana was crushed33);  
Storm surge- 23,500 km2-Myanmar29) 

Cyclone- US$ 125,000 million-, 
Tropical cyclone, U.S.A -200528),  
Storm surge-US$ 125,000 million - 
U.S.A, -200528) 

Region 
-Countries 

Earthquake 830,000- 1556 
Shaanxi earth-
quake 11) 

45,976,596- China P Rep, 
Earthquake (seismic activity) 
12-May-200828) 

2010- Haiti: Port-au-Prince, Petionville, 
Jacmel, Carrefour, Leogane, Petit 
Goave, Gressier29) 

Economic damage cost - US$ 
210,000 million- Japan, Earthquake 
201128) 

City-Region25) 

Flash flood 2,200-1889Dam 
Failure-U.S.A11) 

      Village25) 

Flood 2,500,000- 1931 
China floods 11) 

238,973,000- China P Rep, Gen-
eral flood-199828) 

  Economic damage cost- US$ 40,000 
million - Thailand, 201128) 

City-Region-Co
ntinent25) 

Forest fire 1,200-1871 
U.S.A Fire 11) 
 

3,000,000 - Indonesia, Forest fire 
Oct-199428) 

Average 5million acres burn every year 
in the US24)     

US$ 8,000 million - Indonesia, For-
est fire-199728) 

Village-Region 

Landslide  100,000-1920 
Ningxia, China 

11) 

4,000,000- Brazil, Landslide 
-1966 28) 

1903: Heppner Flood-1903 U.S.A: 25% 
of the city11)  landscapes disappeared 

Economic damage cost - US$ 988.8 
million - Peru, Landslide-198328) 

Village25) 

Lightning 4,000-1856 
Greece- Sec-
ondary explo-
sion -, Rhodes11) 

Not available  Several square meters  Annual lightning-related costs in 
Canada CAD 600million to CAD 1 
billion30) 

Village- 
City-Region25) 

Meteoroid 
Impact 

Not available  Not available The Tunguska event  1908 - devastation 
of 2000 sq. km of Siberian forest31) 

   City-World25) 

Tornado 1,300-1989 
Bangladesh- 
Tornado11) 

11,000,009 - United States 
2008(from 1980 to September 
2008)32) 

  US$ 5,000 million U.S.A- 2003 
(from 1980 to September 2008)32) 

City-Region25) 

Tsunami 230,273- 2004 
Indian Ocean11) 

2,481,87922) Affected countries-Sri Lanka, Indone-
sia, Thailand, India, Bangladesh, My-
anmar, Maldives, Malaysia29) 

Economic damage cost - US$ 
210,000 million Japan, Tsunami 
2011 28) 

10’s-1000’s 
Km25) 

Volcano 92,000-1815 
Indonesia- 
Mount Tam-
bora11) 

1,036,065 -Philippines, Volcanic 
eruption -199128) 

  Economic damage cost - US$ 1,000 
million -Colombia, -198528) 

  

Table 4 Disaster Impacts 



 8 

Type Mitigation 

Cyclone/ 
Hurricane/ 
Storm Surge 

 Better housing construction methods; Public awareness programs; Storm-shelters, Early detection and 
warning systems                                                                                                          

Earthquake Improving earthquake resistance of structures; Early warning systems33) 
Flash flood  Maintaining the drainage system; Delimitation of flood areas and securing of flood plains regulations; 

"Turn around and don't drown"11)              

Flood Flood Barriers; Structural measures to improve flood safety in housing construction;  Early warning 
systems; land use restrictions        

Forest fire Maintaining a defensible space between houses and the outer edge of surrounding tree crowns; 
Maintaining a greenbelt immediately around the house using grass; Monitoring and early warning 
systems28) 

Landslide Maintaining the natural slope  preserving  the forest cover ; Hazard zone mapping; Monitoring sys-
tems, where applicable; Land-use and building regulations; Early  warning systems; Public awareness 
programs34) 

Lightning Take shelter immediately, preferably in a house or all-metal automobile ;    Stay away from tall objects 
and  take shelter in a low lying area; Once indoors, stay away from electrical appliances and equipment 

Meteoroid 
Impact 

 Early detection and warning systems; path alteration; Safe evacuation methods of cities 

Tornado Early warning systems; Seeking shelter immediately  
Tsunami Buffer zone; Structural measures such as breakwaters, seawalls;  Evacuation shelters, Early warnings ; 

Public awareness programs 
Volcano Avoid being in the path of flow of the molten lava; Avoid use of electronic goods;  

During a volcanic activity, the best place to be would be indoors 
Table 5 Disaster Mitigation  
 
 
4. FATALITY BASED DISASTER CLASSIFICATION  
 
In this section, we consider the top ten fatality records for the selected set of disasters discussed under Section 
3 to develop a fatality-based scale. Records of fatalities in the top ten extreme cases of all disasters are taken as 
one dataset and a frequency distribution is obtained. The frequency histogram is shown in Figure 2. The mean 
and the standard deviation of the dataset is 112,135 and 290,807.  
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Figure.2 Histogram of Fatalities  
Based on the mean and the standard deviation, we develop a scale with seven levels that starts at ‘emergency’  
and expands the severity up to ’cataclysm’  (Table 6).  Here, we use a straight forward method to define levels 
based on fatality ranges. We use the approximate values of mean (μ) 100,000 and standard deviation (σ) 
300,000. The lowest limit of the scale is the occurrence of one fatality. This can be represented as 
“μ-0.33333σ”. The fatalities increase by an order of magnitude as the seriousness of the event increases. The 
derived fatality-based scale from emergency to the cataclysm level is shown in Table 6. Given the vast range of 
fatalities, we have sub-divided each of the events “disaster’ and ‘catastrophe’, into types 1 and 2. Further 
studies will likely result in ‘calamity’ and ‘cataclysm’ also being sub-divided into two or more groups. An 
example for each of the event types is also given. 
 

Type Fatality Range Example 

Emergency µ-0.33333σ ≤ F < 
µ-0.3333σ 1 ≤ F ≤ 9 A small landslide that kills one person 

Disaster 
Type 1 

µ-0.3333σ ≤ F < 
µ-0.333σ 10 ≤ F ≤ 99 Edmonton tornado, Canada -1987 that killed 27 

people 
Disaster 
Type 2 

µ-0.333σ ≤ F < 
µ-0.33σ 100 ≤ F ≤ 999 Thailand flood-2011 that resulted in a total of 

815 deaths 
Catastrophe 

Type 1 µ-0.33σ ≤ F < µ-0.3σ 1,000 ≤ F ≤ 9,999 Hurricane Katrina-2005, U.S.A that killed 1833 
people 

Catastrophe 
Type 2 µ-0.3σ ≤ F < µ 10,000 ≤ F ≤ 99,999 Tohuku earthquake and tsunami-2011, Japan that 

killed 15882 people11) 
Calamity  µ ≤ F < µ+3σ 100,000 ≤ F ≤ 999,999 Haiti earthquake 2010 killed 316,000 people11) 

Cataclysm µ+3σ ≤ F  1,000,000 ≤ F  China floods-1931 death toll 25000011) 
Table 6 Fatality (F) based Disaster Scale  
 
The minimum level of the scale, ‘emergency’ is the situation when there is at least one fatality and less than ten 
fatalities. The highest level ‘cataclysm’ is defined when there are fatalities exceeding one million. The levels 
covered by each disaster are indicated as’√’ and the levels not covered are indicated as ‘x’ in Table 7. Here, the 
list of disasters has been ordered to show the increasing coverage of the scale.  
 

Type Flash 
Flood 

Forest 
Fire  Lightning Tornado Volcano  Land 

slide 
Cyclone/ 
Hurricane  Earthquake Tsunami Flood Meteoroid 

Impact 

Emergency √ √ √ √ √ √ √ √ √ √   
Disaster 
Type 1 √ √ √ √ √ √ √ √ √ √   

Disaster 
Type 2 √ √ √ √ √ √ √ √ √ √   

Catastrophe 
Type 1 √ √ √ √ √ √ √ √ √ √   

Catastrophe 
Type 2 

× × × × √ √ √ √ √ √   

Calamity  × × × × × √ √ √ √ √   
Cataclysm × × × × × × × × × √   

Table 7 Disaster Classification 
 
According to this classification, local disasters such as flash flood, lightning cover the lower levels where as 
the disasters with potential regional or global level impacts cover all the levels. Meteoroid impact does not 
have fatalities in recorded history. However, it has the potential to vary from emergency to the cataclysm level. 
Its range can go from a small meteor strike that explodes in the atmosphere to a large asteroid that falls to the 
earth causing unimaginable impacts. A flood has the ability to reach the cataclysm level. Local disasters such 
as flash flood, forest fire, lightning and tornadoes go up to the catastrophe Type-1 level.  
 
This analysis provides an overall picture about the scale of each type of disaster. With this kind of a scale, it is  
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easy to recognize an event occurrence and enter it into a database.  Although the analysis is subjected to many 
limitations, it provides a good foundation to develop an advanced scale to classify disaster occurrences 
worldwide.  
 
In this analysis we have not paid attention to events which are twin disasters; e.g. an earthquake and tsunami 
striking, or a hurricane and peripheral tornadoes impacting, the same area. Such twin events can cause the 
classification to jump one or more levels. Additionally, one can add infrastructure failure to an event or twin 
events. The nuclear plant failure subsequent to the Great North East Japan Earthquake and Tsunami is a good 
example. A  meteoroid impact on land close to population centers, or into the ocean (causing massive tsuna-
mi’s  hundreds of meters high), or major infrastructure failures subsequent to some other natural cataclysm, 
could cause many million fatalities. Further we have not considered Armageddon events such as a major as-
teroid strike. 
 
 
5. CONCLUSION  
 
This paper presents the initial stage of an ongoing work to develop a multidimensional scale to understand the 
disaster continuum.  Here, the analysis is limited to only one dimension, i.e. fatalities. Moreover, the data pool is 
limited to only the top ten fatality records for a selected set of disasters. Hence, the analysis is far from complete and 
at this stage there are many more questions than answers.  
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The Council of Australian Governments (COAG) in 2003 gave in-principle approval to a 
best-practice report recommending a holistic approach to managing natural disasters in Australia 
incorporating a move from a traditional response-centric approach to a greater focus on 
mitigation, recovery and resilience with community well-being at the core. Since that time, there 
have been a range of complementary developments that have supported the COAG 
recommended approach. Developments have been administrative, legislative and technological, 
both, in reaction to the COAG initiative and resulting from regular natural disasters. 

This paper reviews the characteristics of the spatial data that is becoming increasingly 
available at Federal, state and regional jurisdictions with respect to their being fit for the purpose 
for disaster planning and mitigation and strengthening community resilience. In particular, 
Queensland foundation spatial data, which is increasingly accessible by the public under the 
provisions of the Right to Information Act 2009, Information Privacy Act 2009, and recent open 
data reform initiatives are evaluated. 

The Fitzroy River catchment and floodplain is used as a case study for the review undertaken. 
The catchment covers an area of 142,545 km2, the largest river catchment flowing to the eastern 
coast of Australia. The Fitzroy River basin experienced extensive flooding during the 
2010–2011 Queensland floods. The basin is an area of important economic, environmental and 
heritage values and contains significant infrastructure critical for the mining and agricultural 
sectors, the two most important economic sectors for Queensland State. Consequently, the 
spatial datasets for this area play a critical role in disaster management and for protecting critical 
infrastructure essential for economic and community well-being. The foundation spatial datasets 
are assessed for disaster planning and mitigation purposes using data quality indicators such as 
resolution, accuracy, integrity, validity and audit trail. 

 
Key Words : disaster management, risk mitigation, spatial data, community well-being, 
community resilience  
 
 
 

1. INTRODUCTION 
 

The Council of Australian Government (COAG) in 2003 gave in-principle approval to the 
recommendations of Natural Disasters in Australia: Reforming mitigation, relief and recovery – a 
best-practice report recommending a holistic approach to managing natural disasters in Australia. The 
recommendations of the report, developed by a high level group (HLG) of senior representatives from all 
levels of Australian government, were framed to move from a traditional response-centric approach to a 
greater focus on mitigation, recovery and resilience with community well-being at the core. This approach 
represented a historic move from a focus on disaster response and reaction towards anticipation and 
mitigation1). 
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The HLG also recommended a comprehensive five-year package of twelve commitments to reform the 
way Australia manages natural disasters such as floods, bush-fires and tropical cyclones. In the context of 
access to and the suitability of spatial data for disaster planning and mitigation, the following 
recommendations were made: 
• develop and implement a five-year national programme of systematic and rigorous disaster risk 

assessments; 
• establish a nationally consistent system of data collection, research and analysis to ensure a sound 

knowledge base on natural disasters and disaster mitigation; 
• develop for each level of government, a natural disaster mitigation strategy to be implemented by 

the Commonwealth and each State and territory commencing in year 2, and by Local Government 
commencing in year 3; 

• take action to ensure more effective statutory state, territory and local government land use 
planning, development and building control regimes that systematically identify natural hazards 
and include measures to reduce the risk of damage from these natural hazards; 

• develop jointly improved practices in community awareness, education, and warnings which can be 
tailored to suit state, territory and local circumstances2). 

In December 2009, COAG agreed to a whole-of-nation resilience-based approach to disaster 
management, recognising that a national, coordinated and cooperative effort was needed to enhance 
Australia’s capacity to withstand and recover from emergencies and disasters. This agreement followed a 
2008 recommendation from the Ministerial Council for Police and Emergency Management that 
Australian emergency management should be based on achieving community and organisational 
resilience2). The above discussion outlines the genesis for the creation of the national disaster resilience 
strategy. 

 
2. NATIONAL STRATEGY FOR DISASTER RESILIENCE 

 
Application of a resilience-based approach is not solely the domain of emergency management 

agencies; rather, it is a shared responsibility between governments, communities, businesses and 
individuals. The purpose of the Strategy was to provide high-level guidance on disaster management to 
Federal, state, territory and local governments, business and community leaders and the not-for-profit 
sector. The recommendations were contained in the report, National Strategy for Disaster Resilience - 
Building the resilience of our nation to disasters, which focused on priority areas to build disaster resilient 
communities across Australia. The Strategy was considered a first step in a long-term, evolving process to 
deliver sustained behavioural change and enduring partnerships. In particular, the Strategy was to inform 
local action and develop a shared understanding of the critical part they play in developing their own 
disaster resilience and that of their communities2). 

The Strategy recommendations, of intrinsic value with respect to access to and the suitability of spatial 
data included: 
• Consistent methodologies and data frameworks should be applied in risk and disaster impact 

assessments to enable information sharing and accurate interpretation. 
• Partnerships should be in place, which support improved access to risk information and to provide 

more effective collaboration in assessing and monitoring hazards and risks common across 
jurisdictional boundaries. 

• As a matter of routine, organisations, individuals and governments should share information and 
risks maps for the benefit of the community. 

• Creation of strong networks across sectors and regions to fill information gaps, share information 
and build understanding at all levels. 

• Understanding costs and benefits associated with hazard management and for informing risk 
reduction activities. 

• Ensure emergency messages are clear and, where appropriate, nationally consistent. 
• Ensure existing and, where necessary, improved data and tools for assessing hazards and risks to 

enable communities to better understand and act on their risks2). 
The reference to availability and accessibility to data is most obvious in these recommendations. 

Therefore, it is important to review what has been put in place in response to facilitate access to spatial 
data suitable for disaster planning and mitigation. 



 

 3 

 
 

3. HISTORICAL ASPECTS OF QUEENSLAND DEVELOPMENTS RELATED TO 
COAG RECOMMENDATIONS 

 
Queensland Government adopted the State Planning Policy 1/03 which took effect on September 1, 

2003. The policy, Mitigating the Adverse Impacts of Flood, Bushfire and Landslide was made under 
Schedule 4 of the Integrated Planning Act 1987 and set out the State’s interest in ensuring that the natural 
hazards of flood, bushfire and landslide were adequately considered when making decisions about 
development. The policy document distinguished between natural hazards and natural disasters whilst 
highlighting the requirement for information for the identification of natural hazard management areas. 
Information identified as being required include: floodplain areas; the likely severity of a natural hazard; 
slope calculation for landslide hazards; predicted reductions in annual rainfall and increase in rainfall 
intensity; sea level and coastal erosion; bushfire risk and flood risk; and damage to transport infrastructure 
and low-lying human settlements3). 

The Queensland Spatial Information Council (QSIC) is part of the Land and Spatial Information Group 
in the Department of Natural Resources and Mines (DNRM). QSIC and its predecessor organisations 
have provided a high-level forum for co-ordination and management of policy for Queensland’s spatial 
information through participation of state and local government agencies, and the private, professional 
and academic sectors. QSIC also provides linkages to national spatial initiatives as a member of the 
Australia and New Zealand Land Information Council (ANZLIC). The QSIC Strategic Plan outlines four 
goals which includes the need to ensure that foundation spatial information is easily accessible4). 

Spatial information is governed by a series of four information standards developed by QSIC for use by 
the spatial information industry. These include, Foundation Spatial Data, Parcel Identification, Digital 
Road Network, and Custodianship5). QSIC Spatial Advisory Group has determined that the following 
spatial data themes as foundation for Queensland built environment; Cadastre, Elevation, Geospatial 
Reference Frame, Hydrography, Imagery, Land Resources and Place Names and Location Address. 
DNRM, as the lead spatial agency in Queensland, also have assesed their fundamental data themes with 
the view of closer alignment with the QSIC foundation spatial data themes6). 

In December 2012, the Queensland Government announced the formation of an Open Data Revolution 
(ODR). Open data is focused on the basic or ‘raw’ data collected, generated and stored by the Queensland 
Government as a consequence of its jurisdictional and statutory responsibilities. The data has a diversity 
of information including attributes such as, performance of our hospitals and schools, traffic information 
and crime statistics, demographic details, and geospatial data. The raw data has been subject to limited 
analysis and cross-checking. The Queensland Government has stated its intention to release data that is 
correct, complete and up-to-date. Limitations identified are that the data may include inconsistencies and 
some information cannot be released due to privacy or confidentiality grounds. State agencies will be 
required to release data complying with stipulated standards, such as: compliance with metadata 
standards; application of clear licences (preferably open such as under Creative Commons); assessing and 
advise on data quality; and outlining any limitations on data use7). 

The first manifestation of ODR has been the release, in March 2013, of the Queensland Globe, which is 
a free plug-in developed by the Queensland Government allowing the viewing of a wide range of spatial 
data through Google Earth, including, addresses, localities and boundaries, road and rail networks, land 
parcels and tenure, areas affected by flooding, and topographical maps.  The Globe is a tool that links to 
the Queensland Spatial Portal providing access to Queensland Government Information Service (QGIS), 
which has 690 datasets available for downloading representing the datasets provided from eight state 
government departments8). 

 
 
4. DEFINING THE SUITABILITY OF AVAILABLE SPATIAL DATA FOR DISASTER 

PLANNING AND MITIGATION 
 

The need for access to suitable spatial data and information has been recognised as fundamental to 
robust disaster planning and mitigation. Consequently, the primary question that arises is what defines 
suitable spatial data and information. Table l illustrates the types of management operations required 
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along with the appropriate level of data required to arrive at an informed decision. A system’s ability to 
aggregate data collected for operational purposes is important for planning and decision making, thus 
allowing use by various levels or types of decision makers9). Although Table 1 was prepared specifically 
as part of the justification for the establishment of land information management systems, the 
classification is considered relevant as current spatial data infrastructure have evolved based on Dale and 
McLaughlin’s pioneering work. The categories are just as applicable to the various decisions made 
utilising geographic information systems and other geospatial technologies during the disaster 
management cycle: recover, prevent, prepare, respond10). 

The characteristics of spatial data to be suitable for disaster planning and mitigation must be fit for the 
purpose of meeting the requirements of each of the decision categories. Prior to the recent natural disaster 
events in Queensland, spatial data with or nearing state-wide coverage was collected to meet state agency 
statutory or jurisdictional requirements albeit in accordance with national standards adopted by ANZLIC.   

 
Table 1 Information Requirements by Decision Category9)  
 

CHARACTERISTIC OF 
INFORMATION 

OPERATIONAL 
CONTROL 

MANAGEMENT 
CONTROL 

STRATEGIC PLANNING 

Source Largely internal  External 

Scope Well defined, narrow  Very wide 

Level of aggregration Detailed  Aggregate 

Time horizon Historical  Future 

Currency Highly current  Quite old 

Required accuracy High  Low 

Frequency of use Very frequent  In frequent 
 

Although considerable progress had been made following the COAG initiatives for access to such data 
with the publication of fundamental spatial data standards, including metadata standards, the operational 
demands for spatial data during the response and recover stages quickly highlighted critical time and 
response delays. The need for considerable re-working of data received from one agency to be combined 
with data obtained from others was quite evident. Furthermore, there was also the discovery that some 
data of even a minimum suitable characteristic was just not available. 

Dale and McLaughlin (1986)9) also proposed two approaches for assessing the characteristics of data; 
spatial and non spatial. The first being: source, acquisition techniques, spatial content, textural content, 
timeliness (requirement for up-dating), maintenance time frame, accuracy, processing and display 
requirements, political and financial considerations of holding such data, the national security and private 
citizen right of privacy issues. The second being: currency, precision, accuracy, quantifiable, verifiable, 
accessible, freedom from bias, comprehensive, appropriateness, and clarity. Such criteria are admirable in 
a perfect world but particularly in the response and immediate recovery phases of a natural disaster, the 
best-available data is inevitably employed for the purpose. Dale and McLaughlin’s9) approaches have 
been fairly well superseded by ISO 19115 Geographic Information – Metadata from ISO/TC 211. This 
current, "best practice" International Standard provides information about the identification, the extent, 
the quality, the spatial and temporal schema, spatial reference, and distribution of digital geographic data. 
The Standard is applicable to digital data, but its principles can be extended to many other forms of 
geographic data such as maps, charts, and textual documents as well as non-geographic data11). The 
standard is published in Australia and New Zealand as AS/NZS ISO 19115:2005. Assessing the 
suitability of ISO 19115 is not within the scope of this paper. 

In the context of a modern GIS, the data quality refers to five key components; accuracy, precision, 
consistency, completeness ad lineage. However, the capture of primary geographic and geospatial 
datasets for the phases of disaster planning and mitigation is increasingly being undertaken by remote 
sensing technologies. For utilization of remotely sensed data in a GIS, resolution is a key physical 
characteristic of the remote sensing system. The three key aspects of resolution are spatial, spectral and 
temporal12). 
 
 

http://en.wikipedia.org/wiki/ISO/TC_211
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5. AGENCY INITATIVES AND RESPONSES TO COAG STRATEGIES 
 

Investigations of the responses to COAG initiatives by agencies that have a key role during any of the 
phases of a disaster management cycle were undertaken. Discussions were conducted with representatives 
of these agencies and with representatives of other agencies contributing and or utilising spatial data 
during the cycle that commenced in December 2010. The discussions were focused on determining 
lessons learnt and measures undertaken as a result of the Queensland 2010/11 flood event and other 
natural disasters that resulted in a positive influence during the prevention, preparation, response and 
recovery phases of the 2012 and 2013 natural disaster events. A synopsis of the discussions undertaken 
are given below. 
 
5.1 Queensland Reconstruction Authority (QRA) 

QRA was established following the 2010/11 disaster events. The Authority’s mission is to reconnect, 
rebuild and improve Queensland communities and its economy. The Authority’s role was subsequently 
extended to also cover historical and continuing disaster events in Queensland13). Since its establishment, 
QRA has evolved a role as a ‘point of truth’ for matters related to reconstruction of the State’s 
infrastructure utilising a website to compile and disseminate information related to its jurisdictional 
responsibilities. Considering the focus of this paper, the QRA website has a ‘Maps’ link for access to 
spatial datasets including: Interactive Floodcheck Map; Aerial imaging and mapping (before and after 
flood); and Floodplain maps14). The latter two datasets were prepared and made accessible as a direct 
response to the recommendations contained in the Queensland Floods Commission of Enquiry – Final 
Report15). These datasets are appropriate for the information requirements for making decisions at least at 
the Management Control and Strategic Planning category level given in Table 1.  

Queensland's ability to recover from natural disasters has been significantly enhanced with the 
development of a system that enables the gathering of early and accurate information for timely damage 
assessments. DARMsys™ (Damage Assessment and Reconstruction Monitoring system), introduced as a 
pilot program in April 2011, is employed to monitor the re-building progress. Real time data is collected 
by assessors using a hand held monitoring device and sent via wi-fi to provide map based damage data. 
QRA officers use the system to travel through disaster-affected communities to identify where the 
greatest needs exist, to assist the provision of assistance to the most vulnerable in the community. 
DARMsys™ information has proved invaluable to State Disaster Management Group and is now in use 
by all relevant agencies to plan their response for recovery from natural disaster events. The Department 
of Communities now use the system to target and identify vulnerable people needing assistance. Others 
who are using it include utility providers, public works, temporary housing planners and councils16). 
 
5.2  Department of Natural Resources and Mines (DNRM) 

The immediate response by DNRM to the Queensland 2010/11 flood event and natural disasters has 
been discussed previously by Hayes and Goonetilleke (2012)17). The most recent initiative has been the 
release of the Queensland Globe. In the intervening period, DNRM, in conjunction with other state 
agencies and local authorities, has coordinated the acquisition of high resolution imagery at 15cm or 
better over flood towns to coincide with flood peaks (including before and after flood event). Lidar 
information appropriate for the production of mapping at the resolution of 0.25 metre contour intervals 
and other spatial products was also commissioned. The imagery and Lidar spatial products were utilised 
by DNRM, as tasked by QRA, to undertake the mapping of floodplains on a state wide basis. The flood 
lines can now be accessed at the QRA website. DNRM has reported that the processes developed during 
the 2010/11 events are able to streamline both the determination and mapping of the floodline and 
insurance claims payment process during the Bundaberg 2013 flood event18). 

QSIC, part of the Land and Spatial Information Group in DNRM, took a leading role in the discussions 
and developments leading to accessing of spatial datasets through a Creative Commons licencing 
framework, leading in turn to the enactment of the Right to Information Act 2009, which, in cohort with 
the Information Privacy Act 2009 replaced the Freedom of Information Act 199219). Without this 
legislation in place, the Open Data Revolution and Queensland Globe would not likely have occurred. 
QSIC has also established the QSIC/Ergon ROAMES Spatial Reference Group whose purpose is to 
consider issues arising from the Ergon ROAMES project as they relate to the spatial industry. Particular 
concern of the reference group relates to: information management, data issues, applications, 
communication, capability and the roles and interactioin of government and the private sector. The group 

http://www.legislation.qld.gov.au/legisltn/acts/2009/09ac014.pdf
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is also providing advice and assistance to Ergon (the Queensland Government owned Corporation 
supplying electricity in regional areas) on matters relevant to the spatial industry and to explore how best 
to influence the project to optimise opportunities for the spatial industry20). (The ROAMES project is 
discussed in more detail in Section 5.5 below). 

 
5.3 Department of Community Safety – Emergency Management Queensland (EMQ) 

EMQ coordinates Queensland emergency and disaster management arrangements and disaster 
mitigation programs. EMQ provides the core staffing for the Queensland Disaster Management System 
and manages the State Emergency Service (SES), Emergency Service Unit volunteers (ESU) and EMQ 
Helicopter Rescue and Emergency Services Cadets21). EMQ is responsible for disaster preparedness, 
disaster awareness and the coordination of various rescue, response and recovery services in the state. The 
division works closely with the Bureau of Meteorology and coordinates volunteers for disaster clean-up 
operations. EMQ maintains a disaster management website where links, information and administrative 
forms can be accessed to help prepare for, respond to and recover from disasters22). 

The GIS Unit of the Queensland Fire and Rescue Service. confirmed a more-informed community of 
users, resulting from the recent natural disaster events, is facilitating a better appreciation of the spatial 
data products that might be made available during any of the four phases of the disaster management 
cycle. An ongoing problem notwithstanding recent data access and sharing initiatives, is the 
maninpulation necessary to format datasets captured for jurisdictional and statutory requirements to meet 
the requirements for the disaster management cycle, especially for the response phase23). 

 
5.4 Department of Transport and Main Roads (TMR) 

The 131940 Traffic & Travel Information (TTI) website, developed in 2001, is owned and operated by 
TMR. It aims to provide Queensland road users with a real-time view of activities occurring on major 
state roads to allow travelers to make informed travel decisions. The different types of traffic and travel 
information provided on the 131940 website include:  

• Traffic incidents - timely updates on traffic incidents, such as crashes, and their location, to enable 
users to make informed decisions about their journey. 

• Roadworks - reports on scheduled and unscheduled (emergency) roadworks, their location and the 
potential delays these are expected to cause to traffic. 

• Special events - road closures planned in advance generally relating to sporting or cultural events 
and the expected delays to traffic. 

• Live web cameras - enable access to the fleet of web cameras installed in different areas in 
Queensland. 

• Traffic census data - average daily traffic counts and volumes for various state-controlled roads. 
• Closures and limits - Road closures and associated load limits on roads due to wet weather and 

flooding24). 
Up until the recent natural disaster events, TMR relied on hard copy maps, personal knowledge, media 

and state disaster coordination group and regional reports to develop a picture of evolving situations, 
which involved a heavy reliance on individuals correctly interpreting the situation using personal 
knowledge and experience. In 2007, with the first flood event following years of drought, TMR no longer 
had the in-house corporate knowledge and experience in managing floods. There still existed an 
abundance of data but not a consistent structure to the format and storage of datasets and more 
importantly, no process to present and display the resultant information to users, particularly during a 
dynamic evolving event such as a natural disaster. The challenge was to be able to display disparate 
spatial datasets such as heavy vehicle routes, weather forecasts, road closures, structures including 
information that were being updated as the event evolved and from which informed decisions, particularly 
operational and strategic decisions could be based. Queensland Fire and Rescue Service (QFRS) had built 
a prototype interactive mapping service to display natural hazard data. TMR recognized the potential of a 
similar interactive mapping system to access in-house corporate knowledge25). 

Fortuitously, TMR geospatial and IT personnel has been working on and had demonstrated their 
prototype interactive mapping system, based on the QFRS prototype, before December 14 when the 
2010/11 natural disaster events commenced when the Nogoa River in Emerald started to rise. The 
prototype went live and lessons learnt during the 2010/11 events formed the basis for TMR’s interactive 
mapping project - The Emergency Response Interactive (ERIM), which presents six themes based on 

http://www.disaster.qld.gov.au/
http://www.emergency.qld.gov.au/ses/
http://www.emergency.qld.gov.au/aviation/
http://www.emergency.qld.gov.au/aviation/
http://www.emergency.qld.gov.au/cadets/
http://en.wikipedia.org/wiki/Disaster_preparedness
http://en.wikipedia.org/wiki/Bureau_of_Meteorology
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emergency event types, namely, flood, cyclone, storm surge, fire, earthquake, maritime and spill. These 
themes are displayed based on spatial and other aspatial datasets sourced from: 

• TMR data – road network and routes; boundaries – cadastral and administrative; Bridge 
Information System (BIS); transport infrastructure 

• Externally sourced data – GeoRSS feeds ( NSW Rural Fire Service, USGS Earthquakes); Bureau 
of Meteorology (BOM) – Web Map Service (WMS) (cyclone tracker, river observations, radar, 
Mean Sea Level Pressure); Web Feature Service (WFS) (flood warning levels); MODIS (Modis 
Fire (bushfire monitoring) and Modis flood water. 

• Oracle Spatial – bridges and structures; boundaries and borders; localities national address 
(GNAF) and localities properties (PLI), road network and routes; water areas, lines and 
catchments; railway. 

The integration of the spatial datasets listed for the purpose of decision support activities represents a 
challenge in a rapidly evolving situation particularly with respect to the externally sourced data as a direct 
result in disparity of spatial, temporal, and spectral resolution. However, apart from such an observation, 
TMR have identified the following benefits from the interactive mapping approach: reliable source of live 
data; a ‘single point of truth concept’; facilitates display of the ‘big picture’ bringing all stakeholders ‘on 
the same page’; facilitates use of data sourced externally; reduces duplication; facilitates 2-way 
communication including data transfer with key stakeholders26). 

TMR state that Interactive Maps aid coordination of departmental response to disaster events in 
Queensland by facilitating the combination of their data with data from BOM and other departments. The 
ability to produce on demand maps themed by the emergency management phase, namely, planning, 
recovery, restoration, is believed to be the significant outcome from the development of the interactive 
mapping system whose products include: 

• Emergency Response Map – map themes by emergency event type (flood, cyclone, storm surge, 
fire, earthquake, maritime and spill); 

• Structure Map – structures, bridge material, bridge design class, structure programmes, bridge 
types, hydraulics, heavy vehicle routes, higher mass limit routes, heavy vehicle restricted areas; 

• 131940 Map – closed roads, open to 4WDs and high clearance, open to load restrictions, open with 
mass/dimension limits, open with caution; 

• Road Safety Partnership – crash severity, fatal crashes by speed limit, hospitialisation crashes by 
speed limit, all crash severities by speed limit, all crash severities by year, all casualties by user 
type27). 

TMR technical officers considered the system can effectively meet an evolving demand for spatial 
products but were concerned with  to the quality the departmental data collected across the jurisdictional 
regions and the likelihood of a devaluation of information displayed by the interactive mapping28). 

 
5.5 Ergon Energy 

For Ergon Energy (the Queensland Government owned Corporation supply electricity in regional 
areas), flood and inundation data play a valuable role in pre-disaster planning, disaster response 
restoration, maintenance, planning and design. The agency currently uses QSIS to access fundamental 
spatial data – vector, raster data and imagery. The agency uses elevation, inundation, flood and imagery 
data in disaster response situations and proactively in normal business activities such as for network 
planning and design processes and summer storm season planning. Ergon’s priority concerns during 
disasters include; safety, protection of plant, maintaining power supply, outage restoration and 
stakeholder communication. Early spatial data in the form of disaster impact information such as 
projected inundation area, projected flood areas, cyclone path, allows Ergon Energy to perform safe 
staged disconnections of equipment, re-route power supply around affected areas, prioritise restoration of 
supply, keep the public and workforce safe and to inform stakeholders of operational activities. 

During the 2011/12 flood event and cyclone season, the agency was unable to obtain suitable and flood 
inundation data via QGIS. Limited information was available in PDF format only. Personal 
communication resulted in access to flood level, contour and DEM spatial datasets for a number of local 
government areas although some coverage was limited. Spatial and reporting tools used the data to 
predict flood impacts on the network, which was deployed to business centres to undertake operational 
actions. Post event, Ergon accessed imagery and other spatial datasets obtained via personal contacts for 
restoration and maintenance activities. 



 

 8 

Ergon Energy identified two key issues of concern to its disaster planning and mitigation operations. 
The first being that as the agency does not have in-house hydrological modeling expertise, it has to rely 
on external parties for the timely supply of elevation information and modelling of storm surge, tsunami 
and flooding. The second issue being, a belief that web services and cloud computing should be 
investigated by QSIC to share and deliver vector and imagery data29). 

Since 2007, Ergon Energy has been developing ROAMES (Remote Observation Automated 
Modelling Economic Simulation) technology, which will deliver an innovative approach to vegetation 
and infrastructure management. The technology creates precise, 3D geo-spatial representations of 
network assets to be displayed in a Google Earth-like database. The project was instigated to find smarter 
ways of managing the assets and the surrounding environment, which covers approximately 97% of 
Queensland’s land area, by reducing maintenance and planning costs whilst increasing the safety and 
reliability of electricity supply. Data is being captured from fixed wing aircraft fitted with sensors that 
include photographic (5cm GSD) and Lidar (<30cm) equipment. Regional town spatial datasets are 
captured in grid format whilst rural areas as a corridor of 400m width30). The spatial datasets captured is 
then used to create a precise, virtual representation of the agency’s network infrastructure throughout 
Queensland, providing vital information for more effective and cost efficient maintenance and asset 
planning31). Access to the ROAMES spatial datasets would prove an invaluable resource if made 
available particularly for the disaster management cycle phases. 

 
 

6. FITZORY BASIN 
 

The Fitzroy River catchment in Queensland is discussed as a case study to illustrate the need for reliable 
spatial data and the validity of current spatial data accessibility protocols. The Fitzroy River catchment 
covers an area of 142,545 km2, 8.2% of the total land area of Queensland. The basin is Australia’s second 
largest coastal-draining catchment, and is the largest river catchment flowing to the eastern coast32). There 
are seven sub-basins, fourteen local government areas, four climatic zones, three significant bio-regions, 
one internationally and twenty nationally important wetlands, four fish habitat areas, and a total of 219 
protected areas33). Arguably the most important aspect of the basin is its adjacency to the World Heritage 
listed Great Barrier Reef34). The basin is an area of important economic, environmental and heritage 
values and contains significant infrastructure critical for the mining and agricultural sectors, the two 
mainstays of Queensland economy.  

The combined waterway length of the major tributaries; Nogoa, Comet, Mackenzie, Issac and Dawson 
River is 20,850 km. Flood producing water may travel up to 750 km from headwaters to the mouth 
meaning a flood peak can take several days to reach Rockhampton. Long dry spells are followed by 
intense wet seasons which is likely to only intensify according to global warming predictions. Having an 
extensive catchment area and and fan-like shape, the Fitzroy Basin is capable of producing large flood 
heights. The Fitzroy River basin experienced extensive flooding during the 2010–2011 Queensland 
floods. The occurrence of a natural disaster in the Fitzory Basin has the potential to be a complex event 
impacting on many aspects of the environmental, economic and social attributes of the overlapping areas 
of the basin. Can the existing spatial data for disaster planning and mitigation be assessed as suitable for 
the prevention, preparation, response and recovery phases35)? 

The Burdekin-Fitzroy Project 2003-2004, a cooperative project by the Regolith and Land Use research 
area of Geoscience Australia, Queensland's Department of Natural Resources and Mines and the 
Cooperative Research Centre for Landscape Environments and Mineral Exploration (CRCLEME) 
resulted in access to geoscience information via a GIS based interactive map and an accompanying report. 
The datasets – digital and non-digital - were compiled from a range of sources including NRM, 
Geoscience Australia (GA), CSIRO and private companies. The report was a guide to data available (and 
its metadata) within the GIS including: geological, geophysical, geochemical, topographic, hydrological, 
hydrogeological and cadastre information36). This system, although limited to geosciences information 
themes, provided an examplar of the importance of access to data.  

The Fitzory Basin has a long history of natural disaster events. There is complex interaction between 
the natural and built environments during the disaster management cycle of such events and especially 
between the datasets required. The ability to access data is just as critical as having a database containing 
all relevenat themes and meeting all data quality requirements. It can be contended that access, defined as 
knowing what is available and what is not and its quality as being fit for purpose, is more important than 

http://www.ga.gov.au/minerals/research/national/regolith/regolith.jsp
http://www.nrme.qld.gov.au/
http://crcleme.org.au/
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completeness. Can the existing spatial data be assessed as suitable for disaster planning and mitigation? 
Accepting that knowledge about available spatial data and its quality is just as important if not more so 
than completeness of information, which will probably never be realized, the answer must be in the 
affirmative.  The functionality of the access available via the interactive map resulting from the 2003-04 
project has evolved significantly to that now available via the Quensland Globe.  

Additionally, the quality of foundation spatial data has improved progressively particularly over the 
period commencing with the DNRM initial response to the natural event January 2011. The increasing 
availability of and access to high resolution photography and other imagery and high spatial resolution 
Lidar will provide significant immediate benefits for hydraulic modeling and other prediction dependent 
on an accurate DEM or contour information. However, it is not just the spatial data quality, resolution and 
range that has evolved but more importantly, it is the access to the spatial data that has become more 
suitable. In some circumstances, spatial data has not improved in quality but being able to access the data 
and its combination with data sourced from disparate sources has leveraged that suitability.  

 
 

7. CONCLUSIONS 
 

Natural disaster events are complex occurrences and involve a complex understanding of the 
interaction between datasets to create information on which decisions are made. At each phase of the 
disaster management cycle, a wide range of data are a pre-requisite for operational, planning and strategic 
decision making. It is highly unlikely that a full range of data meeting preferred quality and resolution 
specifications will be available on demand. 

Data collection, at each phase of the disaster management cycle is a long-term investment requiring the 
ongoing support of all levels of government, the private sector and the community. An ability to access 
data is just as critical as having a database containing all relevenat themes and meeting all data quality 
requirements. It can be contended that access, defined as knowing what is available and what is not and its 
quality as being fit for purpose, is more important than completeness. 

Disaster planning and mitigation activities demand spatial data of a quality that is effective, standard, 
and predictable – a demand that is being met by an evolving, broadly effective data quality management 
regime and is driving the development of standardised interfaces and services. The spatial data utilised for 
disaster planning and mitigation are sourced from many sources. The pressing need is for a simple reliable 
way to assess whether the data are fit for purpose as the data are merged or shared. 
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The natural disasters incident that frequently hit Indonesia are floods, severe droughts, tsunamis, earth-
quakes, volcano, eruptions, landslides, windstorm and forest fires.  The impact of those natural disasters are 
significantly severe and affecting the quality of life of the community due to the breakdown of the public assets 
as one source to deliver public services. This paper is aimed to emphasis the importance of natural disaster 
risk-informed in relation to public asset management in Indonesian Central Government, particularly in asset 
planning stage where asset decision is made as the gate into the whole public asset management processes.  A 
Case study in the Ministry of Finance Indonesia as the central government public asset manager and in 5 (five) 
line ministries/governmental agencies as public asset users was used as the approach to achieved the research 
objective.  The case study devoured three data collection techniques i.e. interviews, observations and document 
archival which will be analysed by a content analysis approach.   

The result of the study indicates that Indonesian geographical position exposing many of public infra-
structure assets as a high vulnerability to natural disasters.  Information on natural-disaster trends and predic-
tions to identify and measure the risks are available, however, such information are not utilise and integrated to 
the process of public infrastructure asset planning as the gate to the whole public asset management processes.  
Therefore, in order to accommodate and incorporate this natural disaster risk-information into public asset 
management processes, particularly in public asset planning, a public asset performance measurements 
framework should be adopted and applied in the process as one sources in making decision for infrastructure 
asset planning.  Findings from this study provide useful input for the Ministry of Finance as public asset 
manager, scholars and private asset management practitioners in Indonesia to establish natural disaster risks 
awareness in public infrastructure asset management processes. 

 
 

   Key Words : natural disaster, risk management, infrastructure planning, asset management, Indonesian 
infrastructure asset  

 
 

1. INTRODUCTION 
 

The Indonesian government has invested extensive amount of capital expenditure on various fields and 
forms, including land, buildings and infrastructures.  With this substantial investment, the government should 
ensure a proper management of the assets, so that the public assets can continue to contribute maximally to the 
community and to be used as supporting sources in order to deliver high quality public services, provide secure 
and comfort environment. With the increasing complexity of the problems involved in the management of 
public assets, plus the amount of capital investment spent by the government related to the public assets, re-
sulting in the increasing importance of the role of the management of public assets. The first phase in the 
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management of public assets is the Asset Planning. If this phase is neglected, it will result in cost overruns and 
benefit shortfalls both to the assets and to the government as asset owner. Studies have proven that the un-
derlying issues that cause a lot of problems in the asset management process are incomprehensive asset plan-
ning in government bodies.  

At the same time, natural disaster threatened the public assets especially infrastructure asset at any time. 
Therefore, it is crucial to consider and carefully take into consideration this natural disaster risks into asset 
management lifecycle where asset planning is the main gate to the cycle.  Organisational resilience in relation 
to public asset can be achieved through risk assessment and the preparation of risk minimisation and mitigation 
approaches. It must be recognised within the context of natural disasters that the potential risk is quite uncer-
tain in terms of both frequency and the extent of damage and that in order to address the risk mitigation and 
monitoring strategies need to be researched and developed.  Such exertions can only be achieved if information 
related to the natural disaster and its effects to the assets is properly collected, stored and maintained before 
incorporated to the asset planning stage. 

Therefore, the aims of this paper is to emphasis the importance of natural disaster risk-informed in relation 
to public asset management in Indonesian Central Government, particularly in asset planning stage where asset 
decision is made as the gate into the whole public asset management processes.  By maintaining high quality 
and up to date data regarding the assets including natural disaster risk-data, public organisations can signifi-
cantly improve their efficiency, effectivity and the quality of public services; and at the same time be natural 
disaster risk-informed. 

This paper starts with discussion on the impact and effect of natural disaster to public infrastructure assets, 
followed by asset planning and asset performance measurements.  After that the paper discusses methodology 
used in this study, followed by discussion on findings of the study and closes with conclusions. 
 
2. LITERATUR REVIEW 
 
(1) Natural disaster 

The number just kept getting bigger and bigger. At first it was a staggering 13.000, the next day, over 25.000 
and then 58.000.  By the end of the week, on January 1st, 2005, the death toll of the Asian Tsunami had reached 
122.000. Yet the number kept climbing, and nobody knew when it would stop.  It was impossible to grasp the 
scale of the devastation.  In the space of a few hours, thousands of people were killed without warning by an 
earthquake and three massive waves, each as high as a 10-storey building.  The death toll settled around 
270.000 lives.  How can we even begin to recover from something like this?  The death toll is miserably; the 
public infrastructure asset that washed away is another depressing issue.  According to Aceh’s Provincial 
Government, more then 50% of the total assets were washed away and badly damaged.  The Aceh Tsunami is 
not only weakening us on the importance of Disaster Risk Reduction (DRR) to human live but also to public 
infrastructure assets interests as the pillar of the civilisation.  For national governments, time delays between 
public investment in risk reduction and benefits when hazards are infrequent, and the political invisibility of 
successful risk reduction can be pressures for a rejection attitude that leads to inaction [1].  

The incidence of natural disasters in recent decades has increased in both number and the extent of damage. 
In each year of the past decade an average of 258 million people have suffered from disasters, increase from 74 
million a year in the 1970s (Christian Aid, 2006, p. 7 cited in Warren [2]).  In 2008 the number of reported 
natural disasters were 326 worldwide, with approximately 235.736 people reported killed.  This is the second 
highest number in a decade, the highest being as a result of the 2004 tsunami (Rodriguez et al., 2008, p. 326 
cited in Warren [2].  The total cost of natural disasters in 2008 was US$ 181 billion.  This compares to the costs 
of hurricane Katrina in 2005, which are estimated at US$140 billion.  Damage from Hurricane Ike, which hit 
the USA in 2008 cost US$31.5 billion.  In total, nine of the 15 natural disasters with damage costs of US$ 1 
billion or greater occurred in North America, a further two occurred in Europe; three of the remainder occurred 
in China [2]. Figures from insurers reveal a drop in the extent of natural disaster related losses to the lowest in 
three years for 2009 but by March 2010 they are already predicting a five-fold increase on the previous year 
with the Chilean earthquake in February expected to cost in excess of $8 billion (Benfield, 2009 cited in 
Warren [2]). 

In the past decade around 88,671 people died in Europe as a result of 953 disasters which affected more than 
29 million people and cost losses of 269 US$ billion [2]. The economic costs of natural disasters within de-
veloped countries are more acutely felt due to the higher densities of population and the economic intensity 
with which the land is used. It therefore follows that in these highly developed areas there is an enhanced need 
for buildings and infrastructures to be prepared for the adverse effects of natural disasters and key among these 
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are many of the public sector infrastructures and buildings that will support the immediate disaster response 
and underpin the post disaster economic recovery of the region [3, 4]. 

The effects of the predicted natural disaster will vary from region to region depend on the locality of the 
area.  The most vulnerable area will be those located in coastal areas and within flood plains [2].  Storms, 
floods and heat waves are major threats to Europe.  In the US, severe weather events leading to flooding, 
storms, extreme heats, which resulting in increase deaths due to the effects of heat, and significant energy 
demands to supply air conditioning systems are the major threats.  Whereas in Australia, floods, storms, heat 
waves, droughts and bushfires are the major impacts of climate change which need property and infrastructure 
adaptations. 

If the governments are going to cope with natural disasters, it is necessary for the governments to develop 
sufficient technical adaptation capabilities and to have the human and financial resources to act on mitigating 
against actual and potential climate vulnerability [2].  The extent of adaptation needed to existing government 
buildings and infrastructure will vary depending on location.  The effect of natural disaster will be felt in a 
number of areas that relate to the way the assets are used to support government services delivery [5, 6]. 

Organisational resilience can be achieved through risk assessment and the preparation of risk minimization 
and mitigation approaches.  This risk management approach is often termed disaster recovery planning, crisis 
management, business impact assessment or, more commonly, business continuity management.  It must be 
recognised within the context of natural disasters and climate change that the potential risk is quite uncertain in 
terms of both frequency and the extent of damage and that in order to address the risk mitigation and moni-
toring strategies need to be researched and developed [2].  Such exertions can only be achieved if information 
related to the climate change and natural disaster and its effects to the assets is properly collected, stored and 
maintained.  This information should then highly consider when making asset infrastructure planning in re-
ducing the loss and damage to the assets. 

 
(2) Infrastructure Asset planning 

The term “public infrastructure” is defined as the basic physical structures needed for the delivery of public 
services or other government functions.  Those services and facilities are necessary for an economy to func-
tion.  In other words, public infrastructure refers, but not limited, to the technical structures that support a 
society such as roads, bridges, water supply, sewers, power grids, airports, seaport, etc. [7-9].   

Technical infrastructure, often referred to as economic infrastructure, comprises the long-lived networks 
and capital-intensive and engineered structures directly supporting economic production.  It normally includes 
public utilities (water supply, energy, etc.), public works (roads, dams, etc.), transport (railways, ports, etc.), 
and sanitation systems (sewerage, solid waste collection, etc.).  The provision of environmental infrastructure 
and services includes the service for water supply, sanitation, drainage, and solid waste disposal.  These in-
frastructure and services are the basic components, especially for urban areas, that are needed for economic 
growth and development [10].  

It is recognised that infrastructure displays the following characteristics [11]: a) capacity can only be ad-
justed in large, “lumpy” increments, b) high initial fixed costs and low marginal costs of supply, c) high sunk 
costs and the risk of stranded assets as conditions change, d) multiple users of the services spanning production 
and final consumption, e) externalities not reflected in service charges that have attracted regulation, and f) 
scale and regulatory hurdles create long lead times for installing new capacity. 

Definition of infrastructure have been discussed, the next term to be discussed is asset planning. Asset 
planning can be defined as a comprehensive strategic plan to manage the assets in order to provide a standard 
of service that has been determined previously [12-14]. Asset Planning as part of the asset management cycle 
which is usually involve more than one type of assets, using a systematic approach, especially if the assets are 
intertwined with each other to provide the best service standards. International Infrastructure Management 
Manual 2011 Edition [15], defines Asset Planning as: "a plan developed for the management of one or more 
assets, combined with the multi-disciplinary management techniques (including technical and financial) for 
effective and efficient asset life cycle in delivering certain service levels”.  

Asset Management Plan starting from strategic planning to operational planning. The term “strategic” is 
often described to cover strategic issues of long-term planning. On the other hand, the term “operational” is 
defined as operational planning undertaken to explain how to achieve the long-term plan. Grigg [16, 17] in-
troduced the Infrastructure Planning and Classification Models such as infrastructure planning stages from the 
policy planning, program planning, master planning, action planning, preliminary design and final design as 
shown in Figure 1. 
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Figure 1. Infrastructure Planning Classifications and Stages 
 
According to the Institute of Asset Management / the IAM [18] that there is a necessary connectivity be-

tween an organisation's strategic plan, including the government as a whole, what to do and given by the asset 
management in general, up to the level of daily routine in order to perform tasks and functions of the organi-
sation. 

A series of activities carried out in the planning process consists of a logical link hierarchy that starts with 
defining policies (commitment and principles to do), strategies (the approach to be taken to achieve the ob-
jectives in the long term), goal (what you want to achieve) and a specific plan (determining who should do 
what, when and where). Proceed with the implementation of such actions that must be applied in asset plan-
ning. The implementation of these activities is organised by the role of the functions of each organisation 
which directed and controlled by the hierarchy of function-specific policies, strategies and service processes. It 
is also important to consider the values that belong to an organisation and its program priorities by taking into 
account possible risks (particularly natural disaster risks in this instance) should be consistently included in the 
planning and implementation of asset management activities. 

 
(3) Asset performance measurements 

In general, there are two approaches that are frequently used to measure performance of public organisations 
[19]. The first mode of analysis involves measuring service delivery performance characteristics using data 
from official archives of public agencies.  Sometimes called objective measures, these indicators are used to 
document such performance criteria as effectiveness, efficiency, and equity of policy inputs, outputs and 
outcomes.   

Sometimes closely associated with the production model in private sector, the objective performance 
measurement is arguably the most popular approach used in measuring the organisational performance of 
public sector agencies [20].  Imbaruddin’s [19] study found that efficiency and effectiveness constitute man-
agerial standards of performance, which guide the bureaucracy in the provision of public services.  Since these 
elements focus on the price and quantity of services delivered, it is in this area that hard data or objective 
indicators are most useful and most often used, and this is one of the reasons for the popularity of objective 
performance measurement in the public sector.  

The second measurement type is the subjective performance measurement.  This measurement evaluates the 
performance of government agencies using subjective indicators such as public services users’ satisfaction 
towards the quality of public services delivered by the public entities. The increasing pressures on govern-
ments around the world to adopt democratic practices in the 1980s made subjective indicators is important, 
such as citizen surveys to measure the performance of government.  Gathering and publicising public opinions 
is significant in itself because it reflects the government’s adoption of democratic norms.  In addition, the 
process of asking citizens to express their views, as well as their opinions about performance of public or-
ganisation ‘may have critical behavioural ramifications’.  The citizens may be reassured that they are involved 
in managing public services and that the government is seriously concerned about their views [19]. 

Peters and Pierre [21] notes that in an environment where the general public increasingly demands quality 
services and a client focus, understanding client satisfaction becomes critical and therefore the opinions of 
clients or public service receivers need seriously to be taken into account. In addition, giving clients every 
chance to voice their opinions about service quality is particularly relevant in many public sector services, 
which are monopoly suppliers and thus provide clients no exit opportunities.  It has also been pointed out that 
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clients' opinions can be of assistance in understanding and establishing public needs, developing, communi-
cating and distributing public services, and assessing the degree of satisfaction with services.  After all, Peters 
[21] argue that citizens are the main beneficiaries of public sector operations, therefore they should be involved 
in the process of performance evaluation in the public sector. 

Specifically for public asset, the Queensland Government has published best practice guideline for meas-
uring performance of public building namely the Building Asset Performance Framework (BAPF) [22] which 
provides government with a systematic approach to managing the performance of building assets to meet 
service delivery requirements. It establishes the broad scope and application of building asset performance 
management, and the key principles and elements necessary for achieving effective management of buildings. 
Additionally, it focuses on having the necessary capability to assist in aligning the supply of building assets 
with demand in response to service delivery objectives and Queensland Government priorities. The BAPF 
adopts a contemporary approach to performance management by including consideration of social and envi-
ronmental aspects (including measurement related to natural disaster risks) as additional dimensions to the 
traditional functional. 

 
3. RESEARCH METHOD 
 

The first step of the study is to identify the natural disasters in Indonesia, their potential risks and their ef-
fects to public assets particularly infrastructure assets.  After that, this paper examines the Indonesian gov-
ernment asset planning practices. This paper then proposes alternative solution from literature and current 
research in asset management performance measurement in order to incorporate Indonesian natural disaster 
risk information into public asset management lifecycle where asset planning as the key entrance to the whole 
management processes. 

This study applies the Hoque’s [23] strategy in its methodology. The strategy used by Hoque [23] is relying 
on the “context” and “content” aspects of the institutional and strategic choice literatures.  Texts and contents 
from archival sources such as published annual reports and department web sites provided insightful and in-
teresting findings. 

The Hogue’s study [23] which uses interpretive discourse analytical approach is used to explore the way in 
which the recent reform in the public sector related to asset management, especially asset planning, incorporate 
the natural disaster risk information that available regarding to public infrastructure in making asset decision.  
The description of such discourses is restricted to the use of interviews; observations; and document archival 
such as reports, papers, web sites and other published documents.  

A Case study in the Ministry of Finance Indonesia as the central government public asset manager and in 5 
(five) line ministries/governmental agencies as public asset users was used as the approach to achieved the 
research objective.  As mentioned before, the case study devoured three data collection techniques i.e. inter-
views, observations and document archival. 

Interviews and observation were conducted in early 2013 at “reconciliation event”.  Regarding this event, 
every semester and annually, public asset manager (i.e. The Ministry of Finance Indonesia) meets all public 
asset users (i.e. around 90 line ministries and government agencies) to reconcile their public assets data.  This 
event called “reconciliation event”.  There are 10 participants selected from 5 line ministries and government 
agencies as an asset user based on their job responsibilities that related to public asset management. Those line 
ministries and government agencies are the Ministry of Manpower and Transmigration, the State’s Adminis-
trative Agencies, the Ministry of Energy and Mineral Resources, the National Search and Rescue Agency, and 
the National Nuclear Energy Agency.  From the Ministry of Finance as the asset manager, two participants 
from technical budgeting and public asset management officers, two participants from middle level manager 
and one participant from management decision making.  The form of the interviews is semi-structured fol-
lowed by telephone interviews to clarify unclear or more detailed questions. 
 
4. RESULT AND DISCUSSION 
 
(1) Natural disaster and natural disaster risk information in Indonesia 

Indonesia is an archipelago country which means majority of its territory is surrounded by sea.  Indonesia 
has around 17.508 islands (6.000 are inhabit) with total area of 1,919,440 km² consist of 1,826,440 km² of land 
and 93,000 km² of water) [24, 25].  In 2030, it is predicted that Indonesia will lose around 2,000 islands due to 
an increase of sea level.  Those islands have less than 20 cm height from the sea level.  South Sulawesi 
province has 62,482.54 km² territories and around 85% of its territory is coastal lowland.  This geographical 
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position exposes South Sulawesi as a high vulnerability to natural disasters.   
In the interviews, participants were asked about the natural disasters that frequently hit Indonesia.  Ac-

cording to the participants, those natural disasters incident are floods, severe droughts, tsunamis, earthquakes, 
volcanoes, landslides and forest fires.  These answer then validated with official written records from the 
Indonesian Meteorological and Geophysics Agency.  We then asked the participants of possible grounds that 
cause the disasters.  Response we received for this inquiry is that some of the disasters are strongly caused by 
illegal loggings, poor urban development planning and design, reclamation of coastal areas and improper 
waste management system.  We then conclude that those natural disasters that are strongly related to human 
activities are flooding, landslide, drought and forest fire.  In Indonesia there are two seasons i.e. rainy or wet 
season and dry season.  On wet season, start from October to March, flooding and landslides are happening 
almost everywhere in Indonesia.  On dry season, drought and forest fire take places in many region. 

On the other hand, the impact of those natural disasters are significantly severe and affecting the quality of 
life of the community.  According to interviewee, although there is no valid or exact data about financial loss, 
it is estimated that around Rp 20-25 billion (equal to US $2.8 million) loss per year caused by the flooding, 
landslides, droughts and forest fires.  This number is about 30% of total District Own-sources Revenue.  
Whereas total life/death lost resulted from those disasters are around 3.000 death from 2000 to 2009 (current 
population of South Sulawesi is 8,032,551 inhabit which means an increase of 522,847 inhabit compare to the 
2009 population [26]). 

As a low coastal country, many of Indonesian areas (including its assets) are located on the coastal area or 
near the coastal.  These assets are including long-live infrastructure owned either wholly by the government or 
partially in partnership with the private sectors, such as transport infrastructure, energy and water supply in-
frastructure, government’s offices and some heritage buildings.  Those assets as the main backbone for public 
services delivery are potentially vulnerable to the impacts of natural disaster effects.  Early in 2013, Jakarta as 
the capital city of Indonesia was inundated.  Total flood losses that hit Jakarta and surrounding areas estimated 
to reach Rp32 trillion (US$ 32 million). It was revealed from the calculations carried by the National Search 
and Rescue Agency.  This calculation include potential lost in the greater Jakarta area (Jakarta, Bogor, Depok, 
Tangerang, and Bekasi) around Rp 7 trillion to Rp 8 trillion, and funding for the region's economic and in-
frastructure recovery, which is expected to reach 3 to 4 times. 

All of those findings above are showing that the vulnerability of Indonesia to natural disasters that impacted 
to the community live and to the public infrastructure.  Information and predictions related to natural disasters 
are actually available, reasonably update and easily to be accessed from the Indonesian Meteorological and 
Geophysics Agency.  The data is available in a form of written/hard copy data, web access, short message 
service/SMS (for some instance), etc.  The example of information available through the Indonesian Meteor-
ological and Geophysics Agency web site (www.bmkg.go.id) are: 
 
a) Meteorology 

Weather forecast (for Indonesian Capital City and its surrounding cities, for every Indonesian provinces); 3 
days and weekly weather prospect; Satellite and radar image; Wind forecast; Flooding potential; Tropical 
Cyclone; Forrest fires and Aviation weather 
 
b) Climatology 

Monthly Rain Information; Monthly rain forecast; Weather Season; Water Balance; Atmospheric Dynam-
ics; Potential Flooding; Analysis of Extreme Climatic Events; Standardized Precipitation Index; Climate 
Change Information; Sea Front Temperature Prediction Information; SO2 Information; NO2 Information; 
SPM Information; Rainwater Chemical Information; Ozone (O3) Information; Greenhouse Gas Information; 
Aerosol (PM10) Information; Volcano Dust Distribution Information; Information Distribution of Forest Fire 
Smoke; and Air Quality Database 
 
c) Geophysics  

Recent, current and potential earthquakes; Tsunami related information; Basis Point Network microgravity; 
Earth’s magnetic information; Thunder light storm information; Seismology information and Landslide in-
formation 

 
Based on the literature, a combination of improved data, multiple-scale modeling and better designed 

monitoring will provide a high-quality database of information stored on asset inventory system.  The infor-
mation stored would therefore no longer be historical, but would represent the current and future condition that 
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support the decision-making process including natural disaster related data. 
Previous study [27] also point out important information that should be gathered in asset identification in 

order to address, adopt and mitigate the natural disaster risks.  Those are: 
(i) Information related to the assets owned by an organisation, such as asset name, asset identifica-

tion code, asset ownership, ownership documentation, acquisition process, asset type, asset model, 
asset volume, asset serial number, asset specifications, purchase information, and if necessary as-
set pictures, etc. 

(ii) Information related to the location of the assets, such as: coordinate, boundaries, slopes, asset movements’, 
whether it is on the ground, underground, in the water, map visualisation, etc. 

(iii) Information related to asset’s condition, such as: physical conditions, economical conditions, functional 
conditions, etc. 

(iv) Information related to asset’s design. 
(v) Information related to asset’s maintenance procedure and process, such as: past maintenance, current 

maintenance, and future maintenance schedules, parties involved in the process, costs maintenance related, 
etc. 

(vi) Information related to asset’s performance measurements, both quantitative and qualitative performances. 
The information mentioned above is the standard information on current asset identification practice 

adopted by many organisations.  In order to address the climate change issue and natural disaster risks, addi-
tional information is needed.  Those are: 
(i) Information related to the impact of asset to the climate change and natural disaster, such as: energy 

consumption, water consumption, electricity consumption, carbon dioxide emission, greenhouse gas 
emission, pollution level, asset’s components/materials, carbon capture, etc.  

(ii) Information related to the effect of the climate change and natural disaster to the asset, such as: sea level, 
surroundings’ temperature, past, current and predicted weather extreme occasions, floodwise, landslides 
information, earth quake history and any other natural disaster records, etc. 

In order to materialised the concept of natural disaster related information as mentioned in number 7 and 8 
above, the Building Asset Performance Measurements developed by the Queensland Government [22] can be 
adopted and implemented in asset decision making processes particularly in asset planning.  Below is an asset 
planning practice in Indonesia. 

 
(2) Asset planning in Indonesia 

Based on the Regulation of the Minister of Finance No. 226/PMK.06/2011, public asset planning define as 
an activity of planning public asset demands connecting with the acquisition of assets in the past and the 
current circumstances as a basis for making asset decisions in the future.  The scope of planning for public 
asset regulated in this Ministerial Regulation are 1) Planning of the public asset procurement, 2) Planning of 
public asset maintenance, 3) Planning of public asset utilisation, 4) Planning of public asset hand over, and 5) 
Planning of public asset disposal.  The objects of planning are 1) land, 2) building, 3) equipment and ma-
chinery, 4) roads, irrigations, and networks, 5) other fixed assets.  Preparation of the public asset planning is 
based on the strategic plan and operational plan of each Ministry/Government Agency, Asset Needs Standard.  
This plan is subject to the availability of existing asset in the Ministry/Agency and availability of public fund. 
The plan shall be incorporated into 2 documents i.e. the State Asset Needs Plan made for a period of 5 (five) 
years and Annual Asset Needs Plan made for a period of 1 (one) year. These 2 documents should be submitted 
by each Ministry/Government Agency. The documents then investigated and analysed by the DGSAM as 
public asset manager.  Based of the investigation and analysis, DGSAM then accept or reject the proposed 
plan. 

The State Asset Needs Plan and Annual Asset Needs Plan for the asset acquisition and maintenance of 
public assets that is approved by the DGSAM could result in capital expenditure items charged to State Budget 
yet subject to the availability of the state budget. Therefore, the asset planning should be developed in a 
comprehensive manner and integrated with other systems, especially with the state budget estimating system 
and also consider natural disaster risks.  Therefore, if the asset planning is comprehensively created and inte-
grated with budgeting system, it will result in efficiency, effectiveness and optimisation of the state budget.  By 
planning the asset management as early as possible, it will potentially be creating more options to non-asset 
solutions by looking at other options to satisfy the needs of the line ministries/government agencies in per-
forming their functions and duties.  Once this option is performed, followed by identification and analysis of 
the available assets options.  Before finalising asset decision process, it is necessary to employ a reliable de-
cision making tools.  Developed tools and widely used in current practice are including life cycle cost analysis 
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(LCCA), benefit-cost analysis (BCA), Multi-Criteria Decision Making (MCDM) as Analytical Hierarchical 
Process (AHP), and Fuzzy Logic.  As supporting tool, it is also commonly paired with a sensitivity analysis to 
see the effect on government expenditures if option A or B to be taken. 

By planning the demands of public assets to meet and support the smooth delivery of public services, it is 
necessary to consider and take into account the duties and functions of each ministry/agency. Duties and 
functions are then aligned with the demands of public assets. The initial step in this alignment is to identify the 
core business and supporting business of each ministry/agency and identification of public asset which cur-
rently exists under the usage particular ministry/agency. From this step, it then can be adjusted for the demands 
of public asset and classification of core assets, additional assets and surplus assets, including the level of its 
utilisation. 

Unfortunately, according to interviewee from the DGSAM, in performing investigation and analysis of the 
planning documents from asset users, the natural disaster related information is not acknowledge yet.  Both 
parties, the asset manager and the asset users, do not provide and consider specifically the natural disasters data 
which available through the Indonesian Meteorological and Geophysics Agency. 

 
(3) Asset Performance Measurements in response to natural disaster risks 

Based on public asset management and budgeting system in Indonesia, the Ministries/Government Agen-
cies in Indonesia develop their planning, starts from the smallest unit of each organisation namely “authorised 
user of assets”. This planning process can be integrated with the Indonesian Asset Manager’s (Directorate 
General of Asset Management/DGSAM under the Ministry of Finance Indonesia) road map which is also 
integrated with budgeting system towards an effective, efficient and optimised asset management in order to 
achieve a reliable, transparent, understandable and accountable government’s budgeting system. The regula-
tion for the Ministries / Government Agencies in Indonesia as public asset users to develop their program plan 
according to their duties and functions are arranged in some legislations such as Government Regulation No. 
6/2006 on the Management of State / Local Assets, Government Regulation No. 90/2010 on the Establishment 
of the Work Plan and Budget of the Ministry / Agency, Presidential Regulation No. 73/2011 on State Building 
Construction, Ministerial Regulation No. 96/PMK.06/2007 of Procedure of Use, Utilisation, Disposal and 
Transfer of State Property, and other rules and regulations. 

In carrying out the functions of DGSAM as public asset managers, achieving efficiency, effectiveness and 
optimisation of the public asset becomes an important destination together with the achievement of increasing 
the quality of public services. The tools used to achieve this goal are to consider the duties and functions of 
each Ministry / Agency; core and supporting assets; and optimisation of idle assets. 

More specifically, the efficiency is measured by aligning the Ministries/Government Agencies functions 
and duties with public assets needed to deliver public services. Based on the literature review, efficiency could 
be achieved either by: 
(i) Minimize input and still maintain output.  DGSAM as the manager of public asset, this can be performed 

by minimizing the related budget expenditures in relation to capital expenditure for asset acquisition and 
minimize maintenance expenditure while maintaining performance of ministries/agencies. The option of 
purchasing public asset can only be done as the last alternative from a number of possible scenarios. For 
this instance, there should be an in-depth study and examination before a decision is made to conduct a 
new procurement of asset. For maintenance expenditure, only perform at the most needed condition of the 
asset while maintaining performance of the asset. It should be noted that this is not necessarily delaying 
the maintenance process because it will resulted in the depreciation of the asset (functional, physical and 
economical depreciation). 

(ii) Maintaining input but yet retains to maximize output. This can be done while maintaining capital ex-
penditure and maintenance expenditure that had been issued by the government but on the other hand 
increases output. 

(iii) By minimizing input and maximizing output at the same time. The efficiency is measured by aligning the 
ministries/agencies core functions with public assets. It requires standardisation on public asset to sepa-
rate core assets and supporting assets to run a particular government function. Recently, the Ministry of 
Finance Indonesia issued standardisation to land and / or buildings for government organisation to deliver 
their functions and duties. In relation to asset optimisation, the Ministry of Finance Indonesia enforced 
Regulation of the Minister of Finance No. 250/PMK.06/2011 to manage idle asset that allocated in asset 
users.  This regulation rules that every idle asset under the asset users must be hand over to the asset 
manager. 

As mentioned before that in order to materialised the concept of natural disaster related information, the 
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Building Asset Performance Framework (BAPF) developed by the Queensland Government [22] can be 
adopted and implemented in asset decision making processes particularly in asset planning.  The BAPF is a 
Queensland Government best practice guideline that provides departments with a systematic approach to 
managing the performance of building assets to meet service delivery requirements. It establishes the broad 
scope and application of building asset performance management, and the key principles and elements nec-
essary for achieving effective management of buildings. Additionally, it focuses on having the necessary ca-
pability to assist in aligning the supply of building assets with demand in response to service delivery objec-
tives and Queensland Government priorities.  The BAPF not only adopts a contemporary approach to per-
formance management by including consideration of social and environmental aspects as additional dimen-
sions to the traditional functional but also financial performance assessment approach. The BAPF comple-
ments the Maintenance Management Framework (MMF), the Capital Works Management Framework 
(CWMF) and the Strategic Asset Management Framework in promoting best practice building asset man-
agement within the Queensland Government. 

An indicator in BAPF that addresses the environmental issues is “Environmental Impact” indicator which 
consist of: 
• Impact of building asset on environment.  Qualitative and quantitative assessment based on depart-

ment-specific measures. Measurement of this indicator can be split between presence of hazardous mate-
rials/site contamination issues (Asbestos, Sewage and contaminated water, Hazardous chemicals, Odours 
and fumes, Land contamination and other (provide details)) and consumption of energy and water. 

• Environmental rating system assessment. Description of environmental rating system used to evaluate the 
environmental impacts of the building asset and the rating achieved.  This rating reflecting achievement in 
meeting the objectives and specific criteria of a particular environmental rating system suitable to the type 
of building asset and the department’s and Government’s priorities. 

To satisfy the needs for natural disaster risks information, the BAPF could be modify by add additional 
information related to natural disaster histories and forecasts such as information on meteorology, climatology 
and geophysics.  All this information could cover natural disaster related risks toward public asset and infra-
structure before managing the risks.   

It is necessary to generalise, cross-reference and uniform risks toward the management of public asset. Both 
prevention and response measures must be based on a correct risk identification and analysis. There is a con-
siderable lack of knowledge about how to design such analysis. In order to be sensitive to natural disaster 
events, it is useful to define model terms of reference for DGSAM as the public asset manager and for line 
ministries/governmental agency as asset users, as well as indicators for validating the risks and the manage-
ment of the risks. 

 
5. CONCLUSION 

Considering the risks involved in infrastructure asset management due to natural disaster events, there 
should be a performance measurement which not only identify the risks but also calculate and manage the 
risks. Information on the infrastructure performance measurement is used as one source in asset deci-
sion-making process which incorporated into public asset planning documents. 

A key element of performance measurement is to ensure that provides set services where each service has 
very specific targets in regards to timeliness, quantity, quality, cost and risks. The performance measurements 
activities are measured on how well it achieved these set targets. In addition to these, it is also important to 
carried out customer and employee surveys. 

This study recommend establishing consultation mechanisms between asset manager and asset users as 
information generators and users in order to define the basic information needs and the manner in which the 
data is used. These mechanisms could be concretised through agreements on the inter-connectivity of the 
information in various environments, and by avoiding informational duplication and incompatibility. This 
information should be transferred into asset planning documents. The fact is that the considerable disaster 
vulnerability of public goods is to a large extent the result of weaknesses in infrastructure maintenance and 
rehabilitation. But at the same time, it is necessary to conduct disaster vulnerability studies and implant reha-
bilitation programs with which to reduce risk to critical infrastructure in asset planning. 
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This study explored how Japanese homeowners perceive ambiguity of earthquake risk and ambiguity of 
house destruction risk due to earthquake. We examines the following two research questions: (1) To what 
degree do people perceive ambiguity? (2) What factors can affect degree of perceived ambiguity? To do so, we 
carried out survey to 1200 homeowners in Japan where respondents were asked to state their subjective 
probabilities and ambiguities of earthquake and house destruction risks. Then we examine what so-
cio-economic characteristics affect their perceive risks and ambiguities by applying regression model. We 
found the following results. First some homeowners perceive large ambiguity while majority perceived small 
ambiguity. Second, homeowners perceive less ambiguity of house destruction risk than those of earthquake 
risk on the average. Third, some socioeconomic attributes of a homeowner and some attributes of house affect 
their perceive ambiguity of earthquake or house destruction risks. From a view point of policy for mitigating 
house destruction risks due to earthquake, seismic diagnosis is quite important because it can correct subjective 
risk of house destruction and reduce ambiguity of it. 

 
 

   Key Words :  earthquake, house destruction, ambiguity 
 
 

1. INTRODUCTION 
 
   When considering a catastrophic event such as natural hazard, people often feel difficulty to assess the risk 
with precision. Such vagueness of risk is called “ambiguity”. Camerer and Weber1)  described the ambiguity as 
“uncertainty about probability, created missing information that is relevant.” Etner et al.2) also defined it as 
“situations in which the decision maker is not given probabilistic information about the external events that 
might affect the outcome of a decision.” For making effective risk mitigation policies and improving risk 
communications, it is important to understand how individuals perceive ambiguity of risk because a large 
number of previous studies demonstrated that an individual’s behavior is sensitive to ambiguity (see Camerer 
and Weber1) ; Etner et al.2) for surveys). Although most of studies used experimental settings like lottery, some 
studies examined ambiguity effects in real world such as insurance market3),4),5), financial market6),7) and health 
risk8),9), 10),11),12). In these empirical studies, perceived ambiguity is exogenously given to subjects.  

This raise an important question: How do people perceive ambiguity of the relevant risk? Surprisingly, a few 
studies address this question while extensive literatures investigate how and why people behave under given 
ambiguity. The purpose of this paper is to fill the gap by exploring how homeowners perceive ambiguity of 
earthquake risk and ambiguity of house destruction risk due to earthquake. This study examines the following 
two research questions: (1) To what degree do people perceive ambiguity? (2) What factors can affect degree 
of perceived ambiguity? To do so, we carried out survey to 1200 homeowners in Japan where respondents 
were asked to state their subjective probabilities and ambiguities of earthquake and house destruction risks. 
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Then we examine what socio-economic characteristics affect their perceive risks and ambiguities by applying 
regression model.  

A few empirical studies investigate how people perceive ambiguity of risk. Riddel and Shaw13) estimated 
residents’ perceived risk and ambiguity for nuclear-waste transport under the assumption that its risk follows 
beta distribution. Riddel14), 15) presented a model based on induced-distribution approach to estimate individ-
ual’s perceived risk and ambiguity for the nuclear-waste transport. The results show that number of sources of 
information the individuals have been exposed to increased the degree of perceived ambiguity. This suggests 
that ambiguity is enlarged by conflicting information among different sources as a result of the controversial 
nature of the project. Other variables, such as gender, distance from the transport route, health status, and 
education, did not influence ambiguity perception. Nguyen et al.16) examined individuals’ perceived risk and 
ambiguity associated with arsenic contamination of drinking by using the similar method as Riddel14). They 
found that subjects living in area where arsenic contamination received significant attention in local media 
perceive less ambiguity of subjective risk than those in other areas. They also find that the interaction between 
health status and any smoking history has a positive and significant effect on ambiguity size. 

This paper deals with ambiguity in the framework of second-order probability. Riddel and Shaw13), Rid-
del14),15), and Nguyen et al.16)  formulate ambiguity as the second-order probability and use the variance of 
second-order probability as measure of ambiguity size. This paper defines “ambiguity size” as the 95% con-
fidence interval of subjective risk in second-order probability.6 Furthermore, we focus on the “relative am-
biguity” that is calculated by the ambiguity size by probability of the relevant subjective risk. This is because 
we are interested in relative size of ambiguity to subjective risk level rather than absolute size of ambiguity. In 
other word, this paper examines to what extent subjective risk is amplified under ambiguous situation and what 
factors influence it.  

A unique feature of this study is to investigate perceived risk and ambiguities regarding hazard (or earth-
quake) and vulnerability (or house destruction) separately. In this study, earthquake risk is defined as proba-
bility of earthquake occurrence. Earthquake risk is impossible to be mitigated for homeowners except moving 
to safer area. On the other hand, house destruction risk, defined as probability of house destruction in case of a 
certain earthquake, can be mitigated by seismic retrofitting and is directly related to loss of residents’ health 
and property. For example, residents are safe even in case of earthquake if their houses are sufficiently strong. 
Such differences might influence how they perceive these risks and ambiguities in different ways.  

This paper is organized as follows. Section 2 describes data. Section 3 explains the model and results. Sec-
tion 4 discuss abut them and Section 5 concludes.  
 
 
2. DATA 
 
This section explains situation of earthquake and house destruction risks in Japan. Then, we describe the out-
line of our survey for homeowners to elicit their risk and ambiguity and examine the sample statistics. 
 
(1) Earthquake risk and house destruction risk in Japan 

In general, earthquake risk is very high in Japan compared to other countries. Almost one forth of earth-
quake occurs in Japan. Earthquake risk varies across areas in Japan. The national seismic hazard map showed 
the probability of occurrence of an earthquake with equal or greater seismic intensity 6 Lower within the next 
30 years. In the next 30 years, Shizuoka faces 80% of probability that a large earthquake occurs with 6 Lower 
Japanese seismic intensity scale. On the other hand, it predicts less than 0.5% in other area. 

House destruction is one of most serious risk for homeowners in case of earthquake. In the 1995 Kobe 
earthquake, 104,906 houses were completely destroyed, causing approximately 5,000 deaths and accounting 
for more than 80% of the total death toll. Furthermore, many homeowners who did not purchase earthquake 
insurance will suffer from double loans if their houses are destroyed due to earthquake. In Japan, purchase rate 
of earthquake insurance is at present time 2013.  
 
(2) Web-based survey 

A web-based survey was conducted in late March 2009 after numerous individual trials and a pretest1. 
Although this survey was designed originally for investigating homeowners’ preferences to seismic retrofit-
ting, this paper uses some part of it. The subjects included 1,200 homeowners in Japan who have never im-
plemented seismic retrofitting and proportionally reflected the population in each prefecture. This survey 
included questions asking about (1) socioeconomic characteristics (e.g., age, gender, and income); (2) house 
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attributes (e.g., house structure and house age); (3) subjective probability of an earthquake and the 95% con-
fidence interval of it; (4) subjective probability of house destruction contingent on the earthquake and the 95% 
confidence interval of it.  

The following steps were taken to elicit respondents’ subjective probabilities and the 95% confidence in-
tervals of them. First, we formally explained the Japanese seismic intensities of 6 Lower, 6 Upper, and 7 to the 
respondents.2 The national seismic hazard map was presented to the respondents, which showed the proba-
bility of occurrence of an earthquake with equal or greater seismic intensity 6 Lower within the next 30 years. 
The respondents were presented with a table that showed the probabilities of various events over the target 
period in Japan to help them choose their subjective probabilities. We then asked respondents to state their 
subjective probabilities of earthquake occurrences for 6 Lower, 6 Upper, and 7 seismic intensities and the 
upper and lower limits such that the subjective probability lies between them with a 95% probability. In other 
word, they were asked to state the upper and lower limit of the 95% confidence interval for the subjective risk. 
Then, we explained to the respondents the situation of complete house destruction3, which is that “residents 
have to reconstruct their entire home, and repairs cost 100% of the house’s value.” The respondents were asked 
for their subjective probability and the 95% confidence interval of it for complete house destruction contingent 
on an earthquake at each seismic intensity level. In all stages of asking for subjective probabilities and upper 
and lower limits, interactive web tools were used to facilitate their responses. 
 
(3) Descriptive results and discussion 

Table 1 presents sample statistics and population statics that can be attained from the 2008 Housing and 
Land Survey. There was no notable difference between them. Table 2 shows median (and standard deviation) 
of the best guess of subjective probability and the upper and lower limits that respondents stated for each event. 
These probabilities are consistent with scientific view in that a larger earthquake generally occurs with smaller 
probability for earthquake risk and that the larger earthquake causes house destruction with the larger proba-
bility for house destruction risks.  

We examine the relationship between the subjective and objective probabilities of earthquakes. Respond-
ents’ postal codes specify the range of objective probabilities from the national seismic hazard map. Table 3 
shows the cross tabulation between objective and subjective probabilities of earthquakes with equal to or larger 
than a seismic intensity of 6 Lower in the next 30 years. In the sample, we discovered a week correlation 
between these probabilities and no evidence that subjective probabilities are overestimated or underestimated 
regarding objective probabilities. 

On the other hand, the majority of homeowners considerably underestimate the risk of house destruction. A 
report on seismic intensity by the Japan Meteorological Agency and Fire and Disaster Management Agency 
estimated objective probabilities of house destruction with using data on past earthquakes and the number of 
house destruction in Japan. This report shows that objective probabilities of complete house destruction are 0 – 
0.05, 0.05 – 0.25, 0.25 – 0.55 in average when earthquake occurs with seismic intensity of 6 Lower, 6 Upper 
and 7, respectively.5 Table 2 indicates that the medians of respondents’ subjective probabilities of house de-
struction were 0.01, 0.02 and 0.10 for an earthquake with a seismic intensity of 6 Lower, 6 Upper, and 7, 
respectively.  

This paper focuses on relative ambiguity. This is calculated by the ambiguity size by probability of the 
relevant subjective risk where the former is set as range between upper and lower limits and the latter is given 
as the best guess in our survey. Table 2 shows that the medians (and standard deviation) of ambiguity size and 
relative ambiguity. The medians of ambiguity size become larger as the relevant best guesses get lager. The 
median of relative ambiguity are around 1 for all events. This suggests that median household perceive am-
biguity size that is almost same size of subjective risk for earthquake and house destruction. However, high 
standard deviations imply that they greatly vary across individuals.  

Fig. 1 shows relative frequencies of relative ambiguities for earthquake risk and house destruction risk. “No 
perception” means that respondents perceived no ambiguity in a sense that they stated the same probabilities 
for best, upper and lower guesses. Distributions of relative ambiguities are skewed to right, indicating the 
number of households decrease with a rise in perceived ambiguity size at an accelerated rate. The shapes of 
distributions are similar for both earthquake risk and house destruction risk. In most cases, relative ambiguities 
are less than 1. For only around 15% of respondents, relative ambiguity size gets over 2.  

Relative ambiguity of house destruction risk is smaller than that of earthquake risk. The two-sample Kol-
mogorov –Smirnov test indicated that this difference is statistically significant at 1% statistical level. This 
might be because homeowners think that they know more about their house than earthquake. This result is 
consistent with competence hypothesis proposed by Heath and Tversky (1991). Even if subjective risks are 
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given as the same probability, people tend to chose more familiar risk than unfamiliar one. Homeowners be-
lieve that they know their house very much.  
 
 

 
 
 
 

Table 1 Sample statistics and variable definitions 

 

Table 2 Subjective probabilities and ambiguities for earthquake risk and house destruction risk 

 

Table 3 Cross tabulation between objective and subjective probabilities of earthquakes with equal to or larger than a 
seismic intensity of 6 Lower in the next 30 years 

 

Population
Variable Description Mean (SD) Mean

18.7 (21.85)

AGE Age of respondent (years) 48.7 (12.8) 58.2
FEMALE Gender (1, female; 0, male) 0.44
EDUCATION Did respondent graduate university? (1, yes; 0, no) 0.52
INCOME Annual income (million yen) 6.4 (4.0) 5.6
CHILD Does respondent have a child under 12 years old? (1, yes; 0, no) 0.17
SELF_EMPLOYED Is respondent self-employed? (1, yes; 0, no) 0.15
DISASTER_EXP Has respondent experienced loss from a disaster? (1, yes; 0, no) 0.22
WOOD House material (1,wood; 0, otherwise) 0.86
HOUSE_AGE Age of House (years) 24.5 (16.4) 25.5
DIAGNOSIS Has respondent the implemented seismic diagnosis to house?  (1, yes; 0, no) 0.03

EQ6U
Dummy variable takes 1 if reseponse is for an earthquake with seimic inteinsity
of 6 Upper, and 0 otherwise

-

EQ7
Dummy variable takes 1 if reseponse is for an earthquake with seimic inteinsity
of 7, and 0 otherwise

-

OE_RISK Objective earthquake risk ( 0.05, the probability that an earthqake with seismic
intensity of equal to or larger than 6 Lower occurs in 30 years is less than
0.1% ; 2, 1%-3%; 4.5, 3%-6%; 16, 6%-26%; 63, over 26%)

Note: SD is standard deviation. 

 

Sesimic intensity Lower Best Upper Absolute Relative
Earthquake risks

6 Lower 0.004 0.040 0.090 0.050 0.99
(0.205) (0.276) (0.308) (0.210) (77.9)

6 Upper 0.002 0.010 0.040 0.026 0.98
(0.171) (0.233) (0.267) (0.175) (58.1)

7 0.001 0.003 0.010 0.009 0.93
(0.140) (0.184) (0.223) (0.145) (52.5)

House destruction risks
6 Lower 0.001 0.010 0.020 0.010 1.00

(0.149) (0.197) (0.234) (0.144) (18.0)
6 Upper 0.002 0.020 0.030 0.020 0.89

(0.187) (0.231) (0.267) (0.153) (31.4)
7 0.010 0.100 0.150 0.050 0.79

(0.256) (0.301) (0.337) (0.197) (14.4)

Subjective probability            Ambiguity

Objective probability
Below 0.1% 0.1% - 3% 3% - 6% 6% - 26% Over 26% Total Ratio

Below 0.1% 0 0 1 0 2 3 0.00
0.1% - 3% 30 193 41 173 61 498 0.42
3% - 6% 6 32 6 24 8 76 0.06
6% - 26% 2 56 11 85 38 192 0.16
Over 26% 6 97 32 186 110 431 0.36
Total 44 378 91 468 219 1200
Ratio 0.04 0.32 0.08 0.39 0.18 1.00

Subjective probability
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Fig.1 The distributions of relative ambiguity for earthquake risk and house destruction risk 

 
 
3. Analysis 
 

One of main goals of this paper is to investigate what factors influence homeowner’s perceived ambiguity. 
For achieving this goal, we have to understand how they perceive earthquake and house destruction risks 
because their perceived ambiguities are based on their perceived risks. Thus, this section examines determi-
nants of not only relative ambiguity but also subjective risks for earthquake and house destruction. In this 
section, we explain the econometric model to be applied first. Then we present estimation results for subjective 
risk and discuss them. Finally, we present estimation results for relative ambiguity and discuss them. 
 
(1) Model 

For examining determinants of relative ambiguity for earthquake and house destruction risks, logarithm of 
relative ambiguity is regressed on socioeconomic and house attribute variables. The logarithmic transform of 
relative ambiguity is implemented because of the following two reasons. First, except no perception data, Fig.1 
suggests that relative ambiguity might follow a distribution similar with log-normal one. Second, the loga-
rithmic transform of relative ambiguity make regression model fit better to data than original values. However, 
logarithmic transform requires special attention on zero value of them because logarithm of zero is negative 
infinity.  

To deal with this problem, we applied sample selection model that consists of a probit model determining 
whether or not to perceive subjective risk and regression model where size of subjective risk is regressed on 
explanatory variables. The first probit model is written as follows. 
 

y1 = �1 if y1∗ > 0
0 if y1∗ ≤ 0 

 

y1∗ = x1′β1 + ε1 
 

where y1 is dummy variable that takes 1 if relative ambiguity is over 0 and takes 0 otherwise. x1 is independent 
variables vector, β1 is parameter vector and ε1 is error term. The relative ambiguity y2 is determined by the 
latent variable y2∗. We assume that y2∗ follow lognormal distribution.  
 

y2 = �y2
∗ if y1∗ > 0
− if y1∗ ≤ 0 

 
ln (y2∗) = x2′β2 + ε2 

 
where x2 is independent variables vector, β2 is parameter vector and ε2 is error term. The error terms ε1 and ε2 
are assumed to be joint normally distributed. 
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This model has the following likelihood function. 
 

L = �{Pr[yi1∗ ≤ 0]}1−yi1
n

i=1

{f[ln (yi2)|yi1∗ > 0] × Pr[yi1∗ > 0]}1−yi1 
 
where f is density function of normal distribution and subscript i means a individual response. 
 
(2) Explanatory variables in the models 

Unlike the subjective risk, much less is known about what factors influence the perceived ambiguity. For the 
first step, it is naturally supposed that factors affecting risk perceptions may also influence their perceptions of 
relative ambiguity. In this paper, econometric model includes the variables listed in Table 1. 
 
(3) Estimation results and discussion for relative ambiguity 

The second column in Table 4 presents the estimation results of probit model for relative ambiguity of 
earthquake risk. EQ7 in the probit model is negative and significant at 5% level, indicating that respondents are 
less likely to perceive ambiguity of earthquake risk with seismic intensity of 7 compared to 6 Lower and 6 
Upper. This might be because respondents can image earthquake occurrence with the highest seismic intensity 
more easily than the smaller earthquakes. The third column in Table 4 presents the estimation results of re-
gression model. EDUCATION is positive and significant at 5% level. Possibly, the higher educated re-
spondents can easily recognize that their estimated risks have larger relative ambiguity. SELF_EMPLOYED is 
negative and significant at 5% level, indicating that the self-employed people are not only risk tolerant but also 
confident to their perceive risks. This is consistent with the usual assertion that entrepreneurs are tough for 
uncertainty in their environment.  

The fourth and fifth columns in Table 4 present the estimation results of probit and regression models for 
relative ambiguity of house destruction risk, respectively. EQ6U and EQ7 are negative and significant at 1% in 
regression model where the latter have larger absolute value of coefficient than former. This means that re-
spondents perceive less relative ambiguity of house destruction risks in case of earthquake with higher inten-
sity. This might be because homeowner can more easily image their house destruction in case of earthquake 
with higher intensity. WOOD and HOUSE_AGE are significantly positive in probit model whereas 
HOUSE_AGE is significantly negative in regression model. This indicates that respondents living in more 
fragile houses are more likely to perceive ambiguity of house destruction risk but perceive smaller relative 
ambiguity. This is possibly due to easiness of imaging destruction for a fragile house. It might trigger per-
ception of ambiguity and also reduce the relative ambiguity. FEMALE in probit model is positive and sig-
nificant at 5% level, indicating that female respondents are more likely to perceive ambiguity. This is con-
sistent with the well-supported hypothesis that women tend to express greater concern about health and safety 
than men. AGE is positive and significant at 5% level in regression model, indicating that the older respond-
ents perceive larger relative ambiguity. A possible reason is that they can consider a broader range of possi-
bilities because the older homeowners experience more than the younger ones. EUCATION is significantly 
positive in both probit and regression models. This indicates that the higher educated respondents are more 
likely to perceive larger relative ambiguity of house destruction risks, which is possibly due to the same reason 
with that for earthquake risk. INCOME is statistically significant and positive at 1% level in regression, in-
dicating respondents who earn higher income perceive larger ambiguity. This might be because respondents 
with higher competent ability can more easily understand that that their estimated risks have larger ambiguity, 
where income level works as a proxy variable of competent ability that are not represented by education level. 
DIAGNOSIS is negative and significant at 1% level, which means that seismic diagnosis by professionals can 
reduce ambiguity of perceived risk for house destruction. 

CHILD is positive and significant in the regression models for both earthquake and house destruction risk, 
which indicates that the respondents having a young child perceive larger relative ambiguity for both risks 
which suggests that they tend to hope less likelihood of earthquake without confidence. Possibly, they might 
have wishful thinking for avoiding cognitive dissonance because they have no option to reduce likelihood of 
earthquake for protecting their young children. 
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Table 4 Estimation results of the sample selection models 

 

 
 
 
4. General discussion 
 

Based on our survey findings, we discuss on the following two research questions raised in the introduction: 
(1) To what degree do people perceive ambiguity? (2) What factors can affect degree of perceived ambiguity? 
Then, we consider the policy implication for homeowners to make better decisions. 

As for the first research question, the following two results are obtained. First, the distribution of relative 
ambiguity is skewed to right. Around 10% of respondents stated their relative ambiguities more than 2 for both 
earthquake and house destruction risks while roughly 60 – 70% respondents stated their relative ambiguity in 
range between 0 and 1. This indicates that some homeowners perceive large ambiguity that is more than two 
times greater than the relevant risk, while majority perceived small ambiguity that is less than the relevant risk. 
Second, relative ambiguity of hose destruction risk is smaller than that of earthquake risk on the average, 

Probit Regression Probit Regression
CONSTANT 1.819 ** -0.087 0.451 -0.272 *

(0.307) (0.120) (0.304) (0.114)

LN(OE_RISK)

EQ6U -0.100 0.044 0.135 -0.127 **
(0.138) (0.056) (0.123) (0.042)

EQ7    -0.260 * 0.110 0.237 -0.283 **
(0.130) (0.056) (0.130) (0.043)

AGE -0.006 0.003 -0.001 0.004 *
(0.004) (0.002) (0.004) (0.001)

FEMALE 0.190 0.057 0.318 ** 0.061
(0.120) (0.050) (0.119) (0.036)

EDUCATION 0.089 0.114 * 0.267 * 0.113 **
(0.120) (0.051) (0.113) (0.038)

INCOME 0.004 -0.011 -0.001 0.011 **
(0.016) (0.007) (0.012) (0.004)

CHILD 0.168 0.264 ** 0.039 0.095 *
(0.159) (0.057) (0.142) (0.047)

SELF_EMPLOYED 0.126 -0.218 ** 0.055 -0.085
(0.185) (0.078) (0.164) (0.052)

DISASTER_EXP -0.093 -0.021 0.014 0.028
(0.147) (0.060) (0.132) (0.042)

WOOD 0.455 ** -0.040
(0.120) (0.052)

HOUSE_AGE 0.009 * -0.004 **
(0.004) (0.001)

DIAGNOSIS -0.281 -0.305 **
(0.235) (0.101)

SIGMA 1.255 ** 0.945 **
(0.011) (0.009)

RHO 0.820 ** 0.544 **
(0.030) (0.074)

Number of Sample
R2

Log Likelihood
Note: **, * significant at 1%, 5%

Relative Ambiguity
Earthquake House Destruction

-6074 -5344

3600 3600
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which suggests a homeowner tend to have more confidence on her estimated of house destruction risk than 
earthquake risk. Taking account of the findings that a homeowner tends to perceive less subjective risks of 
house destruction risk than the average objective risk, it suggests that they underestimated it with more con-
fidence. This might be one of barriers to implement seismic retrofitting. 

As for the second research question, the following results are obtained. Relative ambiguity can be reduced 
by easiness of imaging the situation that the relevant risk occurs. For example, relative ambiguity is smaller for 
subjective risk of a more fragile house in case of earthquake with larger intensity. Homeowners who have more 
competent abilities, typically represented by those who have higher education and higher income, perceive 
larger relative ambiguity probably because they can understand they face deep uncertainty for earthquake and 
house destruction risks. Female respondents and those who have a young child perceive larger ambiguity, 
which is consistent with findings of previous studies that they concern more health and safety. The 
self-employed perceived less ambiguity which is consistent with the stylized fact that they are tough for un-
certainty. 

We discusses on policy implication from the results for mitigating house destruction risks due to earthquake. 
There are two possible approaches. The first is to educate or communicate with homeowners for modifying 
their subjective risk to be objective risk and reducing their perceived ambiguity. The second is to amplify their 
perceived ambiguity of subjective earthquake and house destruction risks. Under the assumption that majority 
of homeowner are ambiguity averse, this can promote them to take mitigation action. However, we believe that 
the latter approach should not be permitted because it worsens a homeowner’s perception of risks. Hence, we 
focus on the first approach. 

Our survey results show that seismic diagnosis can be effective for correcting homeowners’ subjective risks 
of house destruction risk and reduce ambiguity of them. It is quite important for homeowner to take seismic 
diagnosis. However, homeowners who underestimate house destruction risk with confidence have no incentive 
to take seismic diagnosis. In Japan, some local governments provide free seismic diagnosis. However, very 
few homeowners get seismic diagnosis. To overcome this problem, mandatory seismic diagnosis for old and 
fragile house could be a cost-effective approach. 

Because a small part of homeowners perceive large ambiguity, risk education and communication for re-
ducing perceived ambiguities can become more efficient by setting them as the main target. Our survey results 
for determinants of relative ambiguity can be useful to choose the target. For example, female, older, and 
higher educated homeowners and homeowners who have a young child and earn higher income should be paid 
more attention than the correspondents.  
 
 
5. Concluding remark 
 

This study explored how Japanese homeowners perceive ambiguity of earthquake risk and ambiguity of 
house destruction risk due to earthquake. We found the following results. First some homeowners perceive 
large ambiguity while majority perceived small ambiguity. Second, homeowners perceive less ambiguity of 
house destruction risk than those of earthquake risk on the average. Third, some socioeconomic attributes of a 
homeowner and some attributes of house affect their perceive ambiguity of earthquake or house destruction 
risks. From a view point of policy for mitigating house destruction risks due to earthquake, seismic diagnosis is 
quite important because it can correct subjective risk of house destruction and reduce ambiguity of it. 
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Managing and alleviating social and psychological harm among people in the face of recurring disasters in 
the world is very important. The November 2012 earthquake in Haida Gwaii, West Coast of Canada, was a 
wake-up call to take stock of disaster preparedness in the region. The 7.7 magnitude earthquake is said to be 
the most severe Canadian earthquake in more than 60 years. The small community of Haida Nation was 
reported to be shocked and having difficulty in coping. Although no significant damage occurred, the event 
calls for a resilience building plan for the people and infrastructure alike. It is necessary to understand the 
psycho-social impact of natural disasters, and how they might play out in an event. Earthquakes are much 
more common in Japan. In the March 2011 Tohoku earthquake, Japanese people demonstrated tremendous 
resilience in dealing with their despair while they waited patiently in lines to receive emergency relief 
supplies. Their previous experiences with various disasters may have shaped their perception and equipped 
them to weave-in a component of resilience in their daily lives. One year later, examples of elderly fishermen 
continuing to live in temporary shelters and making payments on their lost houses are clear evidence of a 
need to develop a more supportive system that would enhance people’s resilience so that they can cope in 
adverse situations. The new trend, worldwide, is shifting towards designing disaster resilient societies and 
developing the digital archive system to pass the lessons from current disasters to future generations. The 
2010 earthquake that hit Christchurch in New Zealand also demonstrated a need for resilience building of 
individuals and communities. This paper is an attempt to analyze a few recent earthquakes, gain insights into 
the role of social resilience in the severity of disaster impact, and offer plausible approaches to mitigate 
disaster impact. 

 
Key Words: Canada, Community Resilience, Earthquakes, Japan, New Zealand  

 
INTRODUCTION 
 

Resilience is a complex term that can hold many definitions. However, it is generally understood that 
resilience is defined as a communities’ or individuals’ capacity to quickly recover after facing adverse 
conditions, such as a natural disaster. Not every community holds the same level of resilience and with 
the inevitable increase in disasters on a global scale (EM-DAT 2009), it is important that emergency 
managers and government authorities alike understand why some communities may have outstanding 
adaptive capacity and others very little. Paton and Johnston (2006) conceptualize resilience on three 
different levels: physical, social, and behavioral. The physical level attributes attention to the physical 
integrity of the built environment, including building codes, land use planning, and retrofitting buildings 
to withstand disasters. On the social aspect, resilience is conceptualized as a social resource whereby an 
equitable distribution of costs and benefits associated with hazard reduction and readiness activities is 
withheld within a given society. The behavioral dimension is about encouragement and a sustained 
adoption of preparatory actions that determine the ability to respond and adapt to adverse hazard effects 
within communities.  In addition, resilience requires encompassing the cultural and environmental 
dimensions of the given population. As its complexity unfolds, resilience can be considered as a vast web 
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of social interactions, characteristics, and capacities that enable a community to live with the hazards they 
face (Crowley and Elliott 2012). Vibrant leadership, shared goals and values, established institutions and 
organizations, positive socio-economic trends, constructive external partnerships and linkages and the 
availability of resources and skills, all  together and singly, are characteristics that increase resilience on a 
community level (Gardner and Dekens 2007). However, any plan to increase resiliency needs to begin 
with an environmental hazards assessment (Kovacs and Kunreuther 2001). 

There are many natural disasters which could negatively impact communities across the globe 
including, but not limited to: hurricanes, floods, slope failures, subsidence, landslides, tsunamis, 
pandemics, forest fires, etc. However, seismic disasters, due their sheer power and potential for 
destruction, most often have tremendous impact on any given country’s local citizens. Seismic hazards 
occur as a result of the earth's plates moving over the underlying asthenosphere (Coppola 2011). Research 
has shown that the earth's outermost layer, the lithosphere, is divided into seven major oceanic and 
continental plates (Abbott and Samson 2012). These plates are in constant motion and their movement 
varies from approximately ten to 130 millimeters per year. Many geological processes occur as a result of 
the complicated and intricate maneuvers occurring at these plate boundaries. Earthquakes are usually 
categorized by their magnitude, using the more popular Richter scale that is based on seismograph 
oscillations, and their intensity, using the Modified Mercalli Intensity scale (MMI). The amount of 
damage an earthquake can cause is a function of probability, magnitude, and potential loss of lives, 
property, and the environment. For example, an earthquake in a remote area may be of very high 
magnitude will not cause any damage. Natural events are not of themselves disasters or catastrophes, 
rather, hazards become disasters when there is potential for severe consequences ((Nirupama 2012; Losey 
2007; Jackson 1981). Following this logic, events which do not impact human activities and/or 
livelihoods are not disasters (Kovacs and Kunreuther 2001; Hewitt 1997).   

Given the dynamic nature of the natural environment, uncertainties and unpredictable developments are 
part of our lives. The state, the society and even the individual will be better to adapt in order to sustain 
themselves; which can best be achieved by implementing what we generally define as resilience (Nitu and 
Anuta 2012). Some places are not as accustomed to adaptation as many others. This can be due to a 
number of factors, such as rare occurrence of disasters, lack of education and awareness, lack of 
resources, and focus on more pressing needs of the times. Different hazard types (natural, technological, 
human-caused) require different set of tools to mitigate damage caused by them.  

Among the countries most famous for being resilient in the face of disaster stands Japan. During the 
recent earthquake in March 2011, pictures of individuals lined up for relief supplies became known 
around the world for their demonstration of patience, calm, and consideration of each other. In 
comparison, New Zealand and Canada have recently experienced earthquakes that shocked the population 
to their core. In New Zealand, while floods are commonly known, volcanic eruptions and earthquakes are 
the most underrated hazards (Britton and Clark 2000). It is generally understood that New Zealand is an 
earthquake prone area (Stirling et al. 2012); however, New Zealand is also recognized for being one of 
the most prepared earthquake communities in the world (Crowley and Elliott 2012). This may be due to 
the fact that the country assumes a comprehensive emergency management approach when it comes to 
natural hazards. Similarly, Canada has a long documented history of earthquakes predominantly on its 
east and west coasts dating back as early as the 1700s. Despite achieving reasonable successes in response 
and recovery, Canada has often times been criticized for its subpar disaster prevention and mitigation 
strategies. Prevention and risk reduction strategies are critical in setting priorities towards community 
resiliency and coping capacity.  

In order to make an analytical comparison for the purpose of deeper understanding of the relationship 
between disaster impact and social resilience, this study examines three recent earthquake events, 
occurred in different parts of the developed world, namely Japan, Canada, and New Zealand. 
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THE CASE OF NEW ZEALAND 
 

New Zealand records more than 14,000 earthquakes a year, but only about 150 are usually felt. Table 1 
lists significant earthquakes with magnitude greater than 6.5. Following the September 2010 (Fig. 1) 
earthquake near Christchurch and February 2011 (Fig. 2) earthquakes in Canterbury, New Zealand, the 
Ministry of Civil Defense and Emergency Management (MCDEM 2012) partnered with local universities 
and a Christchurch based research group to conduct an inquiry into community resilience. With 100 
randomly selected Christchurch residents participating, the interviews were designed to help build an 
understanding of the competencies that supported community resilience in response to the earthquake. 
Through the interviews, it became clear that an organic spontaneous process of community connecting 
was often how individuals coped with the event. Individuals within communities willingly came together 
and aided one another describing the process as natural and a key component to maintaining their physical 
and psychological resilience. Further, an individuals’ attitude, outlook, physical mobility, sociability, and 
connectedness with others were found to be the most significant factors in determining individual 
resilience. Those who held outdoor lifestyles or who volunteered for community organizations such as St. 
John Ambulance or civil defense were those who held significant individual resilience. In general, self-
activation, sufficiency, responsibility, and management were among the top characteristics to prove one’s 
resilience.  

 
Table 1: List of significant earthquakes M ≥ 6.5 in South Island, New Zealand (source: USGS 2011c)  
 

Year  Month Day Lat Long Mag 
1901 11 15 -43.000 173.000 6.8 
1929 03 09 -43.227 173.002 6.9 
1929 06 16 -41.831 172.292 7.5 
1938 12 16 -45.503 166.880 6.9 
1942 06 24 -41.534 175.630 7.0 
1942 08 01 -41.066 175.684 6.9 
1943 08 02 -45.000 167.000 6.8 
1960 05 24 -43.962 167.824 6.7 
1961 12 27 -41.243 175.754 6.8 
1968 05 23 -41.743 172.123 7.2 
1976 05 04 -44.726 167.663 6.6 
1988 06 03 -45.039 167.587 6.7 
1989 05 31 -45.302 167.071 6.5 
1993 08 10 -45.207 166.958 7.0 
1994 06 18 -43.081 171.610 6.7 
2003 08 21 -45.104 167.144 7.2 
2007 10 15 -44.796 167.553 6.8 
2009 07 15 -45.762 166.562 7.8 
2010 09 03 -43.530 171.812 7.0 

 
 
The 2010 earthquake struck about 30km west of Christchurch, leaving extensive damage in the city. 

Severe damage to critical infrastructure (sewer, water, power, gas, and communication), increased 
incidents of domestic violence and heart attacks, and a few cases of looting were reported. According to 
the Guardian, people were woken up quite alarmed and frightened, and some did not recollect a similar 
experience in their lifetime. For a better understanding of how individuals within communities in New 
Zealand make sense of hazard information, Becker et al. (2009) conducted a series of interviews. Several 
participants mentioned that having children in school influenced their level of preparedness. The children 
would often come home and discuss what they had learned in school and engage their parents in 
preparedness activities for their household. In addition, people who felt they held responsibility for others, 
whether it is a spouse, child, or their community in general, were more likely to prepare for potential 
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disasters. Interestingly, a number of individuals thought that the responsibility of being able to cope 
following a disaster was shared between the individual, the community, and organizations, with each 
having particular roles to play in the aftermath of disasters. The study pinpoints three types of information 
that individuals shared on how to prepare for disasters: (i) passive (e.g. brochures, television), (ii) 
interactive (community, school, and workplace activities), and (iii) experiential information (experiencing 
a hazard). People’s recollection of information was found to be very good on experiential information, 
good on interactive information, and generally poor on the passive format.  

 
 

  
Figure 1: Earthquake location of the September 
3, 2010 event. (source: USGS) 

Figure 2: Earthquake location of the February 21, 
2011 event. (source: USGS) 

 
 
Paton et al. (2010) examined cross cultural data from New Zealand and Japan and assessing the degree 

to which individual hazard beliefs and social characteristics could explain levels of hazard preparedness 
(thus resiliency) in each location. New Zealand, with an individualistic culture, proved that a positive 
outcome expectancy (seeing that preparation for disaster can reduce risk and increase personal safety) 
predicted community action. This showed that sharing social interaction with those that have similar 
beliefs and values and an ability to work collectively to deal with challenging events influenced hazard 
preparedness decisions. It was also found that the more individuals find that their needs are being met by 
agencies, the more likely they are to trust the information they receive regarding earthquake preparedness. 
However, greater separation of community and government agencies responsible for risk management 
increases the likelihood that agencies will fail to provide the information and resources community 
members deem necessary to meet their needs and expectations. 

An awareness of the broader, historical, political, socio-economic framework that societies exist within 
must be considered when evaluating resilience. Further, pre-disaster conditions have a direct impact on 
post disaster outcomes and must be considered. The New Zealand government takes a proactive approach 
to dealing with disasters with not only recognizing that they are in a hazardous region, but by 
appropriately planning for their hazards, ensuring that buildings codes are followed that can hold against 
potential hazards, and by posting notices publicly where there may be exposure to hazards (Mitchelson 
2011).  
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THE CASE OF CANADA 
 

In North America, many populous urban centers on the west coast, including Los Angeles, San 
Francisco, Vancouver, and Anchorage, have been developed in areas on or close to fault lines (Jackson 
1981). The proximity of these dense population centers in earthquake-prone areas increase their 
susceptibility and vulnerability to seismic disasters because more people in any given area means a 
greater potential for losses (Kovacs and Kunreuther 2001). In Canada, earthquakes large enough to be felt 
occur every week while large, devastating, earthquakes causing damage are likely to be years, decades, or 
even centuries apart. The largest and most frequent earthquakes occur along the west coast and most are 
associated with plate motions and active faults (Cassidy et al. 2010).  

The earliest Canadian earthquake on the west coast of British Columbia, recalled in Huron folklore, 
and reported in literature occurred in the 1700s (Cassidy 2012; Lamontagne 2008) in the subduction zone 
of Cascadia fault (Fig. 3). As a result of this M 9 megathurst earthquake, houses collapsed and the 
shaking was so severe that people could not stand; minutes later, a tsunami flooded the surrounding areas. 
While reflecting on this massive earthquake and examining vulnerability and resilience, at the time, many 
long-held cultural practices made Native communities sufficiently resilient to these natural hazards. This 
earthquake, of epic proportions, was likely similar to the earthquake that ravaged Sumatra in 2004. The 
homes that the land's inhabitants built at the time of the 1700 earthquake were single-story and built over 
a pit which allowed them to adjust to the shift (Losey 2007). In addition, other strategies that existed at 
the time included rationing and redistribution of resources and relocation (Turner and Clifton 2009).  

Interestingly, earthquakes have been described as being 'good,' 'bad,' or 'ugly’ by Cassidy et al. (2010). 
The good ones would be those which were successful at highlighting the need for earthquake 
preparedness and mitigation techniques while causing minimum damage and/or were large enough to be 
of scientific value. 'Bad' earthquakes were those which caused significant damage, while 'ugly' 
earthquakes measured larger than M 8 on Richter scale. There is evidence of all three types of 
earthquakes along Canada's west coast.  

Vancouver Island is situated in a seismically active region off the south-west coast of British Columbia 
where the oceanic Juan de Fuca plate is subducting under the continental North American plate in the 
Cascadia Subduction Zone (Seemann et al. 2011). As shown in Figure 3, the Cascadia boundary stretches 
from British Columbia, Canada, to northern California, United States (Kao et al. 2008). However, despite 
the risk associated with living in a city prone to earthquakes, the number of people living in Vancouver 
has more than doubled in the past three decades (Kovacs and Kunreuther 2001). Furthermore, millions of 
tourists travel to the region each year.   

Currently, in the Cascadia subduction zone, the probability of a widely felt earthquake exceeds 25% 
over 10 years and increases to over 90% in 100 years (Seemann et al. 2011). Given the availability of this 
information, there is a hope that individuals, governments, and organizations would like to invest in risk 
assessment in order to be able to make informed decisions about earthquake preparedness and resource 
allocation. With more and more people flocking to the shores of Vancouver Island, and the staggering 
probabilities of a widely felt earthquake, the need for building community resilience is undeniable.  
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Figure 3: Cascadia subduction zone (Flück et al. 1997). 
 
The 2012 earthquake of M 7.7 in Haida Gwaii region (formerly Queen Charlotte Islands) was the 

second largest event ever recorded in the region. The largest recorded event (M 8.1) occurred in 1949, and 
among other significant earthquakes was the 1929 event of M 7.1 (Lamontagne et al 2008). Table 2 lists 
significant earthquakes in Haida Gwaii that are greater than magnitude 6.5. In this study, the region of 
Haida Gwaii has been included because the recent 2012 earthquake caught the local community by 
surprise, but questions were raised in regards to the early tsunami warning system. The people in Haida 
Gwaii were reported to have been shaken up by the event as they were not prepared, both, physically and 
mentally for such an experience even though the area is seismically active as shown in Figures 4 and 5. 
Media reported cases of panic in the impacted area.   
 
Table 2: List of significant earthquakes M ≥ 6.5 in Haida Gwaii region, Canada (USGS 2012) 
 

Year Month Day Lat  Long Mag 
1910 11 06 53.000 135.000 6.8 
1929 05 26 51.235 130.556 7.0 
1949 08 22 53.750 133.250 8.1 
1956 12 21 51.356 130.747 6.7 
1960 07 04 51.755 131.357 6.7 
1970 06 24 51.774 130.939 6.8 
2004 06 28 54.8000 134.250 6.8 
2008 01 05 51.254 130.746 6.6 
2009 11 17 52.131 131.397 6.6 
2012 10 28 52.769 131.927 7.7 
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Figure 4: Significant earthquakes near western 
Canada. Note the 1929 and 1949 events 
(Lamontagne et al. 2008) 

Figure 5: Earthquake location of the 2012, M 7.7 
event in Haida Gwaii (USGS 2012) 

 
 
THE CASE OF JAPAN 
 

In the afternoon of March 11, 2011, a magnitude 9.0 reverse fault megathrust earthquake occurred 
along the subduction zone under the north-western Pacific Ocean where the Pacific and North American 
tectonic plates meet (Fig. 6). It was the most powerful earthquake ever recorded to have hit the country 
and the fourth most powerful to have occurred anywhere in the world since 1900 (JMA 2011, USGS 
2011a). The earthquake generated a huge tsunami with a maximum height of 17 m in some places. The 
powerful tsunami waves engulfed the low-lying coastal areas of the north-eastern coastal area of Honshu, 
causing severe flooding and bringing millions of tons of debris.to the coast. About 20 prefectures suffered 
catastrophic loss of lives (15,365 deaths, 8206 missing, injuries and infrastructure (Matanle 2011). The 
protective walls at the Fukushima Daiichi nuclear power plant could not withstand the force of the 
tsunami causing the meltdown of nuclear reactors, which wreaked havoc for both the communities in the 
area and the government.  

Japan has seen earthquakes in the past (The Great Kanto Earthquake of 1923, and the 1995, the Great 
Hanshin Earthquake) and recovered from them. Figure 6 illustrates seismic activities along the east coast 
of Japan. The Japanese are a resourceful and knowledgeable people and possess deep wells of self-
discipline and determination, and these attributes help them cope in the face of a disaster. In order to 
address the issue of an aging society, especially in rural communities (Shaw and Takeuchi 2011), the 
Japanese government has made a declaration that people with disabilities, seniors of over 65 years of age, 
and very young children of up to 6 years of age are easily affected by disasters. Furthermore, a relatively 
new concept of ‘voluntary self-help’ with an intention of building local capacity and resilience is gaining 
popularity among Japanese people (Fig. 7). In addition, after the disaster, the Japanese Prime Minister, 
Kan established (Kan 2011) three principals for sustainable recovery, including hazard resistant society; 
establish a social system that allows people and the environment to live in harmony; and promote 
compassion, caring for the vulnerable (Matanle 2011; Mitsuyoshi 2011). This approach validates the very 
psyche of Japanese people who showed tremendous patience, generosity, and consideration for each other 
even when they had lost everything in the disaster of March 2011.  
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Figure 6: Tectonic setting of the area (USGS 2011b) 
 

 
Figure 7: Recognition of voluntary self-help organization by age bracket (Shaw 2012). 
 
 
 



9 
 

CONCLUDING REMARKS  
 

A disaster is a collectivity of intersecting processes and events, social, environmental, political, 
economic, physical, and technological, transpiring over varying lengths of time (Oliver-Smith 1998). This 
concept can be applied to disaster resilience. With examples like those discussed in this paper, it becomes 
clear that being a politically stable, economically wealthy, and invulnerable country coupled with a 
society that fosters a culture of preparedness promotes resilience and sustainability. An underlying sense 
of community seems to appear after earthquakes/tsunami, most prominently in Japan, and to some extent 
in New Zealand, and proved to be a source of resilience both physically and psychologically for those 
dealing with the disaster. However difficult it may be to inculcate, a culture of community resilience and 
capacity building is a sustainable approach. Natural disasters are considered as consensus type crises, 
where survivors willingly work cooperatively together in cleanup and rehabilitation activities (Quarantelli 
and Dynes 1976). Partly for this reason, the field of disaster studies has long drawn attention to natural 
disasters as the trigger for the onset of a therapeutic community, much like was visible in Japan and New 
Zealand, and lacking in Haida Gwaii, Canada. While tornados and hurricanes can often lead to massive 
physical disruption and loss of life, the disaster tends to end there and the aftermath of the event takes on 
the personality of being reassuring and restorative where volunteers show up with the simple willingness 
to help others (Freudenberg, 1997). 

Canada's emergency response system is based on the approach that individuals are primarily 
responsible for their own safety after a disaster (Kovacs & Kunreuther, 2001). It is not unusual that 
remote communities, such as Haida Gwaii can get ignored in terms of the development of training and 
resilience building initiatives. Ensuring that community members are able to help themselves as well as 
each other, promotes resiliency through kinship and relationships. One of the greatest downfalls in urban 
centers is people not knowing their neighbors. Neighbors should have an open dialogue between one 
another; the worst time to become acquainted with one's neighbors is in a time of need. This follows one 
of the foundational principles of disaster and emergency management; relationships necessary to build 
coping capacity need to be developed well in advance. 

The review of Japan’s resilience brings to the table the idea that patience, tolerance, and consideration 
for other impacted people is an effective and efficient approach to dealing with a disaster. Organizational 
support can complement community level efforts to social resilience building and thus make it relevant 
for all at all times. Community gatherings and schools and workplaces meetings can offer an effective 
platform to discuss initiatives to enhance coping capacity and expectations of one another during a 
disaster. Also, educating children about disasters and preparedness activities inherently encourages 
disaster preparedness in households with children.  

New Zealand’s resilience can be attributed to having a government body that is well aware of the 
hazards their country faces. In Canada, however, as of 2001, there are barely any government funded 
programs geared toward seismic risks research (Kovacs and Kunreuther 2001). In general, the west coast 
of Canada has a high awareness of the earthquakes dangers they face but is seemingly more resilient to 
wildfires (Wisner et al. 2004; Gardner and Dekens 2007). However, in addition to practical hazard and 
emergency code drills, it may be greatly beneficial to implement effective communication strategies 
between generations and between communities. Evidently, one of the best methods for predicting the 
future is through understanding and analyzing past events. Since Native American communities have 
experienced disasters and adopted mitigation techniques from their oral tradition, their lessons learned 
should be shared with current generations and neighboring communities to build resiliency. Governments 
should also join hands with First Nations and support their values and approaches to achieve an increase 
in building resilience (Turner and Clifton, 2009). Canada is strong in response and recovery, but lacks 
sophistication in prevention efforts. Public awareness, appropriate land use planning, and enforcement of 
building codes, backed by adequate structural measures are some of the sustainable approaches that 
disaster prone regions can and should adopt.  

Hazards and disasters are generally viewed as only having negative consequences. However, resilient 
social-ecological communities may also stand to benefit from new opportunities presented in the 
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aftermath (Gardner and Dekens 2007). A lack of resiliency, or an increase in vulnerability, may become 
an obstacle and/or barrier to efficient response, recovery, and moving forward. Although economically, 
politically, and technologically alike countries can easily learn from this review on resilience, it is 
important to recognize that there are limitations. For example, less developed countries face similar 
disasters yet their ability to recover and be resilient in the face of disaster can be challenging. Further 
research should be done to determine whether or not lessons learned in this review can be applied in less 
developed countries. 

 
REFERENCES 
1) Cassidy, J. F., Rogers, G. C., Lamontagne, M., & Adams, J. (2010). Canada's earthquakes: 'The good, the bad, and the ugly.' 

Geoscience Canada, 37(1), 1-16. 
2) Gardner, J. S., & Dekens, J. (2007). Mountain hazards and the resilience of social-ecological systems: Lessons learned in 

India and Canada. Nat Hazards, 41(2), 317-336. 
3) Jackson, E. L. (1981). Response to earthquake hazard: The west coast of North America. Environment and Behavior, 13(4), 

387-416. 
4) JMA (2011). The 2011 Off the Pacific Coast of Tohoku Earthquake First Report, Japan Meteorological Agency. 

http://www.jma.go.jp/jma/en/News/2011_Earthquake_01.html [Accessed 22 Feb 2013]. 
5) Kan, N. (2011). Japan’s Road to Recovery and Rebirth. New York Times, 

http://www.nytimes.com/2011/04/16/opinion/16iht-edkan16.html?scp=2&sq=naoto%20kan&st=cse&_r=0 [Accessed 22 Feb 
2013]. 

6) Kao, H., Thompson, P. J., Shan, S. J., Rogers, G., Dragert, H., & Spence, G. (2008). Tremor activity monitoring in northern 
Cascadia. Eos, Transactions, American Geophysical Union, 89(42), 405-416. 

7) Kovacs, P., & Kunreuther, H. (2001). Managing catastrophic risk: lessons from Canada. ICLR Research Papers 13. Institute 
for Catastrophic Loss Reduction (ICLR). Available at: http://www.iclr.org/images/Managing_Catastrophic_Risk.pdf  

8) Losey, R. J. (2007). Native American vulnerability and resiliency to great Cascadia earthquakes, Oregon Historical 
Quarterly, 108(2), 222-245. 

9) Matanle, P. (2011). The Great East Japan Earthquake, Tsunami, and Nuclear Meltdown: Towards the (re)construction of a 
Safe, Sustainable, and Compassionate Society in Japan's Shrinking Regions, Local Environment. International Journal of 
Justice and Sustainability, 16:9, 823-847. 

10) Mitsuyoshi, M. (2011). Resilience in the Face of Disaster: Reflections on the Japanese Earthquake and Tsunami, The New 
Zealand Medical Student Journal, Number 3, July 2011.  

11) Nitu, L. and Anuta, C. 2012. Tsunami and Intelligence: the Need for Smart Resilience. Strategic Impact, Issue 3.  
12) Seemann, M., Onur, T., and Cloutier-Fisher, D. (2011). Earthquake shaking probabilities for communities on Vancouver 

Island, British Columbia, Canada. Nat Hazards, 58(3), 1253-1273. 
13) Shaw R., Takeuchi Y. (2011). Role of Local Institutions in Climate Related Disasters in Small and Medium Sized Cities of 

Japan, Asian Journal of Environment and Disaster Management, 3:2, 137 ‐150. 
14) Shaw, R. (2012). Incorporating Resilience of Rural Communities for Proactive Risk Reduction in Shikoku, Japan, Graduate 

School of Global Environmental Studies, Kyoto University, Kyoto, Japan. 
15) Turner, N. J., & Clifton, H. (2009). "It's so different today": Climate change and indigenous lifeways in British Columbia, 

Canada. Global Environmental Change, 19(2), 180-190. 
16) USGS (2011a). United States Geological Survey Updates Magnitude of Japan’s 2011 To¯hoku Earthquake to 9.0. 

http://www.usgs.gov/newsroom/article.asp?ID=2727&from=rss_home[Accessed 22 Feb 2013]. 
17) USGS (2011b). Earthquake Summary Map, prepared in cooperation with the Global Seismographic Network. 
18) USGS (2011c). List of significant earthquakesftp://hazards.cr.usgs.gov/maps/sigeqs/20110613/20110613.jpg 
19) USGS (2012). ftp://hazards.cr.usgs.gov/maps/sigeqs/20121028/20121028.jpg (accessed February 18, 2013). 
20) USGS (2013). http://neic.usgs.gov/neis/bulletin/neic_b000fpmu_l.html (accessed March 26, 2013) 
21) Wisner, B., Kelman, I., Monk, T., Bothara, J. K., Alexander, D., Dixit, A. M., Benouar, D., Cardona, O. D., Kandel, R. C., & 

Petal, M. (2004). School Seismic Safety: Falling between the cracks? In C. Rodrigue & E. Rovai (Eds.). Earthquakes. 
London: Routledge. 

22) Abbott, P.L. and Samson, C. (2012). Natural Disasters, McGraw-Hill-Ryerson, 425p. 
23) Nirupama, N. (2012). Risk and Vulnerability Assessment: A Comprehensive Approach, Disaster Resilience in the Built 

Environment, 3(2):103-114. 
24) Hewitt K (1997) Regions of risk: a geographical introduction to disasters, Longman Pub Group, 389p. 
25) Guardian (2010). http://www.guardian.co.uk/world/2010/sep/04/earthquake-christchurch-new-zealand (accessed March 26, 

2013). 
26) Flück P, Hyndman RD, Wang K (1997) Three-dimensional dislocation model for great earthquakes of the Cascadia 

subduction zone. J Geophys Res 102:20539–20550. 

http://www.jma.go.jp/jma/en/News/2011_Earthquake_01.html
http://www.nytimes.com/2011/04/16/opinion/16iht-edkan16.html?scp=2&sq=naoto%20kan&st=cse&_r=0
http://www.usgs.gov/newsroom/article.asp?ID=2727&from=rss_home
ftp://hazards.cr.usgs.gov/maps/sigeqs/20110613/20110613.jpg
ftp://hazards.cr.usgs.gov/maps/sigeqs/20110613/20110613.jpg
ftp://hazards.cr.usgs.gov/maps/sigeqs/20121028/20121028.jpg
ftp://hazards.cr.usgs.gov/maps/sigeqs/20121028/20121028.jpg
http://neic.usgs.gov/neis/bulletin/neic_b000fpmu_l.html
http://www.guardian.co.uk/world/2010/sep/04/earthquake-christchurch-new-zealand


 1 

 
Mapping stakeholder relationships in post-disaster 
housing reconstruction using Stakeholder Circle™ 

 
 

Siriwardena N1, Haigh R2 and Ingirige B3 
 

1Nuwani Siriwardena, Centre for Disaster Resilience, University of Salford 
E-mail: n.siriwardena@edu.salford.ac.uk 

 2Richard Haigh, Centre for Disaster Resilience, University of Salford 
E-mail: r.p.haigh@salford.ac.uk 

3Bingu Ingirige, Centre for Disaster Resilience, University of Salford 
E-mail: m.j.b.ingirige@salford.ac.uk 

 
 
 
 

Despite widespread reforms and institutional changes frequently undertaken after a disaster, previous studies 
have emphasised the wide variations between the expectations of different stakeholders and what is actually 
delivered by physical reconstruction programmes. This paper describes a study to better understand the rela-
tionships among stakeholders in a post-disaster housing reconstruction setting. The concept of stakeholder 
salience – power, legitimacy and urgency – was used as the basis for this study.  A literature review and syn-
thesis were used to identify stakeholders, classify theming, and explore the factors of salience. Seven expert 
interviews were conducted with participants in donor driven housing projects carried out Sri Lanka in the af-
termath of the 2004 Indian Ocean Tsunami. These interviews were used to assess the engagement of each 
stakeholder based on their power, legitimacy and urgency to the project.  Stakeholder Circle™ software was 
used to aid analysis of this data. The results of the study suggest that coordination, communication and con-
sultation with stakeholders were pivotal in achieving time, cost, and quality objectives for reconstruction in Sri 
Lanka. However, undue political influence, bureaucratic structures, and unpecendented behaviour from con-
tractors has impeded the maintenance of the relationships needed to achieve these objectives.   
 

   Key Words: post-disaster housing reconstruction, stakeholders, expectations, Stakeholder Circle™ 
 

1. INTRODUCTION 
 

This is an account of a study to better understand the relationships among stakeholders in a post-disaster 
housing reconstruction setting.  

The tsunami waves that struck nearly two thirds of the Sri Lankan coastal belt on the 24th December 2004 
resulted in 35,320 confirmed deaths and 6,300 missing people. The economic loss has been estimated at 
US$ 2.2 billion, disregarding the cost of social disorder. Nearly 516,100 were displaced of which 33% were 
below the poverty line1). 98,000 dwelling houses were damaged and 450 education institutes were used as 
temporary camps for displaced people2). 

Re-housing formed one of the greatest challenges for Sri Lanka. A year after the Tsunami, 4,299 new houses 
had been built and another 25,000 were planned, of which 10,707 were under construction. A decision was not 
yet made on planning the remaining 68,000 dwellings3). Similarly, Oxfam reported that 12 months after the 
Tsunami, around 20% of the people made homeless were not in satisfactory permanent accommodation4). A 
year and a half after the tsunami, the situation appeared little better, with most people who lost their homes still 
without a permanent roof over their heads and many still faced an uncertain future. This is despite the record 
public and donor response resulting in a quick and largely successful immediate human relief effort. In 2006, 
approximately 200,000 people were still displaced5). Further, dissatisfaction was expressed by many stake-
holder groups in relation to features of the house, relocation and other institutional problems.  

Post-Disaster Housing Reconstruction (PDHR) requires provision of immediate, temporary and permanent 
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shelters, and rehabilitation of social and economic structures that are severely damaged. Stakeholders of a 
construction project are any identifiable group or individual who can affect, or is affected by, the achievement 
of a project’s objectives. Capturing their input is a key component of the project development process. The 
stakeholders of a construction project vary depending on the nature of the project. For example the motives of 
a housing project undertaken in a normal situation and after a disaster vary. The former is frequently driven by 
profit while the latter could be community based and of a charitable nature. Table 16) enumerates typical 
stakeholder groups encountered on a PDHR project.  

The post-disaster reconstruction process has given birth to a group of stakeholders with differing degrees of 
power, legitimacy and proximity to these projects. The decision making power varies across stakeholder 
groups. Different classifications of stakeholders have emerged from the literature and these can be applied to a 
PDHR context, including primary/secondary7), social/non-social8), internal/ external9,10), volun-
tary/non-voluntary9). Primary stakeholders are those whose continuing participation the PDHR project is un-
likely to be able to proceed, while secondary stakeholders are those who can influence or be influenced by the 
project. Internal stakeholders are members of the project coalition or are those who provide finance, while 
external stakeholders are those affected by the project in a significant way. Voluntary stakeholders have a 
contractual relationship with the project, while non-voluntary stakeholders do not have a contractual agree-
ment and cannot withdraw the stake they have in a project. Social stakeholders actively involved in the deci-
sion making process.  Non-social stakeholders do not have a direct voice make decisions. 

 
Table 1  Typical stakeholder groups encountered on a PDHR project6) 
 

Stakeholder group Example 
Individuals Company owners 
Families and households Long-term local residents 
Traditional groups Clans, religious bodies 
Community- based groups Self-interest organisations of resource users, neigh-

bourhood associations, gender or aged base associa-
tions 

Local traditional authorities Village council of elders, traditional chief 
Political authorities recognised by national laws Elected representatives at the village or district levels 
Non-governmental bodies that link different 
communities 

A council of village representatives, a district- level 
association of fishermen 

Local governance structures Administration, police, the judicial system 
Agencies with legal jurisdiction over natural re-
sources 

A state park agency 

Local government services in the area Education, health, forestry and agriculture 
Relevant non-governmental organisations Local, national or international level 
National interest organisations Workers’  union 
Cultural and voluntary associations Unique national landscapes, an association of tourists 
Business and commercial enterprises Local cooperatives to international cooperations 
Education Universities and research organisations 
Financial Local banks and credit institutions 
Government National, regional, local 
Foreign aid agencies Staff and consultants of relevant project programmes 
International government bodies UNICEF, FAO, UNEP 
 

In an alternative approach the concept of ‘stakeholder salience’ put forward by Mitchell et al.11) supports that 
certain stakeholders become salient depending on role they play in PDHR. Three attributes namely, power, 
legitimacy and urgency have been introduced to assess how salient the stakeholders are to the project. 
Moreover Driscoll and Starik12) introduced a new attribute known as, ‘proximity’. This also could be applied in 
better managing stakeholder expectations of PDHR. Stakeholder salience formed the foundation for exploring 
relationships and building an engagement strategy.  
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2. METHODS 
 
Different methods of data collections were employed to further study on identification, classification and 

exploring relationships of stakeholders of PDHR in Sri Lanka. An extensive survey of literature and expert 
interviews formed the main sources of data collection. Defining stakeholders in a PDHR setting, identifying, 
classifying and exploring the attributes of salience were carried out through the literature survey (see Section 
1). Application of literature review findings to a practical scenario was carried out through the expert inter-
views. 

Expert interviews with professionals/ experts who got involved in PDHR were carried in the preliminary 
phase of the empirical investigation of this research. Seven responded out of fourteen semi-structured ques-
tionnaires distributed. Each respondent was assigned with a letter to maintain the anonymity and the confi-
dentiality. Convenient sampling technique (a group of experts conveniently accessible to the researcher) was 
employed. Accordingly stakeholders from UK and Sri Lanka were interviewed. They represented donor or-
ganisations, consultants, contractors, government and academia.  Details of the seven experts are Tabled in 2. 

 
Table 2  Details of interviewees 
 

Expert Area of proficiency  Experience (years) Stakeholder group 

A Financial Management 25 Donor/Funding agency/ INGO 

B Architecture 10 Advisor 

C Humanitarian work 30 Project coordinator 

D Quantity Surveying 15 Project manager of a local NGO 

E Engineering 25 Contractor (Design and build) 

F Government 5 Advisor 

G Academia 5 Advisor / Researcher 

 
Stakeholder Circle™ is used to assess the stakeholder salience based on three attributes: stakeholder power, 

legitimacy and urgency, as put forward by Mitchell et al.11). Stakeholder Circle™ provides a means to identify 
and prioritise a project’s key stakeholders (Bourne, 2005). Thus, it is a stakeholder management methodology 
and visualisation tool. The Stakeholder Circle™ was developed by Linda Bourne, RMIT University, Australia 
to assist in this process. The methodology supported by the tool provides an effective mechanism for assessing 
the relative influence of a project’s stakeholders, understanding their expectations, and defining appropriate 
engagement procedures to influence the key stakeholders’ expectations and perceptions for the benefit of the 
project13). Accordingly, the software enabled identifying, prioritising, visualising and engaging the stake-
holders in a PDHR context. The assessment of each stakeholder is based on ratings from the project team of the 
stakeholder's perceived power, proximity and urgency, which produces an 'index' for each stakeholder, which 
is used to produce the prioritised list of stakeholders. The top stakeholders from the prioritized list are mapped 
to the Stakeholder Circle, showing their order of importance along with a depiction of their power, proximity 
and relative influence - a form of 'stakeholder radar'. Section 3 explores these in detail. 

 
3. RESULTS 
 
(1) Stakeholder identification and classification 

Fifteen individual stakeholders listed are shown in Stakeholder Circle™ in Figure 1. Two stakeholder 
groups were collectively identified by all the interviewees. They are the client and the consultant. The client 
represented either private sector or the government. In PDHR projects, the main client, identified by the in-
terviewees was the government. It was inclusive of the central government, district secretariat, and divisional 
secretariat and at village level Grama Sevaka (Grama Niladari). Grama Sevaka is the official name given by 
the central government to the person who serves the village. The consultant embraced architects, engineers and 
quantity surveyors. Urban Development Authority, contractor, donor, NGOs, INGOs, humanitarian organi-
sations, beneficiary and CBOs were the rest of the stakeholders named by the interviewees. The Government 
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represented the central government, district secretaries, divisional secretaries and the Grama Sevaka. Con-
sultant embraced the architect, engineer and the quantity surveyor.  

Stakeholders identified are listed under four main classifications emerged in literature as mentioned in 
Section 1. Table 3 categorises the stakeholders under each classification. 

All seven interviewees agreed that primary stakeholders derive a benefit directly out of the project and it is 
the affected community (beneficiary). Similarly, secondary stakeholders are indirectly affected parties who act 
as intermediaries. Consultant, contractor, NGO, INGO’s, donor agency, government, UDA, CBOs, general 
public constitute the secondary stakeholders as per all seven interviewees. 

Although the seven interviewees agreed with the definition of internal stakeholders they had differing 
viewpoints when categorising under ‘internal/ external’ classification. All the interviewees agreed that the 
client may be the government, private sector who has a legal contract with, the consultant, NGOs, INGOs, 
donor agencies or vice-versa. They further mentioned that these stakeholders (client) operate entirely within 
the boundary of the project. Interviewees A, C and F viewed that CBOs generally represent the general public 
inclusive of the affected community. On the other hand B, D, E and G argued that CBO’s has a vested interest 
of the project along with a legal contract. Accordingly, interviewees A, C, and F perceived CBOs as an ex-
ternal stakeholder while B, D, E and G categorised as internal. Thus, it can be argued that both internal and 
external classification could equally be applied to CBOs.  

 
Table 3  Literature informed classification of stakeholders 
 

Identified stakeholders     Classification 

Community affected / End user/ 
Beneficiaries  

Primary External Non-voluntary Social/ 
Non-social 

Consultant-Architect, Quantity 
Surveyor, Engineer 

Secondary  Internal Voluntary Non social 

Contractor/sub contractors Secondary Internal Voluntary Non social 

NGOs, INGOs  Secondary Internal Voluntary/ 
Non-voluntary 

Social/  
Non-social 

Donor/ Funding body Secondary Internal Voluntary/ 
Non-voluntary 

Social/  
Non-social 

Central Government, District Sec-
retaries, Divisional Secretaries, 
Grama Sevaka , UDA 

Secondary Internal Voluntary/ 
Non-voluntary 

Social 

CBOs representing Local peo-
ple/general public, Pressure groups  

Secondary Internal/ 
External 

Voluntary/ 
Non-voluntary 

Social/  
Non-social 

All the interviewees viewed that beneficiary is a non-voluntary stakeholder who does not have a contractual 
relationship with the project but have a stake in the project which cannot be withdrawn. G said: “... for example 
a tsunami victim who is entitled to a house cannot refuse the given shelter or house”. 

All interviewees categorised the contractor and consultant under ‘voluntary’. They expressed that these 
stakeholders have a relationship with the project. The classification of NGO’s, INGO’s, donor agency, CBOs 
and the government were subject to argument. F and G were in the view that NGO’s, INGO’s, Government, 
and CBO’s, do not directly get involved in the construction activities of the project. A too held the same 
viewpoint regarding NGO’s, INGO’s, CBOs. Therefore, categorised under ‘non-voluntary’. B, C, D and E 
held the opinion that they do have a relationship with the project from the inception to the execution and 
‘voluntary’ classification is more suitable. In a similar vein, C, F and G categorised donor under voluntary and 
B, D, G assigned ‘non-voluntary’ classification to the same. Both the arguments appeared to be valid in case of 
PDHR projects. D explained: “Certain NGO’s, INGO’s, CBO’s supplied consultancy service as well as con-
tractors where they became voluntary stakeholders. For example in donor driven housing; donor, NGO, and 
the government became voluntary stakeholders and in owner driven housing the same stakeholders became 
non-voluntary”. 
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It can be concluded that voluntary/ non-voluntary classification depends on the nature of the housing pro-
gramme. Similar debate arose in social/ non-social classification of stakeholders. All seven respondents cat-
egorised the government under social and consultants and contractors under non-social. B, D, E, F, G were in 
the opinion that the beneficiary, NGOs, INGOs, donors are social stakeholders. A, viewed donor and C per-
ceived the beneficiary, NGOs, INGOs and CBOs as social stakeholders.  

A categorised the beneficiary, NGOs, INGOs and CBOs as non-social while C applied the principle to the 
donor.  

The above classifications have a close links to attributes of stakeholder salience; power, legitimacy and 
urgency. Further, these attributes justified the nature of relationships stakeholders had with the project. Section 
3.2 explains this premise in depth. 

 
 (2) Assessing stakeholder power, legitimacy and urgency 

Stakeholders identified in Section 3.1 were further categorised to assess saliency. Accordingly, the saliency 
attributes, power, legitimacy and urgency emerged in literature are visualised in Figure 1. 

 

 
Figure 1  Visualisation of stakeholder salience 

 
Visualisation of stakeholders clearly indicates the relationship direction and the degree of saliency. These 

are based on the type of engagement of the stakeholder and what they need/ expect from the project. The 
Stakeholder Circle™, in Figure 1 showed their order of importance in a form of 'stakeholder radar'. Each 
segment represents a stakeholder. The stakeholder power is shown along its radial axis of each stakeholder 
segment, higher the radius greater the power. The urgency is depicted along the arc, wider the segment greater 
the urgency. Legitimacy is ascertained through the proximity of the sector to the project in the middle, Closer 
to the project higher the legitimacy/ proximity. It shows how closely the stakeholder associate with project 
activities. This factor interacts with the power attribute and could locate the stakeholders with low power. The 
area of the segment indicates the extent to which the stakeholder could influence the project. Patterns of the 
segments indicate the homogeneity of the stakeholders. For example solid shades represent the solidarity and 
patterns refer to the heterogeneity of the interest. 
 
a) Stakeholder power 

The analysis demonstrated that the beneficiary possessed a low level of power. Contractors and CBOs had 
informal power. Central government, UDA, donor retained a high degree of power. The beneficiary did not 
have access to decision making process. According to A, D and G, beneficiary lists were not received by the 
donor beforehand and they did not know the social, cultural, economic background, attitudes, and values of the 
recipient of the house. They also revealed that politics played a major role and beneficiary lists were amended 
by the government officials in most of the instances. Thereby, beneficiary did not have contacts with the 
project until he was re-housed. 

Medium level of power was retained by the district secretariat, divisional secretariat, Grama Sevaka, con-

Colour codes:  
Orange  - Upwards 
Blue        - Outwards 
Green     - Downwards 
Purple    - Sidewards 
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sultant, Local NGOs, INGOs and humanitarian organisations. Operational level decisions pertaining to the 
PDHR project rested upon them. The central government made the strategic level decisions and possessed a 
higher degree of power. Moreover, respondent C and G reported that power was exploited by certain gov-
ernment officials, leading to corruption. G expressed that: “it is a part of the process which could never be 
eradicated”. 

Thereby, crucial decisions were not made on time. Delays in plans for land acquisition and permanent 
housing in Sri Lanka had delayed timely completion of houses.  

“The government of the country is the most powerful agent who could have utilised the opportunity and 
resources to make the beneficiary delighted and the economy flourished. This did not happen and still there are 
Tsunami victims without a roof” were words of respondent C. A, B, D, E, F and G expressed that a lack of 
strategies and resources to manage the unanticipated situations such as escalation of construction costs, un-
anticipated funding gaps, material and labour shortages amounted to delays in timely hand over of the housing 
projects. 
 

Table 4  Stakeholder power index 
 

Stakeholder Power 
Central Government 4 High 
Donor Agency 4 High 
UDA 4 High 
Engineers  3 Medium 
Architects 3  Medium 
Quantity Surveyors 3 Medium 
District Secretary 3 Medium 
Divisional Secretary 3 Medium 
Grama Sevaka 3 Medium 
Humanitarian organisations 3 Medium 
Local NGOs 3 Medium 
CBOs 2 Informal 
INGOs 3 Medium 
Contractors 2 Informal 
Beneficiary 1 Low 

 
 
b) Stakeholder legitimacy 

Table 5  Stakeholder legitimacy / proximity index 
 

Stakeholder Legitimacy 
Central Government 4 Internal 
Donor Agency 3 Close 
UDA 3 Close 
Engineers  4 Internal 
Architects 4 Internal 
Quantity Surveyors 4 Internal 
District Secretary 3 Close 
Divisional Secretary 3 Close 
Grama Sevaka 3 Close 
Humanitarian organisations 3 Close 
Local NGOs 3 Close 
CBOs 2 Detached from the project 
INGOs 3 Close 
Contractors 4 Internal 
Beneficiary 1 Remote 

 
The beneficiary was remote from the project while CBOs were placed as detached. The rest of the stake-

holders had a high level of legitimacy. These stakeholders had contractual agreements with the project and the 
government. Beneficiary and CBOs did not have formal authority to intervene in decision making process. In 
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contrast, all other stakeholders had formal relationships among each other. For example, there were legitimate 
relationships between the Central government and the donor Agency, INGOs, Local NGOs and consultants. In 
a similar vein the contractor had a contractual agreement with the employer; consultant or the INGOs. Bene-
ficiary did not come under the domain of ‘contractual agreement’ till the house was handed over. When taken 
the power attribute into consideration it was also evidenced that the Beneficiary and CBOs have low levels of 
power. The interviewees were in the view that beneficiary has a higher level of stake as he becomes the oc-
cupier of the house, even though he is remote from the reconstruction process. His input and empowerment 
was crucial to achieve the objectives of PDHR. All seven interviewees held the opinion that this was also the 
missing link to address vital aspects such as livelihood development, psycho social development, cultural, 
religious and social aspects of the house. Interviewee D expressed that they carried out the construction as they 
were instructed without considering the incompatibilities that might crop up in the future. Further, design of 
the houses has not catered the privacy issues, space requirements and cultural and social patterns.  

Respondents A, B and D agreed that their organisation could have given greater thought to local customs, 
including the needs of extended families, the location of the kitchen, the building of verandas, privacy and 
weatherproofing when the houses are put up in the areas away from the original places. Nevertheless, they 
could not achieve these objectives due to the strict time limits, given design and location in their contractual 
agreement. Also, they expressed that the organisation did not anticipate the behavioural outcome of the fish-
eries community who used to live in individual houses and being transferred to condominium properties. So-
cial tension between the victims and the neighbourhood too has given room for disharmony. 

It is also clear that legitimacy attribute has a close relationship with voluntary/non-voluntary classification 
of stakeholders. 
 
c) Stakeholder urgency 

Accordingly, central government, donor and the beneficiary ranked the most urgent stakeholders. All policy 
level decision in relation to PDHR rested upon the central government, donor injected funds and beneficiary 
was the victim who urgently needed a house.  UDA supplied with lands, engineers, architects, quantity sur-
veyors input the technical expertise and CBO’s raised their voice on behalf of the beneficiary. Therefore, these 
groups too were categorised under ‘high’ level of urgency. It is explicit that the beneficiary got victimised by 
way of losing physical, social assets and loved ones. One of the facets contributes positively for a speedy 
recovery of the mental as well as social status was ‘a house’. The victims were given the assurance by the 
‘upward’ stakeholders that they have a house to live in the long run. ‘Upward’ stakeholders represented the 
government. Interviewee A, C and G expressed that: “Promises were limited to ‘words’ in certain instances”. 

 
Table 6  Stakeholder urgency index 
 

Stakeholder Urgency 
Central Government 5 Very High 
Donor Agency 5 Very High 
 UDA 4 High 
Engineers  4 High 
Architects 4 High 
Quantity Surveyors 4 High 
District Secretary 3 Medium 
Divisional Secretary 3 Medium 
Grama Sevaka 3 Medium 
Humanitarian organisations 3 Medium 
Local NGOs 4 High 
CBOs 4 High 
INGOs 4 High 
Contractors 2 Low 
Beneficiary 5 Very High 

 
The stakeholders such as consultants, divisional secretariat, Grama Sevaka, district secretariat, local NGOs, 

humanitarian organisations, CBOs, INGOs, individually were placed at a medium level of urgency.  
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Table 7  Identified stakeholders and types of engagement 
 

Stakeholders Type of engagement 

Client (Central Government, 
District Secretaries, Divi-
sional Secretaries, Grama 
Sevaka) 

In the context of a disaster, the government takes the lead in terms of formulating 
and maintaining regulations, policies and monitoring the adherence to these. In 
other words policy level decisions are made by the Central Government and 
communicated to respective bodies such as district and divisional Secretariats to 
operationlise policy level decisions. 

Grama Sevaka looked into village level requirements of PDHR 

Setting the standards relating to the delivery of PDHR  

In a PDHR project the main initiator is the government and benefit accrues to the 
community affected 

Urban Development Author-
ity (UDA) 

Land selection and allocation on behalf of the government 

Consultant-Architect, Quan-
tity Surveyor, Engineer 

Provides the consultancy advice for the project on designing, evaluating the cost, 
technical issues/advice (engineering advice electrical and civil) 

Contractor/Sub Contractors Engage in actual construction according to the designs, specifications, contract 
documents communicated by the relevant parties 

Donor/Funding body E.g. UN, ADB, ICRC. Address humanitarian issues while providing the necessary 
funds to the community project. Ensures that the funds are utilised for the purpose. 
E.g. if a pre- condition is imposed to spend the money on community development, 
the donor has to make sure that the funds are used for this particular activity 

NGO’s (Local) Acted as the mediator of the funding body and the government 

INGO’s Developed and incorporated guidelines to strengthen local capacity and ensure 
accountability to vulnerable populations receiving humanitarian and development 
assistance 

Assisted in constructing tens of thousands of temporary shelters and permanent 
homes and creating livelihood programs 

Supported microcredit and other programs designed to empower local communities 

Provision of expert advice and other resources to reinstate the affected community. 
INGO assistance included provision medical assistance, counselling for the people 
suffered from mental trauma 

Educated the public and the media on the components and nature of effective and 
sustainable disaster preparedness and response 

Humanitarian Organisations Provided technical and other facilitation for reconstruction of habitable housing 

Beneficiary/ End User Communicate their needs/ requirements to the relevant parties involved in execut-
ing the PDHR projects. 

Designing the house and supplying labour (skilled/ unskilled) at the stage of con-
struction (in donor driven housing programme) 

CBO’s/General public Assisted the affected community by way of supplying provisions such as food, 
clothing and other necessities at the immediate relief stage. 

Voluntary involvement in clearing the debris, provision of labour at the construction 
phase of housing 
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As per the interviewees A, B, C, D, E and G these groups had to hold on to their decisions due to bureau-
cratic structures in the system. They also revealed that the reconstruction process was delayed due to unan-
ticipated cost escalations of construction materials and labour, where the economic system was not ready to 
absorb. A scarcity of construction resources exacerbated quality issues according to B, D and E. They also 
were in the opinion that there was a dearth of contractual labour during Tsunami and contractors were swap-
ping from one project to the other. In effect they did not feel the urgency of the endeavour. Thus, contractors 
retained the lowest level of urgency.  Nevertheless, architects, engineers and quantity surveyors along with 
humanitarian organisations and contractors as a group earned the highest level of urgency who belonged to the 
category of ‘sidewards’. By aggregating power, legitimacy and urgency, the overall influence of stakeholders 
on the project was derived.  

 
d) Overall influence 

Stakeholders whose segment is big in size or area have a greater level of influence over the project decisions. 
The central UDA and Donor had highest level of influence. The consultants retained equal level of influence 
and placed at the second place. District secretary, divisional secretary, humanitarian organisations, Grama 
Sevaka and local NGOs possessed equal influence and became third. INGOs, CBOs, contractors and the 
beneficiary were fourth, fifth, sixth and seventh respectively.  

All seven interviewees felt that beneficiary should be given a chance to make decisions, due to the simple 
fact that he becomes the intended occupier of the house. They too agreed that it did not happen in DDH projects 
in Sri Lanka most of the time. Further, interviewees A and D expressed that one contractor did not stick with 
them for a long time and had to hire three contractors in the process. The main cause was, contactors changing 
the projects due to high demand for construction labour and offering high wages by other competitors. In effect 
they did not want to stick to the prices agreed at the time of signing the contract. The interviews also revealed 
that the personnel who had the highest level of decision making power had a greater influence that should have 
looked into the aspects of infrastructure and social development of PDHR in Sri Lanka.  

A, B, C, D, E and G highlighted that it was the government’s responsibility to provide infrastructure and 
other facilities. F agreed that the government could not look into infrastructure and other facilities all the time. 
Further, upwards and outwards relationships became equal in PDHR. The government as well as resource 
suppliers are equally influential in a PDHR project. Interviewee A revealed that: “Our organisation looked into 
the livelihood matters in collaboration with a local NGO. The victims were given masonry training where they 
could render the labour to generate an income, wherever they are within the homeland”.  

Respondent H disclosed that housing projects which were ‘owner driven’, where the victims occupying the 
house contributed in designing and building the house, reported less livelihood problems. 

However, sideward relationships are important in terms of construction supply chain. Therefore instances 
are more than upwards, outwards and downwards.  Less white space in inner circle indicates that stakeholders 
other than the beneficiary and the CBOs are closer to the project. This passes the message that the delivery of 
needs and expectations of the beneficiary rest upon other proximate stakeholders.  

 
4. CONCLUSION 
 

Assessing stakeholder salience paved the way to identify stakeholder engagements in PDHR (Table 7) and 
to develop the engagement index in Figure 2.  Table 7 summarises the different roles played by different 
stakeholder groups. Stakeholder engagement index in Figure 2 explains the extent to which stakeholders were 
receptive and supportive to the project. Based on the stakeholder engagements in Table 7, the engagement 
index is derived. Value in the engagement index is a combination of receptiveness and support. Green colour 
coding infers that the required level of engagement is met successfully. Yellow colour indicates that the target 
is not fully achieved and engagement is at a moderate level. Red colour is for poor or non engagement. The 
interviewees rated the receptiveness and support on a scale of 1-4 existing and targeted levels. Engagement 
index carried values more than 61.6 for all the stakeholders apart from the beneficiary. This is a positive in-
dication of engagement which drives the project to a practical completion.  

UDA, humanitarian organisations and local NGOs have achieved the target 100% in terms disseminating 
their roles as highlighted in Table 7. The government, donor, consultants, contractors, INGOs engagement was 
not up to the targeted level in the context of PDHR. PDHR gaps highlighted in Sections 3.1 and 3.2 are ex-
amples. This premise is further supported by placing the beneficiary and CBOs at a poor engagement level. In 
addition contractors’ engagement levels were perceived as poor by interview outcomes.  
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Figure 2  Stakeholder engagement index 

It was evident from the interviews that coordination, communication and consultation of stakeholders were 
pivotal in achieving time, cost, and quality objectives of PDHR in Sri Lanka. However, undue political in-
fluence, bureaucratic structures, and the unpecendented behaviour of contractors have impeded the main-
taining of the required relationships to achieve these objectives. Thus, stakeholder engagement index in Figure 
2 indicates that efforts of PDHR would have been at a more optimum level, if these criteria were satisfied.  
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Abstract  

The frequencies of occurrences of natural disasters have increased in recent years causing significant 
impact on economy, society and the environment. Transport infrastructure contributes towards 
community resilience and recovery processes during a disaster. Transport infrastructure is designed and 
constructed to provide connectivity between cities, improve efficiency, provide safety to communities and 
provides for recovery works during a disaster. Limited transport infrastructure often affects the 
performance of transport networks and critical infrastructure systems during disasters and during demand 
times. Risks to the community due to environmental disasters are high and limitations in transport 
infrastructure can reduce the community resilience. Most of the time demands during environmental 
disasters on transport infrastructure are overlooked during the planning stages. This paper examines 
impact of failure of transport infrastructure on community resilience during a disaster. Four case studies 
have been examined to identify specific issues related to transport Infrastructure and community 
resilience during a disaster event. Gaps in strategic transport planning which affect community resilience 
are identified through analysis of the case studies. 

Keywords: strategic land use planning, transport infrastructure resilience, disaster risk mitigation  

 
 

1. INTRODUCTION 

In most countries the road and transport infrastructure is considered a national priority. 
Transport networks comprise of roadways, waterways, railways and airports. The transport 
system supports economic growth and helps sustain Gross Domestic Product (GDP) and 
reduces poverty in developing countries. Transport corridor planning and decision making 
influences the performance and sustainability of key transport infrastructure components. 
Informal land use developments are seen as one of the main problem that is causing traffic 
congestion, road safety and environmental pollution issues. The existing land use development 
approval decision making strategies and policies influence the decisions made during 
development approvals. The increase in urban travel between 1981 and 1994 is observed to be 
64% and over 27 years, a doubling of motor vehicle travel is noted by Austroads 1). 

During a disaster, transport infrastructure has a special role. Travel pattern of movement in a 
network may change dramatically after a disaster, due to people evacuating an area or people 
entering an area to render assistance”2). The World Bank had acknowledged that programs 
involving social services depend on road transport for their successful implementation 3). The 
transport systems are designed to cater to community needs and to provide accessibility to 
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goods and services and also provide “escape routes” during disasters and provide for CI 
services. However, transportation infrastructure is not designed to accommodate evacuation 
land demand5. This is a major gap in current practice. 

Strategic planning of transport infrastructure needs to extend beyond protecting infrastructure 
and be able to provide opportunities for improving community resilience. During a bushfire 
hazard infrastructure fails as a direct impact of the hazard, which may include damage to power 
poles, infrastructure, property damage, loss of wild life and live stock (Figure 1). After a time 
lag, the secondary impact is forced upon the society, infrastructure and the environment and it’s 
hard to put a monetary value to the losses due to the secondary impact. Most of the risk 
assessment and management processes identifies the initial impacts at a macro level. This 
process identifies the size of the hazard, extent of the impact areas and manages the rescue 
efforts. During these planning stages, it is necessary to identify infrastructure failures and social 
needs at the micro level. To evacuate affected residents from an area, most of the time they have 
to use the existing roads. And as a secondary impact of the hazard, the roads will be blocked 
due to fallen debris, burning roadside trees, broken bridges which create issues for evacuation 
processes. 
 

          Fig. 1 How a hazard impacts on the society, environment and critical infrastructure  

2. RESILIENCE 

Every year, Australian communities face devastating losses caused by disasters. Bushfires, 
floods, storms, other hazards and their associated consequences have significant impacts on 
communities, the economy, infrastructure and the environment 4). These disasters affect society, 
economy and the environment and the impacts last a longer period. Insurance Council of 
Australia (2008) 5) stated 19 of the 20 largest property losses in Australia in the past 40 years 
have been weather related” and further adds that  “Resilience in the context of an extreme 
weather event is the measure of a community’s or individual’s ability to respond effectively to 
change or an extreme event. Communities that develop a high level of resilience are better able 
to withstand a crisis event and have an enhanced ability to recover from residual impacts. 
Communities that possess resilience characteristics can also arrive on the other side of a crisis in 
a stronger position than pre-event”.  
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Resilience of a system is related to the definition of risk as follows: 
 

Risk = Threat x Vulnerability x Consequences 
 

Threat is the likelihood of an initiating event, such as a bush fire or a flood. Threat therefore is 
estimated using a return period or probability of occurrence for an identified area. The risk 
identified as the likelihood of harmful consequences arising from the interaction of hazards, 
communities and the environment. The disaster risk depends on three factors such as Hazard, 
Exposure and Vulnerability” 6).And vulnerability arises from the intersection of human systems, 
the built environment, and the natural environment and social vulnerability of communities is 
borne from inequalities 7).People lives within high risk areas due many reasons. In Australia, 
more than 85% of residential living is within 50km from the coast line and more than 700,000 
dwellings are within three kilometres of the coast and are less than six metres above existing sea 
level 8).  
  
 
 
Vulnerability is the weakness (or many weaknesses) which will contribute to the risk event.  
For example if the risk event is residential fatalities during an emergency, the vulnerabilities 
may be identified as: 

• Lack of alternative escape routes / High congestion – inadequacy of the road design for 
the particular land use / Lack of provisions for emergency vehicle access 

• Residential development in high risk areas 
• Critical Infrastructure failures 
• Lack of community understanding of the disaster or hazard 
• No knowledge of disaster recovery processes by the community 
• Government education provided to communities are limited 

 
 
 
 
 

 
 
 
 

Fig. 2 Resilience can be quantified by Area A 

 
Resilience of infrastructure is defined as the ability of a system to rise to a challenge of an 
emergency with low level of consequences and a low down time. In other words, resilience can 
be improved by reducing the probability of system failure or reducing the vulnerability and 
improving the capacity of the system to return to normal operation within a low down time.  
Fig. 2 illustrates the definition of resilience as area under the functional capacity versus time 
curve. Improving resilience can be achieved by a reduction in probability of the event, reduction 
of consequences due to the event and/or reducing the time required for system restoration9). 
 
During a disaster, critical infrastructure is damaged due to both direct and indirect impacts. 
Community is affected physically and emotionally during these adverse events. National 
Critical Infrastructure Resilience Strategy in Australia states that resilience of infrastructure is 
the ability to reduce the magnitude, impact or duration of a disruption to critical infrastructure – 

Area A 

Fu
nc

tio
na

l 
Ca

pa
ci

ty
 

Vu
ln

er
ab

ili
t

 

T = 0 T = Recovery 

100% 
Event 



 
 

4 
 

whatever its cause. Strategic planning to ensure resilience of infrastructure is an important part 
of creating a nation where all Australians are better able to adapt to change, have reduced 
exposure to risks, and are better able to bounce back from disaster” 10). 

3. COMMUNITY RESILIENCE 

Community can be represented in many ways, such as a group of families within a township or 
a group of people. Community is identified as a group of individuals and organizations bound 
together by geography and perceived self-interest to efficiently carry out common functions. 
Community resilience is having the capability to anticipate risk, limit impact and recover 
rapidly through survival, adaptation, evolution and growth in the face of turbulent change11). 
Each community will have strengths and weaknesses in relation to resilience. The community 
characteristics have a significant effect on resilience, especially the levels of vulnerability and 
preparedness 12). Community resilience is identified as communities and individuals harnessing 
local resources and expertise to help themselves in an emergency, in a way that complements 
the response of the emergency services 13).And the resilience of communities is a complex 
process as it involves the interaction of individuals, families, groups and the environment. 
Further it is stated that social interaction and social norms, such as trust is important and the 
understanding of community needs and expectations14). Fig. 3   shows the resilience loss 
recovery curve after a disaster.  

 
Fig. 3 The Resilience Loss Recovery Curve11) 

 
Qualities of a disaster resilient community: 

• Community or group of people understand the hazard that is threatening the community. 
• Community understands the community structure, ages of people, where they live, what 

type of needs the require to avoid the hazard 
• Community understands the available capabilities of each community member 
• Community understands the available resources and from where they are provided 
• Community understand the geographical area, built environment and transport 

infrastructure  
• Community understands the solutions to enhance the community resilience 
• Community has processes in place to action  
• Community is able to communicate information to the community members 
• Community has leadership and is able to assess vulnerabilities 

 
Hazard can be identified hazard as a potential harm or a situation with a potential to cause loss; 
a potential or existing condition that may cause harm to people or damage to property or the 
environment8).Hazard environment is dynamic and because decisions are made regularly that 
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affect vulnerability, disaster resilience must be seen as an ongoing process and not just an ideal 
condition that can be achieved and forgotten15).  

4. REASONS FOR CRITICAL TRANSPORT INFRASTRUCTURE FAILURES 

There are many known reasons for disruptions to transport network failures. There is an on-
going competition for road space from many fronts, such as transport modes, freight movement, 
emergency services and other critical infrastructure (CI) systems such as water, 
telecommunication, gas, electricity to utilise above and below road surface.  
 
CI systems are periodically subject to degradation due to following: 
• Environmental Effects    -  Water related disasters (floods, snow, storms, hurricanes) 

- Heat related disasters (bushfires, heat waves, air pollution) 
- Geological (Earthquakes, Landslides)  

• Artificial disasters   - Traffic  (congestion,  chemical spills, bridge collapses, rail 
      crossing blockages and terrorist attacks) 

•  CI works    -  Maintenance, repair and replacement works  
• Accidents   - vehicle accidents, chemical spills, bulk load spills  

 
In designing resilient infrastructure, strategic planning processes should include the following:  

• Environmental  - Global Warming / Water level rises / Draught conditions 
• Geographical - Terrain  
• Housing – Types of dwellings (desity-low/medium or high) / construction material 

/design and age 
• People -  New residential developments / Migration of residents within states, local 

surburbs /density of people 
• CI requirements - Present conditions / Improvements required / Maintenance factors and 

replacement / New CI configurations /age of infrastructure 
• Engineering factors - Design issues / Standards 

4.1  Interdependencies of Critical Infrastructure 

All types of Critical Infrastructure are interconnected as shown in Fig.4 and have an impact on 
each other. If one system fails it effects the other systems. 

 

 
Fig. 4 Functional Interdependencies 16). 
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5. TRANSPORT PLANNING 

Decisions made at planning stages impact on the resilience of transport infrastructure as well as 
community resilience during a disaster. Transport planning aims to address issues such as 
congestion management, sustainable transport, transport modes and freight, economic growth, 
environmental protection and safety to communities. InAustralia the road system has been 
managed predominantly for political purposes during Australia's history 1). The roads cater to the 
present transport demands and get recommended for improvements through political influences. 
Transport has been at the origin of the economic development of many countries 16). The reason 
for vehicle increases on roads during the last century is mainly due to transportation and land 
use planning practiceswhich reinforced the cycle of increased automobile dependency and 
sprawl 17).  
 
It is also identified that the relationship between land use, transport demand and supply is 
dynamic and complicated and the outcome rests partly on assumptions and policies that 
transport planning has little chance of validating”18). Transportation and land use decisions 
affect each other and are mainly focussed on identifying and planning for the accessibility needs 
of people and freight within liveable and sustainable communities. Transport planning therefore 
takes into account the desirable social, environmental, economic outcomes and develops 
strategies to achieve those outcomes within planning frameworks19). Another definition of 
transport planning is the process of understanding the relationship between the transport system 
(and the elements within it) and the economic, social and physical environment in which it 
operates. The process involves: establishing desired outcomes and priorities; assessing 
opportunities and limitations for action; identifying the short and long-term consequences of 
alternative choices and how they will satisfy community goals and objectives; and presenting 
the information to decision-makers in an understandable and useful form and land is used for a 
variety of purposes, such as housing, offices, shops, industries, warehouses, schools and other 
activities20).Each of these land use activities has its own movement characteristics associated 
with it. This demand for movement has a specific purpose - such as work, business, shopping, 
education, recreation and social travel - and takes the form of trips, characterised by direction 
(origin and destination), time (peak, off-peak), duration (travel time), mode choice (private 
vehicle, public transport, walking, cycling), route choice and cost of travel20).Therefore it is 
identified that transport planning has an impact of the society, economy and the environment.  
 
Transport planning and decision making takes into consideration many areas which have a 
direct relationship to transport. Figure 5 shows a typical evaluation framework for transport 
decision making 21). 
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Fig. 5 Evaluation Framework for transport decisions21) 

 
Transportation corridors are key infrastructure components and identified as “bundles of 
infrastructure that link two or more urban areas and these can be highways (sometimes via 
different routes), rail links (high-speed trains, intercity lines, local trains or trams), separate bus 
lanes, cycle paths, canals, short-sea connections and air connections 22). In most countries the 
road and transport corridors and infrastructure is considered a national priority. There are 
different types of transport corridors that provide many functions. Freeways and Highways 
provide a high level connection between major urban and rural cities with high posted travel 
speeds of between 110 km/h to 100 km/h. Major freight routes use these strategically important 
connections. These routes experience less congestion and low accidents. These corridors can 
accommodate traffic volumes more than 25,000 vehicles a day in one direction. The medium 
level transport corridors provide for connectivity between town and activity centres. The posted 
travel speeds vary between 90km/h to 60 km/h, depending on the activities along the corridor. 
These provide for commuter travel to place of work from as far as peri-urban living areas. These 
roads get congested on a daily basis, mainly during peak times and when accidents take place. 
The low level transport corridors provide direct connectivity to activity centres such as, schools, 
places of work, shops and other amenities which are used on a daily basis. These segments 
experience high pedestrian activities and high congestion levels and low through travel speeds 
most of the day. The Australian road system is the responsibility of all levels of government. 
The Commonwealth government is responsible for the interstate national highway system, the 
State governments are accountable for major urban and rural arterials within each State and 
local governments are responsible for the local roads which feed major roads 1).  
 
 
Transport corridor planning processes are shown in fig. 6. 
 
 

 
 
 
 
 

Fig. 6 Transport Corridor Planning Flow Process 
 

Transport corridors provide high level connection between major urban and regional cities and  
provide for different transport modes, freight logistics and medium to low level connectivity for 
sustainable transport, such as for public transport and bicycle linkages and  access to activity 
centres, employment centres and peri-urban residential living. Corridors provide a more direct 
connection between the movement of people and goods and state-significant economic activity 

23).   
 
5.1 Best Practice in Transport Planning  
 
Fig.7 illustrates the principles for best practice for road transport planning in Australia and 
abroad and these principles are used to ‘map’ the results of the survey of road transport 
planning, that is attempt to determine how route and link level road transport planning occurs in 
each of the jurisdictions relative to each of these principles21). 
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Fig. 7 An illustration of the recommended best practice principles for road transport planning 

 
5.2 Key Challenges for Road and Transport Designing and Planning 
 

• Informed decision making / Gathering of Valid data / improving planning decision to 
get rid of  “silo-affect”planning and integration of transport planning with other land 
use organisations, Limitations of planning permit schemes, sustainability and economic 
efficiency into transport planning, reach common approach to the integration of land 
use and transport planning, To manage complexities of transport planning processes 

• Manage continuous changing of transport planning processes 
• Policies and legislation changes to restrict development within high risk zones, be able 

to integrate remote developments into existing network. 
• Community amenity issues – towards freight growth, new roadways,car travel, 

increasing price of transport fuel 
• Increasing community awareness to social impacts due to air pollution, noise pollution 

and green house gas emissions, be able to estimate social impact due to transport 
infrastructure deficiencies and manage un-realistic expectations in regards to transport 
planning 

• Lack of available space for transport corridors due to residential sprawl, limitations to 
transport corridor spaces, due to land use developments and urban sprawl, Clear 
selection criteria of alternative transport networks and corridors 

• Long term commitments for funding  of transport corridors , selection of transport 
network alternatives due to budget constraints  

• Transport planning modelling to reflect the true impacts to society, economy and the 
transport network. 

• Poor design of roads and networks, caters only to a selected transport modes, Poor 
design creates congestion, bottlenecks and increases road accidents, Creates disruptions 
to emergency service accessibility 

• Installation of critical infrastructure within “Clear Zones”, creates hazards to motorists 
when they fall across the carriageway during hazards 

 
6. CASE STUDY ANALYSIS 
 
In an attempt to understand the impact of transport infrastructure on community resilience 
during a disaster, four case studies have been analysed.  
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6.1 Case Study one: Black Saturday Bushfires, Victoria – 7th February 2009 
 
The Black Saturday bushfires were considered the worst bushfire to hit Victoria. Wind speeds 
were over 100km/h, Identified fire index level was 328, with a Fire intensity of 80,000 kilowatts 
per metre, the fires killed 173 people and hospitalised many more, approximately 2000 homes 
and buildings in 78 townships were destroyed. Residents trying to evacuate were trapped due to 
burning trees alongside winding road and damaged CI systems blocking roads. The Australian 
Government has contributed $200 million towards re-building damaged community CI and 
supporting community programs.  
 
Main issues identified during Victorian 2009 Bushfires relate to following issues:  

• Road – Road layout, alignment, dead end streets and width, road capacities 
• CI system failures - Electricity, water, telecommunication, phone and technology 
• Planning issues – Gaps in emergency planning, high risk areas of residential 

developments, fire breaks, roadside hazards, roadside vegetation,emergency 
management strategies and policy deficiencies, community resilience issues and 
infrastructure management 

• Community – evacuation, resources, communication,transport, essential services supply 
and reconstruction, elderly and sick evacuation, emotional trauma, losses 

 
6.2 Case Study Two: Hurricane Katrina, New Orleans, USA 
 
In August 2005, Hurricane Katrina created a trail of destruction and fatalities with wind speeds 
of 145 mph (232km/hr) and the storm surge of 27 feet (8.2metres) across, 93,000 square miles 
(240,861 Square km), killing over 1,300 people and flooding the historic city of New Orleans 24). 
The hurricane devastated CI power infrastructure in Louisiana, Mississippi, and Alabama. 
Gaithersburg et al25) reports that the storm surge caused the most damage to infrastructure 
systems and service facilities, including regional potable water systems, wastewater treatment 
systems and sewage treatment plants, cooling towers at oil refineries, chemical plants, power 
stations, highway bridges and their super structures. Storm struck 466 facilities that handle large 
amounts of dangerous chemicals, thirty-one hazardous waste sites and sixteen toxic waste sites, 
three of which flooded and left 118 million cubic yards of debris behind. In addition, there were 
power cuts to approximately 2.5 million customers and communication damage to facilities 
crippled thirty-eight 911 call centres and affected 3 million customer phone lines causing 
disruptions to medical care and evacuations25). And the estimated re-construction costs of $96 
billion 24). 
 
Main issues identified during Katrina Hurricane:  

• Road – Road capacities  
• CI system failures - Electricity, water, telecommunication, phone and technology 
• Planning issues – Gaps in emergency planning, residential developments in high risk 

areas, fire breaks, roadside hazards, emergency management strategies and policy 
deficiencies, community resilience issues and infrastructure management 

• Community – evacuation, resources, communication,transport, essential services supply 
and reconstruction, elderly and sick evacuation, emotional trauma, losses 

 
6.3 Case Study Three: Kobe Earthquake, Japan 
 
Kobe City is the 6th largest city in Japan and is located between the coast and the mountains. 
Kobe Earthquake or Great Hanshin Earthquake occurred at 5.46am (Japan Standard Time) on 
the 17th of January 199526,27). The magnitude of the earthquake was 7.2 on the Richter scale 
lasting 20 seconds. The epicentre was located approximately 20km away from Kobe, below 
Awaji-Shima Island surface. Most of the deaths occurred due to collapse of wood framed 
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houses, which were built prior to Japan’s Seismic Code 1981. 92,877 houses and buildings were 
completely damaged, 99,829 houses and buildings were partially damaged, 7,456 were burned 
down and 6,281 people died during the disaster with 34,900 injured and more than 300,000 
people were homeless 28). CI services provided through an underground network of pipes and 
cables, for water, gas, electricity and sewers failed during the earthquake. There was insufficient 
water for firefighters. Many households lost gas, water, sewerage services for more than 2-4 
months. The infrastructure costs were estimated at US$ 90.24 Billion 28).  
Scawthorn et al (1995)26)  and Tierney et al (1997) 29), identified that due to traffic congestions 
many disaster services were disrupted and road, port and rail infrastructure was damaged 
extensively, including many structures such as bridges, rail, highways and buildings which were 
mainly in the Kobe central business district. Disruptions and damages to Japans high- speed 
Shinkansen (rapid rail) which passes through Kobe and other expressways, such as Kobe - 
Osaka (Hanshin expressway), Kobe-Nagoya (Meishin Expressway) and Kobe-Yamaguchi 
expressways impacted on the community. The Kobe earthquake also caused several portions of 
the elevated highway between Kobe and Osaka to collapse, trapping many motorists. Many 
businesses and the Kobe Port were shut down for repairs.  
 
Main issues identified during Kobe Earthquake:  

• Road – Road capacities, debris on roads, Emergency vehicle access difficulties  
• CI system failures - Electricity, water, telecommunication, phone and technology 
• Planning issues – Gaps in emergency planning, Residential developments in high risk 

areas, fire breaks, roadside hazards, emergency management strategies and policy 
deficiencies, community resilience issues and infrastructure management 

 
6.4 Case Study Four: Surburb of Breamlea, Geelong, Victoria, Australia 
 
Township 
Breamlea is located approximately 30 kilometres south of Geelong. This township is located on 
a sand dune. The main road is Horwood Drive, which is located at the base, with Blyth Street 
above. Houses are located on the south side of Horwood Drive, and the north side of Blyth 
Street. This surburb has 104 occupied dwellings located in coastal sand dunes, a 165 site 
caravan park and 295 permanenet residents of which 9.26% are over 65+ years old. This town is 
considered as a coastal recreation area and during holiday periods (high bush fire danger times) 
many people visit this area. It is estimated that daily tourists and day visitors account for 450 
people and the total number of people within this area comes to more than 1100 people30). 
 
Infrastructure Facilities 
This township does not have stormwater drainage management systems, sewage or gas services, 
but have access to water supply and power grid.  
 
Concern 
The Victorian Bushfire Commission31),  identified Breamlea as a high risk area during bushfire 
seasons and included it in the top 52 most at risk townships within the State of Victoria. And the 
2009 CFA32), assessment confirmed that it has a highest risk rating of 1A. Therefore during 
summer months there is a high probility of potential bushfires, which could destroy life and 
property due to high vegetation surroundinh the surburb, road alignments and remoteness from 
urban areas. Breamlea has been assessed in accordance with the Neighborhood Safer Places 
(Place of Last Resort) guidelines and no safe place could be located within Breamlea. 
 
Main issues identified in Breamlea Township:  

• Road – Road capacities, vegetation along roads, Emergency vehicle access difficulties, 
road alignment, unsealed roadways, congestion during summer –fire danger periods 
tourist   
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• CI system issues – water availability for fire control, poor acces to hydrants 
• Planning issues – Residential development in high risk areas, fire breaks, roadside 

hazards, emergency management strategies and policy deficiencies, community 
resilience issues and infrastructure management 

• Bushfire to reach the safety line is approximately 194.11 sec at the rate of 50 km/h wind 
speed and 96.88 sec at the rate of 100km/h wind speeds. People to evacuate the area 
take about 164 sec at the rate of 50 km/h. This is without any obstructions or delays on 
the road.   

 
 
7. CONCLUSIONS 
 
The paper presented the critical nature of transport infrastructure resilience and community 
resilience and has identified the gaps in planning during three well known hazard events. 
Analysis of case studies indicate that there are many gaps which need to be addressed at 
strategic transport and land use planning level to minimise failure risk of transport 
infrastructure and improve community resilience. The facts that the same gaps have been 
identified in previous disaster events indicate that a proper mechanism to amend strategic 
planning processes in response to lessons learnt from disasters do not exist. The framework 
should be accompanied by a methodology for quantifying vulnerabilities and risk associated 
with each of the gaps in strategic planning identified. This work is currently in progress. 
 

Gaps in Strategic Transport Planning 
The three case study analysis identified gaps in the following strategic transport planning 
components in relation to all three disasters: 

1. Inadequate capacity of transport infrastructure 
2. Failure of other CI systems affecting transport infrastructure 
3. Residential development in high-risk areas 
4. Lack of redundancy in road networks 

 
Addressing the gaps during strategic transport planning 
One of the major findings from the analysis of case studies is that the failure of transport 
systems could happen due to gaps between the existing practice and the ideal practice with 
minimised risks. Findings of the review presented here highlight that road safety cannot always 
be resolved through design; it needs to be given prominence from the earliest stages of strategic 
planning such as land use approvals. 
 
Sometimes due to economic constraints or due to information shortcomings, decisions will be 
taken to compromise safety or road parameters to suit the available resources. Taking these 
short-cuts will have a bigger impact on the society at a later date, such as during a hazard. 
Evacuation is the first step during a hazard. Then the emergency services need to access the area 
to provide assistance to injured and remove the dead people. The road network capacity is 
reduced due to the hazard, fallen debris and vehicles. The roadway capacity is reduced on one 
hand and on the other the demand is increased due to evacuation vehicles. Then the designed 
transport network will collapse due to the much larger demand and will increase the risk to the 
society by many folds. 
 
The evacuation capacity of the road network has to be addressed at the strategic planning stages. 
If due to economic constraints, decisions are taken to limit transport infrastructure, these have to 
be communicated to the affected communities and an emergency evacuation plan should be 
prepared. 
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Enhancing Community resilience 
Victoria’s emergency management framework is nearly 30 years old and no longer meets the 
needs of the State33). Our recent experience of natural disasters, including the heatwave and 
bushfires in early 2009 and the floods in 2010-11, shows clearly that the risk environment has 
changed in Victoria. Victoria is experiencing more regular and more severe natural events, in 
line with the global trends.  
 
Section 3 identifies the elements of community resilience and the characteristics of resilient 
communities. One major attribute highlighted is the “awareness” among communities about the 
hazards. If a decision has been taken at strategic planning stages to limit transport infrastructure, 
community should be made aware of the possible disaster scenarios and should be assisted to 
develop an emergency evacuation plan. For an example, a simple strategy such as a road reserve 
which can be used as access road to the area during a disaster, and community awareness of this 
would enhance the resilience of community significantly.  
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Cost–benefit analysis (CBA) has been established as a valuable tool in assessing disaster risk reduction 
(DRR) planning initiatives in the last few years.  Economic losses associated with disasters are expected to 
continue year on year into the future.  The increasing frequency and severity of disasters is galvanizing 
government agencies and insurers alike to not only actively use tools such as CBA for projects, but also 
expand their understanding of how existing critical DRR controls can be improved to further mitigate po-
tentially catastrophic events, particularly in the areas of prevention and preparedness.  There is evidence 
that shows further investment in DRR can often be justified on a cost-basis given the benefits realised.  
However governments hesitate when directing funding to improve specific DRR controls due to the un-
certainty and complexity in deciding which controls will yield the greatest DRR benefits.  A pilot meth-
odology has been applied, as a part of the Victorian State Emergency Risk Assessment Project for a gov-
ernment entity, aimed at better understanding which critical mitigation control improvements might have 
the best DRR benefits vs. cost to improve ratio.  The methodology used qualitative judgements from in-
dustry and government agency representatives using a Multi-Criteria Analysis (MCA) to analyse the con-
trol improvements that could be achieved, and the corresponding increase in robustness of each control.  
The results were then integrated with order of magnitude control improvement dollar estimates in order to 
develop a high level view of which DRR control improvements should be investigated first as potential 
candidates for priority funding.  Graphical displays were generated illustrating the relative DRR im-
provement benefits vs. cumulative order of magnitude improvement costs.  This pilot methodology may 
allow governments and stake-holders to have greater confidence in prioritising improvements and deciding 
upon the direction of where future investigation should be directed to subsequently guide DRR control 
improvement funding decisions.   
 

 
Key Words : Risk management, Disaster Risk Reduction Controls, Multi-Criteria Analysis 
 
 
1. INTRODUCTION 

 
Identifying, developing and managing controls designed to reduce the impact of disasters is an ongoing work 
in progress for governments across the world.  Frequently, relevant agencies will work together to identify the 
responsible entities for specific controls.  These controls may be common to various types of disasters, such as 
building regulatory standards (covering disasters such as Storm, Flood, or Bushfire), but managed differently 
depending on the nature of the disaster in question.  Assessing and comparing the importance of disparate types 
of high level controls, such as procedural, physical or behavioral controls can be difficult for governing entities.   
Controls can sometimes be easily conceptualized and costed (such as physical flood protection measures) 
whilst in other cases regulatory controls can be more difficult to conceptualise and quantify.  And yet the 
assessments of these controls are becoming critical in determining the level of criticality of these controls, and 
thus the level of investment and support required to maintain and potentially improve these controls. 
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2. BACKGROUND 
 

The United Nations defines disaster risk reduction1) as: 
 
“The concept and practice of reducing disaster risks through systematic efforts to analyse and manage the 
causal factors of disasters, including through reduced exposure to hazards, lessened vulnerability of people 
and property, wise management of land and the environment, and improved preparedness for adverse events.” 
 
Looking at high level controls, where do government agencies start?  Following and assessment of emergency 
risks (which may combine information about the hazards, with exposures and vulnerabilities of the population 
or assets), the usual process is  to identify critical controls acknowledged to be key in managing the emergency 
risk in question.   Frequently these controls focus on prevention and preparedness, as these are often perceived 
to be taking a more pro-active stance in relation to disaster management.  Prevention and preparedness controls, 
however, are acknowledged to be more complex and difficult to evaluate and analyse than more directly tan-
gible controls such as emergency response services.  Controls and activities associated with emergency re-
sponse and recovery are more visible and straight-forward to justify than controls that might reduce the like-
lihood or severity of emergency events before a full-blown emergency event is declared.   Evaluation of  DRR 
can occur through a variety of methods, including3)  : 
 
• Formal surveys, 
• Structured and semistructured interviews, 
• Rapid assessments, 
• Case Studies, 
• Simulations, and 
• Documentary evidence. 
 
A key challenge for government and agencies is developing a better understanding of the value proposition of 
critical prevention and preparedness controls in order to make more informed and value-based decisions re-
garding the direction of their efforts towards improving these controls. 
 
So – how can the value of pre-event controls be better evaluated, and potential control improvements priori-
tised in order of importance?   

 
 

3. PROJECT OVERVIEW 
 

A project that has achieved this is a pilot controls assessment project, associated with the State Emergency 
Risk Assessment Project undertaken by MWH for the State Emergency Management Committee in Victoria in 
2012.  The project assessed 14 emergency risks in the state of Victoria using the State Emergency Risk As-
sessment Methodology2)  (SERAM) developed by the Department of Justice.  These risks included natural 
disaster events including Flood, Bushfire, Earthquake, as well as man-made emergencies such as marine 
pollution, Terrorism and Cyber-Attack.   

 
The project involved multiple government agencies and over 25 workshops to canvas expert opinion regarding 
the identification and assessment of controls and the assessment of emergency  risks.   
 
Workshops comprised knowledge experts from relevant government departments, emergency services, and 
private industry.  The use of facilitated agency workshops for this project allowed a pragmatic approach to 
assessing control measures in place.   Importantly, the consistent application of the SERAM for the assessment 
of each risk allowed a high level comparisons between risks. 
 
The first part of the project was a pilot which entailed identifying and assessing 10-20 high level critical con-
trols for each emergency risk at State level.  These controls were predominantly selected for their ability to 
manage the risk from a preventative / preparedness perspective  (as opposed to response and recovery).  These 
high level controls were: 
• jointly identified with agency representatives,  
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• allocated to a primary responsible owner, 
• categorised as either being a physical, procedural or behavioral control, and 
• assessed using a multi criteria assessment (MCA) in a workshop with relevant participants.  The 
MCA forms the basis for the critical controls assessment and prioritization of controls.  

 
 

4. CONTROLS ASSESSMENT 
 
(1) Assessing Controls 
 
The MCA comprised 6 key criteria, categorised under control strength and control implementa-
tion.   
 
The criteria under control strength were: 
• Reliability  - relating to how reliable that control will perform over time, 
• Sustainability - an assessment of the long term maintainability of the control, and 
• Effectiveness - an assessment of the effectiveness of the control in reducing risk 
 
The criteria under control effectiveness were: 
• Practicability - An assessment of the ease and speed with which the control can or has been/can be 

implemented State wide, 
• Acceptance – relating to the degree to which the control will or is accepted by stakeholders and the 

wider public across the State, and 
• Replication – An assessment of the opportunity to replicate and/or upgrade the control efficiently to 

all areas across the State exposed to the emergency risk being assessed. 
 

Each criterion was scored on a scale of 1-5, with the latter representing the most favorable re-
sponse.  Scoring each criterion enabled the calculation of an overall current ‘score’ for each 
control.  The scoring undertaken by participants was representative of the collective current in-
telligence of organisations represented regarding the perceived level of risk reduction each cur-
rent critical control made. 
 
This then allowed the illustration of overall robustness of a current control relative to other con-
trols at managing the given risk.  Figure A represents example scoring for a given risk. 
 
Participants were asked to describe potential control improvements at this time in order to sub-
stantiate the subsequent MCA scoring. 

 
Figure A - Example MCA Scoring (actual controls not shown for confidentiality reasons, but are 
however identified with identifiers) 
 
Participants were then asked to re-score the MCA for each control, based on their perception of 
how much controls could be improved.  In effect, this new score tested the participants’ view of 
the potential for improving each control, and the subsequent impact on the MCA criteria.  For 
example, refuges / shelters for bushfires may have been scored a total of 3.1 currently, but im-
proving the shelters through increasing their geographical density and reinforcing their structure 
could potentially result in an overall MCA score of 3.8. 
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In some isolated cased, an overall control score decrease was observed where some small score 
increases were observed in terms of reliability, but some decreases in scores were recorded for 
acceptability – for example where significant community funds would be required.  The overall 
increase in control improvement could then be plotted for each control.  An example plot is 
presented in Figure B. 
 

 
Figure B – Control Improvements vs. Existing Control Scoring 
 
 (2) Assessing and Evaluating Benefit and Cost 
 
Participants were then asked to provide order of magnitude cost estimates to support the im-
provements initiatives documented.  These cost estimates were designed to be high level esti-
mates to deliver the control improvement. 
 
Following this, a cost-benefit output graph was constructed based on the incremental increase in 
MCA score for a given control from ‘current’ to ‘improved’, and the order of magnitude im-
provement cost estimate.  The incremental benefit (on the vertical axis) was calculated using the 
improved control MCA scores. 
 
An example of such an output is presented in Figure 3. 
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Figure 3  - Benefit vs. Cost Graph 
 
The graph above represents the cumulative order of magnitude costing based on the prioritised 
control improvements.  The slope of the line to the left of each control point represents the cost to 
benefit ratio of the control improvement.  Thus controls to the left hand side of the graph represent 
control improvements with higher proportional marginal benefit based on the corresponding 
order of magnitude cost.   
Inversely, control improvements to the right hand side of the graph (for example LFM in Figure 
3) represent improvements assessed as marginally reducing the emergency risk, with sizable 
estimated associated costs. 
  
(3) Outcomes 
 
The advantage of using such an approach is that a detailed and costly economic quantification of improvement 
benefits for each control improvement such as: 
 
• reduction in direct damage; 
• reduction in expenses associated with evacuation and relocation by communities; 
• avoided reconstruction costs; or 
• reduction in macroeconomic impacts 
 
are not required to be able to obtain a first-cut of prioritised high level controls and control improvements. 
 
Ultimately, a key benefit in using the tool is in quickly allowing the prioritisation of improvements in order to 
undertake further research regarding the viability of these improvements.   The prioritized improvements 
should be viewed within the context of the overall profiles of emergency risks, and ideally the greatest effort 
should be directed at the best prioritized improvements associated with emergency risks that are of most 
concern. 
 
Ultimately, this type of tool, developed as part of the pilot, may be used as a screening tool prior to conducting 
more robust and detailed Cost Benefit Analysis (CBA) regarding specific control initiatives.   

 
 

5. STUDY LIMITATIONS 
 
The subjective nature of the MCA scoring, and the high level cost estimates associated with identified im-
provements underscore the fact that this type of analysis remains a high level exercise.  It should not be used to 
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base significant investment decisions without further research and analysis regarding the substantiation of 
control improvement benefits, and a more robust economic evaluation of improvement costs.   
 
Importantly, other factors beyond improvement costs are not considered in the analysis.  These factors include: 
 
• Organisational constraints associated with some improvements; 
• Potential synergies between similar controls across different emergency risks (where the total im-

provement result is greater than the sum of the parts);  
• Possible control sequencing and inter-dependencies (where there is a either a temporal relationship 

between controls, or where a control is partly dependent on another to be able to perform as desired); 
• No discounting has been incorporated into the lifetime of the control improvement cost.  As such, the 

evaluation is purely based in todays dollars, and does not allow for discounting of improvements that 
may take years into the future to implement.  

 
In addition, ‘game-changer’ type controls not presently implemented may not be represented in this approach, 
where generally improvements are assigned to existing controls.  However, as a tool to trigger further thought 
and action, it provides valuable insight into government agencies’ perceptions, and potential directions for 
areas of greater focus in the future. 

 
 

6. CONCLUSIONS 
 

Frequently, regulator authorities can struggle with the complex nature of controls and the cross-agency control 
management sophistication in place.  The use of a tool combining MCA with order of magnitude costs enables 
the development of a top-down picture to assist with prioritising further control research.  Potentially, the tool 
could be used as a modified form of a Cost-Benefit Analysis (CBA) tool for high level prioritisation purposes 
in the future.  Future enhancements could include incorporating externalities to the CBA prioritization process 
outlined in the study limitations, as well as drawing on literature research to further substantiate MCA scoring 
for present and improved controls. 
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Abstract 

The MOLIT(Ministry of Land, Infrastructure and Transport) of Korea spends a lot of money for 
regional road maintenance as part of disaster management for road facilities. Due to the budget limit it is 
crucial to establish an efficient budget plan on how and where the cost should be used first so as to 
maximize the effect of preparedness to unpredictable incident. For this reason proposed is a methodology 
which adopts GIS(Geographic Information System) and AHP(Analytic Hierarchy Process) to establish the 
optimal BEP(budget execution plan) designating which region should have priority for road maintenance 
investment.  

MCDM(Multi-Criteria Decision Making) have been widely used to select the optimal out of feasible 
alternatives in many studies, but it is not capable of spatial analysis. Since it is useful to employ GIS for 
road maintenance MCDM coupled with GIS would give an opportunity for more rational and objective 
approach of location selection. AHP was chosen as a MCDM tool in this study, and some criteria were 
selected like traffic volume, pavement, cut-slope density, and safety index of cut-slope. The weight for 
each criterion was calculated through a survey from road managers at each regional road management 
center. Layers were constructed in ArcGIS for each criterion, and normalization was conducted for 
establishing the decision index. Overlay analysis was adopted to calculate the priority of investment. 

The outcomes from a case study for select regions shows that the pavement condition and the safety 
index of cut-slope are critical elements of the decision making from the point of view on disaster 
management. Also the proposed methodology is capable of providing robust framework in establish an 
efficient or even optimal BEP in road maintenance arena. 
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1. INTRODUCTION 
 
The MOLIT (Ministry of Land, Infrastructure and Transport) of Korea has spent a lot of money for 

regional road maintenance as part of disaster management for road facilities for a long time.  However, 
recent increasing public interest on welfare policies in Korea leads to a decrease of budget on road 
maintenance, and thus it is crucial to establish an efficient budget plan on how and where the cost should be 
used first so as to maximize the effect of preparedness to an unpredictable incident.  For this reason 
proposed is a methodology which adopts Geographic Information Systems (GIS) and Analytic Hierarchy 
Process (AHP) to establish an optimal budget execution plan (BEP) designating which region should have 
priority for road maintenance investment. 

Othman et al. (2012) developed a multi-criteria decision making (MCDM) method to be capable of 
identifying the high landslide risk areas using GIS tool.  Ten significant elements causing negatively a 
landslide were chosen and used to calculate the weights through AHP.  Moradi et al. (2012) adopted GIS 
based AHP method to identify a landslide susceptibility spot in Iran.  Several variables such as rainfall, 
earthquake, slope gradient, land coverage, distance to river were selected to calculate the weights.  Safian 
(2012) conducted a study on evaluation of the regional features for purpose-built offices in Malaysia.  Yang 
et al. (2011) performed research on the selection of the best geographical site of a deicing material storage 
facility.  The AHP model weights for each variable such as population density, snowfall and total highway 
length by region were calculated, and determined the optimal locations as well as the building priority of the 
facilities.  The previous effort in finding the optimal location or risky area has not been applied to the road 
maintenance arena where the preparedness like pavement repairs should be done to keep the road safe for 
drivers even under some bad environments such as rainfall and snowfall.  Thus the combined GIS and AHP 
method is applied to a real-world case in Korea in this study so as to find the most effective BEP for road 
managers. 

 
 

2. METHODOLOGY 
 
The establishment of BEP in road maintenance includes finding the investment priority of limited 

budget to maximize its efficiency.  MCDM deals with the selection method of the optimal one among many 
alternatives based on the predefined multiple conflicting criteria, and it can be definitely applied to BEP 
making process where several variables should be considered at the same time so as to keep the road 
authorities from wasting its budget and help maintain the road system safe.  While MCDM is a useful tool in 
decision-making process, it is a non-spatial analysis method, which means it’s unable to cope with a location 
problem.  The BEP making problem in road maintenance is inherently a location finding, and thus GIS must 
play a key role.  Therefore, it is necessary to employ both MCDM and GIS in this study that the combined 
GIS and MCDM model is adopted, and AHP is chosen as an MCDM tool which is capable to analyze 
specific criteria quantitatively based on the human thinking process5).  

The proposed analysis process is shown in Fig. 1.  The multiple evaluation criteria are selected through 
a survey of professionals, and then the hierarchical structure of AHP model is developed. A survey of road 
managers and professionals is conducted, and we calculate the weights of AHP model representing the 
relative significance of criteria based on the survey results.  Data for each criterion are collected and 
converted to GIS-type data, followed by the construction of normalized criteria maps.  The weighted 
normalized criteria maps are developed by multiplying the AHP model weights and the normalized value of 
evaluation criteria.  Finally, the optimal BEP is established through GIS overlay analysis of the weighted 
normalized criteria maps. 
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(1) Selection of Evaluation Criteria and AHP Hierarchy 
 
In this section is selected multiple criteria for the budget investment priority as disaster preparedness 

under two conditions: 1) whether an element has effective numerical values and 2) usefulness of the element 
in the decision making.  An interview of road managers and professionals and a literature review were 
performed to find appropriate criteria, and four variables were chosen like 1) traffic volume, 2) pavement 
condition, 3) density of cut-slope, and 4) safety index of cut-slope.  These four items are typically used 
when the road maintenance job plan is made because the traffic volume and pavement condition are the 
critical values to assess the road conditions and the density and safety index of cut-slopes represents the 
potential risk of the road.  Those items are being monitored on a regular time basis or sometimes on a real-
time basis for the successful road maintenance in Korea. 

After the selection of criteria, AHP hierarchical structure was made to resolve difficult unstructured 
problems easily.  The goal was placed at the top level followed by two criteria at the second level.  Finding 
an optimal BEP is the ultimate goal in this study, that the region with a high investment priority should be 
assigned first a portion of budget to conduct the road maintenance job such as re-pavement and repair work 
of cut-slope.  Then two criteria were selected, one is road condition with sub-criteria of traffic volume and 
pavement condition, and the other road facility with sub-criteria of cut-slope density and safety index of cut-
slope. (see Fig. 2) 

Fig. 2 Analysis Process 

Selection of Evaluation Criteria 

Building a Hierarchical Structure 
of AHP Model 

Calculation of AHP Model 
Weights 

Development of GIS data 

Construction of Normalized 
Criterion Maps 

Construction of Weighted 
Normalized Criterion Maps 

GIS Overlay Analysis 

Goal: Optimal Budget Execution Plan 

Criteria 1: Road Condition Criteria 2: Road Facility 

Traffic 
Volume  

Pavement 
Condition 

Density of 
Cut-Slope 

 

Safety Index 
of Cut-Slope 

Fig. 1 AHP Hierarchy 
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(2) Calculation of AHP Model Weights 
 
Based on the survey results the prioritization was performed to calculate the weights representing the 

relative significance of the criteria.  First, a pair-wise comparison matrix was built as shown in Table 1.  
Then, the final weights were calculated and the criteria were prioritized as shown in Table 2.  From the 
results it is found that the elements of road condition (=0.564) are more significant in road maintenance 
budget execution plan than those of road facilities (=0.436).  It is because traffic volume and pavement 
condition are more safety-related variables and road managers are more interested in road safety than any 
other elements related to road maintenance.  In addition, people on the road can easily find the pavement 
problem immediately leading to civil appeals, and thus the road managers cannot help more  

In addition, the consistency ratio (CR) is usually adopted to check if the answers of the interviewees are 
consistent, and every CR in this study was less than 0.1 which shows that the estimated weights can be 
deemed logical and rational. 

 
(3) GIS Data Collection 

 
Our study site is the jurisdictional area of Uijeongbu Regional Construction Management 

Administration (RCMA) as shown in Fig. 3.  The site has both some flatlands of urban area such as the city 
of Paju and Yangju and mountainous terrain like the city of Gapyeong and Yangpyeong.  Heavy traffic is 
observed in the area near the Seoul Metropolitan Area, and light traffic in the other area.  The Uijeongbu 
RCMA is in charge of the vast area of eight cities, among which the city of Yangju has the heaviest traffic 
with few cut-slopes.  The city of Pochun, however, has many cut-slopes with lighter traffic and bad 
condition of pavement.  For the study site were collected GIS-based data of the four evaluation criteria 
based on which the criteria maps were constructed.   

 
Table 1 Pair-wise Comparison Matrix 

Decision elements Traffic Volume Pavement 
Condition 

Density of Cut-
Slope 

Safety Index of 
Cut-Slope 

Traffic Volume 1.000 1.482 1.031 1.748 

Pavement Condition 0.675 1.000 0.334 0.690 

Density of Cut-Slope 0.970 2.990 1.000 1.319 

Safety Index of Cut-Slope 0.572 1.449 0.758 1.000 

 
Table 2 Weights and Priorities 

Classification Weights Priority 

Road Condition 
Traffic Volume 

0.564 
0.186 4 

Pavement Condition 0.378 1 

Road Facility 
Density of Cut-Slope- 

0.436 
0.170 3 

Safety Index of Cut-
Slope 

0.266 2 
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Fig. 3 Study Site 

 
a) Traffic Volume 

 
From the perspective of disaster management the area of heavy traffic is generally considered to have 

high B/C (Benefit to Cost) ratio since it is subject to the critical damage for humans when the crisis happens.  
In order to find how many traffic is in each city, the annual average daily traffic (AADT) was investigated 
and mapped into road links as shown in Fig. 4-(a).  However, AADT itself cannot explain the representative 
feature of each city’s level of traffic, the value of vehicle mile travelled (VMT) is instead used by 
multiplying AADT and the total road length in each city.  As shown in Fig. 4-(b), Gapyeong and Yangju 
have the highest VMT followed by Pochun. 

 

Fig. 4 Evaluation Criterion Map 1 (Traffic Volume) 
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b) Pavement Condition 

 
Recent heavy snowfalls in Korea have caused the increasing amount of deicing material usage such as 

calcium chloride, which increases the number of road cracks and pot-holes leading to significant property 
and human damages.  Pavement conditions along a roadway should be an important factor for road 
managers to decide which part of road should be repaired first.  So the MCI (Maintenance Control Index) is 
adopted for the third evaluation criterion which is a comprehensive index to evaluate the pavement condition 
considering the surface cracks, rutting, longitudinal road profile, and so on.  Usually the value of MCI less 
than 3.0 means the cut-slope should be repaired as soon as possible.  Higher MCI value indicates the 
pavement condition is better.  In order to make high values of MCI indicating bad condition and use the 
representative index for a city we proposed the modified MCI (𝑀𝑀𝑀′) as equation (1).  The maximum of 
MCI in the study is set to 10.  Fig. 6-(a) represents the distribution of MCI, and Fig. 6-(b) shows the 
modified MCI map according to which Pochun is the worst city and Dongduchun is the best. 

 
 𝑀𝑀𝑀′ = (Κ −𝑀𝑀𝑀) × (𝑇𝑇𝑇𝑇𝑇 𝑅𝑇𝑇𝑅 𝐿𝐿𝐿𝐿𝑇ℎ) (1) 
where    
 K : Maximum value of MCI  

 
c) Density of Cut-slope 

 
The number of cut-slopes along a roadway may increase the risk of landslide causing huge traffic 

congestion and sometimes road block or even human damage.  Therefore, the density of cut-slope, i.e., the 
number of cut-slopes divided by the total road length is selected as the next evaluation criterion.  Fig. 5 
represents (a) the distribution of cut-slopes and (b) its density.   

 
 

 
Fig. 5 Evaluation Criterion Map 2 (Pavement Condition) 
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Fig. 6 Evaluation Criterion Map 3 (Density of Cut-slopes) 

 
d) Safety Index of Cut-Slope 

 
In addition to the number of cut-slopes the safety index of them is also a significant factor to determine 

the need of road repair.  Even if there is only one or two cut-slopes in a roadway (= low density) one unsafe 
cut-slope can be a great threat to the drivers.  The cut-slopes were categorized into five groups (A, B, C, D, 
E) in terms of damages, weathering grades and geological features.  Each group is assigned a value (A=1, 
B=2, C=3, D=4, E=5) with A(=1) of the best condition, and the sum of the assigned value for all cut-slopes 
in each city becomes the representative safety index of cut-slope for the city which is shown in the Fig 7-(b). 

 

 
Fig. 7 Evaluation Criterion Map 4 (Safety Index of Cut-Slope) 
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(4) Weighted Normalized Criterion Maps & GIS Overlay Analysis 
 
Once each evaluation criterion map was developed, the values must be normalized for the GIS overlay 

analysis.  For the dimension and units of criteria are different from each other and thus comparison is 
meaningless without normalization.  Linear scale transformation is employed to normalize the criteria with 
the equation (2). 

 

 r𝑖′ =
𝑟𝑖

𝑟𝑖𝑚𝑚𝑚 (2) 

where    
 r𝑖𝑖′  : Normalized value of criterion i  
 𝑟𝑖𝑖 : Assigned value of criterion i  
 𝑟𝑖𝑚𝑚𝑚 : Maximum of criterion i  

 
In the next step the normalized values of criteria were multiplied by the AHP weights to calculate the 

weighted normalized criterion maps.  Then the GIS overlay analysis was performed using ArcGIS to 
construct the final rating score map based on which the rank of alternatives are determined.  Fig. 8 shows 
the process of calculating the cities’ priorities for budget execution for a sample area of Pochun, Gapyeong 
and Namyangju. 

 

Fig. 8 Example of combined GIS and AHP Method 

 
3. RESULTS AND DISCUSSION 

 
The presented methodology was applied to the study site.  Table 3 represents the weighted normalized 

rating scores for seven cities, and Table 4 shows the final priorities for budget execution.  The city of 
Dongduchun was excluded in the analysis since it is not administered by the Uijeongbu RCMA.   
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Namyangju has the highest traffic volume followed by Pochun and Paju.  It’s because Namyangju is 
closest to Seoul where population density is very high and so is travel demand.  Pochun ranked high both in 
traffic volume and pavement condition and Yangju did low for both, from which it seems that traffic volume 
and pavement condition are correlated.  It is, however, interesting that Namyangju with the highest traffic 
volume has well-managed pavement condition ranked sixth, which demonstrates that traffic volume and 
pavement condition should be considered separately and dealt with indifferently. 

It also turns out that Gapyeong has the most of cut-slopes because most of its region consists of 
mountainous terrain.  Gapyeong is also at the top in terms of the safety index of cut-slope since many 
unsafe cut-slopes exist.  It should be noted that Paju ranked fourth in terms of safety index even with the 
fewest cut-slopes, which means the cut-slope management is not a major concern in the city even though the 
status of cut-slope is not actually good.  So our approach may be useful for them to realize that the number 
of cut-slopes along the roadway does not necessarily determine the priority of budget execution for road 
maintenance. 

As shown in Table 4 the city of Gapyeong is the top priority for budget execution since it has high 
densities of cut-slopes with many unsafe cut-slopes and its pavement condition is in the second place.  
Pochun is the worst city in terms of pavement condition which has the highest weight in AHP analysis, but 
Gapyeong is ranked high in most of criteria, leading to the city of the top priority.   

 
Table 3 Weighted Normalized Rating Score 

City Name 
Traffic Volume 

(Weight = 0.186) 

Pavement 
Condition 

(Weight = 0.378) 

Cut-Slope Density 
(Weight = 0.170) 

Safety Index 
(Weight = 0.256) 

Gapyeong 0.071 5 0.340 2 0.170 1 0.266 1 

Pochun 0.143 2 0.378 1 0.085 3 0.192 2 

Yangpyeon 0.079 4 0.231 3 0.110 2 0.138 3 

Paju 0.113 3 0.219 4 0.043 7 0.051 4 

Namyangju 0.186 1 0.136 6 0.048 5 0.051 4 

Yangju 0.068 6 0.045 7 0.048 5 0.016 7 

Yeonchun 0.036 7 0.140 5 0.056 4 0.037 6 

 
Table 4 Priorities for Budget Execution 

City Name Weights Priority 

Gapyeong 0.847 1 

Pochun 0.798 2 

Yangpyeong 0.558 3 

Paju 0.426 4 

Namyangju 0.421 5 

Yeonchun 0.269 6 

Yangju 0.177 7 
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4. CONCLUSION 

In this study we presented a combined AHP and GIS method to propose a well-designed process to 
construct the budget execution priority in road maintenance from the disaster management perspective.  The 
GIS based overlaid values alone cannot provide meaningful information to road managers.  So as to tackle 
this limitation, the well-known professional survey based AHP method is added to calculate the relative 
significance of each criterion.  The proposed scheme is able to minimize the possibility of mixing personal 
decision in decision-making process and help the road managers to make the most effective BEP based on 
the scientific and reliable method.  In addition, the basic information such as the number of facilities and 
the road length was the only criterion for BEP before, but the quantified values of traffic volume, pavement 
conditions, cut-slope densities, safety index of cut-slope can now be used to make the BEP more reliable.   

The outcomes from a case study for select regions showed that the pavement condition and the safety 
index of cut-slope are critical elements of the decision making from the point of view on disaster 
management.  It was also shown that traffic volume and pavement condition should be considered 
separately and dealt with indifferently in road maintenance, and demonstrated that the proposed approach 
may be useful for road managers to realize that the number of cut-slopes along the roadway does not 
necessarily determine the priority of budget execution for road maintenance. 

Future work might include the consideration of more criteria such as road linearity, width, and other 
facilities.  
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Recent disasters worldwide have highlighted the limitations on concepts and tools currently available to facilitate 
emergency management response and recovery towards better disaster mitigation. On one hand, tools developed purely 
on practical experience sometimes do not facilitate an understanding of the complex nature of disasters. On the other 
hand, academic endeavours usually require too much data and too many resources to be effectively and consistently 
applied during real situations. Presented in this paper is the assessment of a decision support tool, namely Dynamic 
Response Recovery Tool (DRRT). The aim of the system is to enhance decision making during emergency response and 
recovery. The research was conducted using simulation techniques and a proposed prototype system following 
experiences acquired during the observation and investigation of emergency exercises in New Zealand. Case studies 
took place in two New Zealand cities (Christchurch and Wellington) with 11 professionals and 3 groups of students. It 
was observed that the quality of decision making was enhanced among participants using the system’s more 
comprehensive manners. The DRRT also freed decision makers from performing routine and time consuming activities 
(e.g. information logging, running communication protocols) during the simulations. Results indicated that intensive 
users of the DRRT managed to make quicker and more accurate decisions when compared to participants using the 
system in limited ways. Nonetheless, a more comprehensive case study as well as more realistic emergency scenario 
needs to be considered to fully assess the system's effectiveness and efficiency in a real emergency event. Overall, it can 
be said that the proposed decision support tool was effective in improving decision making in the context of the 
emergency scenario simulated. Hence, it is assumed that decision-making support can be offered in real situations. 
Finally, the research novelty originates from its unique approach considering emergency simulation, end-user 
engagement and integration between practice and research.  
 
Key words: Emergency Management, Emergency Response, Decision-making support, Scenario Simulation, Roading 

Organisations. 
 
 
1. INTRODUCTION 
 
Recent disasters around the world have highlighted the limitations on concepts and tools currently available 
to facilitate emergency management. On one hand, tools developed purely on practical experience sometimes 
do not provide an understanding of the complex nature of emergencies. On the other hand, tools that are 
highly focused on academic theories disaster situation complexities usually require too much data and too 
many resources to be effectively and consistently applied during real events. Hence, a gap exists between the 
science and the practice of emergency management. While disasters have been cyclically harming societies 
throughout recorded history1), impacts have escalated due to a lack of understanding of how to manage 
highly complex emergency situations, increased critical systems interdependencies, increased population and 
urbanisation, ageing societies, higher expectations from affluent economic classes and the likelihood of more 
frequent and intense natural disasters associated with changes in the climate. Response experience on real 
disasters shows limitations in processes and technologies. For instance, the response to the 2004 Sumatra 
Tsunami was timely, but the number of organisations involved and the uniqueness of the event imposed great 
challenges in communication, which finally culminated in limited decisions about resource allocation and 
victim support/wellbeing2). The aftermath of Hurricane Katrina in 2005 exposed difficulties with government 
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policies related to the allocation of funds for infrastructure reconstruction and community support/re-
establishment3). Both events offer insights about response and recovery activities, highlighting the need to 
develop and improve the currently available emergency management principles and techniques. In this 
context, cooperation between academia and industry is fundamental in developing a creative environment 
that can act as fertile soil for new concepts and the design of up-to-date and user friendly tools for emergency 
management.  
 
Statistics indicate that disasters have accounted for approximately 535,000 deaths and US$684 billion in 
losses from direct damage to infrastructures and crops in the decade preceding 2001 alone4). There is a need, 
therefore, for researchers and practitioners to develop tools and knowledge to reduce the social and economic 
impacts associated with disasters. In the specific context of transportation, there is a debate over whether or 
not decision support tools are able to assist involved parties in making better decisions during emergencies. 
Kepaptsoglou et al.5) discuss a very interesting application including web communication and decision 
support to manage bridged networks. Mendonça and Wallace6), Mendonça et al. 7) have used decision-
making theory to study emergency management decision support and improvisation. Researchers have also 
tackled different topics such as shortest path selection and hazards material transportation8), network 
reliability9), risk assessment10), evacuation modelling11) and geographic information systems12) to model 
variables and to support decision-making processes. None of the above endeavours, however, have been able 
to fully capture the complexities involved in response activities or the prioritisation processes for the 
allocation of scarce resources in face of damage created by disasters. Research is need that combines 
decision theory with transportation operations theory to develop cutting edge applications and tools for 
transportation network emergency management.  
 
This paper presents the assessment of a decision support system, called the Dynamic Response Recovery 
Tool (DRRT). The DRRT has been designed to integrate general decision theory with resource allocation 
algorithms in the context of roading organisations. Case studies are presented that focus on assessing how the 
DRRT contributes to public agency emergency response decision-making processes.  
 
 
2. DECISION MAKING AND DECISION SUPPORT DURING DISASTERS  
 
Decision theory is a complex topic and definitions vary considerably among sources. The American Heritage 
Dictionary13) defines decision as “the act of passing judgment on an issue under consideration, reaching a 
conclusion and pronouncing a verdict”. The Cambridge Dictionary14) refers to the verb “decide” as the act of 
“choosing something after thinking carefully about several options” and the noun “decision” as the “ability 
to decide quickly and without pausing because of uncertainty”. Chiang-Hanisko15) finally defines “decision-
making as a method of choosing among potential possibilities, including possible actions, beliefs and 
personal goals”. 
 
In post-disaster response and infrastructure reconstruction, making informed and correct decisions is a 
notoriously complex task. Emergency management involves resolving threats to health and life, as well as 
many activities which aim at proper resource allocation and coordination. Dantas et al.16) found that response 
activities can be divided into 6 core elements: 1) event warning; 2) event observation; 3) event 
assessment; 4) organisation action; 5) organisation reporting; and 6) organisation re-evaluation. During 
re-evaluation, outcomes are used to decide whether the response is considered over or should start again 
from event assessment. The dynamic nature of emergency response is such that many variables are 
considered simultaneously, and as the event develops, the appropriateness of different response strategies 
needs to be constantly re-evaluated. In each stage of the response process, different organisations are 
involved in deploying physical and personnel resources and coordinating response efforts.  
 
Decision-making during disasters involves high levels of cognitive effort due to extreme events being 
fundamentally complex ill-structured phenomena17). Current research approaches tackle cognitive theories by 
considering knowledge, experience, logical reasoning, mathematical analyses, etc.  
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Fig. 1: Conceptual DRRT Environment. 

 
1) Decision-making Support: The Dynamic Response Recovery Tool 
The DRRT is conceptualised as a logistics sub-system as part of Disaster Management – a sub-topic of 
Emergency Management (EM) itself. During a disaster, the DRRT shall facilitate decision making by 
providing response recommendations to mobilise response organisations and identifying optimum strategies 
to deploy human and physical resources. These are considered to be typical response and logistics activities, 
which in the specific context of EM save lives, restore businesses, and reduce the economic impact of 
disaster situations. Overall, they are part of the continuous efforts made to try to better achieve numerous 
organisations’ goals during disasters, according to the specific situations and resource availability / need. 
Decision support reaches its goals when efficient and accurate information is provided to end-users so that 
decisions can be continuously made until a stable state of “normality” is reached. The DRRT is linked to the 
wider process of Reduction, Readiness, Response, and Recovery defined by the Ministry of Civil Defence 
and Emergency Management in New Zealand18). In particular, DRRT is geared towards supporting response 
and recovery activities by providing:  
• Procedural recommendations: a group of recommendations for effective and efficient organisational 

arrangement and response management. It comprises a series of guidelines that support the decision-
making process with regards to communication set up, information sharing procedures, physical 
assessments of affected infrastructures, response prioritisation, etc.; and 

• Physical resource deployment recommendations: these are intended to compliment the procedural 
recommendations. Optimisation routines were designed in order to facilitate resource allocation. 
Logistics concepts (e.g. total cost minimisation, distribution channels, players) and a Geographic 
Information System (GIS) Platform were used to develop and deploy an optimisation routine that 
helps to minimise the total cost of response and to reduce the overall economic impact of disasters. 

 
In summary, the DRRT provides response recommendations regarding disaster management and suggests 
optimum strategies for deploying resources from their origins (availability) to the desired destinations 
(required locations). It is expected that the available resources will meet organisations’ needs if they adhere 
to the previously agreed upon optimum schedules and costs. The goal of this is for “normality” to be restored 
as soon as is practical. A schematic representation of the logistics environment in which the DRRT operates 
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is illustrated in Fig. 1. Three main components are considered in the quest to provide good levels of decision 
support during emergencies: i) participating parties, ii) data input, and iii) support systems. These three 
components, if managed well, are expected to provide the information needed by the three existing logistics 
mechanisms within the DRRT system (described as follows): 

• Resource Needs: gear and materials needed to conduct repair and reconstruction efforts. Estimations 
of the resources needed (types and quantities) are based on previous studies or field assessments 
conducted immediately after the event; 

• Resource Availability: available resources from both public and private organisations as well as 
international aid agencies (i.e. resources to be promptly deployed to disaster zones); and 

• Damage Location: specific geo-spatial information about physical damage to the numerous systems 
affected (e.g. road, sewage, power, telecommunications) within disaster zones. 

 
3. DYNAMIC RESPONSE RECOVERY TOOL ASSESSMENT: DATA COLLECTION, 
ANALYSIS METHOD AND CASE STUDIES 
 
The data collection procedure, the analysis method and participation in the case study simulations are 
presented in this section. Note that the application used to run the case studies (the DRRT) is not described in 
detail as the purpose of this paper is to assess the value of procedural recommendations to support decision 
making. Details of the DRRT tool and its development can be found in Ferreira28). In general terms, the 
application was programmed using Visual Basic® language compatible with both Windows and Linux 
Operational Systems and it is hereafter simply referred as DRRT case study application. 
 
(1) Data Collection Process 
Participants in the research were asked to consider an emergency scenario and to make decisions on how 
resources should be deployed to respond to this scenario. The DRRT application was used to collect data 
automatically about decisions taken, time elapsed and their effective performance in the specific context of 
an emergency scenario. The exercise controller (i.e. researcher) also observed the simulation in order to 
capture general additional information such as participant’s reactions, struggles, comments, etc. 
 
The emergency scenario used in the research was developed using a number of previous experiences 
reported by Gohil20), Newlands21), and the ResOrgs22). The scenario comprises an earthquake event occurring 
at 3.00am with the epicentre location within 10 km from the Central Business District (CBD) of a 
hypothetical city. The event creates a 75 kilometre surface rupture along the fault and the ground was 
displaced horizontally by up to 5 metres and vertically by up to 1 metre. It produces significant damage on 
the road network which requires coordination among numerous responding organisations, e.g. Civil Defence, 
City Council, Contractors, Consultants, National Transportation Agency (NTA). The emergency scenario 
simulates a complex environment represented by a multi-agency response in which the case study participant 
has to make decisions according to the 25 action list as shown below (Table 1).  

 
Table 1: Response Actions. 

ID Response Action ID Response Action 
1 Contact Civil Defence 14 Mobilise physical resources 
2 Contact contractors 15 Mobilise human resources 
3 Contact consultants 16 Deploy human resources (management) 
4 Contact City Councils 17 Deploy physical resources (damage repair) 
5 Enquire Civil Defence 18 Check available communication technologies 
6 Enquire contractors 19 Define information procedures 
7 Enquire consultants 20 Set up Emergency Operations Centre (EOC) 
8 Enquire City Councils 21 Define organisation's response objectives 
9 Contact NTA local office 22 Define organisation's response priorities 
10 Contact NTA regional office 23 Define emergency needs 
11 Contact NTA national office 24 Projection of future instances 
12 Contact Police 25 No action 
13 Contact National Emergency Controller   
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The group simulation occurred at the University of Canterbury’s Emergency Operation Centre (EOC) and 
involved 16 students. Two teams of five and one team of six students represented the national transport 
agency (Team C), a contractor (Team A) and a consultant (Team B), respectively. Each team was placed in a 
different room at the EOC and could only contact each other through an available landline extension. The 
simulation set up intended to represent the current state highway management framework adopted by the 
New Zealand Transport Agency. 
 
The DRRT application presents the participants with emergency information and allows him/her to perform 
any one of the decisions listed in Table 1. Each one of the decisions is assigned a number of marks for 
individual response phases to represent the quality or accuracy of the decision-making process adopted by 
the participant. The final performance is estimated according to the number of marks accumulated during the 
simulation and time taken to make decisions. Marks are assigned to each decision (outstanding: 100 marks, 
good: 75 marks, acceptable: 50 marks, poor: 25 marks, and wrong: 0 marks) according to an optimum course 
of actions defined for the proposed emergency scenario19). 
 
(2) Data Analysis Method 
A three stage Data Analysis Method was designed using the DRRT case study application and its data 
collecting tools. At the end of each simulation, data is recorded in text formats in order to allow compatibility 
with any specific data processing tool to be selected by the analyst and processed as follows.  
 
As previously highlighted, performances are estimated by processing average marks collected and time taken 
to make decisions during the simulation. Final results are graphically represented in order to allow 
comparisons among participants. The graph also indicates the level of decision-making quality (i.e. 
outstanding, good, or poor) achieved by each participant and also helps to draw conclusions on how the 
DRRT system has a supported response. Finally, participants are questioned and observed in order to judge 
the level in which DRRT’s recommendations were considered during the simulation, so the system’s 
capability to support decision making can be assessed.  
 
Although one-to-one and group settings were used to run the case studies, little variation was observed. Both 
settings used the DRRT applications and simulation conditions were similar (e.g. scenario specification, 
opportunity to interact with the exercise controller).  Experiments were performed following a simple 
process. The researcher initially briefed the participant by presenting the research aim and describing the 
application and how it works. Additional questions were then answered by the researcher in order to clarify 
how the application should be used so possible technical difficulties could be reduced during the simulation. 
 
The experiment starts with the participants (Table 2) completing an initial survey, after which the emergency 
scenario exercise is started. One-to-one simulations lasted an average of 45 minutes. The simulations 
comprised taking the 24 procedural decision-making actions listed in Table 1 and were followed by a second 
survey about the application itself. An unstructured discussion was encouraged by the researcher at the end 
of each simulation to capture additional perception data and general impressions. Eleven one-on-one 
simulations were performed with each participant belonging to one of four organisations. Although 
some participants did not hold formal positions in emergency management, emergency response behaviour 
and decision-making skills indicated comprehensive knowledge on response procedures. In this light, 
participants were either regularly involved in the management of real emergencies and/or were immersed in 
cutting edge emergency management research and exercises nationally and internationally. 
 

Table 2: Individual DRRT Simulations. 
Participant Professional Experience Position or Team Organisation 

A High Facilities manager Tertiary institution 
B High Asset management Transportation consultancy 
C High Asset management Transportation consultancy 
D High Asset management Transportation consultancy 
E High Asset management Transportation consultancy 
F Low / Medium Lecturer Tertiary institution 
G High Civil Defence manager Local council 
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Participant Professional Experience Position or Team Organisation 
H Low Maintenance  National contractor 
I Medium Contractual National contractor 
J High Asset manager National contractor 
K Low Asset management National contractor 

Professional Experience: Low – 0 to 5 years; Medium – 5 to 10 years; High – 10+ years 
 
4. CASE STUDY RESULTS 
 
General decision-making patterns were identified as participants responded to the scenario in spite of their 
different backgrounds. Table 3 shows that participants focused on communication (i.e. contacting and 
enquiring external organisations) in order to ensure that information sharing protocols were up to good 
standards so information loss could be prevented. The definition of response objectives along with resource 
mobilisation and deployment were consistently performed to support a well-structured response as shown in 
Table 3. This behaviour indicated the participants’ ability to reason because information was gathered before 
resources were allocated according to established objectives. Strategic approaches to decisions were 
observed, with earlier decisions being seldom modified as new events unfolded during the scenario. 
Communication checks and Emergency Operations Centre (EOC) set up were lowly ranked, not due to low 
priority, but exclusively due to the fact that it only needs to be performed once while responding to an 
emergency event. Finally, the projection of future needs appears in the last position, most likely because the 
scenario did not require participants to consider the recovery process. The scenario only exercises the first 
three response days after a major earthquake event. 
 

Table 3: Procedural Decision-making Patterns: One-to-one Simulations. 

Decision-making Activity 
Number of 
Iterations Decision-making Activity 

Number of 
Iterations 

Contact (Civil Defence, Consultants etc) 89 Mobilise (Physical and Human Resources) 33 
Enquire (Civil Defence, Consultants etc) 39 Check / Set up (Communications, EOC) 21 

Define (Response Objectives) 36 Project (Future Needs) 11 
Deploy (Physical and Human Resources) 34   

 
The group simulation in the University of Canterbury’s EOC helped to identify complementary decision-
making patterns not observed during individual simulations. The students were divided into groups that 
represented the national transport agency , a contractor and a consultant, respectively. Each team was placed 
in a different room at the EOC and could only contact each other through an available landline telephone. 
The simulation set up intended to represent the current state highway management structures adopted by the 
New Zealand Transport Agency (NZTA).  The students were structured in accordance with the Coordinated 
Incident Management System (CIMS) 23) to facilitate the decision-making process. The EOC environment, 
along with the CIMS structure, helped the students to set up their team and make decisions during the 
simulation in a more realistic environment. Time pressure was introduced towards the end of the simulation. 
Consequently, the students dealt with the real-life stress of managing time. On one side of the spectrum, 
communication difficulties, data collection and organisation, information loss, etc. were some of the 
problems identified during the simulations. On the other side, the DRRT did facilitate decisions and 
information management as reported by students at the end of the simulation.  
 
(1) DRRT Assessment 
In order to assess the value of decision support systems for emergency response, the researchers studied the 
decision-making effort and accuracy of research participants. It is assumed that outstanding decision making 
is achieved when planning time (defined as elapsed time between consecutive decision-making actions) is 
reduced and effective or accurate response is accomplished. Accuracy is associated with marks assigned to 
each possible decision at individual times accordingly to the scenario simulated. Fig. 2 presents average 
results for all participants and the different levels of support information considered (i.e. limited, good, and 
intensive) and the three groups of students. The use of recommendations (decision support) was assessed 
during individual simulations by observing participants’ actions and also interviewing them at the end of the 
simulation to assess how useful and often recommendations were considered before making decisions.  
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Note that the performance of an individual’s decision-making process increases considerably when DRRT’s 
support information is intensively considered as shown in Fig. 2. Participant F, an enthusiastic hazards and 
emergency management researcher, responded to the scenario using available DRRT tools intensively. 
Participant H (a junior contractor staff involved with maintenance operations) achieved the highest decision-
making accuracy. For participant H, it was observed that he undertook a careful information assessment and 
a thoughtful decision-making process. When enquired about his decisions, he stated that it was based on 
injects, priorities, and experiences developed through either formal emergency training or business as usual 
activities. Finally, he mentioned that DRRT’s recommendations considerably helped, not to directly make 
decisions, but to trigger alternative analyses of response. Hence, decision-making was not automated as 
recommended by many Decision Support System (DSS) experts as recommendations were not always 
promptly followed. This finding is reinforced as numerous recommendations provided by the DRRT 
throughout the scenario did not represent the best decision to be made (i.e. decisions with a 100 marks), but 
the most reasonable in the current response context. They were designed to alert the end-user about issues 
that might have been underestimated in the decision-making process instead of forcing particular decisions. 
In this context, it can be argued that maps, GIS data, recommendation prompts, and expected outcomes are 
all linked to the high decision-making performances presented by participants F and H. For instance, data 
collected for both participants show that only approximately 10 out of 48 decisions made scored 50 marks or 
less indicating consistency in their decision-making processes.  
 

 
Fig. 2: Average Decision-making Effort (Planning Time) and Accuracy (Performance). 

 
On the contrary, Participant B showed some scepticism about decision support for big scale events such as 
the one simulated (an earthquake) and did not consider the DRRT recommendations much during the 
experiment. He stated at the final survey that the DRRT can be useful for localised events. It is suspected that 
his limited decision making performance during the experiment may stem from overconfidence in his 
comprehensive practical experience and familiarity with emergency procedures; if the DRRT tools had been 
used, they may have made him more aware of alternative response approaches to consider.  
 
Additionally, an interesting fact is highlighted by participants’ G and J performances. In spite of limited use 
of decision support, both participants had accurate decision-making processes. Their high performance can 
be associated with experiences, consistent emergency training, and management of real events. For instance, 
participant G has already acted as the emergency manager for Emergency Operations Centres (EOCs) and 
has been local civil defence staff for many years. Likewise, participant J has been involved in emergency 
exercises and practiced the substantial role of communication manager (information collection and liaising 
with external organisations) for a major road network in the country.  
 
The abovementioned highlights the primary findings of the DRRT assessment. For participant F and H, it is 
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important to emphasise that the accuracy of results provided by the decision support system needs to be 
always interpreted. End-users cannot and should not promptly follow the system’s recommendations before 
evaluating its reasonableness. Hence, the system’s outputs can facilitate decision making in different 
contexts. For instance, the restoration of an electricity network can be predicted with the precision of hours 
or days while rebuilding major infrastructures can be accurately estimated within months or years 
timeframes. Thus, the end-user has to assess the level of accuracy required to support his/her decisions24). As 
highlighted in the literature review and reinforced by Greco24), decision support tools aim at accurately 
providing recommendations (i.e. outcomes with correct or true values), but end-users are still required to 
determine the applicability of computer-generated solutions.  
 
Information presentation and end-user demands need to be better comprehended. Although being sceptical, 
Participant B partially supported the use of decision support systems for localised emergency events. This 
indicates that clear information presentation and simple routines could potentially increase the acceptance 
and performance of decision support tools. Finally, the findings achieved by observing Participants G and J 
indicate that regardless of support some decision makers will have good performances due to personal 
experience and emergency management knowledge. Hence, of decision support systems’ value for money 
may not outweigh its developmental costs. Additionally, teams were found to achieve better performance 
than individuals, with the exception of Participants F and H. This fact illustrates the intended synergy 
between such participants and the DRRT. It can be argued that the system was capable of freeing the 
participant from performing time consuming activities, like information logging, data search, visual 
representations, and so on25). It is also observed that additional human expertise was provided through the 
system’s recommendations and prompts. 
 
Fig. 2 illustrates that the DRRT did not contribute to faster decision-making. It indicates that when under 
pressure staff were able to systematically apply their knowledge to make decisions within limited time 
frames. Table 4 shows that good and intensive users of support had higher planning time averages than 
limited ones. This fact raises concerns as the planning time increases, the time available for execution 
decreases. Nonetheless, good users had considerably better decision accuracy than limited users, and a single 
instance for the two intensive users increased the average planning time for this group of participants. In 
spite of this, considerably better performances were achieved by those using the DRRT more consistently.  

 
Table 4: Decision-making Performance: Effort. 
 Decision Support Usage 
 Limited  Good Intensive 
 Minutes Minutes Minutes 

Average Planning Time 1.76 2.15 2.06 
Maximum Planning Time 10.00 14.00 21.00 
Minimum Planning Time 1.00 1.00 1.00 

Standard Deviation (Planning Time) 1.48 1.92 3.01 
 
Finally, the relationship between planning and execution times needs to be properly considered as long 
planning can impact execution time frames. Thus, inappropriately planning activities can potentially 
jeopardise response by reducing efficiency or ultimately result in impracticable plans to be executed. Hence, 
caution in presenting support information is recommended. Increased planning times for participants C, D 
and E can be possibly related with information overload or inaccuracies, which created difficulties for 
decision making, instead of facilitating it. Nevertheless, this fact cannot be interpreted as a DRRT limitation 
because increased decision accuracy (i.e. approximately 15 marks) is much more significant than the small 
increase in average additional planning time of approximately 24 seconds (or 0.39 minutes).  
 
Fig. 3 presents the decision-making accuracy box-plot diagram for participants and groups. Observe that 
decision performance between limited and good DRRT users are very similar (same 25th percentile, median, 
and 75th percentile). However, the average accuracy is slightly higher (5 marks) for participants using the 
DRRT at good levels when compared to limited users. A great shift in performance is observed with 
participants using the DRRT intensively. Participants using the DRRT intensively achieved accuracy marks 
of 75 marks or more for 75% of all decisions. In terms of group results, all three had achieved very similar 
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performances indicating that the teams managed to operate in a role constraint situation as they were 
representing different organizations therefore with different roles. 
  

 
Fig. 3: Decision-making Performance Box Plot: Accuracy.  

 
In general, participants consistently employing the DRRT achieved better decision-making quality than those 
disregarding the DRRT. Fig. 2 and 3 illustrate this finding and point to the support offered by the DRRT in 
making decisions during this experiment and highlight the potential suitability of the system to support 
decision making during extreme events.  

 
5. CONCLUSIONS AND FUTURE RESEARCH 
 
This paper presented research activities conducted in order to assess the Dynamic Response Recovery Tool 
(DRRT) proposed by Ferreira19). Using simulation techniques and a decision-making assessment method 
proposed by Mendonça et al.7), a series of case studies were performed to collect data to support further 
analysis. Decision support offered by the DRRT was assessed and individual findings scrutinised.  
 
Among numerous findings, the researchers highlight the increasing decision-making performance achieved 
with the use of the proposed DRRT. Case study participants using the system at comprehensive levels have 
demonstrated better performance than those disregarding its recommendations and/or additional information 
(e.g. maps, scenario information). Group simulations indicated that the DRRT is able to support decisions 
and facilitate the management of emergencies in multi-agency environments. It is concluded that the DRRT 
provided additional information/knowledge similar to an expert decision-maker and freed participants from 
performing time consuming activities. Such synergy is observed when individual performances are similar to 
groups’ decision-making accuracy for those participants comprehensively using the system’s resources.  
 
Limitations of this research relate to information presentation, decision-making support information and 
resource deployment. For instance, an individual who poorly considered the system’s capabilities 
demonstrated some interest in using the proposal for localised emergency events. Therefore, it can be argued 
that his scepticism in using the DRRT for large scale events could be broken if easily accessible, well-
presented information was made available by the system (i.e. mock up application). Average decision-
making time has not been reduced among participants. Many reasons can be associated with this fact 
including the length of the simulation; however, a deeper understanding in relation to planning and execution 
times during emergency response still needs to be addressed.  
 
In order to address the system’s limitations as presented in the last paragraph  as well as research limitations, 
the researchers propose the following future endeavours: i) to develop a more realistic simulation 
environment using virtual reality to test human reactions to decision support; ii) to cognitively study the 
relationship between decision support and emergency management to better comprehend driving factors 
behind human acceptance of decision support systems; iii) to integrate multi-disciplinary concepts involved 
with Emergency Management; and iv) to assess resource deployment models designed with the aim of 
supporting resource prioritisation and allocation in the context of roading networks. 
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The principles of effective construction project management are well established. Constraints imposed by re-
sponse to disasters, plus those of government contracting, can further challenge project managers. The underlying 
imperatives of schedule, budget, quality, and safety management are not much different from those of large-scale 
construction projects. However, understanding the contingent job conditions imposed by major disasters compels 
planning and execution that may be somewhat different from those practiced by professionals who are unfamiliar 
with disaster response or requirements under a government contract. This paper highlights salient lessons learned 
by construction managers who responded to Hurricanes Katrina and Wilma under a cost-reimbursement U.S. Navy 
contract in 2005 and 2006. These details can be important for any and all professional responders to appreciate and 
act upon, if the response is to be better planned and executed to promptly and effectively serve victims under 
similar circumstances. 

 
   Key Words : disaster response, project management, military contract 
 

1. INTRODUCTION 
 
Due to the increasing challenges of technology and regulation, project management has grown as a formal 
discipline of study. Internet searches find numerous accredited degree programs for those seeking formal 
education in the field. Another demonstration of the discipline’s range is the Project Management Institute, 
which reports 650,000 members in 185 countries1). A project is a coherent array of activities that adds value for 
an organization and delivers on its purpose. Each has a distinct start and finish date, and a single entity or 
person carries responsibility for the work. Contracting, logistics, operations, and public relations—among 
many other aspects--lie within the purview of the project manager. Projects that recover the constructed en-
vironment can be some of the most challenging that a professional ever encounters. 
 
When the impact of a disaster is substantial, the national government often is the only entity with resources 
enough to react effectively, assuming they have planned well and can execute as planned. Obtaining and 
monitoring sufficient resources are probably the greatest challenges in the aftermath.  Even a national gov-
ernment seldom musters internal resources enough to meet demands, so the work of recovery is frequently 
contracted to commercial enterprises that can restore and reconstruct the infrastructure. Contractors assume 
project management and operational roles to recover the built environment. 
 
The efforts of repair and rebuilding commonly begin after the emergency phase of disaster response subsides, 
victims are rescued, immediately critical damages are mitigated, and authorities deem parts of the wracked 
region safe enough in which to work. It is then that contractors, hired by both the public and private sectors, 
shoulder their burdens to undo havoc that the disaster wreaks. Procedures for hiring disaster recovery con-
tractors vary legally, culturally, and technically from nation to nation, but examination of circumstances and 
outcomes for restoration and reconstruction accomplished after Hurricanes Katrina and Wilma under a United 
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States Department of the Navy contract might provide insights for government agents of other nations who 
oversee recovery contracts of any type. 
 
 
2. The Contract 
 
The U.S. Navy renewed a “construction capabilities” contract valued up to $500 million with Hallibur-
ton-Kellogg, Brown and Root (KBR) for five years in July 2004. From 1989 until Katrina surged ashore, 
assorted governments had “. . . awarded $3 billion in contracts to KBR's Government and Infrastructure Di-
vision to clean up damage caused by natural and man-made disasters.” 2) The contract was a 
cost-reimbursement (cost-plus) type, with some of the available fee periodically awarded on the basis of re-
current evaluations of project performance. Performance evaluations hinged on criteria such as responsiveness 
to the government, schedule, cost control, safety, and management effectiveness. Both the multi-year duration 
of the contract and the contract type were points of contention by many observers, especially political oppo-
nents of the current administration. They opined that the contract should have been bidded more frequently and 
offered under the firm fixed-price (FFP) umbrella in order to increase competition and reduce cost to taxpayers. 
If sufficient time is available to contractors after a disaster to fully establish the scope of damages, then the FFP 
scheme is appropriate. On the other hand, cost-plus contracts were executed by the Federal Emergency 
Management Agency (FEMA) under various emergency conditions without findings that such contracts were 
necessarily inappropriate3). One concludes that the particulars of the procurement action determine which type 
should be used. 
 
The Navy appeared to have chosen the five-year duration to reduce their implicit contracting costs and to move 
the contractor’s managers “down the experience curve,” presumably to make for a more responsive Con-
struction Capabilities (CONCAP) program. The Navy had deemed the three-year CONCAP contract from 
2001 to 2004 useful, so a five-year renewal was not necessarily unwarranted. The uncertain nature of possible 
work--anywhere in the world and of almost any scope--during the contract period made cost-reimbursement 
rational. As responsible program agents, KBR offered work in FFP subcontracts whenever it seemed rea-
sonable to do so. For example, the project planned to move Marines from tents to container housing at Djibouti 
was subcontracted by FFP, since the scope of work was well-known. However, much of the Katrina and 
Wilma work was subcontracted on a time and materials (T&M) basis.  
 
The scope of work for recovery can vary as the facility owner decides what the contractor shall be tasked to do, 
after needs become more certain. Early estimates for recovering Wilma-damaged infrastructure hovered near 
$40 million, but the final cost was about $100 million. Owner priorities for effort commonly fluctuate as more 
is learned of actual damages, which often cannot be accurately assessed until some work is already performed. 
Demand-supply price elasticity can be expected to escalate all costs beyond those of conventional circum-
stances. With significantly changing scope of work, a FFP contract might result in many costly contract 
modifications and much extra administration for a relatively small government staff. 
 
Control of contract costs was projected for T&M work at project start with initial daily forecasts of amounts of 
labor and equipment within the period of each subcontract. The unit-costs/day were pre-negotiated months 
before the hurricane season for the various tradespeople and the restoration and conventional construction 
equipment items, so the CM could estimate a total cost for each subcontract at the Navy’s desired level of 
effort. In turn, all subcontract estimates were combined with the CM’s own forecasted costs and fees to enable 
the government to know its funding requirements. Daily operational and work summary reports were sub-
mitted separately through channels by both the CM superintendents and the subcontractor supervisors to be 
reconciled by the CM’s cost engineer to establish actual daily costs. The CM’s cost engineer determined 
reasons for differences in labor and equipment hours between the separately prepared reports, so that the 
correct numbers were reported. The government’s contracting personnel learned their actual costs every day 
and within less than 24 hours after they were incurred. Cost reporting periods that may be acceptable for 
conventional construction are generally not adequate for restoration work, due to the high “burn rate” or the 
time rate of costs incurred. The work effort was programmed for seven days per week, 12 hours per day. Under 
those conditions costs can rapidly escape control and degrade the government’s capacity to adjust work pri-
orities to optimize recovery within the funding ceiling. 
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The government audited the CONCAP program in detail after the storms and reported that the Navy should 
have contracted more of the work under FFP contracts4). The Navy contracting officers, government acquisi-
tion professionals with significant decision-making authority to manage contracts, recognized that the scope of 
work was much greater than first estimated. For both Katrina and Wilma, they progressively increased the 
contract value to cover cost reimbursement of essential restoration and reconstruction. The increased contract 
value provided a proportionately increased fee amount. That was a problem, said the auditors. They found that 
although the costs might grow with changed conditions and should be reimbursed, the amount of fee that the 
contractor then earns should remain constant after the initial cost estimate. This is a fairly common procedure 
and might be a wise provision for any fee-based, cost-plus disaster recovery contract, unless the risk-reward 
assessment necessarily implies another approach. 
 
Another audit finding was that subcontractors hired under T&M agreements must ensure that no inadvertent 
double-payment occurs. This impropriety for the hurricane recovery derived from the cost-per-hour for la-
borers and equipment already embedding the subcontractor’s markup for project and general indirect costs, 
even as a markup of 10 percent for handling was tacked onto materials costs. Although there are modest home 
office and other costs attendant to materials procurement, most of the site materials handling costs are already 
recouped in the payment for the labor and equipment, so a 10 percent markup is excessive. This overlap was 
not noted by any government or construction management professionals during either recovery project. Alt-
hough the government has full authority to subsequently recoup any unearned funds, all managers associated 
with the work are obligated to find and eliminate such inconsistencies before they happen. Contracts of this 
kind require a close review of payment schemes to ensure that all charges are allowable and reasonable. 
 
It is also instructive that some CONCAP-like contracts have more recently been awarded to one of three bid-
ding or proposing firms, which have been pre-selected for a number of years to compete for every available 
project. Competition increases, while the contractors’ program managers can develop better administrative 
efficiencies from probable repeat projects. 
 
 
3. Restoration 
 
The major restoration challenges for restorative work on the 357 buildings originally assigned the contractor at 
Naval Air Station—Key West (NASKW) involved mold remediation. A storm surge had soaked lower levels 
of walls in residences and administrative buildings. Mold often grows within 72 hours of spores contacting 
moist, organic food sources at moderate temperatures, so that by the time the storm passed and contractor 
restoration equipment and personnel were mobilized, fungal colonies had proliferated. Direction from the 
government was to remove the bottom 4-feet of interior drywall, so that mold could be removed. Even during 
the first days of the project, mold was often discovered above that height. The government modified their 
direction so that drywall was then removed to access the contamination and “chase the mold.” In short order, 
many of the buildings were “full-gutted” to their structural frameworks. 
 
An industrial hygienist and mobile laboratory enabled responsive and accurate testing of air quality. It was air 
quality tests that revealed unduly elevated levels of mold spores in buildings, which had appeared to be ac-
ceptably restored. Full gutting of the structures and thorough encapsulation of their frameworks was initially 
unexpected by the CM and the Navy, but it proved essential to reduce concentrations of spores to ambient 
conditions. This changed condition added much to materials and labor costs, since so many structures required 
the full treatment, costs for which far exceeded original estimates. With hindsight, a good procedure to arrive at 
a more accurate estimate would have been to restore a representative structure to the extent believed sufficient, 
and test the air for necessary quality before assuming that had what worked in previous cases would work then. 
The perfectly understandable desire to rapidly return facilities to their use can cause owner and contractor to 
overlook controls by which to assure necessary performance.  
 
Taxpayers could be pleased that the contract was cost-plus, to allow quick work on the substantially increased 
scope of work at a lower cost than FFP contract modifications would have likely permitted. Modifications of 
FFP contracts tend to be separately negotiated and priced and, thus, would have probably been costlier than the 
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responsive redirection that was allowed by the T&M work effort. Besides the increased scopes of work in 
assigned buildings, the priorities of work on buildings shifted as military base requirements adjusted in weeks 
after recovery began. Work begun on some residential buildings shifted to others after a few weeks, when 
urgency of need for the second group escalated. In the aftermath of widespread damages and flexible mission 
requirements, initial plans should be expected to adjust. One expects that plans for structures that are critical 
for secondary support missions should be prepared in much the same detail as those for primary mission ca-
pability restoration. 
 
As the authors have gained more knowledge of restoration techniques in recent years, they recognize that 
better application of applied structural drying techniques might have saved time and money. It is possible that 
some of the subcontractors who restored water damaged buildings had performed appropriate calculations for 
determining proper numbers of dehumidifiers and air movers to operate inside the various structures in order to 
optimize the dry-out effort. However, nothing was mentioned of the calculations by subcontractors, and the 
contractor’s personnel knew nothing of the standards. Neither did any government managers mention such 
standards. The Institute for Inspection, Cleaning, and Restoration Certification (IICRC) publishes American 
National Standards Institute (ANSI) industry consensus manuals for a number of restoration processes, in-
cluding water damage5). The 2003 edition of the Standard and Reference Guide for Professional Water 
Damage Restoration should have been applied in 2005. A typical house with substantial water damage on the 
first floor can be dried on average in about one week, and sometimes it can be dried in three or four days. The 
techniques subcontractors used at that time often exceeded industry averages, so application of the IICRC 
standards would probably have resulted in quicker and less costly dehumidification, while degrading condi-
tions for mold growth. 
 
 
4. Logistics 
 
One commonly views logistics to be the people, vehicles and material handling equipment, procedures, and 
information that get the right items, in the right amounts, to the right places, by the right times. This essential 
function can be highly compromised—at least, for a while—after any regional disaster. Not only does demand 
for materials and equipment immediately jump, but the lines of communication for ordering and delivering 
necessities are often severely degraded. Emergency response traffic trumps almost all restoration and recon-
struction movement, until access routes are opened and confirmed safe for travel. 
 
Military facilities usually house equipment enough to perform their mission-essential tasks in the immediate 
aftermath of significant damage, as they would remain operational after hostilities, but virtually all secondary 
functions are disrupted. Military family housing, barracks, and important administrative building restoration or 
reconstruction tend to be the focus of contractor effort once essential services are re-established. Debris re-
moval, electrical power restoration, repair or reconstruction of building envelopes, and restoration of building 
interiors comprised most of KBR’s work for the U.S. Navy facilities damaged by Katrina and Wilma. Most 
work was not technically complex, although some electrical and mechanical expertise was especially critical. 
Emergency power for mission-essential functions and repair of sewage treatment facilities fell to the CM. In 
most cases, however, tearing out water-damaged, mold-infested materials demanded little more than 
well-supervised, strong backs and the right tools. Repairs of elements and finishes of buildings required only 
common craft skills. Materials also were correspondingly quite typical, but the required volumes of drywall, 
dimensioned lumber, insulation, roofing, and finishes were significant. The repair and reconstruction chal-
lenges of obtaining skilled labor and materials for Wilma were further elevated by the continuing high demand 
that had resulted from shortly preceding hurricanes, Katrina and Rita, and from the dislocation of Key West 
150 miles away from the Florida mainland. 
 
The CM first determined the array of construction materials that were required for each recovered building. 
Many of the buildings had similar floor plans and required similar repairs, so once the needed kinds and 
quantities were determined for one building type, the materials were replicated for similar structures to com-
pile a general bill of materials (BOM) for overall materials control, especially to justify what and how much 
was ordered and how it was accounted. Much of the materials was ordered through a local construction ma-
terials store, but response was improved when subcontractors contacted their sources beyond the stricken 
region. Delivery dates were often unable to be forecasted well. The contractor was pleased to see any of the 
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needed materials arrive even when extensive storage was needed, due to quantities far exceeding what could be 
soon installed. The government offered parts of large industrial buildings to preclude the contractor having to 
build or lease storage space protected from the elements or pilferage. The necessity for security of materials 
and equipment cannot be overstated after a major disaster, since so many parties demand the items. 
 
The cost of warehousing was reduced by CM experts guiding a crew of subcontractor laborers who received, 
inventoried, and issued materials against requisitions submitted by superintendents of the various work sites. A 
daily inventory was transmitted at close of business almost every day to site superintendents, so they could 
plan to draw what was needed in days ahead or advise the warehouse of apparent shortages. The warehouse 
supervisors learned to limit superintendents’ requests for material “draws” to amounts that could reasonably be 
installed within a few days, so that excess was not hoarded on the job sites and unavailable to others with more 
pressing needs. 
 
A master materials spreadsheet log was developed to record purchase order numbers, quantities and types of 
items purchased, dates and quantities delivered, and buildings into which the materials were installed—among 
other useful information. Due to the extensive scope of work, this consolidated document was especially 
valuable, but it required effort from a devoted clerk. It was critical to be able to show the Navy contracting 
personnel or auditors where the millions of dollars of materials had been installed, as a check against requested 
materials reimbursement requests. Despite the controls, some bulk materials were ordered in excessive quan-
tities in the fast-paced conditions, but the sources had agreed at time of order placement to accept the excesses 
for a minimal restocking fee. Also, the Navy became eager to retain some of the excess materials for subse-
quent hurricane recovery work, which they planned to self-perform. This greatly reduced waste from levels 
experienced by other contractors on other projects where these procedures had not been implemented. 
 
 
5. Public Relations 
 
Contractor response work after regional disasters can draw much attention from national news media, espe-
cially when politics intrudes. Project professionals of both the government and the contractor should expect 
that the media will look for headlines, and any bad news will nearly always supersede much good that may be 
happening. Among other imperatives, the project professionals should all know techniques for honestly but 
judiciously communicating with any media agents. 
 
As contractors mobilize, they should plan to hire as many professionals and craftspeople from the disaster 
region as possible. This is not always as easy as it seems, since many of these people lose their homes and 
personal property, so their personal demands prevent their immediate availability. However, once their own 
emergencies stabilize, employing nearby personnel can be preferable. There are good public relations (PR) in 
routing government contracting funds, which are spent for major facility restoration and reconstruction, back 
to the stricken area in the form of well-earned wages and salaries. The funds then enable the hired people to 
better fund their own pressing needs and recovery efforts, in order to return their lives to some semblance of 
normality. Government contractors should expect government managers and the media to ask about their 
sources of labor, materials, and equipment. When the government recovery managers can assure the media that 
a high fraction of contractor and subcontractor rolls have been hired from the damaged area, the reportage is 
normally favorable. 
 
A concern for contractors is that their employees and subcontractor personnel at all subordinate tiers are 
housed and fed properly. As smaller and less organized subcontractors scramble for untapped labor in days 
after an emergency subsides, attention to necessary health and welfare of their people can take second place to 
the pressing needs of the work. Contractors must exercise their authority to ensure that the workers of their 
entire team have lodging and subsistence to maintain morale and health. Promised pay must be timely forth-
coming. These issues garnered media attention during the Katrina recovery, because in one case a small 
subcontractor multiple levels below the contractor did not exercise acceptable care for his people. The after-
math of a disaster often places severe demands on the available support structure, but in the case that made 
headlines, bad press from exceptionally poor treatment of a few workers of the many hundreds working under 
the CM contract was exacerbated by their illegal alien status6). 
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6. Conclusion 
 
The issues raised in the paper might arise for similar disaster recovery project work in almost any nation where 
private sector contractors could be hired to help recover the built environment for government entities. Project 
managers should be aware of the specific challenges that can arise, and they should know how to reduce or 
avoid their impact. The government should proactively and publicly justify their contracting procedures for 
fast-paced, contingent work. All contractors should apply the current restoration techniques and standards to 
their work. Those overseeing recovery contracts should require work and reporting procedures that encourage 
all parties, even minor subcontractors, to ensure the health and welfare of their workforce. Particularly for 
disastrous events of greater scope, attention to logistical planning for timely obtaining and moving construc-
tion labor, materials, and equipment prior to the event is imperative. Determining procedures for communi-
cating with the media is wise. 
 
The many professionals who are not directly involved with the restoration and reconstruction of damaged 
infrastructure may not fully appreciate all of the challenges that recovery contractors commonly experience. 
However, smart planning and oversight by higher authority can facilitate quicker and better work by the con-
tractors upon whom they depend to mitigate, repair, and reconstruct impaired facilities. This enhances the 
essential performance of the disaster recovery team, so that victims can sooner return to normal living condi-
tions. 
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ABSTRACT 
This paper presents an approach for identifying the limit states of resilience in a water supply system 
when influenced by different types of pressure (disturbing) forces. Understanding of systemic resilience 
facilitates identification of the trigger points for early managerial action to avoid further loss of ability to 
provide satisfactory service availability when the ability to supply water is under pressure. The approach 
proposed here is to illustrate the usefulness of a surrogate measure of resilience depicted in a three 
dimensional space encompassing independent pressure factors. That enables visualisation of the transition 
of the system-state (resilience) between high to low resilience regions and acts as an early warning trigger 
for decision-making. The necessity of a surrogate measure arises as a means of linking resilience to the 
identified pressures as resilience cannot be measured directly. The basis for identifying the resilience 
surrogate and exploring the interconnected relationships within the complete system, is derived from a 
meta-system model consisting of three nested sub-systems representing the water catchment and 
reservoir; treatment plant; and the distribution system and end-users. This approach can be used as a 
framework for assessing levels of resilience in different infrastructure systems by identifying a surrogate 
measure and its relationship to relevant pressures acting on the system. 
 
Key words: Limit states, systemic resilience, resilience surrogate, water supply system, trigger 

points 
 
 
1. INTRODUCTION  
 
The term “infrastructure systems” is used in its broadest sense, encompassing both built infrastructure 
(buildings, roads, bridges, pipe networks, treatment facilities) and infrastructure services that rely on 
integrated built and natural systems to provide fundamental needs of society. It is natural that these 
infrastructure systems are subject to different type of disturbances. “Resilience” (as used here) refers 
to the ability of such infrastructure systems (including their interconnected ecosystems and social 
systems) to absorb the effect of disturbances and still retain their basic function and structural 
capacity.  
 
When a system is subject to effects of disturbances, the ability of the system to absorb the ‘pressure’ 
determines the magnitude of the effect that it can withstand, without transforming into a different state 
(i.e: with reduced functionality). In a water supply system this transformation may be from 
‘satisfactory state’ to ‘unsatisfactory state’. Knowledge of the resilience of the system to identified 
pressures gives an insight to the potential operational range of the system within which [it] can sustain 
outputs within set acceptable parameters. An ability to note when the system is transitioning from 
acceptable to un-acceptable state is an important capability for both owners/operators and regulators 
of such essential service. However, in order to undertake such assessments, it is necessary to precisely 
define the system boundaries and the thresholds. Our primary objective for identifying resilient 

mailto:p.amarasinghe@qut.edu.au
mailto:a.goonetilleke@qut.edu.au


2 
 

characteristics of a water supply system is to use the knowledge of the dynamics of the system as an 
early warning, allowing for proactive precautionary measures to be enacted. Thus, this paper outlines 
an approach to identify the limit states of resilience of a water supply system relative to a defined 
failure criterion under the influence of two categories of pressure: variation of rainfall and consumer 
demand. 
 
 
2. SYSTEMIC RESILIENCE OF A WATER SUPPLY SYSTEM  
 
The ‘ability to withstand’ pressure (some degree of disturbance) while maintaining functionality is the 
principle definition of resilience used in this study. However, other interpretations of resilience can be 
found in research literature such as, amount of disturbance that a system can absorb without changing 
state (Gunderson 2000)1, measure of the persistence of systems (Holling 1973)2, measure of the speed 
of a systems return to equilibrium (Brock et al 2002)3, potential of a system to remain in a particular 
configuration (Walker et al. 2002)4, and buffer capacity or the ability of a system to absorb 
perturbations, or the magnitude of disturbance that can be absorbed (Adger 2000)5. The fundamental 
premise of these definitions is similar, but addresses different aspects of the resilience concept.  
 
In order to assess the selected resilience characteristic/s of a water supply system, it is necessary to 
define the ‘system’ properly. Therefore, the initial steps of the process are based on modelling a 
complete water supply system as a meta-system and identifying a surrogate measure of resilience 
applicable to the system.  
 
A water supply system consists of a water catchment and the reservoir; treatment plant; and the 
distribution system and end-users. These components range from socio-ecological to technical 
domains making a complex combination of different sub-systems. The concept of a ‘meta-system’ 
presents a holistic approach that avoids the limitation of considering each sub-system separately in 
relation to the same pressure. A meta-system in the case of a water supply system is formed by 
considering the integration of the three sub-systems as shown in the Figure 1 below.   
 

 

 

 

 

Fig. 1: Interdependent domains as a meta-system (adapted from Barnes et al. 2011)6 

In typical operation, all the components may operate below the maximum capacity as it needs only to 
satisfy the demand. However, each sub-system illustrated in Figure 1, has a maximum capacity for the 
appropriate operation. For example, the reservoir has a maximum storage capacity and the treatment 
plant has a maximum treatment capacity. The final output of the system is determined by sub-system 
which has the lowest maximum capacity as that will limit the potential of the system. Therefore, 
although another sub-system has an excess capacity, it will serve only as an excess capacity that may 
not be useful under normal operational conditions. However, this excess storage capacity could act as 
a redundant capacity which can be applied in a crisis situation to enhance the resilience of the system.  
 
The challenge is to recognise the response of the system to pressure variations. For this purpose, a 
dynamic parameter applicable to the complete system that responds to pressure variations needs to be 
identified. Resilience characteristics of the system can then be described by analysing response 
variations of this parameter to varying pressure levels.  
 
 

Water catchment /reservoir 
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 Treatment plant /infrastructure 

(Technical subsystem) 
 

Urban users 
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3. CASE STUDY – SEQ WATER GRID 
 
The South East Queensland water supply system (SEQ Water Grid) was selected as the case study for 
assessing systemic resilience. SEQ Water Grid is a diverse system of water storages and treatment 
facilities with interconnecting bulk water pipelines. The main infrastructure of SEQ Water Grid 
includes 12 connected dams, 10 connected drinking water treatment plants, 3 advanced water 
treatment plants producing purified recycled water, 1 desalination plant, 28 water reservoirs, 22 bulk 
water pump stations and 535 km of potable bulk water mains (SEQ Water 2012)7. The service area of 
SEQ Water grid includes retail distributing areas of Sunshine Coast, Moreton Bay, Logan, Gold 
Coast, Redlands, Brisbane, Somerset, Lockyer Ipswich and Scenic Rim local government areas as 
shown in Figure 2. The system yield is about 350,000 ML/a compared to current demand of about 
290,000 ML/a (Spiller et al. 2011)8. Water Grid transfers an average of 600ML/d, where water is 
needed most (Link Water 2012)9. 

 

 

As increase in demand due to population growth is identified as a potentially important pressure in 
this study, it is necessary to quantity this, such that realistic simulations can be undertaken. According 
to the Bureau of Statistics (2011)10, for the five years from June 2004 to June 2009, the average 
annual population growth rate for Queensland was 2.6% per year, making it the fastest growing 
Australian state or territory for that period. This translates to a population increase of about 50,000 per 
annum for the last ten years, with a further one million people expected to move into the region over 
the next twenty years. From June 2008 to June 2009, the population increased by 80,900, accounting 
for 69% of the total growth in the State. As SEQ population continues to grow, forecasts show that the 
projected population in 2056 will be between 5,696,300 (medium series) and 7,014,700 (high series). 
 
Historical records help to understand climate change effects on rainfall variations. However, annual 
and seasonal average rainfall is also influenced by local factors (such as topography, vegetation) and 
broader scale weather patterns (El Nino-Southern Oscillation –ENSO- events). The annual rainfall 
averaged over the last decade for SEQ region has decreased by 18% compared to the 1961-1990 
average (BOM 2008)11. High resilience of the system to low rainfall conditions play an important role 
under a reduced rainfall regime to maintain undisturbed service. 
 
3.1 Dynamic model of Water Grid 
A dynamic model of SEQ Water Grid was developed in STELLA software for evaluating the 
behaviour of the system under different pressure scenarios. STELLA provides an object-oriented 
programming environment using stocks and flows for developing integrated simulation models. This 
model can then be used to simulate under different input threat scenarios to obtain the output. The 
different scenarios considered here are the varying levels of rainfall and demand. Rainfall and demand 
variations need to relate to a reference level. By obtaining number of failure events within a set period 
of time, the probability of failure was evaluated. 
 

Fig.2 – Service areas of SEQ Water Grid  
(http://feww.wordpress.com/category/environmental-disaster) 
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Figure 3 indicates the Stock and Flow diagram for a single catchment and reservoir. For development 
of the complete model all the catchments of the Water Grid need to be combined.   

 

Fig. 3- Stock and Flow diagram for a single catchment and reservoir 

The following section discuss the relatioships and the equations used to develop  model inputs 
parameters. The quantity of rainfall excess (runoff) in to the reservoir was obtained using the 
following basic equation by Wanielista et al. (1997)12. 
                               

                 R = CP 

Where   R = Rainfall excess 
              C= Runoff coefficient 
              P = Volume of precipitation 
Volume of precipitation (P)   was obtained as  P  = A x Rd 
Where  A = Catchment area 
            Rd = Rainfall depth 
 
However, the volumetirc runoff coefficicient of each catchment had to be derived. The volumetric 
coefficient was calculated for relevant catchments by using regression analysis for historical rainfall 
and stream flow data. Closest possible rainfall data were obtained and using a scatter plot, the best fit 
line was drawn to derive the volumetric runoff coefficient (C) value. For verification of the C values, 
the actual storage data of each reservoir for each month (during the period 2008 to 2010) were 
obtained and then compared with simulated storage volumes using the derived C values. For very low 
monthly rainall values, the runoff generaton was observed as negligible. Therefore, the volumetric 
runoff coefficient (C) was considerd as ‘0’ for monthly rainfall less than 50mm. 
  
The main stock at the catchment level is the water storage in the reservoir. Generally, stock 
accumulates the difference between its inflow and outflow. Thus the accumulation of stock with 
inflow and outflow can be formulated as; 

Stock(t)  = ∫
nt

t0

( inflow (t) – outflow (t) ) dt  + Stock (t0) 

Where Stock (t) = the amount of stock at time t  
                              Inflow (t) = the inflow at time t 
                            Outflow (t) = the outflow at time t and t is any time between to and tn (to ≤  t ≤ tn) 
 

Water in Reserv our

Inf low

Precipitation

Catchment Area
Runof f  coef f icient

Ev aporation

Surf ace Area of  reserv oir

Outf low  and seepage losses

Treatmetn plant

Flow to Treatement plant

Treated Water in the Grid

Grid water supply

Flow to Grid
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Accordingly, the water balance of each reservoir was considered as; 

Storage in reservoir (t)  = ∫
nt

t0

(stream flow (t) – evaporation losses (t) – overflow and seepage losses (t)) dt  + available storage (t0) 

The following relationship was used to compute the evaporation from reservoirs based on CSIRO 
(2008)13 and Kohler et al. (1955)14 recommendations. For estimation of evaporation from reservoirs, 
the pan coefficient was recommended between 0.6-0.8 in the above references and hence 0.75 was 
considered as the pan coefficient in this study. 
 

                Er = PE x Cp x SAr   

Where   Er = Evaporation form reservoir 
              PE = Pan evaporation  
              Cp = Pan Coefficient 
              SAr = surface area of the reservoir. 
 
The surface area does not remain constant as the storage level varies. Therefore the actual water 
surface area was obtained when the reservoir is full and considered that the water surface area is zero 
when the reservoir is empty. The data for water surface area were obtained by interpolating between 
the maximum and minimum value.  
 
Water drawn to the relevant treatment plant was allowed only if the storage level of the reservoir was 
greater than 20% of the full capacity and limited to the maximum capacity level of the treatment 
plant. When water storage was greater than the reservoir capacity, the excess water was released. The 
in-built mathematical functions were used to allow these conditional directives in the model. 
 
The potential output of the system was obtained by simulating under variable pressure conditions. 
Rainfall was reduced by 10% at a time and demand was increased by 10% increment at a time. 50 
simulations were run for a five year period for combination of pressure conditions. Inability to supply 
up to failure threshold in any month in the five year period, was denoted as a failure. Number of 
failure simulations out of 50 was considered as the probability of failure. 
 
 
4. DEFINING SURROGATE MEASURES OF RESILIENCE 
 
In the process of exploring the selected resilience characteristics of the system, two mandatory 
requirements were considered. They are the existence of a pressure (a disturbing force/s) and a 
method to assess the ability of the system to withstand the pressure and not fail. The ‘ability’ of the 
system is assessed by performance variations. In order to assess performance variations, the dynamic 
process of output production has to be identified.   
 
The dynamic process of a water supply system is the ‘water flow’ and the physical measure of 
performance is the potential supply ‘volume’ of potable quality water. Therefore the ‘ability’ under 
pressure can be assessed by the likelihood (probability) of failure. For example, considering a 
particular level of pressure, lower failure probability (say 1%) indicates higher ability while higher 
failure probability (say 80%) indicates low ability to withstand pressure. Therefore, the surrogate 
measure of resilience of the water supply system considered here is the probability of failure. 
However, the failure criterion should be defined to evaluate probability of failure. 
 
The failure criterion of the system is defined here as follows. The system is expected to supply water 
for the population of a particular region. Based on an average (pre determined) per capita 
consumption, the expected demand of the system for that population can be determined. The failure 
state of the system is defined here such that the maximum supply level of the system fails to satisfy 
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50% of the demand. It is assumed that regulations such as water restrictions can reduce typical 
demand to 50% of the average demand in a significant pressure situation. It is also important to 
specify the conditions under which the resilience is assessed.  
 
The probability of failure can be determined under given conditions. However, due to the diversity of 
the resilience concept, a mathematical relationship between failure probability and resilience is 
difficult to derive. Therefore, at this stage, resilience is conceptualised as an inversely proportional 
vector to failure probability. The relationship of surrogate measure (probability of failure) and the 
pressures is developed based on the following relationship as resilience is inversely proportional to 
probability of failure: 
 

                                  𝑅𝑒𝑠𝑖𝑙𝑖𝑒𝑛𝑐𝑒  =>   1
𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑓𝑎𝑖𝑙𝑢𝑟𝑒

 
                                   

Probability of failure is disaggregated further in order to relate it to the adverse pressure conditions. 
Probability of failure is expected to be higher with increase in adverse pressure conditions. Therefore, 
the adverse pressure is one factor that influences failure. As the failure threshold is defined here as a 
function of demand, demand is also another factor that influence failure. Hence, the relationship can 
be expressed as given below; 
 

Probability of failure                                        (adverse pressure, demand based failure threshold) 

In order to determine probability of failure using the above relationship, the adverse pressure 
conditions that create stresses on the system should be identified. The following section discusses the 
main stress generating factors. 
 
 
 5. STRESSES ON THE SYSTEM 
 
As the main purpose of a water supply system is to supply the designed quantity of potable water, any 
force that creates an adverse effect to disturb output generation is a pressure and this pressure creates 
stress on the system. The stresses are the ‘less water availability’ and ‘low water quality’. Climate 
change impacts to reduce inflow to the reservoir due to low rainfall.  
 
Apart from the reduction of inflow, climate change can also contribute to degrade water quality 
(Delpla et al. 200915, Park et al. 201016, Ducharme 200817). For example, increased temperature 
associated with high nutrient loads can lead to eutrophication and algae growth in the reservoir. When 
the raw water quality is degraded, the treatment plant may not be able to produce its maximum 
capacity, lowering the rate of system output (in terms of volume). Therefore, climate change is a 
major pressure generator on a water supply system which is dependent on surface water for storage. 
 
Rainfall and temperature are the two main parameters of climate change that influence the processes 
in the natural water cycle. The temperature change is a gradual phenomenon which takes place over a 
period of time. However, the variations in rainfall parameters are more significant and difficult to 
predict accurately even within a shorter period. Therefore, rainfall variation has been selected as a 
major pressure for developing the analytical framework in this study. 
 
Increases in population generate stress on the system due to the compounding increase in water 
demand. A concomitant consequence of population increase is rapid urbanisation which will also 
contribute to degrading water quality due to the creation of new pollutant sources and increase in 
pollutant loads (Goonetilleke and Thomas 2003)18. The responses of the system to these pressures 
indicate the level of resilience and the response can be evaluated in terms of performance (output 
volume).   
 
 
 

Depends on 
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6. ASSESSING RESILIENCE  
 
Attempts have been made by different researchers to quantify resilience of water resource systems 
(Kjeldsen and Rosdjerg 200419, Moy et al. 198620, Wang and Blackmore 200921). However, Haimes 
(2009)22 has pointed out that resilience of a system cannot be characterised with a single numerical 
descriptor and resilience must be understood and evaluated in the context of a probabilistic and 
dynamic set of input threat scenarios to the system and in terms of a complex set of associated 
consequences attached to any such threat. Furthermore, the resilience of a system could be measured 
in terms of a myriad of sub-states that characterise the system for a specific time period and threats. 
Hence, measuring the efficacy of a system’s resilience might be achieved through the unique 
functionality of that particular system and its responses (outputs) to specific inputs.  
 
The probability of failure is proposed here as the way of measuring the response of the system to the 
input threat scenarios. Considering the probability of failure as the dependent variable and the other 
two threatening forces (pressures) as independent variables, a failure surface is developed by plotting 
the three variables in a three dimensional space. Then by identifying high and low resilience regions 
in the three dimensional space and observing proximity of the surface to the respective regions, status 
of resilience of the system can be interpreted.  
 
In the Figure 4 below, region close to ‘G’ represents the region of lowest pressure as the pressure 1 
increases towards ‘H’ and pressure 2 increases towards ‘E’. The region close to ‘C’ indicates high 
failure probability even under low pressure conditions. Therefore, the region close to ‘C’ represents 
low resilience region. Similarly the region ‘F’ represents low probability of failure under high 
pressure conditions indicating high resilience region.  
 

 

 

 

 

 

Fig. 4    3D Representation of high & low resilience regions with respect to two pressure components.  

  

7. FAILURE SURFACE AND THE APPLICABILITY 
 
Managing a water supply system requires an understanding of the behaviour characteristics of the 
system. The three stages (disaster prevention, damage propagation and recovery) of a system 
performance response curve (Ouyang and Osorio 2011)23 given in Figure 5 help to understand the 
different stages of decision making.  
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Fig. 5 - System performance response curve (Ouyang and Osorio 2011) 

Under normal operations, the system performance level is at 100%. However, when the initial failure 
occurs at point A, the damage propagates and the performance level drops to a certain value I. 
Therefore, it is important to identify the trigger points for early actions. The failure surface introduced 
here can help to identity the trigger points. The Figure 6 shows the failure surface obtained from 
simulation data for the SEQ Water Grid for the 100% full combined storage conditions.  
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Fig.6 Modelled surface of failure for 100% combined initial storage of SEQ Water Grid 

The surface is far from the low resilience region when the demand increase is zero percent and 
decrease in rainfall is zero percent indicating high resilience. There is no considerable difference until 
the rainfall decrease is approximately 40% even for a demand increase. It indicates that the system is 
highly capable of providing required level of service without failure until the rainfall reduces 
approximately 40% below the reference level. This knowledge allows management to formulate pre-
disaster strategies for a predicted long term low rainfall period. Therefore, that is the disaster 
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prevention period. A common approach by water supply authorities is the introduction of water 
restrictions for maintaining storage levels for a longer period as a precaution in the event of a 
predicted drought. The failure surface helps to identity the trigger points for early actions such as 
introduction of water restrictions, as the shift of the surface indicates loss of resilience. Managerial 
decisions should be taken at the trigger points. For example decrease in rainfall below 40% combined 
with increasing demand shows a major shift of surface towards low resilience region indicating high 
rate of resilience loss. It is notable that the rate of resilience loss is greater. Therefore, timely water 
saving measures such as the introduction of suitable water restriction levels for the predicted level of 
low rainfall conditions can be properly formulated by observing the changing points of the surface.  
 
This surface has been developed considering 100% full initial combine storage levels. However, if the 
initial storage levels are lower, loss of resilience is expected for a lower decrease in rainfall. 
Therefore, storage level is also an important consideration for determining the trigger point. 

 
 

8. SUMMARY 
 
This paper proposes a three dimensional surface as a tool for analysing systemic resilience of a water 
supply system. The approach is illustrated here by considering SEQ Water Grid as a case study. The 
surface provides a structure for visualising the conditions for loss of resilience of the system and also 
highlights the importance of urgent proactive precautionary measures under predicted low rainfall 
conditions. The failure surface presented here does not provide an explanation of resilience, but rather 
a robust tool to systematically examine systemic resilience. Analytical methods for systematically 
assessing resilience, such as the one proposed here, may be critical for defining current and future 
management needs and policy decisions.  
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ABSTRACT 

As highlighted by previous work in Normal Accident Theory1 and High Reliability Organisations, 2 the ability of a 
system to be flexible is of critical importance to its capability to prepare for, respond to, and recover from disturbance 
and disasters.  This paper proposes that the research into ‘edge organisations’3 and ‘agility’4 is a potential means to 
operationalise components that embed high reliable traits in the management and oversight of critical infrastructure 
systems.   

 

Much prior work has focused on these concepts in a military frame whereas the study reported on here examines the 
application of these concepts to aviation infrastructure, specifically, a commercial international airport.  As a 
commercial entity functions in a distinct manner from a military organisation this study aims to better understand the 
complementary and contradictory components of the application of agility work to a commercial context.  Findings 
highlight the challenges of making commercial operators of infrastructure systems agile as well as embedding traits of 
High Reliability in such complex infrastructure settings. 
 

Keywords: Crisis Management, Agile Decision-Making, High Reliability, Aviation Infrastructure 

 

 
INTRODUCTION 
 

Airports are a typical example of complex sociotechnical systems encompassing a flow of people, goods 
and services, all within the context of critical infrastructure.  The provision of reliable capabilities and 
capacities for continued operations in airports is a complicated task at the best of times.  Disturbances such 
as operational failures with check-in and passenger facilitation systems, natural disasters, weather variability, 
and incidents involving terrorists or criminal acts shift operational and tactical decision making from 
complicated to complex.  The challenge of coordinating and planning for such complex sociotechnical 
scenarios places considerable pressure on airport management to facilitate coordination of what are often 
conflicting goals and expectations between groups in respect to safe and secure air travel.  Further, when an 
airport system encounters crisis, the nature of the relationships between airport operators, government, first 
response agencies, and private contractors need to adjust with the goal of bringing functionality back to a 
state of normal operations, as opposed to responding organisations looking after their own interests in 
isolation from the broader airport system.   

 

This paper proposes ‘Agility Theory’ as a potential means of enhancing the way airport systems change 
modes of operations in a more efficient manner as a means of enhancing crisis management and decision 
making.  Agility Theory provides a means of understanding of how adjustment of implicit and tacit forms of 
group dynamics, specifically persons making decisions during a crisis, are able to aid in providing 
operational continuity and subsequent critical infrastructure recovery (reference).  This position is in contrast 
to traditional forms of hierarchal command and control decision making and places more focus on the 
development and activation of high performance and flat structured teams.  Initially this paper will provide a 
brief literature discussion of agility theory followed by discussion of how these concepts are presently 
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functioning at an international airport; which contrasts how the academic position and the practitioner 
perspective develop in a real world setting.  Furthermore, challenges of this approach will be discussed along 
with suggestions for future development and contributions to the field.   
 
 
1. LITERATURE & BACKGROUND 
 

Agility, as a complementary concept to the notion of high reliability functioning, is an important 
consideration in any organisation seeking optimal functionality when responding to crisis.  The literature on 
work teams which operate during crisis events, yet maintain resilient decision-making capability, have been 
described as using the concept of ‘edge organizing.’3 Edge organising was conceptualised as both a 
description and explanation of an approach which functions in a manner quite distinct from that of a 
traditional top-down, hierarchal, command and control approach to crisis decision making and management.  
It has been noted that “Edge organisations are particularly well suited to deal with uncertainty and 
unfamiliarity because they make more of their relevant knowledge, experience, and expertise available”.3 
Therefore, the edge operating principal is one which places high regard on operational capabilities, flexibility 
and ready access to information to deal with situations as they arise, thus taking advantage of not having to 
function within a regimented and constrained chain-of-command.   

 

Literature on the edge operating principal highlights the key advantage of this approach is to be ‘agile’; 
where ‘agility’ is conceptualised as the ability of an edge organisation to be “robust, flexible, responsive, 
innovative, resilient and adaptive” during crisis.4  A number of key features of agility include: distributive 
information, collective sensemaking, distributive power-base, dynamic task allocation, and shared 
understanding of command intent.3,5   Similar to the notion of reliability theory:2 preoccupation with failure, 
reluctance to simplify, sensitivity to operations, commitment to resilience and deference to expertise, the 
distinguishing features of agile performance help us to understand the ability of an organisation to quickly 
and efficiently deal with a disturbance event.  If we consider this in the form of a crisis, an organisation 
which has better access to information, a decision making approach which can deal with a wide range of 
factors and perspectives, an understanding of goals, and the ability to task accordingly will be able to make 
better decisions more quickly.  Compared to a more traditional hierarchical approach, the agile approach 
enables more efficient transition between tasks in terms of the requirements to bring operations back online 
as they present themselves during the specific scenario.  Where as some approaches to response deal with 
prescriptive checklist the agile approach is more focused on how we can adjust decision making to quickly 
deal with novel disturbance events.   

 

Within this context, highly agile organisations are those which have high levels of control, interaction, 
and information flow.  Although the concept of edge organisations originated in military settings requiring 
extensive agility, it has significant similarity to issues examined in detailed studies of organizational 
flexibility and reliability 6,7 which identified the ability of flexible organisations to better contend with crises 
and their consequences.  This discussion does not promote the notion that all organisations can become ‘edge 
organisations’ but rather that the concept of agility is one which can be used to enhance the ways in which 
organisational members recognise, react, and respond to crisis events.  When the concept of agility is 
contextualised within the setting of High Reliability Principles,2 the capability of an organisation to adapt 
both culturally in terms of assumptions and values and functionally by ability and performance, presents a 
particularly strong frame of reference for exploring options for an organisation to deal with crisis events.  As 
airport systems deal with a range of disturbances from normal operations disruption through to crisis events, 
the embedding of agile practice enables an organisation to shift, in both an explicit and tacit sense, modes of 
operation in a mode seamless manner.  Essentially, we have the ability to function as a normal business 
entity when we are operating in a business-as-usual environment and adjust to a response mode when the 
environment dictates.   

 
2. METHOD 

This research reported in this paper is derived from a qualitative research design incorporating elements of 
observation, in-depth interview, and documentary analysis at a single international airport case study site.  
Observation maintains a key advantage over other social science research methods in its ability to provide 
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directness to the phenomena and context under investigation.8  Where interviews and documents may 
provide an idealized representation of practice,9 observation enables the researcher to see the situation 
directly and witness how events unfold without the added interpretive distortion of having to discern 
meaning from the recounts of others.10  By collecting data through a mix of observation, talk and text, 
considerable advantages are gained in the triangulation of meaning from data and sense-making of 
unexpected and emergent findings; thus enhancing the overall internal and external validity of the research. 
 

Data Collection 
First, the primary author undertook 44 days of observation at an international airport working alongside 

the risk, emergency management, airside safety, and first response business units.  During the observation 
the researcher was involved in both training and real life response activities. Active note taking and 
reflective diaries were utilized as the key mode of recording insights and events from on-site observation. 
This data was then translated into detailed notes against the research focus of crisis management functions 
with specific focus given to how business units change modes of operation as events or disturbances 
emerged during day-to-day operational and training activities.   

 

Second, an in-depth key-informant interview was undertaken with the airports emergency manager 
specific to the five key components agility.3,5 This interview lasted over two hours and notes were 
transcribed and analysed to compare and contrast the theoretical concepts of agility against the practical 
application of the concept.  In-depth interviews are noted as particularly useful in areas where topics have 
been previously unexplored (or underexplored) in literature and require a more detailed interrogation of 
concepts.11  The interview was particularly important for understanding how and why observed events 
unfolded in the way they were observed, and responses were also used to critique how formal policies and 
procedures were adopted during disturbances to regular operations (as an extension of the analysis of 
documents).  

 
Having a sole observer could raise some concerns for potentially myopic interpretations of observed 

events impacting on both the descriptive and interpretive validity of the research.12   However, the discussion 
of observations during the key-informant interview stage, in combination with the documentary analysis 
served to ensure the robustness of the findings discussed in the following section. 
 
 
3. DISCUSSION 
 

This section will discuss the five components of agility4,5 as they were observed at the international 
airport case site.  This discussion will focus on three components for each agility area.  First, this discussion 
will detail what an idealized application of the concept would look like in an airport context.  Second, the 
current practitioner issues on the specific component of agility will be identified and discussed.  And finally, 
current practice at this specific international airport will be discussed with an emphasis to how current 
practice can inform the current (underdeveloped) literature for agility in complex sociotechnical systems.   
 

Distributive Information 
The first component of distributive information focuses on the means by which accurate, appropriate, and 

timely information can be made available to decision makers.  In an ideal setting this would be a function 
whereby decision makers can gain situational awareness quickly by the use of formal and informal networks 
to deal with a specific scenario presented.  Research highlighted two key areas of importance regarding 
distributive information from a practitioner perspective; credibility of information is paramount as it will be 
used in both internal incident decisions and third party stakeholders who make operational and commercial 
decisions based on our advice, and in a post crisis sense, detailed reports of events to interrogate if we have 
truly solved the issue or if it could continue to be a systemic problem.  Currently the airport functions in a 
system whereby final solutions rather than a process based approach are favoured in information.  The 
airport discussed an intention to move to a holistic information approach that included both proactive 
(learning/planning) and reactive (response) information as a goal.   
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Collective Sensemaking 
The second component of collective sensemaking states the need to develop decision making capacity 

quickly and efficiently.  In an ideal approach decisions are made in high performance teams with a clear 
understanding of how preparation and planning, as well as experience from prior events, impact the 
decisions needed to minimize and contain the crisis.  For example, one event discussed was a wheels up 
landing which required different managers to come together quickly and understand both the severity of the 
situation to operations against the business need to maintain operational functionality.  Key practitioner 
issues within this include; what information are we making available to decision makers? Is this the most 
appropriate information for them to make decisions from? Are we capturing not only the final decision but 
also the contributing factors that led to that approach being decided upon? How do we intend on 
incorporating this information into organizational learning to contribute to future collective sensemaking?  
The airport observation highlighted a strong sense of understanding prior experiences and how they impact 
present situations but there is room for improvement in framing learning from events as a means to enhance 
decision making and learning.  Improved training in both desktop and live exercise forms were discussed as 
potential solutions.   
 

Distributive Power-base 
The third component of distributive power-base emphasizes that a traditional hierarchal structure is 

replaced with a flat decision making structure which maintains continual situational awareness of events.  
This is closely related to how high performance combat teams function whereby they have the ability to 
make fast decisions which keep true to the mission objective without continually needing to consult with 
superiors.  In an idea sense this would mean airport operators on the ground have the ability to decide 
quickly what needs to take place to minimize impacts and inform superiors of decisions at an appropriate 
time.  This presents the challenge of how to culturally empower expert decision makers to take command 
and how to utilize business-as-usual managers in a consultative and facilitation, rather than decision making, 
role.  In an airport this would require the fast tasking of specialist teams with appropriate training and 
knowledge to deal with specific events.  As airports function as a mix of both critical infrastructure and 
commercial objectives, these teams would be a non-traditional business unit.  The airport in question 
highlighted this as a particularly difficult concept and that a hierarchal structure is still present in some 
capacity even during a crisis.  Furthermore, they highlighted the difficulty of business-as-usual managers to 
“let go” and let experts function as autonomous decision makers.   
 

Dynamic Task Allocation 
The fourth component of dynamic task allocation discusses how the decision making team is able to be 

empowered to make asset and people management decisions without needing to be tasked by business-as-
usual managers.  A specific example of this functioning in practice was when a wheels up landing took place 
out of business hours and the crisis decision team needed to quickly allocate a range of specific resources to 
minimize impacts to airport operations and move the aircraft off the main runway with minimal disruption.  
Dynamic task allocation was highlighted as a specific strength of the airports current practice through the 
development of explicit governance whereby the emergency management group can make task decisions 
without the need to escalate to senior managers.  A highlighted area for improvement was in business-as-
usual managers volunteering assistance in assets and people rather than seeing it as “not part of my job”.   
 

Shared Understanding of Command Intent 
The fifth component of shared understanding of command intent examines the need for a collective focus 

on the goal of maintaining or recovering operations.  In an airport sense this is important for practitioners to 
understand how the rules of the system change when we move from business-as-usual into a disturbance 
state of operations.  As highlighted by the four previous agility traits, the system is functioning is a different 
manner than normal operations and as such it is vital that the airport understands the authority of crisis 
decision makers and how business-as-usual managers need to adjust to a supportive and facilitative function.  
Key issues highlighted by the airport in question include the need for awareness of how different tactical, 
coordination, and strategic levels fit the overarching need to return to business-as-usual operations.  
Furthermore a key issue for airports is the need to focus on key component tasks and the information flow 
between different levels and groups and how these contribute to the overarching goal.  Current practice 
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highlights that this somewhat disjointed whereby operational and corporate areas could improve their holistic 
understanding.   
 
4. CONCLUSIONS AND FUTURE RESEARCH 
 

As highlighted by this discussion, agile decision making has the potential to enhance reliability of 
operations by involving expert decision makers as both a preemptive and reactive function in the operational 
process, as opposed to their involvement only after a disturbance has been identified.  As a means of 
implementing this approach in an organisation it is important to consider both the explicit and the tacit 
factors of both management and decision making.  The fit between agile decision making and current 
governance structures would require a detailed review to ensure compliance with regulatory and legislative 
standards.  An agile approach can enhance how organizations (and systems of organizations) respond and 
recover from a disturbance event but potentially the most difficult barrier to overcome is the ability to 
empower expert decision makers to perform agile operations when appropriate.  This requires the 
formalisation of agile processes in organisational governance, such as deferral to expertise as an 
organizational norm rather than as an operational exception.  Furthermore, as with the original military 
context which agility was developed in, continual cycles of training, testing, and learning would be required 
to culturally embed agility into a corporate entity to ensure an agile organization does not regress to old 
habits.   
 

The authors note that this study represents a single qualitative approach in aviation agility.  It is proposed 
that this work function as a means of furthering discussion about the potential of this area to be utilized in a 
commercial sense and serve as a foundation for future work in the area.  A particular focus may be building 
on other airport sites to address significance for the aviation context along with investigating other critical 
infrastructure contexts such as water, electricity and transportation.   
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ABSTRACT 

Critical road infrastructure (such as tunnels and overpasses) is of major significance to society and constitutes 

major components of interdependent, ‘systems and networks’. Failure in critical components of these wide area 

infrastructure systems can often result in cascading disturbances with secondary and tertiary impacts - some of 

which may become initiating sources of failure in their own right, triggering further systems failures across 

wider networks. Perrow1) considered the impact of our increasing use of technology in high-risk fields, analysing 

the implications on everyday life and argued that designers of these types of infrastructure systems cannot 

predict every possible failure scenario nor create perfect contingency plans for operators. 

Challenges exist for transport system operators in the conceptualisation and implementation of response and 

subsequent recovery planning for significant events. Disturbances can vary from reduced traffic flow causing 

traffic congestion throughout the local road network(s) and subsequent possible loss of income to businesses and 

industry to a major incident causing loss of life or complete loss of an asset. 

Many organisations and institutions, despite increasing recognition of the effects of crisis events, are not 

adequately prepared to manage crises2). It is argued that operators of land transport infrastructure are in a similar 

category of readiness given the recent instances of failures in road tunnels. These unexpected infrastructure 

failures, and their ultimately identified causes, suggest there is significant room for improvement. As a result, 

risk profiles for road transport systems are often complex due to the human behaviours and the inter-mix of 

technical and organisational components and the managerial coverage needed for the socio-technical 

components and the physical infrastructure. In this sense, the span of managerial oversight may require new 

approaches to asset management that combines the notion of risk and continuity management. 

This paper examines challenges in the planning of response and recovery practices of owner/operators of 

transport systems (above and below ground) in Australia covering: 

• Ageing or established infrastructure; and  
• New-build infrastructure. 
 
With reference to relevant international contexts this paper seeks to suggest options for enhancing the planning 
and practice for crisis response in these transport networks and as a result support the resilience of Critical 
Infrastructure.   

Keywords: Critical Infrastructure, Crisis Planning, Transport Networks, Risk Management, BCM 
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1. Background 

Crisis events are often critical turning points in a business’s life. It has been argued3) that whether such crises 
emerge from poor strategic positioning, managerial inertia or organisation stagnation such events suddenly 
shine the spotlight on any major problem in the design and activities of an organisational system. Research4) 
suggests, despite increasing recognition of the effects of crises, most organisations are found to have 
inadequately prepared to manage through a disturbance. The ability of organisations to keep operating in 
times of crisis is a significant requirement for public amenity, especially when these organisations manage 
public infrastructure.  

Critical road infrastructure (such as tunnels, bridges and overpasses) is of major significance to society and 
constitutes major components of interdependent, ‘systems and networks’. Failure in critical components of 
these infrastructure systems can often result in cascading disturbances with secondary and tertiary impacts - 
some of which may become initiating sources of failure in their own right, triggering further systems failures 
across wider networks.   

In the past, public organisations tended to prepare for known and expected emergencies (on the basis of a 
pre-existing risk assessments), but the administrative toolbox that is used for routine problems is of limited 
use in the face of the ‘un-foreseeable’ crisis5). This is often unacceptable when each element of the whole 
public infrastructure is networked together and any cascading effects will naturally affect other sites and 
projects and not just effect ‘their’ individual project any more.   

2. Transport Infrastructure 

The primary objective of all for-profit organisations is to maximise shareholder wealth and an effective risk 
management program enhances that stakeholder and corporate value. Be it a government or private 
organisation, the shareholder objectives may appear different but usually stakeholder value is the end 
objective. Privatising organisations that manage public infrastructure has added a further problem for 
management, particularly around communication and ultimately control of the assets6).  

It is generally understood that transport infrastructure is costly to design, construct and maintain. Often 
maintenance budgets are based on assumptions which have no bearing on the condition of the asset and 
requirement for any periodic maintenance. Periodic (Routine) maintenance is often the first type of 
maintenance to be delayed or reduced because of budget limitations. When maintenance is delayed or not 
carried out to schedule for special infrastructure types such as Tunnels and Bridges, the asset ages faster and 
its durability or operational life reduces accordingly. Nonetheless, for Tunnels and Bridges, the signs of age 
are often not obvious until a critical failure occurs. Owners or Custodians of public assets need to be aware 
of the consequences of not performing or delaying routine maintenance and the monitoring of traffic loads as 
these actions can age infrastructure (consume an asset) extremely quickly.   

As an example, if the pavement (bitumen) is designed to operate under 60,000 vehicles per day for eight 
years and the actual loads increase to 80,000 vehicles per day including 10% heavy articulated vehicles, this 
asset will require more detailed monitoring and the pavement will possibly require replacement earlier than 
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projected. However, if the asset was an aged bridge, traffic loads need to be well understood in order to 
model critical loads that can age the asset and possibly cause failures. 

As governments continue to rely on risk-financing models such as Public-Private Partnerships, they need to 
be aware that decisions made at each life cycle stage of an asset can extend or reduce its useful life. From the 
feasibility stage to disposal, if properly managed, an asset will realise its value beyond its investment by a 
dynamic process of allocating responsibility for oversighting viability of an asset and effective corporate 
governance.7) Throughout local road network(s), when significant disturbances occur the effects may be 
limited to reduced traffic flow causing congestion and possible loss of income to businesses or industry. 
Sources of disturbance impacting road systems may not even be directly linked to the physical failure of 
infrastructure itself but might be triggered by other incidents such as loss of electricity, within a business or 
other infrastructure component. In Australia, our dependence on road infrastructure has grown 
commensurate with urban growth with these networks forming the logistical life blood on our cities. As a 
result, public expectations about the efficiency and reliability of road networks are critical.   

The challenges of planning response & recovery in ageing and new-build infrastructure vary due to design 
considerations and the operational requirements at that time of construction. Design of recent infrastructure 
should consider new technologies and issues central to crisis response ranging from terrorism to traffic 
congestion. While crisis response to aging infrastructure will be similar to that of new infrastructure, the 
recovery and setup could be considerably different. Thus making a standard and planned response and 
recovery for all types of situations challenging and often with complex technical structures full risk profiles 
are incomplete. As previously mentioned, public organisations tend to prepare for known and expected 
emergencies using assumptions or learning from other facilities as the basis for the formulation of their 
response strategies. Justification for more complex failure modes that can influence infrastructure design or 
adding more complex operational requirements may be limited by budget constraints. The ramifications of 
these decisions are now more far reaching in the interconnected infrastructure we rely upon every day. 

The challenges of crisis response planning in organisations managing transport infrastructure are many. For 
example, the application of comprehensive risk assessment processes that can identify and inform mitigation 
options for critical sources of disturbance are at the core of effective management. Formulating a detailed 
strategy for applying risk-based thinking and analysis that includes: capabilities for risk identification, 
assessment and mitigation through to sharing uncertainty with third parties or by insurance options, is 
critical8. If risk based assessments are carried out, infrastructure managers are better placed to make 
informed judgements on the most viable preventive and reactive options that suit their needs. 

Recently the Australian Government altered their approach to critical infrastructure resilience to go beyond 
risk management and business continuity planning to also address hazards and disturbances that are 
unforeseen or unexpected9. The resilience approach builds capacity within organisations to not only 
effectively respond to a crisis, but also be able to learn and adapt from an event. This approach moves from 
the traditional approach of developing plans with a finite set of scenarios.  
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3. Crisis Planning: Issues and Opportunities 

Riddell10) suggests that the origins of the generic practices in handling emergencies derive from both Cold 
War planning and the challenges posed by a spate of major strikes in the early 1970’s. All emergencies and 
crises in this historical context have similar stages especially from the perspective of a governmental or 
regulatory oversight context.  These are: 

• A slow initial response to the event 
• Confusion about what is happening 
• Well published meeting of government committees 
• Initially ineffective statements to the media 
• Increasing alarm, the resolution, and a rapid disappearance from the headlines. 

This general approach to management of disasters is now unacceptable. Planning for disruptive events and 
responses is an expected requirement of organisations responsible for managing public infrastructure. Figure 
1 details a more recent approach when anticipating the source(s) of disturbances are as important as being 
able to rapidly respond to them.  

 

 

Figure 1 Australian Government’s approach to Critical Infrastructure Resilience Strategy 

Having resilient infrastructure is the key goal of the Australian Government11) which includes the important 
objective of prevention of a crisis or reducing the impact of a disruption or accident12). Crisis events can 
originate from many sources. They can be random events or events that happen due to ignorance of the rules 
and regulations, thus having the appearance of a random event when a crisis can take place due to a person or 
organisation not carrying out or completing a task. Crises can be external or internal to an organisation; they 
can be natural or man-made. So the nature and number of possible crisis events can make them unpredictable 
but also inevitable.  
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Figure 2 Development of a Disaster13) 

 
If an incident is escalating to the point where it is moving beyond an emergency, without a significant 
management response, the situation can develop into a disaster where the organisation is in jeopardy and 
may not recover. Figure 2 indicates the escalating style of an event. If it does recover, it can be a different 
organisation. For example, the organisation may have new management (manager), new functions or a 
reduced size. The Institute of Crisis Management in 200414) suggested that crises from natural disasters, 
catastrophic loss of utility, large industrial accidents or collateral damage following acts of violence 
represent less than 20% of total reported causes of organisational crises.  Figure 3 gives a cross section of the 
causes of organisational crises.  

 

Figure 3 Cause of Organisational Crisis15)  
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The vast majority of crisis events arise from the escalation of routine management issues to significant 
disruptive events. Though this statistic is ten years old, organisations are still not required to have an 
organised plan for crisis management or recognise that a plan should be considered. Further variability exists 
dependent upon the competency and experience of the manager dealing with the crisis, the organisation may 
not have the planning in place but the right person taking the lead can significantly mitigate the impact. 
Issues can develop from internal HR, legal or processes issues to external issues effecting manufacture of 
items due to poor logistics. Each organisation has its specific threats and triggers.  It is how these incidents 
are managed and how an issue develops and the degree and speed of response from higher leadership 
positions that can determine the resulting impact on an organisation.  

3.1 Recent Catastrophic Failures of Infrastructure 

Australia is not immune from serious crisis events and failures. There have been many recent failures and 
significant events within the transport infrastructure that have had serious effects on the day to day issues of 
the public within Australia and Internationally.   

a) Two years into construction of the Westgate Bridge in Melbourne, at 11.50am on 15th October 
1970, the 112m span between piers 10 and 11 collapsed and fell 50m to the ground and water below. 
Thirty-five construction workers were killed. A Royal Commission into the collapse was established, 
and concluded on 14 July 197116). It attributed the failure of the bridge to two causes of the structural 
design and the unusual method of construction. 
b) On 5th January 1975, a bulk ore carrier travelling up the Derwent River, in Hobart collided with 
several pylons of the Tasman Bridge, causing a large section of the bridge deck to collapse onto the 
ship and into the river below. Twelve people were killed, including seven crew on board the ship, and 
the five occupants of four cars which fell 45m after driving off the bridge.17)  

c) On the morning of 24th March 1999, 39 people died when a Belgian transport truck carrying flour 
and margarine caught fire in the Mont Blanc tunnel. As the incident developed, this was not yet a fire 
emergency; the driver stopped in the middle of the 11.6km tunnel and attempted to fight the fire but 
basically lost control.  There had been 16 other truck fires in the tunnel over the previous 35 years, 
always extinguished on the spot by the drivers. Other than the issues of the systems and fighting the 
fire most of drivers rolled up their windows and waited for rescue.18)  

d) On 10th July 2006, a concrete ceiling panel weighing 3 tons fell on a car traveling on the two-lane 
ramp connecting northbound I-93 to eastbound I-90 in South Boston, killing one person who was a 
passenger, and injuring her husband. The collapse and closure of the tunnel greatly snarled traffic in 
the city and the resulting traffic jams are cited as contributing to the death of another person, a heart 
attack victim who died en-route to Boston Medical Centre when his ambulance was caught in one such 
traffic jam two weeks after the collapse.19)  

e) On 23rd March 2007 just before 10am, in the Burley Tunnel in Melbourne, a pile-up occurred in the 
tunnel involving three trucks and four cars. The crash resulted in an explosion and a subsequent fire 
which reached temperatures in excess of 1,000 °C and killed three people.  This particular issue was 
caused by a driver who was later gaoled. The coroner’s report was released Mar 2013.20) 

http://en.wikipedia.org/wiki/Span_(architecture)
http://en.wikipedia.org/wiki/Pier
http://en.wikipedia.org/wiki/Royal_Commission
http://en.wikipedia.org/wiki/Structural_design
http://en.wikipedia.org/wiki/Structural_design
http://en.wikipedia.org/wiki/Derwent_River_(Tasmania)
http://en.wikipedia.org/wiki/Tasman_Bridge
http://en.wikipedia.org/wiki/Flour
http://en.wikipedia.org/wiki/Margarine
http://en.wikipedia.org/wiki/Interstate_90
http://en.wikipedia.org/wiki/South_Boston
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f) On 1st August 2007, the I-35W Bridge in Minneapolis buckled. Rush-hour traffic that was stalled 
on the bridge, went into free fall as dozens of vehicles plummeted into the Mississippi River. Thirteen 
people died, and 145 were hurt.21) This triggered a country wide inspection of America’s aging 

infrastructure.  
g) On 3rd Dec 2012, Concrete ceiling panels fell onto moving vehicles deep inside the Japanese 
Sasago tunnel, and authorities confirmed nine deaths before suspending rescue work. At this stage it is 
suspected that a steel bracket failure has bought down concrete roof panels. The disaster has prompted 
Japanese authorities to order emergency checks on dozens of other tunnels across the country that 
have a similar design, as questions were raised about whether aging parts may have contributed to the 
collapse.22) 

h) On 20th Feb 2013, Motorists were experiencing extensive peak hour delays following a truck fire 
in the Sydney Harbour Tunnel. Traffic was backed up at both ends of the tunnel after a freightliner in 
the southbound lane caught on fire just after 4pm, activating a fire alarm and causing the closure of the 
tunnel.23) 

Up to late 2012, major tunnel incidents since 1995 have killed 713 people worldwide.24) This figure does not 
include other road infrastructure failures. This small selection indicates crises happen in our public 
infrastructure and are managed and can often be avoided. How can Australia learn from these incidents as 
our infrastructure ages and new infrastructure comes on line? 

3.2 Resilient Infrastructure via Crisis Management: A Goal 

There are many definitions of resilience and what it means.  Bruneau25) describes resilience as the capacity of 
the system to reduce the probability of failure, to reduce the consequences from failure and to reduce the 
time needed to carry out all the response and recovery activities.  

Resilience is an important concept and it forms one of the key attributes sort by crisis ready organisations.  
This resilience capability allows an organisation to be able to absorb the effects of a disturbance and 
hopefully avoid a crisis, thus having some form of stability26). Figure 4 below indicates the three phases and 

a level of resilience for a system.  The trigger event shown indicates a level of ‘impact’. Events can take 
organisations to levels where they may not recover for whatever reason, so an organisation developing a 
significant resilience level enhances the organisation’s ability to recover. A level of resilience can be 
interpreted as a capability to continue functioning while being affected by stressors.  Different events will 
have different effects on an organisations ability to maintain operations.  

Figure 4 represents an organisation’s functionality when impacted by a disturbance. It splits resilient 
capability into four different period elements: Mitigation, Preparation, Response and Recovery.  In the pre-
crisis phase of Mitigation, risks are identified to avoid the occurrence of any incident or at least reduce the 
possibility of negative effects on human life or property. The Preparation element includes organisational 
planning activities for dealing with foreseeable events. When the triggering event takes place, Response 
actions are preformed to immediately minimise the potential impact and to reduce as far as practicable the 
potential losses to be suffered through the incident.  Post crisis phase is the Recovery element which is the 
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return to stable (maybe normal) operations27.  It is also where the analysis and learning occurs so to ensure 
that if an event of similar nature occurs again, it should have  less of an impact.  

            

Figure 4 Building Resilience Capability28 

Labaka29 describes four resilience dimensions divided into specific resilience friendly policy areas (three are 
described in the Table 1 below). The research indicates that the organisation resilience level will be enhanced 
and consequently it will be able to reduce the impact of major industrial incidents by implementation and 
inclusion of these policies. 

These polices and dimensions are detailed in Table 1. 

Table 1 Dimensions and policies of Resilience30 

Dimension Policy Definition 
Technical resilience CI design and construction 

 

This refers to the quality, robustness, redundancy and security of the 
design and construction of the infrastructure or element that the CI is 
responsible for. This should include increase security of the system 
by increasing the number of systems and/or redundancy. 

CI maintenance As part of design is the ability to perform high quality maintenance 
activities in order to improve the systems performance and reliability. 
Part of these criteria also complies with new legislation.  

CI data acquisition and 
transmission system 

 

This policy deals with the quality, reliability and effectiveness of the 
sensors and computer equipment that should be set up to supervise 
and control the CI. This includes adequate software to control the 
system. 

Public crisis response 
equipment availability 

The availability, quality, redundancy, reliability and security level of 
the technical equipment belonging to public bodies, first responders 
and society is essential in order to face a crisis, repair damage and 
respond to emergency situation. 

Organisational 
Resilience  

CI capacity for crisis 
detection, communication 
and analysis  

This corresponds to the capacity of operators to detect, communicate 
and analyse a crisis, proposing new preventative measure for the 
future. This includes training and learning systems. 

CI workforce training and 
commitment 

Workers at the CI must be adequately trained prior to the occurrence 
of a crisis so they know how to respond.  They should be aware and 
know of the procedures and protocols when something unexpected 
occurs. Responding in a timely manner and in a coordinated manner 
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can reduce time during the crisis and any negative effects. 

First responders training This training has to do with how first responders are prepared to face 
a crisis.  This includes training and familiarity of the organisation/site.  
‘Actions on’ can detail and reduce a dangerous unknown situation to 
a known and more familiar less hazardous situation.  

Government preparation A governments main role is to properly communicate the situation to 
the public and give advice as this will diminish the public’s anxiety. 
They should also lead and coordinate all the entities and deal with the 
crisis. 

Economic resilience CI crisis budget CI’s should have funds set aside in order to cover repairs and 
replacements should a crisis occur. This assists their economic 
resilience level but also allows the CI to bounce back by reducing 
their response and recovery times. 

Public crisis budget Public institutions should also set aside funds in order to assist 
stakeholders and society. This allows organisations, society and first 
responders to obtain resources in a reasonable time.  If funding is 
scarce the respond and recovery can be hampered.  

 

Using three of the dimensions and ten polices of resilience, an organisation can increase their level of 
resilience, but there is a requirement that these considerations start within the design considerations of new 
infrastructure.  If this consideration does not take place within the design phase, the opportunity can be 
missed for some of these considerations for the life of the asset. Builders of infrastructure are far from 
interested in considering detailed operational plans or the future life cycle of the asset. The investment into 
the proper design consideration needs to take place in the early stages of infrastructure planning to allow for 
a complete life cycle consideration for the asset. For this requirement to take place, contract documentation 
needs to include forms of these policies or resilience requirements. Draft standards (draft ISO 55001 Asset 
Management) are attempting to consider elements of these criteria ensuring future asset owners encapsulate 
this planning process as a requirement for the management of their infrastructure embedding a long term 
focus in the minds of their asset maintainers. These types of regulatory requirements would assist in the 
proper management of public infrastructure and need to be mandatory requirements to increase durability of 
our public assets.  

4. The Tools to improve Crisis Management 

The draft Asset Management standard ISO5500131) is one possible mechanism to improve and better connect 
the operational requirements of the asset to the design and the feasibility considerations required of 
infrastructure projects. Asset Management is considered a Risk Management process for asset life cycle 
management and this standard is still to be released and applied to the industry. However a risk management 
connection to improving crisis planning is required now. Business Continuity Management (BCM) is a 
specific form of risk management process which identifies an organisations exposure to internal and external 
threats to provide effective prevention and recovery for the organisation while maintaining system 
integrity32).  

4.1 Business Continuity Management  

BCM is a process concerned with the whole business management, good governance and compliance. 
Companies not planning for incidents, logistic issues, interruptions or crisis events stand to lose more than 
just time and money. Public confidence that an organisation can manage crisis events and recover from 
incidents will enhance not only reputation but better long-term outcomes for that organisation. From this 
point of view, the knock-on effects can be limited when organisations have Business Continuity Plans (BCP) 
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due to the fact that operational response plans have been considered and triggered into action (similar to the 
actions depicted in Figure 4). Considering these three dimensions and ten polices of resilience from the 
previous sections, can form the basic key elements of consideration for BCM.  Business continuity demands 
total commitment at all levels within the organisation33).  

BCM can provide a degree of assurance beyond an insurance policy. What value can be placed on a 
company’s reputation, its link within a supply chain or the personnel they have working for them? BCM is 
about having a robust process that allows individuals to: 

• better understand uncertainty about the future, 
• realise the potential for different types of disruption, and 
• better plan for the future management of those disruptions, and to put in place business improvement 

to reduce the likelihood and/or consequence of significant future disruption34).  
 

4.2 The Strategy 

In recent years, business processes research and now standards are beginning to be aligned on business 
continuity practises. Standards Australia and New Zealand have published Business Continuity Management, 
Handbook 292-200635). This handbook is a practical guide for enhancing an organisation’s resilience. The 
new more recent AN/NZ 5050, Business Continuity standard still appears to be inadequate and is similar to 
the basic risk management standard. The business continuity strategy has to meet basic criteria to be an 
effective business risk management process and to have the benefits that can be seen in the approach taken in 
Figure 1, with the foreseeable risks plus consideration of unforeseeable risks. These criteria should also 
include:  

• more holistic and comprehensive consideration of risk with the BCM process; 
• improve integration between BCM and risk management activities within the organisation;  
• appropriate organisational focus on priority risks, including those related to business continuity; 
• more cost effective use of resources (time, people and budget); and 
• improve focus of BCM activity on business improvement, rather than just reactive planning36). 

The process of reducing uncertainty will aid in this business process but assessing unforeseeable risks can 
also be an art and could be restricted by managerial experience.  

4.3  The Reality of Practise  

It is often a critical but forgotten idea that organisations should practise what they preach.  Budgets and the 
day to day management of companies can distract us from future planning. In our litigious society, the 
requirement for best practise have driven organisations to ensure they have the tools to ensure they can prove 
they have followed ‘best practise’, without sometime considering what is best for their organisation. Most 
private infrastructure organisations appear to have incident/emergency response plans which are in essence a 
form of BCP however are not what the organisation practice. These plans can sit on the shelf, ticking the 
box, and waiting for an incident. Never checked or exercised. The public are going to demand more response 
requirements to ensure a quicker and better recovery of our infrastructure when it fails. Private infrastructure 
organisations appear to have the tools; do government organisations?  

As our infrastructure ages in Australia, we need to be aware and learn from large scale failures that have 
taken place in Japan, USA and Europe and ensure we can prevent them and/or are ready for these types of 
critical failure. Could we manage a critical tunnel failure due to terrorism or infrastructure failure? Our 
organisations need to focus on establishing a minimum acceptable level of capability and performance to 
quickly return to a routine operational capability and performance.  
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There needs to be a pooling and sharing of information to ensure the application of better practice principles 
and policies of BCM to effectively increase the resilience level for infrastructure organisations. The legal 
frameworks of the future could hamper system recovery as organisations worry more about legal liability 
than the service to the public.   

The BCM handbook gives a basic framework for the Business Continuity Plan (BCP) and offers much 
generic content for strategies which then require further development and consideration. Each plan is 
dependent on the organisations operational requirements and these vary on risk profiles, critical functions of 
the business, structures and interdependencies to name a few examples. In their application to road 
infrastructure, consideration would have to take place on the aspects of the policies listed in Table 1 to 
further enhance the asset. When allowing for complex public infrastructure, the plans appear to be simplistic, 
however there are many interrelated issues from design, built in redundancies, currency of maintenance to 
operational techniques and incident responses, let alone the interfaces into other interconnections of the 
public networks that need to be considered. These need to be tested regularly as a BCP is not a document that 
sits on the shelf once developed and pulled out and a check list followed in an incident.  Staff training and 
familiarity of responses make the BCP and BCM process current and organisational behaviour during an 
incident becomes a known response.  The difficultly can be the free thinking and use of ‘social capital’ in the 
governmental process can often be limiting. This free thinking is often required during incidents not to 
always automatically follow the checklist and provide a dynamic response to what is happening at the 
incident location. Social capital has been defined as an asset that inheres in social relationships and 
networks.37) Social Capital is basically the goodwill that exists between organisations or individuals by their 
social interaction that can be mobilised to achieve outcomes or facilitate action. This topic itself could 
develop into a paper, but it is understood that more actions can be achieved when more than one organisation 
or individuals are focused with the same intention or outcome.  
 
5. Conclusion 
 
Our critical infrastructure systems are becoming interrelated and therefore require holistic solutions for the 
resolution of Business Recovery. These systems need to be more resilient and anticipate and plan for 
disturbances. Failure in critical components of these wide area infrastructure systems can often result in 
cascading disturbances resulting in multiple failures across wider road infrastructure networks.  
 
In Australia, the frameworks of infrastructure protection are still maturing. The Australian Government38 
recognised the traditional approach of managing foreseeable disruptions of Critical Infrastructure had to 
change. The production of a standard response and recovery plans is now becoming unacceptable in our 
interconnected society. The planning for natural and human intended threats need to be planned and 
exercised within public infrastructure with a focus on the unforeseeable. In the past, public organisations 
tended to prepare for known and expected emergencies, this is now unacceptable when each element of the 
whole public infrastructure is networked together. Government needs to take a leadership role in enhancing 
critical transport infrastructure and ensure owners and operators can operate at an acceptable level of 
capability.  
 
The background and inspiration for this paper is the notion that planning for and development of business 
continuity plans needs to be further enhanced in public organisations managing critical transport 
infrastructure. Business Continuity is an activity that takes place before an incident and is applied at the 
business level and forms part of the governance and risk management requirements for any organisation. 
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 This paper examines and evaluates the post-disaster recovery planning strategies and processes in terms of 
disaster mitigation through case studies of Hurricane Katrina (2005) in the United States, the 2011 Thailand 
Flood and 2011Queensland Flood in Australia. In other words, the research question is "To what extent have 
long-term flooded cities and neighborhoods recovered as resilient cities through disaster mitigation measures 
in the process of post-disaster recovery planning such as physical structure improvement, land use control and 
building code for flood?” The common keyword among the three disasters is “long-term flood”. 
 The authors have been conducting field surveys in New Orleans after Hurricane Katrina (2005) and Ayutthaya 
after 2011 Thailand Floods. In New Orleans after Hurricane Katrina, National Flood Insurance Program and 
Hazard Mitigation Grant Program by FEMA are utilized for safer housing recovery strategies, although land 
use control is not improved to reduce the risk regardless of vulnerable land below sea level, which makes up 
80% of the city. In Ayutthaya after the 2011 Thailand Floods, the government developed recovery plans 
composed of comprehensive measures to mitigate and prepare for floods, however, it is unknown that to which 
extent these stated strategies could be implemented. The problem is little government funding support which 
results in minor actions to renovate their housing as flood resistant design. Queensland and the City of Brisbane 
governments’ leadership for developing a disaster reduction plan is strong, and stands out from the rest in its 
speed and holistic approach. Especially, building code and land use control which are non-structure measures 
for disaster reduction is widely planned and implemented since 20th century, and improvement after the 2011 
flood. 
  

Key Words : long-term flood, post-disaster planning, land use control, housing recovery, 
flood resistant housing 

 
1. INTRODUCTION 
 

Why is long-term flood increasing in the global society? It depends on each flood, however, there are two 
main reasons. The first is global climate change, a natural phenomenon, and the second is urbanization in-
creasing in the areas where vulnerability for flooding is high, which are social phenomenon. What is the 
characteristics and differences between general flood and long-term flood? It is different in the duration of 
flooding , and the long-term flood requires government emergency response such as issuing evacuation orders 
for people to evacuate, drainaging water and pemitting refugees’ re-enrtry. In the case of Hurricane Katrina, it 
took about 43 days to drain floodwaters, and this forced people to evacuate long-distance and long-term. 

This paper examines and evaluates the post-disaster recovery planning strategies and process in terms of 
disaster mitigation through case studies of Hurricane Katrina (2005) in the United States, the 2011 Thailand 
Flood and 2011 Queensland Flood in Australia. The research question is "To what extent have long-term 
flooded cities and neighborhoods recovered as resilient cities through land use control, flood resistant housing 
design and flood insurance for housing?” The authors have conducted field survey in New Orleans after 
Hurricane Katrina (2005) and Ayutthaya after 2011 Thailand Floods. For Queensland flood, we conducted 
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literature review by government official report and evaluation report.  
Three major metropolitan areas in Japan are vulnerable for flooding because of existence of land below sea 

level where more than 4 million people live. The urban density is higher and number of population is larger 
compared to New Orleans which was affected by Hurricane Katrina. We are also expecting the next mega 
disaster, the Nankai Trough earthquake, and the tsunami submerged area is estimated 1.8 times as large as that 
of the Great East Japan Earthquake (2011). As happened after the Great East Japan Earthquake, subsidence 
damage led to region being kept submerged. Japan has to learn from long-term flood experience and lessons in 
order to develop and prepare efficient strategies and planning meaures to reduce the damage for long-term 
flood. 
 
2. HURRICANE KATRINA (2005) 
 
 (1) Disaster Risk 
    New Orleans is the city that experienced the most severe damage after Hurricane Katrina. The city is a deep 
water port established in 1718 about 50 miles up the main stem of the Mississippi River. Starting with the 
original city in the early eighteenth century, the general trend was to spread mostly upriver along the natural 
levee. After experiencing Hurricane Betsy(1965), the U.S. Congress approved the construction of levees 
around New Orleans. Levee construction made it possible to develop residential sibdivisions. Campanella 
(2006) shows that most above sea level areas were developed in the nineteenth century or earlier, while most 
below sea level areas urbanized in the twenteenth centry1). It was obvious that flood risk in New Orleans is very 
high.  
 
(2) Damage and the situation as long-term flood 
 Hurricane Katrina’s storm surge washed over the levees and breached the floodwalls of the City of New  
Orleans, water stood in over 80 percent of the city for nearly two weeks, and 180,000 housing units were 
severely damaged or destroyed2). It took 43 days to drain off the water citywide. This resulted in the largest 
relocation of citizens in the history of the US; the 100,000 to 120,000 residents who remained in the city were 
rapidly transformed into a second wave of evacuees, greatly intensifying the need for shelter and housing.  
 What makes Hurricane Katrina a long-term flood? It is because of the city's geographic characteristics that 

most of the land is below sea level. New Orleans is situated between the levees along the Mississippi River, 
and those around Lake Pontchartrain. In addition to this, due to the “bowl” effect, once water gets into the city, 
it is very difficult to get it out. Due to long-term flooding, the mold exposure and health effect requires housing 
to be renovated extensively or reconstructed. Based on interviews with homeowners in September 2012 by 
authors, there are many people who haven’t conducted proper response to mold because of their lack of fi-
nancial resources.  Their health issues is still remain almost 7 years after disaster. 
 

  
 
 
(3) Emergency Response and Evacuation 
 The Mayor of New Orleans issued a mandatory evacuation for people in the city before hurricane landfall. 
More than 90% of citizens succuessfuly evacuated before the levee breach, but people who did not evacuate 
stayed in the Superdome which was used as a "shelter of last resort". Hurricane Katrina forced the largest and 

Fig.1 New Orleans Cross Section Elevation 
Map (Army Corps of Engineer) 

Fig.2 Levee System in New Orleans  
          (New York Times Sep. 5, 2005) 

Fig.3 Katrina Disapora 
          (New York Times Oct. 2, 2005) 
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most abrupt displacement in U.S. history. About 1.5 million people evacuated from the Gulf Coast. Katrina 
survivors were eventually scattered across all fifty states. The New York Times on October. 2, 2005 covered 
"Katrina's Diaspora". It shows the victims have filed for assistance from FEMA from every state. The map 
shows the distribution and number of the 1.36 million individual assistance applications as of late September, 
2005. As of July 2011, 6 years after, the Census Bureau has estimated New Orleans’ population at 360,740, or 
74 percent of its 2000 population of 484,674. However, it is unknown where people who left New Orleans live 
now, and how many live where. When looking at U.S. Census data, it is shown that the share of Ameri-
can-African, low-income, eldery population and family with children has decreased in New Orleans. This 
means that they are the people who did decided not come back to the city or couldn't come back to the city yet. 
 
 (4)  Land use control 

Land use control, zoning in the United States, is significant measure to decrease disaster risk, such as not to 
allow building to be constructed near active faults or on land below sea level. Nonstructural measures can 
make New Orleans less vurnerable to storm surge and can do so cost-effectively. The national research in-
stitute, RAND (2011), points out non structural measures, such as incentives for elevating existing or new 
structures or for relocation to lower risk areas, revised building codes, and land use restrictions designed to 
curtail future growth in the floodplain3). These meaures include incentives for relocation to lower-risk areas 
and land use restrictions designated to cutail future growth in the floodplain. 

It is pointed out in the website of the City Planning Commission that New Orleans’ zoning ordinance dates 
from the 1970s and is unsuitable for a 21st-century city. In New Orleans, the base flood elevations in many 
areas of the city were below sea level and hadn't been adjusted in more than 20 years. The draft Comprehensive 
Zoning Ordinance and Master Plan(2030) is a City Charter-mandated planning framework for the core systems 
that shape New Orleans’ physical, social, environmental, and economic future. The Ordinance (CZO) is the 
law that governs land use and it includes lists of permitted land uses for each of the City’s zoning districts, in 
addition to height limits, setback requirements, urban design standards, operational rules, and other regula-
tions. However, there is no regulation or control that restricts places that can be used to construct buildings. 
The reason is not clear, but it is assumed that it some influence by the green dot map, approximate areas ex-
pected to become green space, by the Mayor's recovery planning committee, strongly criticized by the public. 
Although the city zoning has not changed as a measure for disaster risk reduction, it is utilized for preserving 
property values after disaster in middle-high income neighborhood.  
 

(5) Structural Building Codes and Flood Base Map 
Prior to 1950, the City of New Orleans had very loose building code regulations. It was not until after Hur-

ricane Katrina that Louisiana adopted a statewide building code. The first form of building codes for the city, 
requiring slab foundations to be 12 inches (1 foot) above and pier risers to be 24 inches (2 feet) above the 
natural ground level, was updated during the 1950′s to require foundations to be “18 inches above the highest 
point of the curb adjacent to the property and the lowest support beams for houses raised above ground level on 
piers to be 24 inches (2 feet) above the curb” 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
One of the important government funded program to empower resident to reconstruct their housing higher is 

Hazard Mitigation Program by FEMA that offers homeowners three types of grants: elevation grants, pilot 
reconstruction grants, and stormproofing money. Under this program, the lowest floor or lowest mechanical 

Fig.4  Elevated Housing after Hurricane Katrina (Photo by Author in 2010) 
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equipment of the new or existing structure must be elevated, at a minimum, to the advisory base flood eleva-
tion, to the base flood elevation, or to the elevation established in local floodplain ordinance, whichever is 
higher.It is FEMA's job to determine the base flood elevations - a level of which all new houses must be 
constructed. Kougan (2011) points out that after Katrina, most people assumed there would be big changes in 
the elevation rules5). Finally, in mid-April 2006, FEMA annouced that the base flood elevation would remain 
unchanged. This is because FEMA concluded that the failure was not with the elevations, but with the levees.  
In New Orleans, non-structural disaster reduction doesn’t make an improvement. 
 
(6)Post-disaster recovery planning for mitigation  
  There is little improvement in land use control and building code change, however, there is one promising 
method for disaster mitigation in New Orleans, "Elevate and Cluster" that is proposed to encourage residents 
of areas of the city where less than a quarter of the population has returned to rebuild in clusters at higher 
elevations to help ensure vibrant neighborhoods and more efficient infrastructure costs in the context of a 
smaller overall population. The expected impact for this program is more than to improve safety but also 1) 
continuation of prior community, 2) housing rebuilding  and restructuring community through flood-resistant 
designs and 3) restoration of community service coordinated with individual housing reconstruction. The 
Neighborhood Stabilization Program (NSP), funded by Department of Housing and Urban Development, is 
one of the strongest initiatives administered by the local government agency, New Orleans Recovery Authority 
(NORA). The NSP is a national program that was established for the purpose of stabilizing communities that 
have suffered from foreclosures and abandonment. City-wide NORA works together with 14 consortium 
members, for-profit housing developer and non-profit community development corporations, to implement the 
program, utilizing and revitalizing properties that were blighted before and after Hurricane Katrina. If this 
housing development is conducted by clustering and swapping properties with relocation to safe places such as 
above sea level, it will be an effective measure to reduce the risk of flood. 
 
(7)Physical Structure Measures :Levee and flood control facilities 
Following the flood disaster caused by Hurricane Katrina, Congress allocated $14.5 billiion to the Army 

Corps of Engineers to repair and improve the flood protection system in New Orleans. The goal is that south 
shore communities were to be enclosed within a 139 mile system of levees, walls and gated designated to 
protect against the 100-year storm surge, the system known as the Hurricane Storm and Damage Risk Re-
duction System. Before Hurricane Katrina, the levee protection was designed base on the experience in Hur-
ricane Besty (1965)  and intended to protect against a 100-year storm surge, however reevaluated after Hur-
ricane Katrina, its protection defense ability is under that which is needed to protect against a 30 to 40 year 
storm surge. During hurricanes and tropical storms, three outfall canals drain water from portions of New 
Orleans northward into Lake Pontchartrain. These outfall canals are critical elements in New Orleans’ flood 
control system. In addition to repairing and improving canal walls, temporary gated closure structures were 
built at the mouths of the three outfall canals. Also, the Corps constructed a new pumping station at Pont-
chartrain Park, and they will manage not only storm surge from the lake but also water level height of drainage 
canal. When storm surge threatens to exceed the maximum operating water level of a canal, the Corps will 
close the gates and turn on the pumps. The closed gates prevent storm surge from entering the canals and going 
back into the city.The FEMA National Flood Insurance Program published revised preliminary flood insurace 
rate maps for New Orleans in Jan. 2013. The new maps take into account the risk reduction provided by 

            

Fig.6  Current Flooding Risk Map 
          (Army Corps of Engineer) 

Fig.8  Future  Flooding Risk Map by 100 
years level of protection 

          (Army Corps of Engineer) 

Fig.7  Hurricane Protection 
(Times Picayune August 27, 2012) 
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post-Katrina improvements in the hurricane levee system, which is designed to protect against surges created 
by a hurricane with a 1 percent chance of occurring, also known as the 100-year storm. About 80 percent of 
New Orleans will see no flood insurance rate changes. 
 
(8) Insurance 
 Disaster insutrance is a significant measure to “avoid” disaster risk. The National Flood Insurance Program is 
a Federal government program enabling property owners in participating communities to purchase insurance 
protection against losses from flooding. Hurricanes Katrina and Rita caused approximately $200 billion in 
economic losses, of which $21.9 billion was related to insurance claims under NFIP. The number of paid 
losses was 167,671, amount paid was $16,264,188,476, and the average paid loss was $97,0117). Based on 
initial FEMA estimates, premiums through the National Flood Insurance Program for a $250,000 sin-
gle-family, one-story home in a high-to-moderate risk zone that sits 4 feet below base flood elevations would 
come to $9,500 a year. If the structure is at the base flood elevation level, it would cost about $1,410 a year, and 
if it is 3 feet above base flood elevations, it would cost $427 a year (Times Picayune,Dec.06, 2012). Since 
Hurricane Katrina, the Flood Insutance Reform Act of 2012 requires FEMA to study the options of privatizing 
the program and to report to Congress within one year enactment7).  
 
3. THAI 2011 FLOOD 
 
(1) Disaster Risk 
 Thailand is in a tropical zone which is subjected to the influences of monsoons and troical hurricanes resulting 
in natural disaster impacts, such as floods, landslides, drought, wildfires etc. Flooding is by far the worst 
disaster in Thailand which is ranked as the seventh most flood prone country in the world.  

The area of the Chao Phraya River watershed is approxitemately 160,000km2, which shares 30% of the total 
area of Thailand. Flooding occurs every year in the Chao Phraya River Basin. Official statistics from 2002 to 
2008 show that the country floods an average of approximately 10 times per year, with an average of 44 
provinces affected, 96 deaths and THB 5.88 billion in economic loss (National Disaster Preparedness and 
Mitigation Plan of Thailand). Thailand also faces earthquake and tsunami risk, as has been experienced in 
2004, with a loss of 8,221 lives. 
 
(2) Damage and the situation as long-term flood 
 The flood caused tremendous damage, inclufing 813 dead and 3 
missiong nationwide as of Jan.8, 2012 (Thai Ministry of Interior). 
Heavy rain combined with multiple tropical storms throughout the 
extended rainy season played a large part in the extensive flood-
ing.The geographic extent of the floods was enourmous, reaching 
66 of the country's 77 provinces. North and eastern residential 
areas of Bangkok were flooded along with many industrial estates 
in Ayuthaya and nearby provinces. Table 1 shows how long it took 
to drain water from the industrial area. 
 
Table 1. Flood duration by areas in Thai 2011 flood 

Province Area Length for flooded 
Ayutthaya     Saha rattanana korn Oct 4-Dec 4 61 days 
Ayutthaya Rojana Oct 10-Dec 2 53 days 
Ayutthaya Hi-tect Oct 13-Nov 25 42 days 
Ayutthaya Bang-Pa-in Oct 14-Dec 19 66 days 
Pathum thani Navanakorn Oct 17-Dec 6 49 days 

Source ) Reference 7 
 
Rivers in Thailand are generally gently sloped rivers, with gradients in the aforementioned lower watershed 

of the Chao Phraya River. The flooding from upstream makes water levels rise downstream, dispersing 
flooding onto the floodplain. The two main reasons that long-term floods occur in Thailand is characteristics of 

Fig.9 Maximum Flood and Industrial Estate  
(Thailand GISTDA) 
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the Chao Phraya River, gently sloped rivers and the size of watershed. Historically, Thailand has taken ad-
vantage of these characteristics to control flooding of the Chao Phraya River. Flood is controlled by storing 
water in the dam reservoirs in the upper watershead of the Chao Phraya River, and by expanding the flood area 
to decrease the floodwater level in the lower watershead.  
 
 (3) Emergency Response and Evacuation 
 In the wake of the floods, the new Flood Relief Operations Center (FROC) was established to provide rapid 
emergency response and coordinate responsible government bodies. Immediate needs were met largely by 
appropriate government ministries and the Thai Red Cross. The Ministry of Social Development and Human 
Security has largely been responsible for the establishment of more than 2,400 shelters nationwide, with the 
Bangkok Metropolitan Administration establishing another 175 for residents of the capital8).Citizens were 
increasingly frustrated to find that official government flood bulletins and television reporting were constantly 
changing. The government was limited in gathering urgent flood information and people could not wait for its 
help9). 
 
 (4) Post-disaster recovery planning 
 The Government has set up a National Committee to prepare a comprehensive strategy for the country’s 
rehabilitation to make Thailand better, safer and stronger. The strategy is separated into three parallel phases, 
namely, the 3R’s – Rescue, Restore and Rebuild. While the first and second phases of the three-stage national 
strategy for reconstruction focuses on immediate flood relief and recovery measures, the third phase involves 
the pursuit of long-term solutions. In the long-term phase which covers actions taken to build confidence, 
regain trust and restore the country’s prosperity and stability, the Government has set up strategic committees 
for reconstruction and future development as well as water resources management by inviting respected ex-
perts from various fields to formulate a strategy for the country’s rehabilitation so as to provide confidence to 
investors about Thailand’s water management system and its future economic potential. 
 
(5) Land use control 
 The significane of land use control is  stated in the Prime Minister’s strategy planning, however, it is uncertain 
how and in which way can government promote and lead this initiatives where local government zoning reg-
ulation and land use management is uncommon in urban planning. Except Bangkok, there has been no im-
plementation of land use zoning in most provinces. Communities in big cities like Bangkok and others have 
been and continue to be vulnerable to disasters. This is in part due to ongoing urbanization without careful 
planning. The country still lacks sufficient and effective zoning policy or building code that prevents the cit-
izens and land/property developers from building or developing housings and business properties in disas-
ter-risk areas10). Poaponsakorn(2011) indicates that in a flood-prone Ayudhaya province, several industrial 
estates and housing development were allowed to locate in the flood prone areas just because the land prices 
were the cheapest11). In Bangkok where there has been land use zoning, the zoning law has been changed by 
politicians to serve the interests of business and property developers. The most obvious example is the lobby to 
convert the eastern areas of Bangkok, which were designated as flood ways, to residential areas. 
 
(6) Building structure code  
 The building code is also not popular in Thailand, mostly outside Bangkok. Ayutthaya City, the former capital 
of the Kingdom of Siam, Thailand, was one of the many provinces devastated by this event. The city didn’t 
have building code to reduce the risk for flood, but local and vernacular architecture and housing used to de-
sign and build with the floor elevated above ground level. This might be based on people’s experience with 
flood. However, around Ayutthaya City, after the industrial areas as have developed, new residential areas for 
inductrial workers began to be developed in the city, where local building design does not follow this intention. 
It is also important to emphasize that government funding support after disaster is not enough to encourage 
people to renovate and recounstruct their housing in a proper manner for the next flood. The government 
support for public to rebuild and renovate their housing with flood-resistant design is too small. National 
government provided disaster relief money in two way.  
The first is 10,000 THB provided to all households who are affected by the flood, and the second is based on 

the actual damage estimate by officials which provide up to 20,000 THB. We got data from Hutra district in 
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Ayutthaya city on relief money and its expenditure for 779 household, the fact is the average they spent from 
relief money is only 4,078 Bath. As Sararit (2013) indicates, the major housing condition improvement were 
painting the wall or preparing boats to evacuate when flooded. 
 
 (7) Physical Structure Measures 

After 2011 flood, the government set up two committees to draft the flood management master plan, which is 
based upon two approaches, structural measures and non-structural measures. The flood recovery plan is 
composed of immediate response phase and long-term phase. Structure for long-term phase includes the de-
velopment and construction of dams, reservoirs, irrigation system and water network system in the specific 
areas to control water flow and respond to water demand. In addition to this, government is planning to ac-
celerate the construction of permanent flood-prevention systems to ensure industrial confidence. 
 
(8) Insurance 
  The extent of the flooding may lead the international market to reclassify Thailand as a high-risk country. 
National Economic and Social Development Board developed "Thailand's future development and water 
management plans". It sets 5 strategies for reconstruction and future development, which are 1)Water Re-
source Management, 2)Reconstucting the production & service sectors, 3)Development strategy for new 
economic areas, 4)Infrastructure development and 5)Insurance system development. It states that the focus is 
on developing the insurance system to be a key mechanism, which provides economic and social security and 
handles the risk from natural disasters. Disaster Insurance Promotion Fund was established within the Ministry 
of Finance with the main objective of managing catastrophic risks by means of insurance and reinsurance and 
providing financial aids to insures, with the starting fund of 50 billion baht. World Bank report (2012) rec-
ommended that "it will be critical to restore the confidence of the reinsurance market on the capacity of the 
government of Thailand not only to manage major floods, but also to have greater domestic capacity to absorb 
losses when they occur8). 
 
4. QUEENSLAND 2011 FLOOD 
 
(1) Disaster Risk 
The city of Brisbane, capital city of Queensland is built on a flood plain. The bayside suburbs are exposed to 

flood risks from storm tides. There have been many river floods, most notably the large floods in 1893, 1974 
and 2011. There has also been flooding in the various creeks, waterways and overland flowpaths due to intense 
shorter duration rainfall12) Between 1852 and 2011, at least 951 people were killed by floods, and the cost of 
damage reached an estimated AUS$ 4.76 billion dollars. The maximum recorded gauge height on the Brisbane 
river at the Brisbane City of annual flood peaks were in 1841 and 1893, which represents a depth of ap-
proximately 6.5m above the highest tide level.  

 
(2) Damage and the situation as long-term flood 
During November 2010 to January 2011, rainfall in the 600 to 1,200 mm range was widespread along most of 

the Queensland coast. There were two major floods. The first was a severe flash flood exacerbated by a series 
of intense storms, and the second major flood event occured when dam releases from Wivenhoe Dam flooded 
the city of Brisbane and surrounding areas. On 13th January 2011 Brisbane experienced its second highest 
flood since the beginning of the 20th Century.The flooding caused the loss of 23 lives in the Lockyer Valley 
and one in Brisbane, and an estimated 18,000 properties were inundated in metropolitan Brisbane and Ipswich. 
An estimated 28,000 homes would need to be rebuilt, while a vast number of dwellings require extensive 
repairs13). Although smaller in magnitude than the 1974 flood, the impact of the 2011 flood remains the most 
severe example of urban flooding in Australia. This is because Brisbane's population had grown from 175,000 
in 1893 to around 1 million and there was greater exposure afforded by new buildings and infrastructure. The 
gauge height in 2011 is lower than 1974, however, damage became severe. Figure 10 shows that the extent of 
2011 flooding in most areas of Brisbane City was very similar to that observed during the 1974 flood. 
 
(3) Emergency Response and Evacuation 
 Across Queensland approximately 12,000 people were accomondated in 34 evacuation centers managed by 
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the Red Cross. Altogether, over 200,000 people were affected. After six more days of contact rain, disaster is 
declared for the towns of Chinchilla, Theodore and Dalby in southern Queensland, prompting mass evacua-
tion. There were 17 evacuation centres active; more than 1,000 people in those evacuation centres and, thou-
sands more staying with relatives and friends. 
 
 (4) Post-disaster recovery planning 

Queensland Reconstruction Authority (QldRA) was established after 2011 flood, and charged with the 
overall coordination of the relief and recovery effort. The state of Queensland focuses on “building back 
better” in order to reduce the impact of future disasters and create resilient communities. 
The Government of Queensland established six lines of reconstruction to facilitate the recovery and recon-

struction process. These include: (a) Human and Social, (b) Economic, (c) Environment, (d) Building Re-
covery, (e) Roads and Transport, and (f) Community Engagement and Communication comprehensively cover 
the key areas that require attention in the post disaster reconstruction process. 
 
(5) Land use control 
Development in the low-lying areas along the lower Brisbane River has occured despite the city's history of 

severe flooding and has resulted in large concentrations of properties exposed to flood risk. As a result of 
previous planning the majority of Brisbane’s dwellings are not located in floodplains. Furthermore, much of 
the flood-prone land in Brisbane is not developed12). Brisbane City Council has regulated development in 
floodable areas since 1965. The 1978 Town Plan introduced two new maps “Areas Subject to Flooding”, 
designated areas affected by 1974 floods and set minimum habitable floor level for all development. However, 
it is worth stating that 1,811 development applications for houses, apartments and commercial or industrial 
developments were approved in the flooded area since 200514). Before the 2011 flood, in 2005 the Brisbane 
City Council established the Lord Mayor's Taskforce on Suburban Flooding which proposed several key pri-
ority actions. This included a Voluntary Home Purchase Scheme for identified 'at risk' residential properties, as 
well as reviewing and strengthening land use planning, development and building controls, to ensure future 
activities have no adverse effect on flooding. One of the eligibility criteria is that the home is predicted to have 
a 50% chance of creek and local flooding in any year. The property must meet all four eligibility criteria to be 
considered for purchase. 
After the 2011 floods, the Brisbane City Council has decided the future for $35 million worth of 

flood-affected land once shared between 73 private property owners across Brisbane. More than six hectares 
has been acquired as part of the buyback scheme introduced by former lord mayor Campbell Newman in 2006, 
and current Lord Mayor Graham Quirk has confirmed the properties purchased will be transformed into 
parklands, green space, conservation areas or green links to bikeways15). 
 The World Bank (2011) illustrated good practice in town of Grantham. A low-lying part of the town of 
Grantham is at high risk from flash floods. The authorities seek to discourage effected residents to rebuild in 
the same area. The State held extensive consultations with the residents on the recovery and reconstruction 
plans. Affected residents of Grantham will now be offered a land swap: the Local Council bought land outside 
the affected areas and is offering residents plots of this land in exchange for their flooded land parcels. Over 60 
percent of the affected population expressed interest in the land swap idea16). 
 
(6) Building structure code  
 Before 2011 flood, city of Brisbane and Queensland State already had building codes. The “Brisbane River 
Floods – Restriction on Residential Use” Policy was adopted by Council in 1978 introduced the 3.7mAHD 
Port Office Gauge level requirement for habitable floor levels 14). Queensland government has published a new 
Queensland Development Code section dealing with construction of buildings in flood hazard areas 17). 
Property industry representatives today backed a decision by Lord Mayor Campbell Newman to raise the flood 
level used as the basis for development to 500mm above the 2011 flood high water mark. The Joint Flood 
Taskforce Report recommended the rise, which will be 1.8 metres higher than the existing level. According to 
the council's modelling, the new higher flood level of 4.46 metres at the city gauge would impact an extra 9767 
Brisbane properties, including 2685 houses, 5078 units, 12 community properties, 411 industrial and 1581 
commercial properties. Under the higher flood level, 30,867 properties would now fall under the flood line, up 
from 21,100 from the existing level18). 
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(7) Physical Structure Measures 
 Brisbane City Council has announced the roll-out of backflow prevention devices to reduce the risk of 
flooding through water backing up from the river through the drain system. This covers the installation of 39 
backflow valves at 11 sites over 4 years, with this investment aimed at preventing 80% of the properties 
identified as being affected by backflow flooding in January 201119). BCC prepared a discussion paper titiled 
“Engineeing solutions for flood mitigation in Brisbane” right after flood in Feb. 2011, and the report explored 
a number of options for flood mitigation. The final report emphasized the importance of regular maintenance 
to ensure that drains were not blocked and thus rendered ineffective in a future flood. 
 
(8) Insurance 

Following a natural disaster, the insurance industry plays a vital role in funding the rebuilding, repair or re-
placement of damaged homes, infrastructure and assets. However, what happened in Australia is that it covers 
flash flood, as a direct consequence of rainstorm runoff, following high intensity rainfall, but does not cover 
riverine flood defined as the overflow from rivers and creeks following long duration rainfall over large 
catchment areas, or water rising up from flooding river, in constrast to water coming down from rain and 
storm. It is under discussion to issue of a single unified and consistent definition of flood for insurance. 
 
5. CONCLUSION 
  

Long-term flood causes prolonged destruction of peoples’ lives and urban functions. Our society has to learn 
about the characteristics of this new type of disaster and start to mitigate and prepare to reduce the risk. How 
did long-tem flooded cities recover as resilient cities? This was a research question for this paper. 
  In New Orleans, the city still relies too much on engineering soluations for flood control, such as levee pro-
tection, flood walls, pumping statation, and water gate. The main reason is that federal government agency 
FEMA concluded that the failure was not with the vulnerabilities of land but with the levees. This might also 
stem from the failure of post-disaster recovery planning initiative in the early stage by Mayor. If government 
post-disaster recovery planning doesn’t get enough common consent and  understanding, it will fail to im-
plement disaster reduction measures that restrict peoples’ action and choices for housing reconstruction and 
where to live.The decision to reconstruct housing higher is left to individual level, and relocation to avoid the 
risk of flooding falls in the hands of neighborhood association and community development corporations by 
property clustering and swapping.  

 In Thailand after the 2011 floods, the country’s emergency management system and disaster reduction plan 
has been greatly improved, however, it is uncertain to which extent national and local actors can implement 
these strategies. Post-disaster recovery planning is a continuing process of Pre-disaster reduction planning. If 

Fig.10 Flood extent comparison between (a) the 2011 
flooding (blue polygon) and (b) the 1974 Bris-
bane flood inundation extent (red polygon). 
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the society has little experience and understanding for government control as public domain for disaster re-
duction, it is difficult to implement it after disaster. The lack of sufficient financial support for individuals to 
empower residents to renovate and reconstruct housing is needed.  
Queensland and the City of Brisbane governments’ leadership for developing a disaster reduction plan is 

strong, and stands out from the rest in its speed and holistic approach. Especially, building code and land use 
control which are non-structure measures for disaster reduction is widely planned and implemented since 20th 
century, and improvemed after the 2011 flood.  
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Jakarta, Indonesia’s chronic housing shortage poses multiple challenges for contemporary policy-makers. 
While it may be in the city’s interest to increase the availability of housing, there is limited land to do so. Market 
pressures, in tandem with government’s desire for housing availability, demand consideration of even marginal 
lands, such as those within floodplains, for development. Increasingly, planning for a flood resilient Jakarta is 
complicated by a number of factors, including: the city is highly urbanized and land use data is limited; flood 
management is  technically  complex, creating potential barriers to engagement for both decision-makers and the 
public; inherent uncertainty exists throughout modelling efforts, central to management; and risk and liability for 
infrastructure investments is unclear. These obstacles require localized watershed-level participatory planning to 
address risks of flooding where possible and reduce the likelihood that informal settlements occur in areas of 
extreme risk.  

This paper presents a preliminary scoping study for determination of an effective participatory planning 
method to encourage more resilient development. First, the scoping study provides background relevant to the 
challenges faced in planning for contemporary Jakarta. Second, the study examines the current use of decision-
support tools, such as Geographic Information Systems (GIS), in planning for Jakarta. Existing capacity in the 
use of GIS allows for consideration of the use of an emerging method of community consultation - Multi-Criteria 
Decision-Making (MCDM) support systems infused with geospatial information - to aid in engagement with the 
public and improve decision-making outcomes. While these methods have been used in Australia to promote 
stakeholder engagement in urban intensification, the planned research will be an early introduction of the method 
to Indonesia. As a consequence of this intervention, it is expected that planning activities will result in a more 
resilient city, capable of engaging with disaster risk management in a more effective manner. 

 
   Key Words: flood risk management, MCDM, GIS, decision-support tools, participatory planning  

 
 
 
1. INTRODUCTION 

Urban populations in both developed and developing countries increasingly dwell in hazardous environments. 
In the context of this paper, flood risk is defined as the expected value of damage due to flood hazard and 
vulnerability, including potential damages to socio-economic systems, terrestrial systems (hydrological systems 
and ecosystems) and exacerbated vulnerability to climate change1)2). Urban encroachment into floodplains 
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requires localized watershed-level management efforts to address risks of flooding. Similarly, there is 
uncertainty of risk and liability of these problems since there might not be a clear information related to land use 
availability. Private developers potentially do not understand about the risk, or there is no other choice instead of 
using the marginal land. Decision-makers are often asked to consider infrastructural solutions to flood 
management as buy offs are potentially too costly where land supplies are limited. 

This paper presents a preliminary scoping study of a method for increasing engagement in planning for 
resilient cities, particularly those faced with recurrent extreme flood events. First, the paper summarises 
background information relevant to problems of housing shortages and flood risk in Jakarta. Then, the paper 
examines Jakarta’s flood risk management infrastructure investments, with particular attention to the 
incorporation or potential for incorporation of decision-making support tools. The city’s existing use of GIS 
systems is briefly described, establishing that there is sufficient technical expertise to support potential adoption 
of technology into planning consultation. MCDM is then introduced as a potential tool, with brief exploration of 
existing applications in other settings, for increasing effectiveness of engagement in planning. Finally, the paper 
offers guidance for the incorporation of MCDM into future flood plain risk management planning efforts in 
Jakarta, with particular attention to opportunities and constraints on such incorporation, and how they might be 
overcome.  
 
 
2. JAKARTA’S URBANISATION AND FLOOD RISK MANAGEMENT CHALLENGES 

This section of the paper is divided into two discussions. First discussion provides an overview of the 
underlying characteristics of the contemporary Jakarta before moving into description of the city’s flood 
problems.    

 
(1) Characteristics of Contemporary Jakarta 

 
Jakarta is the capital of Indonesia, which has a population of about 9.6 million people in 2010 with total 

households of about 2.2 million, inhabiting an area of about 661.52 km23)4)8). This capital city is vulnerable to 
environmental change due to its location on the northern coast of Java Island as shown in Fig. 1. Researcher has 
listed Central and North Jakarta as the most vulnerable city to climate change in Southeast Asia6). In the northern 
area Jakarta, about 40 percent of the city is below sea level7). North Jakarta is vulnerable not only to rising sea 
water, but also flood water from Jakarta’s rivers. 

Jakarta is also a magnet for people looking for better living conditions. Based on the 2008 data released by the 
Indonesian Central Bureau of Statistics (BPS), Jakarta still has approximately 400,000 residents classified as 
poor and another 300,000 classified as near poor and vulnerable to external shocks9). These include poor people 
who came to Jakarta. There are also slum areas in several parts of Jakarta where many of these are at risk from 
flooding, one must first obtain information on the environmental conditions of Jakarta10). Strong and sustained 

 

Fig. 1 Map of Jakarta, Indonesia8) 
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growth in Jakarta’s population and economy have resulted in a vast increase in the urbanized area and land use 
change. In 2010, the population of Jakarta Metropolitan Area has already reached 27.9 million11). Table 1 
presents data on the scale and speed of population growth in Jakarta. 

 
Table 1 Population Growth of Jakarta Metropolitan Area (JMR) According to 2010 Census11) 

DKI Jakarta (Special Territory of 
Jakarta) with area about 660 km2 

Jakarta Metropolitan Region 
( Jakarta, Bogor, Tangerang, Bekasi) 
with area about 7,500km2  

Year 
Population  
(‘000) 

Mean density  
(‘000/km2) Year 

Population  
(‘000) 

Mean density 
 (‘000/km2) 

1971 4,579 6.9 1971 8,374 1.1 

1980 6,503 9.9 1980 11,485 1.5 

1990 8,259 12.5 1990 17,105 2.3 

1995 9,113 13.8 2000 20,438 2.7 

2000 8,389 12.7 2010 27,940 3.7 

2005 8,864 13.4    

2010 9,588 14.5    

 
 

(2) Jakarta’s flood problems 
 

Jakarta is located in a deltaic plain of 13 natural rivers and more than 1,400 km of man-made waterways. 
Naturally, Jakarta’s site is highly prone to flooding from water draining through the city from the hills in the 
south, and also from coastal tidal flooding such as that experienced in 1996, 2002, 2007 and 20133)7)10). Severe 
floods took place in Jakarta which at times inundated more than half of the city mostly due to heavy rain, 
clogged pipes and waterways, deforestation, and inadequate drainage and flood control systems9). Table 2 
summarizes historic flood events and their impacts on the city, while Fig. 2 indicates the extent of flooding 
associated with the 1996, 2002, and 2007 events and gives indications of infrastructure investments and policies 
to address flood risk.  

 
Table 2 Floods Hazard Summary from 1996-2013 

 
Flood 
Event 

Rainfall 
Intensity 

Inundation 
Area Evacuees Deaths 

Economic 
Impacts 

1996 288.7 mm12) unknown 30,00012) 1012) US$100M12) 

2002 361.7 mm12) 330 km212) 380,00012) 2212) US$180M12) 

2007 401.5 mm12) 400 km212) 590,00014) 7914) US$998M9) 

2013 125.0 mm12) > 400 km212) 18,00014) 1514) US$ 2000M13) 

 
Economic impacts presented are as a consequence of flooding and include loss of property and businesses, 

and do not include impacts which are difficult to cost such as spread of illness and loss of life and loss of access 
to clean water. Depending on the severity of the flood, there can also be effect traffic circulation, business 
activity, damage to property, power outages, displacement, and spread of disease. Population growth and land 
subsidence of around 10 cm per year are further aggravating the situation8). 
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Jakarta is exposed to multiple hazards both natural and compounded by climate change and other man-made 
factors. These exacerbated impacts of flooding which caused very high human and economic costs on the city. 
The floods of February 2007 were the worst in the history of the Indonesian capital3)4). About 70 percent of the 
urban area was affected. Seventy nine people died and a total of 400,000 people were affected. Floodwaters 
destroyed one hundred houses located in informal settlements3)4)9). The flood caused about US$998 million in 
total losses9).  

 
In brief, the scope of damage shows how vulnerable the communities living in Jakarta are. Five-year flood has 

become a crucial threat for Jakarta as capital city. This is challenging all of the decision makers to be more 
critical to flooding. Regarding this shortcoming, Jakarta’s response to flood need to be well understood. The next 
section describes the existing Jakarta’s response to flood.  
 
 
3. EXISTING JAKARTA’S RESPONSE TO FLOOD     

This section explores the existing solutions to flood, including structural and non-structural measures, as 
supportive information to the next section. This section illustrates the flood response to build an understanding 
of flood risk management infrastructure investments of Jakarta.  

In many regions, encroachment as well as development in flood prone areas increasingly affects the damage 
potential1). Related with this shortcoming, assessment of the solution to flood hazard is only indicative since the 
performance of the technological options is associated to a large extent with case specific characteristics and 
cannot be easily generalized15). Researcher argues that floods are best managed within the context of the natural 
environment in which they originate rather than the administrative area in which they occur2). 

Regarding Jakarta’s flood, for decades, flood prevention and mitigation measures were emphasized with 
protection based on costly technical measures, which proven not enough as exemplified by the January 2013 
floods. Although the problem of flooding in Jakarta has long been recognized, the response has been reactive 
and flood control measures were usually built only after flooding caused severe damage to constructed facilities. 
Moreover, most flood mitigation activities have been carried out by the government with incorporation of public 
participation, especially in land acquisition and environmental management. Meanwhile, rapid population 
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growth and incorporation of law enforcement have contributed to the problem. Jakarta Government focuses on 
natural hazard strategies rather than reducing vulnerability. 

While adaptation policy is developed at national level, differences in physical environment, land use and 
population make the task of implementing adaptation strategies a task best carried out at regional and local 
scale16). This result in arising of urban flood risk management options varying from technical options to non-
technical options or communication strategies17)18). 

In 2010, the Province Planning Agency (Badan Perencanaan Pembangunan Daerah) in coordination with 
Province Department of Public Works (Dinas Pekerjaan Umum) initiated a master plan for flood mitigation in 
Daerah Khusus Ibukota (DKI) Jakarta8). This master plan consists of several structural measures, including: 
drainage improvement, river improvement, improvement of retention ponds, coastal defense and road protection. 
In order to mainstream risk reduction, the government is incorporating those activities and projects into the long-
term spatial plans, the most recent of which is Jakarta’s plan for 2010–2030. This master plan outlines the long 
term vision of Jakarta and highlights three key principles, including: focusing on growth management, 
metropolitan area functional based planning (including Jakarta, Bogor, Depok, Tangerang, Bekasi, Puncak, 
Cianjur) and paradigm shift from ‘stakeholders’ to ‘shareholders’.    

Table 3 summarizes large-scale infrastructure projects, including Jakarta Coastal Defense that protects coastal 
neighborhoods from tidal surges, and the East and West Flood Canals. The Jakarta Coastal Defense has been 
presented to the Jakarta government as a feasibility study. East and West Flood Canals are the largest and most 
ambitious projects for Jakarta in terms of flood management, but the smaller secondary and tertiary systems are 
still under-managed and inadequate. The largest infrastructural project on water management of the recent years 
is the East Flood Canals, completed in 2011 at a cost of 4.9 trillion IDR (US$500 million)8). Another important 
planned project is World Bank funded Jakarta Urgent Flood Mitigation Project, in which 13 canals in Jakarta 
will be dredged, costing US$150 million8).  

 
Table 3 Large-Scale Environmental Infrastructure Investments in City of Jakarta’s Annual Budget7) 

 
 2009 2010 

Flood control 

East flood canal US$93.13M US$60.35M 

Drainage and river dredging US$10.80M US$11.42M 

Dam, polder, and catchment area 
development 

US$0.62M US$40.61M 

TOTAL US$104.55M US$112.38M 

Pollution containment 

Open green space development US$15.91M US$77.24M 

Climate change adaptation 

Sea Wall US$2.24M US$5.59M 

 
Although technical measures continue to dominate, there have been more investments in non-structural 

measures, including: awareness raising, law enforcement, upper watershed planning and management, early 
warning system, spatial use control and urbanization control. Those existing flood’s solutions mentioned above 
provided information related to how Jakarta government addressed flooding problem as a critical obstacle. 
However, there is no information related to decision-support tools used in the decision-making process. The next 
section examines decision-support tools to urban flood risk management infrastructure investments in Jakarta.   
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4.  EXISTING & POTENTIAL USE OF DECISION SUPPORT TOOLS  

This section examines the existing decision-support methods to urban flood risk management infrastructure 
investments. This section is divided into three discussions, including: current use of GIS in communicating flood 
risk, opportunities for use of MCDM tools in the decision-making process, and challenges to the use of decision-
support tools to increase city’s resilience. The discussion of this section is evaluated based on theory relevant to 
decision-support tools to effectively improve participatory planning in urban flood risk infrastructure 
investments. 

 
(1) Current use of GIS in communicating flood risk 

 
 To move on overcoming technical complex related to urban flood risk options, implementing spatial analysis 

might be very useful. A spatial analysis consists of at least two elements, including: action and location, which 
can be specified explicitly or implicitly19). GIS is one of the spatial analysis tools. This includes the 
visualizations of predicted hydrographs, ensembles, or zones of flood inundation and the interpretation of the 
predictions in terms of flood warning and planning maps20). 

Jakarta has spatial information which is located in several agencies, not only at the provincial level, but also at 
national level. The GIS is mainly used for urban planning (creating land use map), unfortunately it is not 
integrated yet with the other social and economic data in one system. Therefore, it is not easy to superimpose the 
map with other information to allow spatial or intersectional analysis. There is also an incorporation of 
information in terms of types and depth of scale related to flood which is available in Jakarta. The incorporation 
of available data also makes it difficult to conduct any meaningful assessment of the climactic conditions in 
Jakarta, such as long time series data on rainfall, baseline data on tides and the daily measurement of 
temperatures 20).  

Therefore, there are a lot of efforts that must be done in relations to preparing Jakarta to cope with flooding. 
There is a need to collect baseline information on factors related to flood and constructing appropriate indicators 
to assess the impact of flood20)21). There are also plenty of opportunities to conduct research stemming from the 
availability of the data in providing GIS information base to support adaptation policy, such as defining the need 
of data or information and the appropriate systems application to support the information. 

Flood risk management plan that integrates the GIS and MCDM might show comprehensive information 
including hydrologic models, flood information systems, social-environmental databases, and flood mitigation 
and adaptation action for decision makers19)21). The opportunities for use of MCDM tool in decision-making 
process of Jakarta flood response is examined in the next discussion.  

 
(2) Opportunities for use of MCDM tools to improve decision-making processes 

 
Human reasoning and decision-making is very often based on uncertainty embedded in natural language22). 

MCDM is a collection of methodologies to compare and select multiple alternatives that involve disproportional 
attributes21). MCDM is useful not only for improving coordination among governments, Non Governmental 
Organisation (NGO), and community but also for modelling the flood preferences of those decision-makers.   

The government’s policy should focus on reducing structural vulnerability. However, the official policy of 
Jakarta government to face flooding does not address the deep causes of vulnerability but rather emphasizes 
natural hazards. It focuses on technical measures to control floods and public awareness campaigns to enhance 
low perception of risk. In many ways, Jakarta government is only beginning to comprehensively measure and 
understand the city’s key vulnerabilities to become climate-resilient and to anticipate potential disasters. 

It is crucial to integrate community-based planning and local coping mechanisms and knowledge into the 
official urban flood risk management system. However, incorporation of coordination between the decision-
makers has been challenging. There are several factors influencing the decision-making in the planning 
processes, as can be seen in Fig. 3, which might be barriers to decision-makers to gain a consensus plan that is 
implementable. Therefore, NGO may play significant roles to aid communities and community-level 
governments to educate individual citizens, families, and community leaders to prepare for damaging flood 
events.    
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However, integrating climate change adaptation and education into planning for social services and 

community awareness is new for Jakarta government. It has only been in 2011 that DKI Jakarta has been 
engaging with local NGOs and other organizations and funders to develop and understand community resilience 
specifically toward risk management related to climate change. Regarding those difficulties relevant to 
coordination and community engagement in the planning process, MCDM has the potential to improve 
collaborative decision-making process by providing a flexible problem-solving environment where those 
involved in collaborative tasks can explore, understand, and redefine a decision problem. This method, which 
was integrated with geo-spatial technologies, has been used as stakeholder engagement tools in urban planning 
and development in Australia23).  This allows transfer of knowledge about flood processes. The use of this 
decision-support tool for flood risk management can help to facilitate coordination among flood agencies, 
organizations, and affected citizens in the floodplain. 

 
 

(3) Challenges to the use of decision-support tools to improve resilience 
 

Many countries have enacted environmental regulations that require a comprehensive multiple criteria 
analysis as a part of water resources planning and management. While the flood risk management process has 
been extensively discussed at the national and international levels, more effort is needed to examine the 
preferences, needs, and ‘changing value systems’ of actors involved in the flood management process20).  

However, benefits from urban flood risk management infrastructure investment to society might not optimal. 
There might be technical or engineering solutions, structural and non-structural, to overcome flooding issues but 
the implementation could be inappropriate. As a result, those solutions could not be optimalised so that the city 
as well as the society is challenging the flood impacts. These shortcomings were face by Jakarta, which is 
exposed to multiple hazards both natural and compounded by climate change and other man-made factors. The 
following Table 4 summarizes challenges to the use of decision-support tools in improving Jakarta’s resilience. 

Regarding Jakarta’s flood solutions, there is no uniform or agreed upon format for risk assessment or 
investment decision-making. Many stakeholders consider this as an obstacle that hampering development. One 
measure that can be taken is standardization. Most agencies, excluding Department of Spatial Planning and 
Provincial Government of DKI Jakarta, do not have expertise in how to apply geospatial information. On one 
hand, although Jakarta government has several large-scale infrastructural projects as well as master plans related 
to flood risk management, there is incorporation coordination amongst decision makers as mentioned above. In 
addition, people do not understand the risk of flooding so that the public awareness to contribute in flood 
resolution has not been optimally realized. This shortcoming might result in ineffective governmental projects 
and planning because each stakeholder, including Jakarta citizens, is playing an important role. 

In the context of flood risk management, much of what is labelled as ‘adaptation’ could just be described as 
‘good practice’24). However, adaptation is limited by awareness and understanding of both methods of adaptation 
and of risks.  Effective engagement in decision-making requires access to information, technical literacy, 

           

Fig. 3 Factors influencing decision-making process of flood response in Jakarta3) 
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institutional flexibility and permeability, as well as a desire for increased resilience. Similarly, the probability 
that research will deliver benefits to society further increases when decision makers have reasonable 
expectations of what types of information science can provide, and when they are able to apply and evaluate 
scientific research25). 

 
Table 4 Challenges to the Use of Decision-Support Tools8) 

 

Decision-
Support 
Tools 

Challenges 

GIS Sharing data with other agencies is not common practice. This could be due to the fact that geospatial data 
is mainly used on project basis. IT and GIS capacity is not available within most of the agencies. It is 
critical that both the technical tools and the political relationships are developed to support better 
management and sharing of data amongst the government stakeholders. 

MCDM The urban investment decision-making process in Jakarta is part of a complex a budgeting process 
stretching across multiple levels of government. It is important to distinguish stakeholders with an 
investment decision-making role versus technical data or information providers.  

   
In the case of Jakarta, decision-support tools in flood risk management infrastructure investments of Jakarta 

need to be enhanced. Jakarta government has implemented decision-support tool but has not fully addressed the 
information clarity to transfer knowledge and to facilitate coordination amongst decision makers. The major 
challenges for flood management are socio-technical, such as strengthening coordination and cooperation among 
all stakeholders to support preparedness of institutions and communities. Community participation is an essential 
element to address local needs, engage people in flood disaster preparedness and build a culture of safety and 
sustainable development. 

 
 

5. CONCLUSION 

In brief, the success of urban flood risk management infrastructure investment implementation depends on 
how the problems as well as the options could be comprehensible by the decision makers. The Jakarta Spatial 
Plan 2030 integrating current and future climate change vulnerabilities within broader government policy aims 
and implementation programmes. It outlines a long-term vision for the city, but explicitly looks to integrate 
different scales, policy fields and institutions in the short term. 

Although many laws and regulations are in place in Jakarta to deal with flood-related issues, to date 
participatory planning in terms of urban flood risk management infrastructure investments is limited. There are 
barriers challenging government’s institution to manage data and activities relevant to flooding. This challenge 
may due to the incorporation of capacity to develop a participatory approach, from local to regional level. It is 
also important to understand coping mechanisms before, during and after flooding so the local government and 
community can assess and enhance their capacity. In this context, transparency and clarity of technical analysis 
to communication to decision makers are very important. Decision-makers should be able to understand the 
public’s perception of flood risk in order to address disasters effectively through participation approach using 
decision-support tools, which potential to gain an implementable planning. 

This paper suggests that policies and investments should be based on improved information, an understanding 
of community actions and adaptive capacities. Collaboration with the administrations of neighboring provinces, 
as well as with the local communities as active participants and partners is crucial to the success of long-term 
action. Therefore, capacity building should be emphasized at every level. The using of decision-support tools 
potentially effective in improving urban flood risk management infrastructure investments towards participatory 
approach. There is a significant learning curve in terms of first thoroughly understanding, and then 
communicating, how climate change affects Jakarta. 
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1. INTRODUCTION 

Indonesia is a country spread across wide-ranging archipelago, located in South East Asia between 
two oceans, the Indian and the Pacific. Indonesia is well known as an active tectonic region because it 
lies on top of three major active tectonic plates: the Eurasian in the North, the Indian Ocean-Australian 
in the South, and the Pacific plate in the East. The southern and eastern part of the country features a 
range of volcanic arcs, volcanic mountains, and lowlands with 500 young volcanoes, of which 128 are 
active and thus representing 15% of the world’s active volcanoes.1  

In the period 2002-2007, approximately 1782 disasters occurred, with hundreds of thousands of lives 
lost and billions of rupiah in losses incurred:  (Floods - 1183 instances, cyclones - 272 instances, and 
landslides - 252 instances). 2   Of these, the 2004 Aceh tsunami and the 2006 central Java earthquake 
(impacting predominantly city and suburbs of Yogyakarta) were the most significant. Even so, disaster 
management experts believe lessons learnt from the two major natural disasters needs to be formalised 
into laws and institutions before another disaster occurs, regardless of the type of natural disaster – i.e. 
Volcano eruption or landslide; as opposed to tsunami or earthquake. 3  

Following in the wake of disasters occurring in Yogyakarta, many of its community members 
responded by banding together as one, with the determination of rebuilding its villages and cities 
through the spirit of ‘gotong royong’. The idea of social interaction; in particular as a collective, 
consensual, and cooperative nation; has predominantly formed the ideological basis of Indonesia’s 
societal nature. Many Indonesian terms cohere to this ideology, such as: ‘koperasi” (cooperatives as 
the basis of economic interactions), ‘musyawarah’ (consensual nature in decision making), and 
‘gotong royong’ (mutual assistance). ‘Gotong royong’ has become a key cultural operator in 
Indonesia, in particular In Jogjakarta. Appropriately so as ‘gotong royong’ is depicted from the 
traditional Javanese village, where labour is accomplished through reciprocal exchange and the 
villagers are motivated by a general ethos of selfishness and concern for the common good. 4  

The culture of ‘gotong royong’ promotes positive values such as social harmony and mutual 
reciprocation in disaster-affected areas provides the necessary spirit needed to endure the hardships 
and for all involved. While gotong royong emphasises the positive notions of mutual family support 
and deep community level activity there is a potential for contrast against government lead disaster 
response and recovery management activities especially in settings where sporadic governance 
mechanisms exist and transparency and accountability in the recovery process of public infrastructure 
assets have been questioned. This paper thus questions whether Gotong Royong is a double-edged 
sword, and explores the potential marriage of community values and governance mechanisms for 
future disaster management planning and practice. 

mailto:d.mardiasmo@qut.edu.au
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This paper begins with a historical background to ‘gotong royong’, its early conception within the 
Indonesian culture and its evolution over time with a more recent role in contemporary post-disaster 
contexts: in particular outlining why it is deemed a preferable recovery process in many of the villages 
impacted by disaster. This is followed by a discussion of the potential of harnessing the spirit of 
‘gotong royong’ and including aspects of the phenomenon in official disaster management and the 
governance of recovery efforts by examining aspects of the aftermath of a 2006 earthquake in 
Yogyakarta.  

2. HISTORY OF GOTONG ROYONG 

Soeharto’s new order in Indonesia invoked the tradition of ‘gotong royong’ as a given “moral fact” 
under the logic of creating development and stability, justifying the people’s cooperation with the pre-
development policy of the government.5 The policies urged the society to participate in a new 
surveillance system of the nation and in ‘gotong royong’ help each other by night watch in the 
neighbourhood. The night watch – siskamling - systemised practices of decision making decisions, 
giving directions, and actual activities performed by the neighbours for the neighbours. Through this 
the term ‘gotong royong’ and its association with participation became cemented in the Indonesian 
society.  

The phrase ‘gotong royong’ has many definitions with interpretations ranging from mutual assistance, 
4 to others identifying ‘Gotong Royong’ as the cooperation within and between social networks. 6 
Indonesia’s first president Soekarno further elaborated on ‘gotong royong’, highlighting its conception 
of its dynamic character and describing it as satu karyo, satu gawe; which means one, united task. At 
the time of Soekarno’s political situation (1965) the concept of ‘gotong royong’ was meant to bring 
together Christians and muslim, rich and poor, and native Indonesians and naturalised citizens in a 
mutully tolerant struggle against the enemy, imperialism and capitalism, and other forces considered 
to be “evil and dividing forces of an otherwise one nation.” 7 

Linguistically the term ‘gotong royong’ is of Javanese origin/root of expression. ‘Gotong’ is synonym 
of the Javanese verb ‘ngotong’, which means several people carrying something together, where as 
‘royong’ is motivated by the image of a cool shading tree in the Jogjakarta Sultanate’s alun alun 
(public land belonging to the Sultanate, to be used by the people of Jogja for public gatherings and 
events) where residents would gather prior and post a shared activity. 8 Although its roots are that of 
Javanese language, there are many versions of it in other provinces in Indonesia, all of which 
categorises work or assistance that will fit into a pan-Indonesian matrix of ‘gotong royong’ practices. 
Therefore ‘gotong royong’ is depicted as one element of a national ‘Indonesian culture’.  

Though deemed ageless, the culture of ‘gotong royong’ has waned over the past years, where social 
ties have become less cohesive as the society becomes more urbanized.9 However research in 
suburban areas located in both Indonesia and Malaysia has revealed a high commitment level shown 
by volunteer residents in carrying out community activities, especially in undertaking mutual 
cooperation activities classified as ‘gotong royong’ albeit with less positive motivational incentives to 
“indulge in thinking about others” in urban and capital cities.9  

 

GOTONG ROYONG IN DISASTER MANAGEMENT 

As mentioned the earlier form of ‘gotong royong’ - siskamling - exemplified the notion of neighbours 
protect other neighbours throughout the night; within the framework of mutual and voluntary 
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reciprocation. The primary purpose of siskamling was to protect the neighbourhood from immediate 
danger, particularly during the nighttime while the rest of the neighbourhood is asleep. More often 
than not the team ‘on duty’ was made up of village and/or local government officials and members of 
the community - thus a second purpose of siskamling is a more familial, informal engagement 
between government and members society often discussing issues related to the neighbourhood and its 
governance.  Although this second purpose is crucial for the development of the village, for the 
purposes of this paper, emphasis is placed on the protective function of siskamling. The inherent, 
ageless, and ingrained, practice of ‘protecting the neighbourhood’ may be seen as the immediate and 
reflexive response of a ‘village’ to protect what is considered ‘theirs.’  

The culture of ‘gotong royong’ is ingrained in day-to-day Javanese village life, in that members of the 
community are expected to take part in communal duties such as repairing canals, dams, irrigation 
systems, and joining work parties for the construction of roads and public buildings.  Participation in 
such activities is not based on compliance to civil law, regulations, or policies and is based on 
expected societal values such as reciprocity, family links and localised self-efficiency. Therefore it is 
not a surprise that communities in Jogjakarta have responded to recent natural disasters in a ‘gotong-
royong’ manner, relying upon mutual assistance between each other as opposed to ‘waiting’ for 
government response and recovery resources to be made available.  

In this sense the spirit of ‘Gotong Royong’ is a central issue.  Each member of the village or local 
government, by virtue of his or her status as a member of a community, is obliged to assist in events 
that involves another member of the village.  This can include events such as the marriage of a child, 
the death of a relative, and the repairing the roof of a house damaged in a disaster. ‘Gotong royong,’ 
post-disaster, takes the form of ‘Kerja Bakti’, work in voluntary service, where members of the 
community provide assistance or their labour (usually towards the rebuilding of a public asset – for 
example mosque, public school, bridge, or the provision of resources such as food for the workers: all 
without the expectation of monetary payment.   

Members of the community have often identified ‘kerja bakti’ as the perfect way to build and sustain 
solidarity and family ties within the village, as well as solidify ownership and stewardship towards 
public and private assets within the community. Thus they believe it is their duty to re-build their 
village and community, as opposed to relying on the government.  

3. THE GOVERNANCE OF GOTONG ROYONG 

Many residents deemed Yogyakarta’s 2006 earthquake a catastrophe, for it took 6234 lives and caused 
over 30,000 injuries. 3 The earthquake affected the whole province, with Bantul region being the worst 
afflicted area. Victims acknowledge the role of international relief such as Red Cross but they also 
deemed help from the government was excruciatingly slow; with no obvious relief efforts activated 
until four days post-earthquake.  

Quake victims had to initially depend on what they consider to be the most ancient form of disaster 
relief systems; friends and family.3 Comments from quake victims reflect quite negatively on 
government response to disaster.  
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“… the government still hasn’t done anything, I don’t know if they are going to do 
anything. So now I have to rely on whatever help I have, and who else but my family? 
They should be here by now…” 
 
“… may as well start rebuilding. My friend arrived yesterday and helped me stack these 
bricks and bring food. Gotong royong is much more reliable than the government, but its 
not enough…” 

 
In response to quite a widely supported concern about the government support a national disaster 
management agency (Bakornas) was established to lead the earthquake recovery. Interestingly the 
government has stated that Bakornas would “play a supporting role,”3 which, at the time of event, 
suggested that the national government did not, prioritise disaster management as a Federal level 
imperative.  President Yudhoyono defended this stance, stating provincial authorities (i.e regional 
governments) are equipped to dealing with disaster, and a supporting role from national/central 
government is appropriate under the notion of decentralisation and regional autonomy.  

The Indonesian government introduced a decentralisation and regional autonomy regime in 2001, 
emphasising the need for improved transparency, accountability, and stakeholder participation. As 
part of this regime all levels of government have the authority to create rules, regulations, laws, 
policies that govern their day to day living; as well as social programmes and initiatives that supports 
the region’s unique characteristics. Decentralisation is considered an effective strategy for 
participatory development and delivery of assistance, in particular within the context of rural 
development. 10 Within this process the ideology of ‘gotong royong’ and regional autonomy has been 
aligned which has, arguably, resulted in a more efficient delivery of public services in Indonesia and 
has encouraged communities to become involved in disaster recovery programmes.6  

A positive aspect of ‘Gotong Royong’ as a foundation of rebuilding and recovery in disaster 
management situations is its ability to encourage interaction and relationships within the community, 
and enhancing solidarity among various ethnic groups. Community participation is vital to ensure the 
success of activities that need to be carried out, as a higher level of commitment in group activities 
will lead to greater desire and willingness to remain focused on the task and reach key goals, 11; which 
in relation to disaster management suggests a strong commitment to returning and/or  

The above comments in relation to the intricacy of ‘gotong royong’ suggest that there are potential 
problems between contexts where such traditional self-help reliance contrasts against modern forms of 
governance. Five main pillars of governance have been identified: transparency, accountability, 
regulatory compliance, stakeholder participation, and efficiency. 12 Each of these factors has a degree 
of incompatibility with traditional disaster response and recovery practices.  Each of these aspects is 
discussed below.  

Accountability 

One of the issues highlighted by respondents of this study is the inability to hold other neighbours 
and/or community members accountable for rebuilding and/or construction work, clearing debris, and 
any other consequences that might occur due to mishandling of any aspect within the property. If the 
community is working on a public property or public assets, often time it would be a challenge to 
identify a single person for further responsibility. Further, there is strong concern to the absence of 
concrete and stringent mechanisms in the process of asset recovery and asset rebuilding, especially if 
the funds utilised in this process are derived from national and foreign aid. 6 The concern is not in 
relation to the level of funding available but rather, due to the ‘family culture’ (which is a value of 
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‘gotong royong’), the manner in which funding is dispersed. Thus, the practice of ‘gotong royong’ 
raises questions of accountability – who is accountable for the rebuilding and/or recovery of an asset? 
How can the whole society be held accountable, especially since work performed is based on the 
principle of ‘mutual cooperation’? How is dissemination of funding and other resources recorded and 
accounted for, when the basis of such activity is ‘shared funding within a family’? It is these questions 
regarding accountability that sparks concern, in particular within the context of long-term 
development of the village and/or community.  

Transparency 
Questions above regarding governance mechanisms in the dissemination of funds and other resources 
(food, clothing, building materials, etc) brings forward further concerns – particularly in regards to the 
level of transparency in the process. Indonesia’s Directorate General of State Assets voiced their 
concerns following the re-establishment of Indonesia’s Roadmap to Strategic Asset Management, 
suggesting low level of transparency during post-disaster recovery as an explanation for unfavourable 
state asset management audit reports and incomplete data on state assets. 13 The core of this was 
concern that many routine processes – such as asset data reporting and recording is neglected. To a 
certain extent there is a level of understanding why this might be so, especially in the chaos of a 
disaster. That said, the directorate general has professed its hopes for an integrated transparency and 
reporting system in the near future, one that is resilient in the face of disaster and can be upheld within 
the process of recovery. 14  

Efficiency 
An example of efficiency concerns can be seen in Bantul (a regional government within Yogyakarta) 
in response to the 2006 earthquake. 6 Residents of Bantul decided to proceed with rebuilding the city 
without waiting for central (national) government support. In the spirit of ‘gotong royong,’ the 
cooperative nature of clearing debris, re-building collapsed houses, and communal nature of sharing 
food was strongly evident. 6 This account of Bantul’s disaster management practices is one that 
illustrates a high level of efficiency, with the society responding to disaster in a timely and urgent 
manner. Bantul’s experience reflects key issues of efficiency and trust, whereby the existence of trust, 
norms and networks can further improve the efficient of society through facilitation of coordinated 
actions. 15  Such action following a disaster creates an atmosphere in which a community feels a 
shared risk and willingness to coordinate shared responsibilities. 16 It can therefore be concluded that 
‘gotong royong’ does promote efficiency, particularly as it minimises the waiting period between 
when the disaster strikes and the arrival of national and/or foreign aid.  

Stakeholder-Participation 
Public participation in the response and recovery phases in many communities not only include the 
local community but also multiple stakeholders such as national and international NGOs, emergency 
services, religious groups, corporate bodies, associations, voluntary organisations, social activists, 
political parties, and most importantly local government. That said, even though local government 
plays an important role in mitigation policies, it is the local community that has the most influence on 
efforts association with mitigation policies. 17  

The concept of ‘gotong royong’ alludes to a whole-village or whole-community response, whereby all 
individual members contribute equally to the re-building of the village18  because they all have a stake 
in the benefits and it allows them to be involved in the decision making process and thus play a part in 
the direction that the recovery takes. 19 To a certain extent the concept of ‘gotong royong’ promotes 
stakeholder participation, whereby all residents are encouraged and expected to equally contribute and 
participate. In reality however ‘gotong royong’ has, in certain circumstances, created a feeling of 
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animosity and unrest within the society – in particular when there is widespread perception that certain 
members of the community are viewed as having not participated equally and/or there is uncertainty 
of the authority coordinating rebuilding activity. 20 It seems that the society prefers an approach that 
involves all members of the community; however its understanding of stakeholder management is not 
sophisticated. Therefore while ‘gotong royong’ does promote the principle of stakeholder participation 
there are caveats within its practice that may lead to confusion, uncertainty, and unrest.  

Regulatory Compliance 
Regulatory compliance, or rule of law, is a central plank of governance internationally. 12 21 22 23 24  
Regulatory compliance becomes interesting in the case of Yogyakarta, for the society is governed by 
two sets of rules: civil law and islamic-Javanese Sultanate law. 12   The intricacy of dual government 
and regulatory context is such that government officials have expressed its uncertainty and confusion 
in state asset management practices; due to the unclear ownership of an asset and thus the law which 
governs the management of said asset.12 Incomplete state asset reporting, data integrity, and age of the 
regional government have lead to uncertainty on whether a public asset is under civil or sultanate 
ownership. In regards to disaster management, concerns regarding regulatory compliance is twofold.  

Firstly, the concept of ‘gotong royong’ suggests a principle in which all activities are performed in a 
cooperative and equal manner. The concern here is that communities have performed an activity (i.e 
rebuilding, cleaning, etc) to an asset or utilised a public asset in conflict with the laws and regulations 
that govern the management of said asset. One example is a case where villagers utilised a common 
hall as a storage space of building materials and resources, without the acknowledgement and 
approval of local government. 6 This was found to be in conflict with the purpose of the hall, which is 
built for societal activities (i.e islamic gatherings, government services, etc), and as a consequence 
caused further damage to the hall itself.  

Secondly, ‘gotong royong’ promotes efficiency, particularly in the face of post-disaster in order to 
quickly re-build the community. Although positive, there is an element of regulation neglect in the 
face of advocating immediate community needs and the role of musyawarah; the Indonesian version 
for group-based decision making based on majority rules. The concern here is that what is agreed 
upon in the musyawarah may not be in line with regulations, which has further implications in regards 
to accountability. The community itself had to face the unexpected and withut clear detail of official 
expectations, hence they acted based on what they knew (as a group) without much consideration to 
any (potential) regulation that needs to be adhered to. 6 Gotong Royong and Musyawarah at times are 
based on ‘best action at the time’, and thus not necessarily compliant of governing regulations.  

4. DISCUSSION AND CONCLUSION  

Indonesia is a country with a long list of natural disaster record, due to its topography of surrounded 
by oceans and sitting on top of two geological plates. Two major natural disasters have come to 
attention of late, namely the 2004 Aceh Tsunami and 2006 Yogyakarta earthquake. Furthermore there 
is an increase wariness and alertness to the potential repetition of these two disasters, as well as other 
disasters such as volcano eruption, landslide, and health disease outbreak. It is therefore interesting 
that many, including the national disaster management agency and researchers at the disaster 
management specialist with Yogyakarta University, believe that disaster management in Indonesia is 
still at infancy, and is in a reactive mode as opposed to preventative mode. Further the society is of the 
belief that the national disaster management agency lacks the ability to research, predict, and prepare 
for disasters 3; thus propelling community action in the face of disasters.  
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In recent modern times, social ties within a community are deemed to be less cohesive due to  
increasing urbanisation,9 This is identified as an issue as there is a fundamental need for social 
institutions to redress state of affairs, especially in regards to growth and development of the society. 
That said, there is a high level of commitment shown by volunteer residents in carrying out 
community activities in Malaya nations, especially in undertaking mutual cooperation activities such 
as ‘gotong royong.’9   Such high level of mutual cooperation commitment is true in Indonesia, 
especially Javanese culture, for the traditional route of ‘gotong royong’ is a relied and preferred 
method of disaster management approach and activities; for compared to aid and initiatives from 
Indonesian government it is one that is based on a sense of willingness to help, and not that is (viewed 
as) provided due to a sense of obligation.  

Indonesia, since the 2004 Aceh Tsunami and 2006 Yogyakarta Earthquake has prioritised and 
modernised its approach to disaster management, with the establishment of Badan Nasional 
Penanggulangan Bencana (BNPB) – National Body for Disaster Recovery in 2007. After five years of 
its establishment BNPB has built national and international links, in order to increase its capacity in 
responding to potential disasters. If one was to look at the BNPB website, one would see a level of 
sophistication that perhaps may not be understood at the village level; for the capacity of risk and 
disaster management at rural communities is still considered low. Furthermore it is interesting to see 
that despite the ‘modernisation’ of disaster recovery processes, communities at rural villages still, at 
the very core, depend on the spirit of ‘gotong royong’; not only to ensure empathy and feeling of 
harmony in the face of disaster but also due to high level of stewardship in protecting and re-building 
a community that they identify as theirs. Arguably there is a disparity between centralised 
modernisation and the regional and local capacities.  

Bibliography 

1) National Development Planning Agency. (2006). Preliminary Damage and Loss Assessment: 
Yogyakarta and Central Java Natural Disaster, National Development Planning Agency, Jakarta 
2) Asian Disaster Reduction Center. (2004). Country Report 2004: Indonesia. Available 
at: www.adrc.or.jp/countryreport/IDN/2004/index.html (accessed 3 April 2008).  
3) McCawley T. (2006). Indonesia Still Learning to Cope with Quakes; The Government and Aid 
Workers are Applying Lessons from the 2004 tsunami to Saturday’s Quake. The Christian Science 
Monitor, June : 07  
4) Bowen J. (1986). On the Political Construction of Tradition: Gotong Royong in Indonesia. The 
Journal of Asian Studies, Vol 45 (3): p.545  
5) Kobayashi K., Shakaigaku H. (2004). The Practice and Politics of “Tradition” in Indonesia: A 
Focus on Gotong Royong, Mutual Aid, and Night Watch by RT/RW, Urban Neighbourhood 
Association in the New Order. Japanese Sociological Review, Vol 55 (2): 98-114 
6) Kusumasari B., Alam Q. (2012). Local wisdom-based disaster recovery model in Indonesia. 
Disaster Prevention and Management. Vol 21 (3): 351-369  
7) Soekarno, Ir. (1965). Dibawah Bendera Revolusi (Under the Flag of Revolution). Vol 2. Jakarta: 
Panitya Penerbit  
8) Prawiroatmodjo, S. (1981). Bausastra Jawa-Indonesia (Javanese-Indonesian Dictionary). Jakarta, 
Gunung Agung.  
9) Thomas V B., Selvadurai S., Er A C., Lyndon N., Moorthy R. 2011. Factors Influencing 
Commitment of Volunteers’ in Neighbourhood Watch Organisation. Journal of Social Sciences, Vol 
7(4): 569  
10) Hatti N., Sonawane S. (2010). Power to the People? Decentralisation in India and Indonesia. Artha 
Vijnana, Vol 52 (3): 181-196  
11) Steers, R.M. (1977). Antecedents and outcomes of organizational commitment. Administrative 
Science Quarterly, 22: 46-56. 

http://www.adrc.or.jp/countryreport/IDN/2004/index.html


8 
 

12) Mardiasmo, D. (2012). State Asset Management Reform in Indonesia: A Wicked Problem. Phd 
Thesis, Queensland University of Technology, Brisbane, Australia.  
13) Pardiman. (2009). Prinsip-Prinsip Barang Milik Negara/Daerah (BMN/D). Paper presented at the 
Workshop Training of Trainer Latihan Keuangan Daerah dan Kursus Keuangan Daerah  Jakarta, 
Indonesia.  
14) Hadiyanto. (2009). Strategic Asset Management: Kontribusi Pengelolaan Aset Negara dalam 
Mewujudkan APBN yang Efektif dan Optimal. In A. Abimanyu & A. Megantara (Eds.), Era Baru 
Kebijakan Fiskal: Pemikiran, Konsep, dan Implementasi. Jakarta: PT Kompas Media Nusantara. 
15) Putnam, R. (1993). The prosperous community: Social capital and public life. American Prospect. 
Vol 14(13): 35-42 
16) Kapucu, N. (2006). Interagency Communication Networks During Emergencies. American 
Review of Public Administration. Vol (36)2: 207-225 
17) Godschalk, D R., Kaiser, E J., and Berke, P R. (1998). Hazard Assessment: the Factual Basis for 
Planning and Mitigation, in Burby, R. (Ed). Cooperating with Nature: Confronting Natural Hazards 
with Land-Use Planning for Sustainable Communities, Joseph Henry, Washington DC, pp.85-118 
18) Lussier N D., Fish M S. (2012). Indonesia: The Benefits of Civic Engagement. Journal of 
Democracy. Vol 23(1): 70-84 
19) Freeman, R. E., & Reed, D. L. (1983). Stockholders and Stakeholders: A New Perspective on 
Corporate Governance. California Management Review, 25(3), 88.  
20) Newberry, J. (2008). Double Spaced: Abstract Labour in Urban Kampung. Anthropologica. Vol 
50 (2): 241-253  
21) Lampel, J. (2004). The Benefit of Doubt: Shadow Norms and Governance in Trust-based 
Organisations. In A. Grandori (Ed.), Corporate Governance and Firm Organisation: 
Microfoundations and Structural Forms. Oxford: Oxford University Press. 
22) Gingerich, D. J., & Hadiputranto, S. I. (2002). Good corporate governance - Indonesia. 
International Financial Law Review, 41.  
23) Leung, P., & Cooper, B. J. (2003). The mad hatter's corporate tea party. Managerial Auditing 
Journal, 18(6/7), 505. 
24) Subramaniam, S. (2001). The dual narrative of "good governance": Lessons for understanding 
political and cultural change in Malaysia and Singapore. Contemporary Southeast Asia, 23(1), 65.  
 
 



 1 

 
An integrated framework for assessing community resili-

ence in disaster management 
 

 
Melissa M Teo1, Ashantha Goonetilleke 2 and Abdul M Ziyath3 

 
1Science and Engineering Faculty, Queensland University of Technology,  

Melissa.teo@qut.edu.au  
2Science and Engineering Faculty, Queensland University of Technology, 

a.goonetilleke@qut.edu.au 
3Department of Chemical and Process Engineering, University of Peradeniya 

ammziadh@gmail.com  
 

Climate change is predicted to increase the frequency and severity of extreme weather events which pose 
significant challenges to the ability of government and other relief agencies to plan for, cope with and respond 
to disasters. Consequently, it is important that communities in climate sensitive and potential disaster prone 
areas strengthen their resilience to natural disasters in order to expeditiously recover from potential disruptions 
and damage caused by disasters. Building self reliance and, particularly in the immediate aftermath of a dis-
aster, can facilitate short-term and long-term community recovery. To build stronger and more resilient 
communities, it is essential to have a better understanding of their current resilience capabilities by assessing 
areas of strength, risks and vulnerabilities so that their strengths can be enhanced and the risks and vulnerability 
can be appropriately addressed and mitigated through capacity building programs. While a number of con-
ceptual frameworks currently exist to assess the resilience level of communities to disasters, they have tended 
to differ on their emphasis, scope and definition of what constitutes community resilience and how community 
resilience can be most effectively and accurately assessed. These limitations are attributed to the common 
approach of viewing community resilience through a mono-disciplinary lens. To overcome this, this paper 
proposes an integrated conceptual framework that takes into account the complex interplay of environmental, 
social, governance, infrastructure and economic attributes associated with community resilience. The frame-
work can be operationalised using a range of resilience indicators to suit the nature of a disaster and the specific 
characteristics of a study region. 
 

   Key Words : disaster resilience, resilience framework, adaptive capacity, vulnerability, community 
 

1. INTRODUCTION 
 
Natural disaster preparedness continues to feature prominently in local, state and national planning and 
management agendas as climate change continues to increase the frequency and severity of natural disasters 
experienced all around the world. For example, over the past 30 years in Australia, natural disasters have 
affected 16 million people, caused US$28 billion dollar worth of damage and killed close to a thousand peo-
ple1). Underpinning this trend of economic loss and human casualty is a realisation that our communities are 
not well-prepared for the challenges of surviving and recovering from natural disasters.  
 
Building strong, healthy and resilient communities capable of withstanding and recovering from natural dis-
asters is the most effective way to safeguard a community’s future. To do so requires an understanding of the 
resilient characteristics of a community, and to identify areas of strength and weaknesses to facilitate com-
munities as they prepare to cope and respond to natural disasters.  While a number of frameworks exist to 
assess community resilience, these studies have tended to differ through their emphasis, scope and definition 
of what constitutes community resilience and how community resilience can be most effectively and accu-
rately assessed2) 3). These limitations are attributed to the common approach of viewing community resilience 
through a mono-disciplinary lens. Current frameworks are therefore inadequate as community resilience is 
multi-faceted and needs to consider important attributes related to ecological, economic, infrastructural, in-
stitutional and socio-cultural dimensions that make up a community13). To overcome this, an integrated con-
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ceptual framework that takes into account the complex interplay of ecological, economic, infrastructure, in-
stitutional and socio-cultural attributes associated with community resilience is proposed. It is however, not the 
aim of this research to develop a metric that can serve as a report card on a community’s state of preparedness 
and resilience nature as it can lead to a sense of complacency and would be misleading as it would not account 
for the non-static nature of systems and people as part of the reporting process. Instead, it is the aim of the 
paper to explore the interactions between the key thematic areas and better understand the challenges associ-
ated with their usage in community resilience investigations. 
 
 
2. DEFINING COMMUNITY RESILIENCE  
 
Resilience as a concept has its origins in ecology, and is typically associated with the ability of an ecosystem to 
bounce back, absorb changes and still persist over time4) 5). Its use in a hazard or disaster context evolved out of 
the need to understand and manage the complex interrelationships between people and nature, and to develop 
methodologies to measure how well a system (e.g. a group of people, a community or society) can absorb, cope 
with and recover from a disaster6) 7). A focus on resilience in a hazard or disaster context is particularly em-
powering as it encourages a positive focus on competence and adaptive behavior, and a metaphorical con-
quering of nature and bounce back of the human spirit post-disaster. In particular, community resilience has 
evolved as a popular concept in recent times to account for the complex interactions between the built, natural 
and social environments and how they influence the way disasters are understood and should be planned for 
and dealt with5). Community is referred to in this research as a geographic- or location-specific sense of be-
longing or attachment to a place that arises from a commonality of social experiences or sense of familiarity 
among people who live, travel, or work in the area8). Community resilience then, allows a dynamic, peo-
ple-centric look at resilience in a disaster context and refers in the context of this research to “the capacity or 
ability of a community to anticipate, prepare for, respond to, and recover quickly from the impacts of natural 
disasters” 7). In this sense, an ability to minimize the effects or damage that a disaster may cause in a way that 
facilitates the recovery process are desirable attributes of a resilient community (solid line), as depicted in the 
hypothetical trajectory of two communities in Figure 1. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig. 1 – Hypothetical trajectory of resilient vs less resilient communities7) 9) 
 
 
 

Restoration Pre-disaster Immediate 
aftermath Disaster Long-term  

recovery 

C
om

m
un

ity
 S

ta
tu

s 

t0 t1 t2 t3 t4 t5 

Resilient Communities Less Resilient Communities 



 

 3 

 
Figure 1 shows a marked difference in the proposed pathway to recovery that resilient vs less resilient com-
munity take. The hypothetical trajectory represents the sequential changes a community undergoes over five 
phases: pre-disaster preparation, when disaster strikes, the immediate aftermath, the process of restoration and 
long-term recovery7) 9). As evident from Figure 1, resilient communities, through their improved state of 
preparedness, often experience reduced disaster impacts and damage than less resilient communities. This puts 
them in a better position to recovery more quickly from the immediate aftermath of the disaster, thereby aiding 
the long-term recovery of the community towards normality. 
 
 
3. AN INTEGRATED FRAMEWORK FOR COMMUNITY RESILIENCE  
 
Before proceeding to introduce the integrated framework for community resilience, it is important to 
acknowledge that a number of conceptual frameworks currently exist to assess the resilience level of com-
munities to disasters. A point of distinction between them relate to their emphasis, scope and definition of what 
constitutes community resilience and how community resilience can be most effectively and accurately as-
sessed10) 11). For example, Cutter et el.12) identified a range of baseline indicators for measuring and monitoring 
disaster resilience of places. A total of  thirty-six variables, derived from readily available secondary data 
sources, were distributed into the five resilience categories, namely: social, economic, institutional, infra-
structure and community capital. A key limitation of the model relates to the deliberate design of the model to 
account for secondary data availability and the exclusion of ecological resilience from the model citing data 
inconsistency and variable relevancy. There are also specific frameworks that focus on particular disaster 
types. A key limitation of these frameworks is that they tend to view community resilience through a 
mono-disciplinary lens.  
 
An integrated framework for community resilience that incorporates these attributes into a number of thematic 
and key areas is proposed. It consists of thematic areas, and its sub categories of key areas and resilience in-
dicators as shown in Table 1. Community resilience is a complex concept involving various dimensions that 
make up a community. In broad terms, there is a general consensus in the literature that community resilience 
consists of five main areas13), which are referred to in the proposed framework as thematic areas. They are 
environmental, social, governance, infrastructure and economic resilience. Hence, the overall community 
resilience can be considered as the function of these five thematic areas: 
 

Community resilience = f (environmental, social, governance, infrastructure & economic resilience) 
 
The second layer of the framework are the key areas, which are derived by further partitioning each thematic 
area in order to comprehensively capture the characteristics of each thematic area for community resilience 
assessment. Table 1 presents an overview of the key areas which need to be determined by a multi-disciplinary 
panel of experts by considering factors such as local risks, vulnerabilities and the scale of the anticipated 
disaster. Additionally, the importance of each key area can also vary depending on these factors. Hence, an 
appropriate priority or weighting system can be assigned to determine their relative importance after taking 
into account location- and disaster-specific attributes. Finally, the primary variables that can encapsulate each 
key area need to be determined with the consensus of the expert panel before data collection. In selecting the 
variables, due care has been given to only include variables that are “relevant, robust and representative” 12) as 
the quality of the variables have a direct relationship on the assessment process and its ability to paint a true 
picture of the state of a community’s resilience. There is however, enough robustness built into the design of 
the indicators to account for subjectivity considerations that are dependent on the context of the disaster and its 
associated attributes, as shown in Table 1. 
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Table 1 – Integrated conceptual framework for community resilience 
 

 
Theme Key Areas Variables 

Environmental Natural environment (Location related 
characteristics which contribute to commu-
nity survival and recovery) 

• Local soil 
• Water 
• Land characteristics 

Built environment (Location relate char-
acteristics that contribute to community 
survival and recovery) 

• Protective measures 
• Geographical location 

Social  
 

Demography (Community profile/ charac-
teristics that influence community resilience 

• Age 
• Disability 
• Gender 
• Education 
• Wealth  

Social capital (Quality of relationships 
among individuals and at community level 
that contribute to community resilience) 

• Bonding 
• Bridging 
• Linking 

Cultural characteristics (local, regional 
and national) 

• Values 
• Beliefs 
• Expected behaviours 
• Roles and responsibilities 

Governance  Community policies and procedures (ro-
bustness and comprehensiveness of gov-
ernment frameworks)  

• Resource allocation and adequacy 
• Clarity of roles and responsibilities 

Planning (Ability of government to prepare 
communities to withstand/ overcome/ re-
cover from disasters) 

• Disaster preparedness 

Infrastructure Individual mobility (Ability of people to 
move to secure places and obtain essentials) 

• Food  
• Water 
• Shelter 
• Health  

Community services (Robustness of es-
sential services) 

• Power 
• Water  
• Sewage  
• Communication  

Economic Individual means of livelihood (Ability of 
people to seek suitable employment) 

• Availability of jobs to suit dignity 
• Availability of alternate employ-

ment  
Economic vitality of the community 
(Ability/ opportunity to revitalize/ reener-
gise the local economy) 

• Diversity of industries 

 
 
As shown in Table 1, there are five thematic areas that underpin the proposed model: Environmental, social, 
governance, infrastructure and economic. Collectively, the five thematic areas cover the essential functioning 
of a community during a disaster. A discussion of each thematic area, its associated key areas and variables is 
as follows:  
 
Environmental 
The first key thematic area, environmental, refers to the location related characteristics which contribute to 
community survival and recovery. Variables within this theme emerge from two different environments, 
namely the natural environment and the built environment. Linking variables from both environments allow 
for a consideration of possible interactions between the natural and built environments and their implications 
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for community resilience. For example, local land characteristics can impact on the type of houses that can be 
built in a disaster prone area e.g. building elevated houses or greater perimeter set-back in a flood prone area. 
 
Social  
Social resilience refers to the characteristics that underpin the physical, social and cultural composition of a 
community and its relationship with building naturally resilient communities. Collectively, variables within 
the key areas of demography, social capital and cultural characteristics provide an insight into the defining 
features or the ‘heart’ of a community and the extent that communities can tap into these attributes to make 
themselves more resilient in the event of a disaster. For example, on the basis of a community’s demographic 
profile (age, disabled population, gender, education, wealth), it is possible to ascertain that communities with a 
high percentage of young working age male residents, with low proportions of disable persons, highly edu-
cated and with high proportions of residents with vehicle ownership would exhibit greater resilience charac-
teristics than those without the above characteristics12). Similarly, an understanding of the amount of bonding, 
bridging and linking social capital that exist within the community allows an insight into the connectedness of 
the local community and the extent that they can harness these relationships in a positive manner when disaster 
strikes and to use it as a facilitative tool to aid post-disaster community recovery14). The third key area, the 
cultural characteristics of an area e.g. local, regional or national, refers to locality-specific attributes or norms 
that underpin the way individuals and groups within a particular culture understand, prepare for and react to 
disasters15). It is likely that the cultural characteristics will impact significantly on the state and nature of 
preparedness of disasters as it affects the manner in which disaster preparation are planned and executed within 
certain cultural domains.  
 
Governance 
The governance theme refers to the facilitative role of governments and associated institutions in aiding and 
building resilient communities. An understanding of governance needs to take into account the role and re-
sponsibilities assumed by various levels of the government (such as local, state and federal) and the extent that 
this impedes or facilitates community resilience. The first key area, community policies and procedures, refers 
to the robustness and comprehensiveness of government frameworks to plan for and mitigate the effects of 
natural disasters through clear definition and communication of policy, system and procedure and adequate 
provision of resources to empower and engage communities in building resilient communities16). The second 
key area, planning, builds on the first key area, and is focused on the ability of government to prepare com-
munities to withstand/ overcome/ recover from disasters.  
 
Infrastructure 
The infrastructure theme refers to the physical response capabilities of a community through an assessment of 
the health and capabilities of critical and vulnerable community infrastructure to withstand, response and 
recover from a disaster. The first key area, individual mobility, refers to the ability of people to move to secure 
places and obtain essentials such as food, water, shelter, and to adequately sustain the community into the 
recovery process12). The second key area, community services, refers to the robustness of essential 
life-sustaining services whose provision are beyond the control of the community but whose provision is es-
sential to aid post-disaster recovery. 
 
Economic  
Economic resilience refers to the economic health and vitality of communities from two perspectives, namely 
the level of the individual and the community. On an individual level, the ability to seek equivalent or alternate 
employment can directly impact on the ability of communities to sustain themselves post-disaster. The 
availability and stability of the individual’s livelihood will have a direct impact on post-disaster recovery of a 
community. At a community level, the ability or opportunity to revitalize or reenergise the local economy will 
depend on how diverse the economic base of a community is and is closely linked to individual means of 
livelihood12). The state of economic health of a community can have long-term social and cultural effects 
where increased unemployment over extended periods of time creates sustained pressure on the community 
and a focus on short-term over long-term recovery. 
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4. METHOD 
 
A case study approach is proposed to test the robustness of the integrated framework on community resilience. 
Suitable case studies include towns, suburbs or cities that have experienced a disaster situation in the last 5 to 
10 years, both within Australia and overseas. Once potential case studies have been identified, desktop re-
search will be conducted to build a community profile and used as the basis of questions in a series of in-depth 
interviews to be conducted with key community stakeholders to better understand the extent that communities 
perceive themselves to be resilient across the five identified thematic areas within the integrated framework of 
community resilience. Data collected from the interviews will be complemented by the use of surrogate in-
dicators. An overview of the fundamental concepts related to surrogate indicators and the challenges associ-
ated with their usage in assessing community resilience is detailed in another paper currently in development 
by the authors.  
 
 
5. CONCLUSIONS 
 
Natural disasters are a reality for the communities and societies that they impact. Building strong, healthy and 
resilient communities capable of withstanding and recovering from natural disasters is the most effective way 
to safeguard a community’s future. To do so requires an understanding of key attributes in the community that 
can facilitate or hinder community resilience and to identify the role that various stakeholders can play in the 
process. While a number of frameworks exist to better understand community resilience, these are limited by 
the common approach of viewing community resilience through a mono-disciplinary lens. An integrated 
framework of community resilience is proposed to address this deficiency. The framework accounts for the 
multi-faceted nature of community resilience concepts and the need to consider important attributes related to 
ecological, economic, infrastructural, institutional and socio-cultural dimensions that make up a community.  
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A local hazard mitigation plan (LHMP) or emergency plan is one of the most effective contributions for the 
mitigation of future local natural disasters. Since different regions are vulnerable to different natural disasters, 
each community should prepare their own plan based on their specific conditions. In Kumamoto, chronic flood 
damage and landslides are the most common hazards. In 2012, rapid heavy rain resulted in substantial property 
damage, casualties, and even fatalities. Studies indicate that Japanese communities have many volunteer 
groups to manage natural hazards and that their average risk reception is higher than in any other country. It can 
be said that Japanese government policy regarding natural disasters is good. However, it is time to reconsider 
our approach and reconfirm our fundamental commitment of designing an LHMP. 

This paper presents comparison research for Kumamoto hazard mitigation planning around 10- year time 
series, a longitudinal study. We used a flood mitigation plan coding protocol to better understand the Kuma-
moto City hazard mitigation plan. Indicators used in the study mostly focus on situations that the city has re-
cently faced. Ultimately, the purpose of this research is twofold: 1) to assess the current mitigation efforts for a 
local flood event through a comparison study, and 2) to improve the LHMP more practically. Eventually, 
through this study, it should be possible to enable the local government of Kumamoto to help establish a 
community resilient to its chronic natural disasters.  Specific goals include determining which parts in the 
LHMP should be reinforced and whether improving the community resilience to flooding is possible. 

   Key Words : flooding, resilient community, flood mitigation, local hazard mitigation plan(LHMP) 
 

1. INTORODUCTION 
 
    In July 2012, Kumamoto city was hit by a rapid flood resulting from heavy raining during the early morning. 
Many citizens who have been living near the Shirakawa river were affected and the city suffered substantial 
property damage and casualties. According to the inspection report by the Japan Society of Civil Engineering, 
Western Branch in Kyushu1), there were 23 fatalities, 2 people missing, 209 completely and 1262 
half-destroyed houses. Around Mt. Aso, the total damage cost was around 62.1 billion JPY. The Shirakawa 
river originates at Mt. Aso and goes through Kumamoto city. The city built many structures to protect private 
facilities and citizens. However, as revealed from the event in 2012, those structure methods are not adequate 
to decrease the damage from rapid flooding in an urbanized area. Specifically, most casualties and fatalities 
occurred along the riverine and rapid cliffs of Mt. Aso, to which many structureal reinforcements have been 
applied such as channelization, levees, and supports. It is necessary to find out the optimal compromise be-
tween non-sturctural and structural measurements for repetitive floods in the city. To do that, the current 
natural hazard mitigation plan should be assessed to determine whether or not where a gap exists between both 
type of two measurement. Furthermore, there have been many studies on community-level risk perception2),3), 
the level of community capability for potential disasters4),5), and even citizen participation improvement 
strategies6),7)in Japan. However, there has been little research on local hazard mitigation at the administrative 
level. Therefore, it is strongly believed that a Local Hazard Mitigation Plan (LHMP) is the first strong com-
mitment to protect citizens’ lives and properties, and to make resilient a community. In our previous research, 
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we tried to develop indicators of plan evaluation  for Japanese society based on North-American studies. In this 
investigation, these indicators will be tested and applied to the LHMP of Kumamoto City in order to under-
stand the degree to which this plan is associated with the flood disasters between 2001 and 2012. A quantitative 
assessment of the current Kumamoto City’s LHMP will be presented and recommend to local public officials 
and citizens solution to improve the plan and inform them about what Kumamoto city needs to be a resilient 
community. Finally, recommendations further research will be presented to elected officials and the public. 
 
2. DATA COLLECTION AND RESEARCH METHOD 

 
The LHMP in Kumamoto city, Japan is called as the Kumamoto City Regional Hazard Prevention Plan 

(KCRHPP) that there are stand-alone mitigation plans, including flood, tsunami and earthquake respectively. 
This is an open file to the public. Anyone can see and download it from the city website. Our team easily found 
2012 KCRHPP in the website. However, it was hard to find a 2001 KCRHPP. We contacted to Kumamoto 
city’s Crisis Control Disaster Prevention Total Room to get it. Fortunately, we could copy of it. We made it 
multiple copies to assess KCRHPP individually. Our team was comprised of total five members; one profes-
sor, one associate professor, one graduate student, and two undergraduate students. Main evaluators were two 
undergraduate students and one graduate student. 

It can be highly subjective to evaluate the Plan. For that reason, we had to discuss several times to minimize 
differences in interpretations so that we could refine interpretation plan context. Each plan were evaluated 
three times by two undergraduate students. After each evaluation, we discussed the results to make it consistent 
and set up relatively consistent interpretation guidance. 

 
3. INDICATORS (ITEMS) IN PLAN COMPONENTS 
     

Generally speaking,  the regional hazard prevention plan in Japan has included large and various amount of 
information from disaster preparedness to reconstruction and revitalization. Unfortunately, it seems to focus 
more on post-disaster recovery and reconstruction. However, proactive actions such as prepredness, mitigation 
efforts should be preceded prior to post-disaster efforts. Accordingly, it is should be determined whether or not 
a large of information is useful for the purpose of local hazard mitigation. In addition, the above efforts should 
focus more on pre-disaster efforts so that local governments can prevent, or at least, mitigate the loss of life and 
property in advance. As the first step, we applied for plan evaluation indicators to the KCRHPP. As previously 
mentioned, mitigation plans are simply a collection of information, mostly guidelines. However, it needs to be 
quantified for easy understanding and comparison. Therefore, indicators play important roles in proper eval-
uation of a LHMP. They should include diverse components such as social, economic, and even future de-
velopment growth patterns in a local community. Even if these indicators are not perfectly suitable to Japanese 
culture, it still helps to better reveal the status of Kumamoto city’s efforts to mitigate pre and post disaster loss. 
In order to propose better plan to local communities, we decided to choose the KCRHPP as a study area. The 
indicators used to assess the plans are shown in Table 1. 

 
 
 
 

FACT GOAL IMPLEMENTATION/ACTION 

1. Population/population growth 
1. Efforts to discourage development 

activity within local hazardous areas 
1.  Proper check up system (monitoring) 

2. Children, the elderly and the disabled 2.     Efforts to protect  properties 
2. Precise time-schedule for implementa-
tion 

3. Single head of household 3.     Efforts to preserve natural resource 
3. Coordination with local gov. and local-
ites (Citizen Participation Level) 

4. No. of local critical facilities 4. Effort to minimize local fiscal loss  

5. No. of private structures 
5. Efforts to promote sustainable com-

munities 
 

6. Median household income 6. Effort to maintain public facilities  
7. Households below poverty 7.     Effort to promote local awareness  

8. Emergency plan and shelter 
8.    Effort to improve communication and              

coordination 
 

Table 1  Evaluating indicators used under plan components. 
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(1) Fact 
As seen in the past researches, finding facts in a plan can be a starting point of the research. The stronger 

factual basis a community has the more sustainable a community can be. Fundamentally, the fact basis com-
ponents will contain the hazardous location and extent of hazard damage, environmentally sensitive areas, map 
of hazard magnitude, exposed populations, specifically the children, elderly and disabled, structural loss es-
timates, evacuation route and clearance time. It would be highly possible that economically vulnerable group 
and the disabled may be exposed to the natural threats. Furthermore, it is critical that technical skills such as 
Geographical Information System (GIS) and experienced staff members (man-power) in a local area. 

 
a) Population/ population growth 

Population is the critical factor in hazard mitigation plan. It is fundamental to know exposed population in a 
hazardous area. Additionally, larger population jurisdiction may have more financial, man-power, and material 
opportunity to reduce a local hazard. Apparently, it is critical that the population growth prediction within a 
local boundary for the right population cohort. Through this fact finding, a local government will properly set 
up the goals/objective, and prepare for the local hazardous area as well as for future local hazard mitigation 
plan and even comprehensive plan.  

 
b) Children and the elderly & the disabled 

Specifically, children and the elderly groups are extremely vulnerable to the natural threats. In Japan, aging 
society has been started few decade ago. Specifically, young people have rapidly left suburban areas such as 
amountainous district, less infrastructural areas, deindustrial areas. For instance, there are hundreds people 
living around Mt. Aso. They are all relatively high exposed to land slide while rapid heavy raining. Last year, 
23 people died and 2 people missing for the heavy raining. This is, of course, because of rapid heavy raining in 
a short time. However, a local government should know where the vulnerable groups have mostly resided in. 
As all know, the above three groups are less movable than other groups. Therefore, it is necessarily to know 
that how many and in which areas children and the elderly in a local have resided. This can be drawn from 
population/population growth in a local. With its information, a local government can well recognize where 
vulnerable population cohorts live and prepare for proper techniques or legal obligations for the dependent. 
Apprarently, a local government can provide proper education programs for the people who take care of the 
dependent. 

 
c) Single head of household 

A single head family could have suffered financial difficulties. They may have less time and interest on 
hazard issue when compared to others simply because they have to work harder to make money. Additionally, 
they would tend to be less-educated thus they may have less concerned to natural hazard and environmental 
issue on their community. However, this indicator can be too sensitive to expose to the public, so this sensitive 
information should be carefully dealt with. 

 
d) Number of local critical facilities 

It is very important where local critical facilities are located on such as police, fire stations, hospitals, power 
lines/plant, and water and sewage system. It is highly recommended to check current locations of the critical 
facilities and their capacities by looking it up in local hazard map so that local governments could precisely 
prepare for local capacity and alternative plans when hazards would occur. Definitely, this information should 
be shared with the localite, thus the localite can get help anytime when they need it by local public notice 
channels. 

 
e) Number of private structures 

This is to estimate how many private structures are exposed to current local hazard threats as the above. 
Through it, it can be possible to estimate potential private property loss and predict shelter demands within a 
local area. 

 
f) Median household income 

It is important that recognizing local median income level. This is because median household income would 
be the one to determine the local economy index than national level. High level of community would better 
prepare for local hazard than that of low level. Local government financial soundness would have positive 
effect on the local mitigation plan. It could be highly correlated with local education level based on the former 
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researches. 
 

g) Households below median income/ households below poverty 
This is related to the above indicator. However, it is necessity in order to find out how much population rate 

is exposed to the vulnerability of threats. Many previous studies found that the financial vulnerability of 
household is related to other social status, which makes households be exposed to not only economically 
vulnerability but also physically one as a social component.  

 
f) Emergency plan and shelter 

An emergency plan used to include clearance time and shelter capacity information on it. It is necessarily 
that emergency staff member to cope with hazards, emergency shelter demand, and current capacity data. This 
has also deeply something to do with regular plan updating and local population grwoth, thus, it makes sure of 
potential shelter demands and capacities. 
 
(2) Goals and objectives 

Goals/objectives evaluate that how much the hazard mitigation plans have a commitment in order for a local 
to reduce property loss and local fiscal loss, protect localites, private properties, and public facilities in the plan 
context based on the fact information in a local. A local government, of course, can prepare its vunerabilities of 
future frequent local natural hazards in advance. It shall be a long-term, consistent, clear, and effective way to 
pursue a sustainable development and positive community growth. Thus, it finds out any goal and objective 
related to flood mitigation at a local level. 
 
a) Efforts to discourage development activity within local hazardous area 

The best way to reduce hazard impacts is to prevent development activity within hazardous areas at the 
beginning of development. A local government may have abundant data related to local hazard threat and 
hazardous area. If a local government and elected official would have a strong and long-term commitment to 
reduce a local hazard threat, they could prevent development activity at hazardous areas in a local. It makes a 
the fiscal income of a local government. With a long term point of view, however, it may help a local gov-
ernment save their extra money to spend huge post-disaster cost by discouraging development acitivity within 
hazardous areas. 

 
b) Efforts of property protection 

It is definitely needed to protect private properties even if a local government would approve developments 
within a hazardous area. For example, there would be a strong building code for a certain area, high insurance 
rate, and specific site plan, including environmental impact assessment. 

 
c) Efforts to natural resource 

In a local hazard mitigation plan or comprehensive plan, there should be some efforts to improve local 
natural resources such as water resources through stromwater management, environmentally sensitive area, 
and other local unique resources. This can be viewed as ‘give back to the nature’.  

 
d) Effort to local fiscal loss 

Local government revenue is quite limited to local priority businesses. Also, its source of income is too 
limited to spend all local priority. Therefore, when an emergency happens, it would be a serious problem to a 
local government thus, there should be some efforts to maintain local fiscal status and ultimately protect local 
fiscal losses through many administrative activities.  

 
e) Efforts to promote sustainable community (recreational area/preservation open space) 

Hazard mitigation efforts have been fundamentally included to the idea of sustainability. Environmentally 
sensitive area should be given back to the nature. The least structural measurements need to be implemented to 
a local area. By doing that, many environmental areas can be preserved and these areas turn to be developed as 
an environment-friendly recreational area for the citizen. 

 
f) Effort to public institution facility 

Public institution facilities are regarded as the core of local vitality. Of those, a city hall and elementary 
schools in Japan can be an important factor. It is necessarily that their locations and building code should be 
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checked. Thus, there should be some effort to improve its functions and capacities. 
 

g) Effort to local awareness promoting 
Awareness systems have been identified as the cornerstone in many researches. In practice, there have been 

good examples to show how important awareness systems are. In the plan, it should be checked that what kinds 
of effort to improve local awareness systems. Additionally, many technical improvements have been made for 
the decades such as IT, cell phone, and high speed internet. Therefore, there should be some effort to inter-
mingle the above technologies into current system. 

 
h) Effort to improve communication and coordination 

Specifically, communication and coordination can be divided by two separate sections; administrative and 
community. It is a critical part that communication between the local governments/communities and aca-
demia/communities. It is well known that natural hazard and environmental issues are not litmited to one 
jurisdiction but trans-boundry. There should be efforts to make it clear to better communicate and effective 
coordinate among entities on goals and objectives in a LHMP. Explicitly, the communication with the public 
would be the hot issue on the procedure with a hazard mitigation plan making. Furthermore, the coordination 
with it should be coped with very carefully. In a LHMP, there should be how to deal with coordination with 
local governmental entities. One example can be a regular meeting to disscuss natural hazard issue between 
adjacent local governments. 
 
(3) Implementation and action tool 

This part will be the most important one of three categories to evaluate a plan context because any effort of 
goals and objectives could be useless if there would be no clear checkup system, time schedule for a certain 
implementation commitment, feasible financial and necessary technical support. It will include what ac-
tions/implementations are associated with reducing housing or public institutional facilities damage, and re-
covery efforts, and then increasing emergency awareness, alert systems, and public participation, then incen-
tives.  

 
a) Checkup system 

This is one of monitoring systems. For example, one city sets up the goal to protect riverside housings from 
flood event. The city would plan many possible alternatives within citiy’s feasible fiscal status. There should 
be proper checkup systems so that public officials should check that those projects are well processing as they 
are expecting. This check-up system will include who, when, where information so that feedbacks from the 
meeting will be a virtuous circle. 

 
b) Time-schedule 

Every projects to protect citizen properties and lives should have a fine time-schedule. This would be very 
common-sense if the mitigation plan would be a project-based. Currently, the KCRHPP is, however, not 
project-based plan. For that reason, it would be hard to find into the KCRHPP. However, it is strongly rec-
ommended that the time-schedule for a certain project, which can be community’s goal and objective, be open 
to the public to know infrastructure improvements. It would be higly possible that those information can be 
scattered into other plans. However, the above information should be combine into one plan such as LHMP, 
emergency plan, or comprehensive plan. 

 
c)Public participation skill  

It can be involved to communication and coordination categories. However, the coordination category in 
other countries cannot be the same one with the U.S., which is three different governmental entities (Federal, 
States, and local government). Therefore, they have to intimately coordinate with governmental entities to 
make a better result not only in the urban planning issue but also in the other issues. Nevertheless, commu-
nication & coordination category should be also treated as a high priority in Japan. That is because the localite 
knows local problems such as geographical features, and chronic local natural threats more than any organi-
zations. Therefore, the plan includes how much the localite get involved when the implementations/actions 
have been enacted and it should identify the relationship between a local government and the public, including 
stakeholders.Therefore, it is extremely important that which participation skills be applied in order to boost the 
citizen participation on a local hazard mitigation plan procedure. Therefore, it is necessarily whether or not 
there are ordinances that localites can actively take part in a planning procedure. 
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It will be possible to find  the above indicators, at least first two indicators, in the third component when the 
KCRHPP is the project-based plan. 

 
4. METHOD OF PLAN EVALUATION AND CALUATION 
 

The indicators will be used to evaluate the KCRHPPs’ of 2001and 2012 so that the plan quality of each year 
can be easily compared. It is very important that the above three categories (fact, goal, action) assess a local 
plan quality. If there were more indicators, the assessment could be more precise. However, many indicators 
are presented in other plans such as general plan and comprehensive plan. Therefore, indicators used in this 
research focus only on those such as socio-economic status (SES), local government commitment to mitigate 
potential hazards, and the monitoring system to mitigate or minimize local natural hazards and damages before 
disasters occur. Specifically, SES is one of the important indicators in this research. Due to the fact that Japan 
is composed of many mountainous areas, which requires more time to evacuate, is more prone to flash flooding 
in downstream areas, and has a higher proportion of elderly residents, it should especially be checked to de-
termine if the plan cope well with these dependants. 

Measures of plan quality were calculated by indicators under each plan component8),9),10),11),12),13). The total 
plan quality are then calculated by the following equation; 

𝑃𝐶𝑗 = 10
2mj
� ∑ Ii

𝑚𝑗
𝑖=1  and   TPQ = ∑ PCj3

j=1                                                     (1) 

Where PCj=quality of the jth plan category (ranging 0-10); 
mj= number of indicators within the jth plan category; 

Ii represents the ith indicator’s score (ranging from 0-2); and TPQ=total scores of a whole plan (ranging 
from0-30) 

 
Essentially,  each indicator (Ii ) was measured from 0 to 2. Under each plan component, the score was de-

cided based on commitment, which was fitted to our indicators as 0 if not mentioned at all, 1 if slightly men-
tioned or at least suggested, but not in detail, and 2 if very detailed and required in the text of the plan. Plan 
evaluators (the authors) independently applied our indicators to the plan and then compared the results together 
several times to reduce the differences in the interpretation of the text of plans and the application of indicators 
on the plans. Through these procedure, our plan evaluation criteria to assess the plans among evaluators are 
getting consistent and reliable. 

 
4. THE RESULT OF KCRHPP EVALUATION 

 
Our team expected large differences between the 2001 and 2012 KCRHPPs simply because of 11-year time 

gap. Meanwhile, in spite of frequent flood events in specific areas, there was no detailed maps for those areas 
nor information about the resident. However, in the 2012 KCRHPP, our team did find addresses of potentially 
dangerous areas, vulnerable to future flooding and landslides. The 2012 KCRHPP was improved in Fact plan 
category, compared to 2001 KCRHPP, because the 2012 KCRHPP has more detail imformation for the po-
tential hazardous areas. For example, there are specific building names, downtown underground areas and 
addresses but unfortunately no maps for it.  The following is the descriptive analysis for the plans. 

 
 
 

 
 

(1) Fact 
The 2001 plan did not include specific indicators. In this case, a score of 0 was assigned to each of those 

missing indicators. Specifically, the number and location of single heads of household, number and location of 
local critical facilities, number of private structures exposed to natural hazards, median household income in 
Kumamoto City, the  number of households with income below median income and households below the 
poverty line. It is possible that some indicators cannot be made public such as the number of households below 
poverty line and the number of single heads household. With respect to SocioEconomic Status (SES), spe-

 FACT GOAL ACTION TPQ 
2012  KCRHPP 5.32 5.32 0.84 11.48 
2001  KCRHPP 3.76 5.63 1.67 11.06 

Table 2  The descriptive analysis for KCRHPP between 2001 and 2012 
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cifically in a hazard mitigation plan, these are all very important indicators revealing which citizens will be 
easily exposed to threats when disasters occur. Apparently, they do not have many opportunities to obtain 
proper information in sufficient time to respond.  

On the other hand, some indicators were well explained in both plans. In the beginning of the plans, the 
trend of population growth and the geographic features of Kumamoto city are shown. In addition, both plans 
have had relatively detailed procedures for the vulnerable dependents such as children, the elderly, and the 
disabled. However, there the evacuation plan was too vague to follow and contained large information to 
comprehend it. 

 
(2) Goal 

This component was slightly decreased during the research period of 2001 to 2012. Basically, we do not 
think this indicates that the effort of city to decrease natural hazard damage is decreasing. There are many other 
efforts and goals to mitigate flood hazards in the city. Unfortunately, there were few within our indicators. It 
was hard to find indicators such as ‘effort to discourage development activity within local hazardous areas’, 
‘any efforts of property protection’,  and ‘any effort to maintain public facilities’. These efforts initially con-
tribute to minimize the possibility of local natural hazard loss . Unfotunately, development activities in haz-
ardous areas are still prevailing. Additionally, the plan only mentions where potentially private properties 
exposed to flooding. In Japan, an elementary school district is the smallest unit that citizens can evacuate. 
Local elementary schools are the shelter for citizens when hazards occur. Based on the evacuation plan and 
route, the localite should keep in mind where the closest elementary school is and evacuate to it when disasters 
happen. Therefore, ‘any effort to maintain public facilities’ is one of the critical goals in a LHMP. Also, the 
local government has to try its best to inform their citizens where shelters are and to maintain those facilities. 
There is a very strong goal in both plans called ‘effort to improve communication and cooperation between 
jurisdictions’. As known by many researchers, extremely severe natural hazards or man-made hazards are 
never limited  to one jurisdiction,but are trans-boundary. Therefore, it is highly critical that adjacent jurisdic-
tions have adequate communication channels, regulations, and plans to help one another. On this point, 
KCRHPP has a good quality of communication and cooperation among adjacent jurisdictions. 

 
Actually, a large quantity of the plan is assigned in this section, ‘Goal and Objective’. However, much of the 
imformation is scattered in the plan. It should be combined so that local officials can easily maintain broad 
goals and detailed objectives, and efficiently deal with implementation/action. 
 
(3) Implementation, Action, and Monitoring 

This component has the least indicators in this evaluation; they are proper check-up system(monitoring), 
precise time-schedule for a certain implementation/policy,and citizen participation. However, all of them are 
very important factors. In spite of these importances, there are only three indicators because it has taken into 
account cultural differences. 

 
Even though this component is extremely important for coping with natural hazard damage at a local level, 

it is expected that this component would be weaker than the others. In the KCRHPP, it is very hard to find an 
action plan, monitoring system or implementation for a local governmental commitment to the proposed 
policies. Interestingly, as shown in Table 2, the scores are exceptionally low in both plans (0.84 and 1.67 out of 
10, respectively). Even if our team expected low points for this section, the result is extremely lower than 
expected. Moveover, the score in the 2012 KCRHPP is significantly decreased, compared to the 2001 
KCRHPP. One possible explanation for this is differences in interpretations for indicators among evaluators. 
Fundamentally, it can be said that there is not many monitoring systems for implementation and action in the 
KCRHPP, based on our research. It could not be properlydetermined the relative importance of each com-
ponents, during the LHMP assessment. Nevertheless,  it can be said that this present component has played a 
pivotal role in monitoring/managing local governmental commitment to make communities resilient against 
certain natural hazards. However, there is no section for citizen participation during the LHMP-making pro-
cess. In many other countries, public hearings and other types of forums are regularly held to enhance local 
community efforts. Unfortunately, there is no ordinance to open regular citizen participation in improving the 
quality of LHMP in the KCRHPP. In addition, it was basically hard to find a local government improvement 
plan for the flood-prone areas. Accordingly, precise time-schedule for a certain implementation/policy cannot 
be found in both plans.  
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6. CONCLUSION AND RECOMMENDATION 
 
This research was a time-cosuming, because whole plan should be scrutinized several times. However, we 

strongly believe that the plan evaluation for a local community should be regularly conducted to determine if 
the Local Hazard Mitigiation Plan (LHMP) is strong enough to protect the localite and their properties. As 
shown in Table 2, the Total Plan Quality (TPQ) in the KCRHPP is slightly improved during the study period 
(11.06 and 11.48 in 2001 and 2012 out of a maximum score of 30, respectively). This is just around 37 per-
centage of total possible score. These scores are not good enough, even though there is a specific cutoff line for 
the evaluation of LHMP. Based on this result, we may say that KCRHPP does not well prepare for the potential 
local natural hazards in the pre-disaster period. More surprisingly, the improvement was very small over an 
11-year study time series. Furthermore, the TPQ scores are much lower than we expected. This is basically due 
to the extraordinarily low score of the Implementation/Action plan component. In contrast, there is remarkably 
significant improvement from 3.76 to 5.32 out of a maximum score of 10 in the Fact Plan component, 38% to 
53%. However, this component should be more enhanced because this is the starting point to make commu-
nities resilient. Goal/objective Plan component is also relatively low scores. This would be caused by the fact 
that the KCRHPP is also not a project-oriented plan. This reason also makes the third component, Imple-
mentation/Action, extremely low scores. In the two component, except the Fact component, the scores are 
strangely decreased. It is even 50% decreased in the Implementation/Action component during the study pe-
riod. This may be the KCRHPP is not a project-oriented too. Again, the KCRHPP contains huge amount of 
information, but still too vague for the flood threat. Additionally, it is highly possible that scorers’ mistakes 
would exist. Even though there would be evaluators’ strong subjectivity, the  initial score of the third com-
ponent are both extremely low. If some information could not be written on the plan due to personal infor-
mation protection laws, relevant information should be easily found when it is necessarily. To do so, it is, 
again, highly critical that a high level of communication and cooperation exists between relevant city de-
partments, not just the emergency department. This way, local governments can well take care of dependents 
such as the elderly, children, the disabled, and socially minorities not only during emergencies but also in daily 
life. In the third component, there are no strategies and tatics in order to stimulate public participation into 
making mitigation plan process. Citizen participation level and public input should be actively performed 
when the KCRHPP will be updated. That is, both approaches, top-down and bottom-up are integrated into the 
plan. It gives strong motivation for the cities to put citizen participations into plan making procedures as well 
as this makes citizens to be not just bystanders or free riders but proactive actors. This is so called, 
Machi-dukuri in Japan, which is a community-making. As mentioned in the introduction, local citizens know 
better their repetitive natural hazards and vulnerable spots in their communities. To fully use their knowledge 
and emergency tranining, public input and active citizen participation should be institutionalized into local city 
ordinances. 

 
There are four recommendations based upon this study: 

(1) The KCRHPP contains a large amount of information and is very systematic, but is not detailed on specific 
individual points. Even though we have focused on only flooding in this research, it actually covers other 
natural and man-made hazards. That is good for locals, but the LHMP should be more detailed, not vague. 
 
(2) The KCRHPP should be a project-oriented plan. As seen in the Implementation/Action plan component, it 
does not include any kind of implementation/action  to the future hazard mitigation project. That is the reason 
that there was no time-schedule for any project at all. If the KCRHPP would be more project-oriented, local 
officials could find all necessary data or information at once. This would make sufficiently improve the 
working-efficiency of local officials. 
 
(3) Detailed maps are needed in the plan. In the KCRHPP, there is only one  map for geographic purposes. 
However, it is absolutely necessary to publically provide more information through maps such as local land 
use, 100-year floodplain, and frequent flooding area map. Even if a local government would have a stand-alone 
plan for each hazard, each plan should have a land use plan for future disasters so that local officials can 
recommend policy-makers and elected officials to update future local development plan. Furthemore, a 
100-year floodplain map would improve evacuation time, minimize potential economic loss, and optimize 
housing choice patterns. Of course, there is the map called, ‘Hazard Map’, however, it is not currently included 
into the KCRHPP, although it is available to the public. One concerned about this map is that it covers too 
much information on small one page paper. This type of map could possibly confuse people who need to read 
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it when real disaster occurs. Therefore, there should be solid improvement in the design of  the Hazard Map. 
For example, it does not need to fill up all information on the map except for 100-year floodplain, 500-year 
floodplain, and shelters. Also, we proposes that the local government should make an independent evacuation 
route map based on elementary school district, which is called Machi in Japan, so that  the localite can more 
easily read the map.  
 
(4) in order to make the incorporation of the first three recommendations above possible, the local government 
should integrate stand-alone hazard plans into the local comprehensive plan. We do not argue that stand-alone 
plans are inadequate for dealing with local natural hazards. It is definitely needed in some places such as nu-
clear power plants, areas with strong wind, and potential tsunami-prone regions. However, a local compre-
hensive plan covers all categories from current to future community growth management. Therefore, many 
hazardous areas can be view as developable one when the plan would establish. It would be very effective and 
efficient because relevant people such as local planners, emergency managers, the fire chief, police, local 
economic official can get together to share ideas and plans. 

This research was initially performed  using other scholars’ contributions to the evaluation of communities 
in North America. Therefore, further studies are needed to develop more appropriate and detailed indicators in 
all plan components associated with Japanese culture. This research involved an 11-year time period study 
comparing one city’s flood hazard mitigation capability. However, it does, of course,  need more samples to 
compare individual region such as whole major cities within Kumamoto Ken, within Kyushu, or major cities 
entire Japan in the future research. 
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For disaster relief of the Great East Japan Earthquake, volunteer organizations such as NPOs as well as na-
tional and local governments have been playing some important roles in order to provide the regional based 
needs. In the Great East Japan Earthquake, establishing the broader network between wide ranges of civil 
organizations is one of the most important characters. The network is called Japan Civil Network (JCN) for 
Disaster Relief in East Japan. JCN is a cross-section network which is organized by NPOs, NGOs and private 
sectors. It’s activities are information sharing, interaction among attendees and opinion exchange for effective 
and efficient support by taking into account their differing circumstances. Focused on the activities of JCN, this 
paper deals with the situation of evacuee support. The main aim is to discuss the the future planning of evacuee 
support from the perspective of civil sectors. Firstly, this paper explains the cross-section network organized by 
the civil sectors as a new phenomenon of disaster management system. In the face of such wide disaster, the 
support at the regional level should be designed and implemented in the way best adapted to the each affected 
regions because of diverse needs and different phase of each regions. For this reason, networking which in-
cludes information the sharing of regional based needs between civil sectors, had established and have been 
playing an important role. Secondly, the characteristics of these needs are analyzed in order to propose an ef-
fective and efficient support for the future disaster management system. Based on the above analysis, this 
paper, finally, discusses the essential points of civil network from three points. (1) schemes of information 
sharing, matching between needs and supply, (2) coordination for pro bono, (3) support for civil sectors. 

 
 

   Key Words : Disaster relief, Civil network, the Great East Japan Earthquake 
 
 

1. Introduction 
 

On March 11 at 14:46 hours Japan Standard Time, an extremely severe earthquake and tsunami caused very 
serious damage to Japan, particularly in Miyagi, Fukushima and Iwate prefectures. The Great East Japan 
Earthquake brought the enormous damage to wide areas. Each affected area faced different situations, there-
fore, for support activities, there was the difficulty to provide better support. Two years have passed since the 
Great East Japan Earthquake. However, the activities for recovery and reconstruction have been continuing 
and have been required. Under the worst conditions, it was impossible that the public sector handle the 
long-term recovery and reconstruction alone as well as the emergency supports because the offices and human 
resources had been destroyed. The recovery and reconstruction process required participation and cooperation 
between many stakeholders. In Japan, disaster management system had been established and improved from 
the experiences of past disasters. For appropriate management system, civil sectors are expected to play an 
important role in order to work closely with communities. In fact, civil sectors such as NPOs as well as national 
and local governments have been playing some important roles in order to provide the regional based needs1)-5).  

To provide an efficient and effective support from civil sectors, in the Great East Japan Earthquake, estab-
lishing a broader network between a wide range of civil sectors is one of the most important characteristics. 
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The network is called Japan Civil Network (JCN) for Disaster Relief in East Japan6). JCN is a cross-section 
network which is organized by civil sectors such as NPOs, NGOs. Focused on the activities of JCN, this paper 
deals with the situation of evacuee support.  

Firstly, this paper explains the cross-section network organized by the civil sectors as a new phenomenon of 
disaster management system. In the face of such wide disaster, the support at the regional level should be 
designed and implemented in the way best adapted to the each affected regions because of diverse needs and 
different phase of each regions. For this reason, networking which includes information the sharing of regional 
based needs between civil sectors, had established and have been playing an important role. In chapter 3, the 
characteristics of needs are analyzed in order to propose an effective and efficient support to the next disaster. 
Finally, this paper discusses the importance of civil networks, especially focusing on their function. 

From the perspective of public sectors, it is necessary to make the future disaster management system that 
includes civil sectors as well as public sectors and private sectors. This paper would contribute to make the 
system through the current status of evacuee supports by civil sectors and new network. On the other hand, 
from the perspective of civil sectors, in order to work closely with residents, it is necessary to understand the 
regional based needs and to cooperate between other civil sectors or other sectors. From the lessons from the 
Great East Japan Earthquake, in order to provide the effective and efficient of evacuee support, coordination 
system of civil sectors, that is JCN, has been playing an important role. This paper may also be useful to 
propose the role of network to consider the future disaster management system from the perspective of those 
sectors. 
 
 
2. THE CROSS-SECTION CIVIL NETWORK 
 
(1) Overview of Japan Civil Network (JCN) for Disaster Relief in East Japan 

JCN was established by some organizations that have experienced disaster relief efforts, because these or-
ganizations understood the severity of disaster in scale and scope than that of the Kobe Earthquake in Japan in 
1995. Comprehensive partnership between civil sectors is required. One of the reasons is that information about 
regional needs and support is confusing all over the regions, immediately after an earthquake. JCN is regarded 
as a network with the functions of information sharing and matching between needs and support. JCN are 
organized by some organizations which have gained experience from the Kobe Earthquake disaster. They have 
certain knowledge and network to support the affected regions. These organizations built frame of network by 
using their resources. Then they spread this network to entire regions using liaison, not only the affected re-
gions. Now, 846 civil sectors are members of JCN. JCN are composed of many kinds of organizations, some 
organizations perform new activities for present disaster, some are new organizations. Scheme of JCN are 
shown in Figure 1. 

The philosophies of JCN are "we will definitely be with you all in the affected areas." The important aims 
are as follows:   

(1) Information sharing by using the system of mailing lists 
(2) To coordinate the support for all affected regions 
(3) To continue the exchange of information in order to complement the part that cannot be supported under 

each organization 
 

The main contents of JCN are summarized in detail in the next section.  
 
(2) Contents of JCN  

 In this section, the contents of JCN are explained. As shown in Figure 2, the network has provided their 
support in several areas. This part especially focuses on disaster relief situation map and mailing lists, because 
one of important functions of JCN is to share information. Under the disaster situation, information becomes 
busy, therefore, communication could not work as usual. In other words, in the event of a disaster, special 
information sharing systems are required. Both systems are useful for this situation. These systems are im-
portant to be realized through the information from the stakeholders.  
a) Disaster relief situation map  

Figure 3 shows the disaster relief situation map. This map shows the location of civil sectors that support the 
disaster area. In order to build cooperation between the civil sectors for effective and efficient support, JCN has 
proposed and have updated this map as basic data. This map shows the information of the civil sectors that 
provide disaster relief and their activities. In the present time, we can find from this map from 1069 civil 
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sectors have been providing support for people living in the disaster areas. 333 civil sectors are for which 
people who were evacuated. In next section, the civil sectors that participate with JCN are explained and their 
activities summarized based on this disaster relief situation map. 
b) Mailing lists 

Mailing lists (ML) which is another important function of JCN have been in operation since March 14, 2011. 
Over two years, two mailing lists have been operated. One is "to share information related to activities 
(jcn-main)" and another is "to share information related to human resources and supplies from supporters and 
demands from disaster areas (jcn-negai)". In the former, there were over 2000 E-mails. The jcn-main has been 
established in order to share daily activities of civil sectors and reporting information, propose the event in-
formation symposium and seminars, and foundation or economic support. Thus this ML relates mainly to 
general support activities of the civil sectors. In addition, it has been sharing issues and challenges faced by the 
civil sectors. In the latter, there were over 900 E-mails. The jcn-negai has been established as a place to make 
up necessary supplies and human resources, such as the excess or deficiency of each other's resources in 
support activities. 

In chapter 4, the characteristics of the needs are discussed based on analyzing these mailing lists. 
 

 
Fig.1 Scheme of JCN 

 

     
 

Fig.2 Area of JCN activities                                                     Fig.3 Disaster relief situation map 
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(3) Overview of civil sectors  
846 civil sectors of JCN have expressed their participation. Figure 4 shows the changes in the number of 

participating organizations. Based on disaster relief situation map, many civil organizations, not only the af-
fected regions but also the whole country, have been providing the support for two years. It is notable that some 
of these organizations have expertise, however, others established their organization after the earthquake. In 
the case of Iwate prefecture, 40 percent of the civil sectors were established after this disaster, based on the 
disaster relief situation map. This would mean the result of citizens' entreaty.  

 
Fig.4 Number of participating civil sectors 

 
As shown in Table 1, the activities of civil sectors have been divided into several areas (these contents are 

not the original of JCN). In the process of recovery and reconstruction, civil sectors provide support at each 
phase such as emergency relief, reconstruction for human lives. They have provided the support for needs of 
individuals, community-building and relationship with regions. In addition, they have provided the framework 
for volunteer to work as well as their own experience and knowledge. 
 

Table 1 Activities of civil sectors 
For Disaster-Affected Areas 

Supply the daily commodities 

Support the people who live in temporary housing 

Creation of employment or job opportunities 

Suppor for the farmers and fishermen 

Support for the victims to gain economic independence 

Childcare and education 

Revitalizing towns, cultures or traditions 

Foundation or Economic support 

For support 

Intermediate support 

Provision of information 

Management of volunteer center 

Recruitment and dispatch of volunteers 

Activities to keep the memory of the disaster 

 
From the contribution from the Great Hanshin-Awaji Earthquake, civil sectors were expected to work for 

the affected residents and regions in the Great East Japan Earthquake. In order to provide their support effi-
ciently, coordination system for civil sectors, that is JCN, have an important role because of diverse needs and 
different phase of each region. One of important coordination system is to share information. Notably, JCN are 
organized by many types of civil sectors. They work in a wide range of areas. By coordination system, in-
formation sharing, interaction among attendees and opinion exchange, the support at the regional level would 
be expected  to be designed and implemented in the way better adapted to the each affected region. 
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3. Characteristic of the needs 
 

Based on the needs using ML of JCN, this section organizes the characteristic of needs, although data is 
limited. The needs were divided into three items, “Relief goods”, “Human resource” and “Information”. The 
results of the needs were described in Table 2. Figure 5 shows the trend of these characteristic. In this part, the 
characteristic of the needs according to the keywords are explained. This analysis would be useful in order to 
propose the effective and efficient evacuee support for the future disaster management system, especially to 
consider the regional based needs. 

In the case of Relief goods, Table 3 shows the characteristic. The daily commodities for life living have been 
required continuously. In the immediate aftermath of the earthquake, rebuilding human’s lives was the most 
important thing. Two months have passed after the earthquake, the needs for social lives such as operation of  
schools or public spaces were confirmed. At the same time, supports were required for spending leisure time in 
temporary housing and shelter to build communication between the residents in the regions and outside, be-
cause the affected regions need empowerment from outside. So materials for this purpose were required. 
 

Table 2 Characteristics of the needs from the mailing lists 

Relief goods 

Support for victims 

daily commodity 
Emergency relief 

Life reconstruction support 

Management for public facilities 

Employment creation 

Community-building 

Leisure 

Support for civil sectors 

For victims 

Relief goods for their activi-

ties 

Backhoe or power shovel 

For their activities 
Place for their activities 

Funds 

Human 

 resources 

Volunteer 
Regular 

Temporary 

                 Expert 

New human resources 

Collaboration 

Staff member 

Employment creation 

Information 

Support for victims 
Expertise 

The civil sectors that provide the support 

Support for civil sectors 
situation of regions 

The regions or people that need their support 

 
Fig.5 Characteristics of the needs 
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Hence, community-building in the regions and participation from outside the regions is important when the 
phase changes from emergency situation to reconstruction of daily life. After four months had passed, regional 
job were prepared. The creation of employment opportunities has been required within six months. Thus it is 
clarified  the phase have changed  from emergency situation to regional and social rebuilding by the perspec-
tive of  Relief goods. It should be noted that some civil sectors faced difficultties to continue their support 
because of financial reasons. After four months, it is confirmed that the funds have aspired. 

In the case of Human resources, Table 4 shows the characteristics. Volunteer works have been required 
continuously. There are many kinds of volunteer works from cleaning up to mental health care. Since there 
were no constant rules, volunteer were able to use their skills or leisure time flexibly. From the perspective of 
victims, they need communication with people from outside. This communication is expected to enable the 
victims to have a purpose in life. Experts are necessary, of course. In the early phase, mental health care experts  
were aspired. Constantly, Pro bono, this means the professional work undertaken voluntarily as a public ser-
vice, have the needs. Thus volunteers are necessary. However their contribution is temporary. For this, staff 
members are required in order to reconstruct their lives and their regions after four months have passed. The 
points of Human resources are to builtd the relation between people inside and outside and to promote em-
powerment in the regions.  

In the case of Information, in the early phase, information from the affected regions was not much. So in-
formation sharing and the information of regions which need the support were important. Constantly, expertise 
has been required. 

Based on above analysis, it could find that various needs were required. These needs and regional phase have 
been changing. So it is difficult to understand the regional present situation and to consider next action. From the 
perspective of civil sectors, also, the human resources or skills of each sector are limited. For effective and efficient 
support of civil sectors, coordination system for civil sectors included sharing information may be useful. 

 
Table 3  Characteristics of the needs- Relief goods 

 
 

Table 4  Characteristics of the needs- Human resources 
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5. Essential points for civil network 
 

This paper regarded that the civil network has been built as characteristic of the Great East Japan Earth-
quake. From the activities of participating civil sectors, the roles of civil sector and the importance of civil 
network were considered. Furthermore, summarizes the characteristics of the needs of citizens. As the result, it 
was clarified civil sectors had important roles in a wide range of activities. Based on the above analysis, this 
chapter refers to the essential points of network as the conclusion. 
 
(1) Schemes of information sharing, matching between needs and supply 

In order to fill in the blank and gap for support, appropriate information sharing system is important. Es-
pecially, systems are necessary to have the function to respond information, not only to send. From the activ-
ities of JCN, disaster relief situation map and mailing lists have worked for this purpose. By visualization, civil 
sectors can share the information of the lack of supports. And they can find the area that can provide their 
activities. The current functions are limited to the provision of information from civil sectors. However, it will 
be useful to accept the provision of information from the people by taking advantage of the wide-area network. 

 
(2) Coordination for pro bono 

The results of the analysis shows that new organizations have been important roles, there have been a need 
of volunteer for a long time. However, it is certain required to experts and expertise. The system is needed to 
make collaboration between local civil sectors and experts. In order to make coordination practical, it is nec-
essary to know the outside resources that are able to support affected regions for a long time.  
 
(3) Support for civil sectors 

In an era of NGOs/NPOs7), many civil sectors and volunteers sought to provide their support for victims and 
affected regions. Some of them are the new organizations established by the disaster without experience and 
resources. The result of analyzing the mailing lists, however, they faced the issue to continue their work be-
cause of lack of budget or resources. Based on above background, coordination system for civil sectors is 
necessary. The system is needed to allocate the appropriate resources civil sectors for establishment of their 
sustainable support. And the system is necessary to coordinate with each other to help organizations learn from 
each other. 
 

This paper dealt with the civil sectors that have important roles of evacuee support and summarized the 
activities of civil sectors. However this paper did not refer the role of the civil sectors. Future research should 
focus on responsibility of civil sectors. In order to recover and reconstruct the regions, it is necessary to re-
consider the cooperation between various stakeholders such as civil sectors, public sectors, private sectors 
through taking part in the recovery process. The network of civil sectors would be necessary to build the co-
operation between other stakeholders. 
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In the recent years, safe water is one of the limiting factors that impede sustainable development. Many 
countries in the world already face severe water scarcity. But, in Bangladesh case, the southwestern part is 
tremendously experiencing the safe drinking water scarcity due to salinity intrusion along with groundwater 
arsenic contamination and drought. Hence, an exploratory study is carried out two districts of southwestern part 
in Bangladesh namely Khulna and Satkhira to assess water scarcity. It is done through two different ques-
tionnaire applied at institutional level and household level, respectively. Firstly, it develops a holistic approach 
called “SIPE” that aims to determine safe water adaptability considering physicochemical, socio-economical, 
environmental and institutional aspects in the study area. Secondly, it figures out the water scarcity impacts on 
communities and their current adaptation actions. The findings from the SIPE (Socio-economic, Institutional, 
Physicochemical, and Environmental) approach show the overall water adaptability scores that range from 
2.16 – 3.13 indicating low to medium levels of adaptability among 16 sub-districts of those two districts. On 
the other hand, it reveals water scarcity impacts on livelihood; existing coping measures of communities and 
community’s expected coping mechanisms from the institutions towards water scarcity. Based on these two 
findings, thus, this study tries to link all these issues related to safe water scarcity and to develop communi-
ty-based safe water adaptability action plan that can be tailored through national level to community level in a 
sustainable way. 
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1. INTRODUCTION 
 
Water quality and quantity will become the principal limiting factor for sustainable development in many 
countries early in this century. “Everything living is created from water” is an ancient quotation, which closely 
describes the importance of water. Alarming information has emerged in recent decades about the widespread 
presence of arsenic (As) in groundwater, salinity in both surface and and drought as well impedes to supply 
drinking water in many countries on all continents. Southwestern part of the coastal region of Bangladesh is 
most seriously affected in terms of the size of the population at risk and the magnitude of the health problem. 
 
Agriculture is the mainstay of the people in this southwestern region, hence, agricultural intensification causes 
a rapid increase in water use for irrigation. In addition, increasing demand for water and crises in water dis-
tribution and management become more crucial. As a consequence of water crisis, water-related problems 
pose a grave threat to rural living, livelihood and food security. For example, most of the people use arse-
nic-contaminated groundwater by installing shallow hand tube-well without taking into account the associated 
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health issues. As a result, the continuous use of arsenic-contaminated groundwater has caused many 
health-related abnormalities among the people in the southwestern region. It has adverse health effects on skin, 
heart, kidneys and lungs, including cancer1). Furthermore, prolonged exposure to arsenic not only causes skin 
diseases but also produces tumors in the lungs, bladder, liver, and kidneys2). Finally, people with arsenic 
poisoning suffer from enormous social stigma. Shallow groundwater aquifers in the study area are severely 
contaminated by arsenic. Such contamination is well beyond the international guideline for safe drinking water 
(10 µg/L) as well as a more relaxed national guideline (50 µg/L) of Bangladesh.  Again, to avoid arsenic 
problem, people in Bangladesh are largely dependent on deep groundwater both for drinking and irrigation 
purposes. Coastal aquifers usually serve as major sources for freshwater supply, such as drinking or irrigation 
water. But the deep groundwater in the coastal area is relatively vulnerable to contamination by saline water 
intrusion, which makes groundwater unsuitable for drinking or irrigation3). In addition, heavy pumping and 
excessive use of groundwater near the coast may increase the intrusion of saline water into the aquifer. 
 
Currently, different governmental agencies, international, national and local NGOs, the private sector and 
community people are working to resolve the crisis of drinking water individually and/or in a combination of 
ways. However, they focus on a single issue rather than looking at all issues in an integrated manner. The 
problem of safe drinking water availability due to the combined effect of salinity, arsenic, and drought are 
intimately inter-linked with each other. It is, thus, critical to include all issues in an integrated approach which 
will help to determine ways to address better access to safe drinking water in the affected area. Therefore, this 
paper attempts to explore the existing level of safe water adaptability considering different physicochemical, 
socio-economic, environmental, and institutional conditions of severe water scarcity affected areas through the 
SIPE (Socio-economic, Institutional, Physicochemical, and Environmental) approach and compare the levels 
of safe water adaptability among upazilas (sub-districts) of two salinity, arsenic and drought-prone districts. 
Such approach is newly developed to accumulate all four aspects of water scarcity into a single evaluation tool. 
Furthermore, this study also reveals water scarcity impacts on livelihood; existing adaptation measures of 
communities and community’s expected coping mechanisms from the institutions towards water scarcity. 
Based on these two findings, thus, this study tries to develop community-based safe water adaptability action 
plan that can be tailored through national level to community level in a sustainable way.Furthermore, this study 
acts as a catalyst for initiating micro level water policy, which is very beneficial to community people since 
they are at the forefront of water management and suffer most from the consequences. 
 
 
2. STUDY AREA 
 
The study was carried out in two severe salinity, arsenic and drought-prone districts named Khulna and Sat-
khira in the southwestern part of Bangladesh. It comprises 16 upazilas: 9 upazilas from Khulna and 7 upazilas 
from Satkhira (Figure-1.) Geographically, this area extends from 24˚22′ N to 24˚73′ N latitude and 88˚36′ E to 

88˚20′ E longitude. It is divided roughly into coastal and inland areas. The terrain is relatively flat and is lo-
cated between 1~5 meters above sea level. The region is part of an inactive delta of large Himalayan Rivers and 
is protected from tidal surge by the Sundarban mangrove forest. The Sundarban is the largest patch of man-
grove forest ecosystem in the world that provides various ecosystem services to approximately one million 
households living of the area. It has been listed as an UNESCO Global Heritage Site since 1996 not only be-
cause of its beauty but also due to the richness in biodiversity and the ecosystem services provided to millions 
of people.  
 
A general warming has been observed in the average surface temperature, in a range of 0.5 ~ 0.6°C. The 
highest average maximum temperature is 33ºC and above that is usually recorded during March and May; and 
the lowest average minimum temperature is about 15ºC, usually recorded in December and January. As there 
has not been a great deal of analysis on the climatological aspects of the southwestern region, less data is 
available which reveals that the night time minimum temperature has been showing a rapid increase over the 
past five decades. Due to the rise in temperature, the winter has gradually become milder and the autumn 
hotter4). On the other hand, the southwestern region receives an average rainfall of about 1710 mm per annum, 
of which about 78 per cent falls within the four months of monsoon (July to October). No significant change 
has been observed in terms of rainfall over the region, although on a national scale a bimodal shift in rainfall 
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with a bias towards the later period of the monsoon has been reported4). 
 
 

 
 

Fig. 1 Location of Satkhira and Khulna in Bangladesh 
 
 
3. STUDY APPROACH 
 
This study utilizes different methodologies and approaches to develop safe water adaptability policy and ac-
tions for enhancing safe water supply and access. The approach of the study is outlined in Table 1.  

 
Table 1 Approach of the study 

 
Time period Number of Sample Purpose of data collection Method of data collection 

6 January - 6 
February, 
2012 

16 (Each upazila of 
Khulna and Satkhira 
district) 

To measure water adaptability index condsidering 
socio-economic, institutional and physicochemi-
cal and environmental aspect of a salinity, arsenic 
and drought affected area.   

Questionnaire survey through 
Key interviewer 
 
 

9 October - 1 
November, 
2012 

240 (Two village of each 
of two  upazila in Khulna 
and Satkhira district i.e. 
2x2x2) 

To access water scarcity impacts on livelihood; 
existing adaptation measures of communities and 
community’s expected coping mechanisms from 
the institutions towards water scarcity 

Questionnaire survey through 
Key interviewer 
 
 

 
Firstly, it assessed the safe water adaptability at institutional level through the development of safe water 
adaptability index named SIPE approach. Although there is no specific definition of safe water adaptatbility 
index, but, this study examines several studies such as CDRI5), SIP approach6) where they uses several di-
mensions and indicators for measuring urban resilience and drought resilience, respectively.  On the contrary, 
Chavez and Alipaz (2007)7) proposed a Watershed Sustainability Index (WSI) that incorporates hydrology, 
environment, life, and policy- each having the parameters pressure, state, and response. Moreover, Molden 
(2007)8) uses indicators for physical water scarcity that include acute environmental degradation, diminishing 
groundwater, and water allocation that support some sectors over others. 
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In contrast, SIPE approach developed in this study helps to measure water adaptatbolity considering so-
cio-economic, institutional, physicochemical and environmental aspect of a salinity, arsenic and drought af-
fected area. This approach generates a set of compound dimensions for measuring safe water adaptability 
which is presented in Table 2. Four dimensions are developed that reflects the socio-economical, institutional, 
physicochemical and environmental aspects of a water scarcity area. Moreover, each dimension consists of 
primary and secondary indicators justified through literature reviews. Altogether, there are 20 primary indi-
cators (4x5) (five each for, socio-economical, institutional, physicochemical and environmental, accordingly ) 
and 100 secondary indicators (4x5x5) (each of the primary indicators are divided into five secondary indica-
tors). Therefore, it consists a comprehensive set of questionnaire that is carried out at 16 upazila (sub-district) 
of two severe salinity, arsenic and drought-prone districts in Bangladesh. The questionnaire is filled up by 
Upazila Nirbahi Officer (UNO) of each upazila. 
 

Table 2 Measures of water adaptability index 
 

 
Based on the SIPE result, this study further utilizes another semi-structured questionnaire that is undertaken at 
two villages of highest (i.e. less water scarcity area) and lowest (i.e. severe water scarcity area) water adapt-
ability upazila of these two districts. During this period, the main purpose of the survey is to find out local level 
response towards safe water scarcity. It discloses their perception and adaptation measure to cope with this 
problem. It further identifies their expectations from the institution that will help them to  acces safe water 
source. Therefore, a total of 240 questionnaires were randomly distributed and collected from community 
people at 8 villages in 4 upazilas of these two districts (120 and 120 questionnaires from highest water 
adaptability and lowest water adaptability upazila, respectively). 
 
 
4. RESULTS AND DISCUSSION 
 
In this section, the results that derived from institutional and local level are discussed under the following 
subheadings. 
  
(1) Key results from institutional level 
As mentioned earlier, SIPE approach was conducted at the institutional level, therefore, the results show that 
some upazilas have medium safe water adaptability index and some have low safe water adaptability index. 
Among all upazila, only one upazila has very low adaptability. The variation of water adaptability index shows 
unlike results due to the difference of socio-economic, institutional, physicochemical,and environmental 
characteristics of each upazila against salinity, arsenic and drought (Figure 2). However, among four dimen-
sions (Socio-Economic, Institutional, Physicochemical, and Environmental), institutional dimension (policy, 
management, coordination, budget and institute aspect) shows the highest adaptability than the physico-
chemical, socioeconomic and environmental dimension at upazila level. Even, physicochemical dimension 
(water quality, water quantity, infrastructure, land use and water supply and access) has comparatively lower 
adaptability than other dimensions. Depending on the adaptability level, this type of study helps to initiate 
proper safe water  adaptation actions planning at the institutional level to reduce salinity, arsenic and drought 
risk in future. 
 

Socioeconomic Institutional Physicochemical Environmental 
Education-awareness Policy Water quality Bidervisity 
Social capital Management Water quantity Soli degradation 
Social facilities Co-ordinantion Infrastructure Salinisation 
Health Budget Land use Extreme event 
Water dependent livelihood Institute Water supply and access Contamination/pollution 
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Fig. 2 Comparison between highest and lowest water adaptability upazila (Left Debhata and right Dacope Upazila) 

 
(2) Key results from local level 
Community perception and coping methods for safe water supply and access is another prime concern of this 
study. Therefore, the results from the community level study denotes that water scarcity raised in this area due 
to salinity, arsenic and drought. However, it has been seen from Figure 3 that overhelming majority of them 
(more than 90%) in both area identified salinity is the most prevalent reason that makes safe water unreachable 
to the poor community people. On the other hand, majority of the people in severe water scarcity and less water 
scarcity area argued that increasing of salinity intrusion as well as extensive shrimp cultivation accelarates 
salinity situation in this region that increase water scarcity in this areas. 
 
 

             
 

Fig. 3 Reasons of safe water scarcity in the study area 
 
The safe water scarcity through salinity, arsenic and drought, has direct or indirect impacts on livelihood of the 
community people. For instance, safe water scarcity increases the difficulty of potable water for the lives and 
livelihoods of rural people because most of the tube wells in this area are found to be saline affected and/or 
contaminated with arsenic. Even, during the drought period, absence of safe water is noticed because of low 
rainfall and/or depleted groundwater level. Hence, the community people were asked about safe water scarcity 
impacts. It is evident from Figure 4 that  safe drinking water followed by domestic work is hampered by safe 
water scarcity. Furthermore, increased unavailability of safe water bound people to drink contaminated water 
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which initiates several water-borne diseases in this area such as diarrheoa and cholera. Moreover, it also in-
creases hardship of women. Because, women and girls have to fetch safe water from far distances that impedes 
them to carry out other household duties such as cooking, bathing, washing, clothes, and taking care of elders9). 
 

 
 

Fig. 4 Impacts of  safe water scarcity in the study area 
 
According to International Strategy for Disaster Reduction (ISDR), a coping method means the ways by which 
people use the available resources and their abilities to face and manage adverse circumstances. Therefore, 
describing the impacts of safe water scarcity in the above section, communities coping mechanism is disclosed 
in Table 3. Because, community-coping methods is essential to build safe water adaptibilty in  resilient 
communities. It can be reported from Table 3 that in both areas people have been practicing several coping 
mechanism to minimize the safe water scarcity. In severe water scarcity areas, community people have carried 
out a number of coping mechanism such as conservation of pond water, rainwater harvest, shrimp cultivation, 
pond sand filter etc. However, it has been seen from Table 3 that the percentage of coping mechanism is higher 
in severe water scarcity areas than less water scarcity areas. 
 

Table 3 Adaptation measures at community level 

 

 Name of the adaptation practice Severe water scarcity area (%) Less water scarcity area (%) 

Salinity 
Conservation of pond water 28 5 

Rainwater harvest 13 0 

Shrimp cultivation 15 11 

Use of pond sand filter 19 33 

Digging of pond 23 5 

Arsenic Use of pond sand filter 5 15 

Digging of pond 11 2 

Drought Plastic pipe irrigation from small pond 3 18 

Formation of different water committee 2 3 

 
Although, community people in severe and less water scarcity areas have developed various coping mecha-
nisms at their level through their own efforts along with institutional support, but, the effort and support are not 
enough for them to build adaptibity towards safe water scarcity. Moreover, it is believed that strengthening 
coping capacities can enhance resilience of a community to withstand the effects of hazards10). Therefore, the 
community people were further asked about their expected coping mechanism from GO/NGOs. It has been 
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noticed by the community people in both areas that a number of coping mechanisms will help them to deal 
better with water scarcity. Among them, installation or subsidy for rainwater harvesting system for every 
family, piped water supply, effective and efficient maintenance of pond sand filter are the three top most ex-
pected coping mechanisms in both areas. However, it can be reported from Table 4 that rainwater harvest 
sytem is the prime demand in the severe water scarcity area, whereas, piped water supply is best suitable ex-
pection for less severe water scarcity areas. But making actions at community level, it requires GO as well as 
other organizational attempts and activities for implementing these actions. 
 

Table 4 Expected coping measures from GO/NGO 
 

Expected coping mechanisms Severe water scarcity 

area (%) 

Less water scarcity 

area (%) 

Installation of hand driven one deep tube-well for every 3/5 household 29 13 

Installation or subsidy for rainwater harvesting system for every family  68 30 

Piped water supply  41 98 

Re-excavation of pond  27 8 

Proper monitoring and maintenance of pond  31 18 

Effective and efficient maintenance of pond sand filter  38 42 

Water quality checkup once in a month using water-testing kit  4 7 

Others  0 3 
 
 
5. CONCLUSION 
 
According to Marfai et al. (2007)11), the development of effective hazard-reduction programs requires coop-
eration and exchange of experiences between hazards affected community and local government. Hence, it is 
recommended that by understanding the institutional ability and community’s unique perceptions, assessments 
of their adaptive and proactive capacities is important in creating successful safe water supply and access plan. 
Therefore, this paper  tries to first measure the safe water adaptability index at upazila level. Then, it identifies 
communities vulnerability and coping mechanism. Along with understanding people’s perceptions and coping 
methods towards safe water scarcity, this study also intends to link between commuinities expected coping 
method from institution such as GO, NGO or other organizations. Because, community coping methods should 
be supported and guided by local governments and NGOs to make it both more effective and environmentally 
friendly.  

Based on the SIPE results, it  can be concluded that governmental or other organizational activities towards 
water scarcity are few according to the communities demand. Considering all these issues, Figure 5 shows a 
model that has been proposed how to develop integrated community based risk reduction approach for water 
scarity.  Because, it is necessary to build a bridge between the efforts taken at the community level and other 
organizations. Rather than segregated efforts, integration is needed to manage water scarcity and facilitate a 
community’s coping. 
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Fig. 5 Model of integrated community based risk reduction approach of water scarity 
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This paper makes an effort to explore the relationship between density and disasters in developing countries 
through the case of the Indian city of Mumbai. A city is a meeting place of a wide variety of people, coming 
together for the common purpose of trade or exchange of goods, services, cultures, traditions, languages, arts, 
knowledge and co-existing in a system of shared living. The city therefore by definition is a congregation; a 
result of increased density. High density is often associated with assisting or aggravating the effects of disas-
ters, however, this is not universally true. It is therefore significant to explore the influence of density over the 
advent and scale of disasters which would help to systemize the disaster management of a variedly dense city 
like Mumbai. 

This paper gives an insight into the disaster specific demographic profile of Mumbai, a victim of urban 
floods. It compares the wards in the city with varying disaster vulnerability and investigates the effects brought 
about by density. A multi-layer understanding of density is introduced to describe the wide-ranging aspects of 
urban density that affect disaster vulnerability. Flood vulnerability aspects such as drainage, quality of built 
structures, availability of infrastructure and presence of early warning systems are also expressed in their as-
sociation to density. It is argued that maintaining a state of dynamic equilibrium of these multiple layers of 
density measures in the face of external disruptive forces, would lead to reduced vulnerability to urban floods 
in Mumbai. 

Social cohesion and networking play an important role in reducing the vulnerability of cities. Their effec-
tiveness would be increased in conjunction with a statistical analytical tool that relies on density data and in-
formation. This can be used to improve the disaster management system in cities for identifying vulnerable 
areas, and planning relief and recovery processes, as presented in this paper. 
 

   Key Words: Density, Disaster, Urban floods, Mumbai, Disaster management systems  
 
 

1. INTRODUCTION 
 

A city is a mixing pot of heterogeneous functional entities. It is a meeting place of a wide variety of people, 
coming together for the common purpose of trade or exchange of goods, services, cultures, traditions, lan-
guages, arts, knowledge and co-existing in a system of shared living. These unique exchanges and interactions 
in a shared system, creates a new culture, a new character that defines the city. The city therefore by definition 
is a congregation; a result of increased density. 

Urban density, commonly understood as the degree of compaction in the human occupation of urban land 
continues to be a much discussed topic with an extreme diversity of opinions. Low density has been equated 
with being inefficient, limits the viability of public transport and increases economic transaction costs in cities, 
and an environmental liability on one hand1 (Newman et al., 1992), and the desirable conditions for safe, 
healthy and high quality of life on the other2, 3 (Cox, 2002 and Moran, 2007) and “a model of freedom and 
sturdy individual choice”4 (Sudjic, 2008). The discussions supporting high urban density argue that it is the 
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perfect model for efficient infrastructure systems, reduced emissions and sustainable urban areas. However, 
discussions against high urban density point out that it has often led to social exclusion and gentrification, 
congestion, squalor, crime, unprecedented levels of population, disease, inequality and poverty; making a high 
density urban area “a claustrophobic, overdeveloped and dehumanizing ant-hill”3 (Sudjic, 2008). 

The effects of natural calamities have often been aggravated by the presence of dense human settlements in 
vulnerable areas. For example, high densities in coastal areas or river basins have sometimes been the trig-
gering cause of floods or, aggravated their negative effects and worsened damages. In other instances, it has 
also been seen that low densities make it difficult to provide protection for sparsely populated settlements. In 
hilly regions for example, it is practically impossible to reinforce every slope, or to predict landslides. Casu-
alties are found living in isolated areas which are difficult to reach for warnings or for rescue operations. 
Manmade calamities have similarly been affected by densities. Urban fires for example spread rapidly in areas 
of greater density, but fire brigades and medical aid can reach the place of emergency much faster in a dense 
urban area, rather than a sparsely populated settlement with scattered city serving facilities. The relationships 
between densities and disasters are therefore complex and difficult to plan or predict. 

This paper makes an effort to explore the relationship between density and disasters in developing countries 
through the case study of the Indian city of Mumbai. The first section starts with the introduction to the subject, 
followed by the next section which deals with the basic understanding of density and its contribution to city 
functions. This section goes on to suggest density measures for comprehensive measurement of all layers of 
urban density. The third section tries to probe the established interrelations existing between density and dis-
asters. The fourth section gives an introduction into the general, disaster specific and demographic profile of 
Mumbai. The fifth section presents a step-wise risk mapping system which uses density measures and social 
factors to identify the areas of flood risk in Mumbai and discusses how density data and information can be 
employed to better the disaster management system in the cities. The last section ends with conclusions and the 
way forward in this research.  

 
 

2. URBAN DENSITY AND ITS MEASUREMENT 
 
The most basic and most common way of looking at urban density is by measuring different units of human 

occupation of land, such as people per sq.km or households per sq.km. However, these measures fail to 
comprehensively describe the impacts brought about by a variety of human occupation. Diversity of economic 
classes, concentration of mixed land uses, scales of existing traditional occupations, etc. are some of the im-
portant social manifestations of urban density. Apart from the human interaction between urban residents, the 
interaction of humans with the urban built form also greatly effects urban life, and is an important aspect of 
urban density. The spatial context of the city and its interacting physical elements are characteristic of defining 
a city’s nature. The understanding of the grain of the city and the density of its composite elements is an im-
portant measure.  

The average density, calculated as the total population divided by the total available area, gives an initial 
overview of the effects of density. Data for average density is available at the ward level and can be used to 
formulate a basic understanding of the spatio-demographic distribution of the city. The primary drawback of 
this measure is that the total area of land is used for its calculation, regardless of its nature or use. This means 
that if a part of a ward area is inhabitable due to its specific character such as being a protected forest area, or 
due to its hilly terrain, the average density of the ward will still include these inhabitable areas in its calcula-
tion. This value will therefore be much less than the actual densities in which the inhabitants of that ward live, 
as they only have the habitable part of the ward to occupy. This value is therefore not an exact indicator. 

The residential density of a ward is calculated as the total population of that ward divided by the area within 
that ward under residential use. Although this is also not the actual measure of density or level of crowding in 
which people live, as it does not account for floor area in multistory buildings, it is still indicative of the same, 
to a greater degree than average density and can be used for effective inter ward comparisons. This value can 
also be understood as the night time density of the city, when most residents are in their homes. The ratio of 
daytime density to nighttime density of various wards truly expresses the dynamism in its daily demographics 
and is reflective of the extent to which the infrastructure of the ward is stretched and overused. Additionally, it 
is important to note that in case of early warning systems which operate several days in advance, they can be 
planned to cater to the residential density of each ward. The rescue operation must be planned for the daytime 
density, but this can be significantly reduced by the optimal early warning. 

Both the above measures of density deal with the human occupation of urban land. Additionally, it is also 
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important to measure the proportion of urban land occupied by slum settlements and the density of these set-
tlements. Slums are usually found in low lying, poor drainage, subserviced urban areas and are the most vul-
nerable areas for disasters.  

Cities like Mumbai serve not only as administrative centres but also as regional economic center, and attract 
a huge population during the daytime, from far flung areas, for economic activities. This population which 
commutes from their place of residence is called floating population. Floating density is the number of people 
added temporarily to a region per unit area of that region. This addition often disturbs the balance of the urban 
systems because of increased load on infrastructure, and increased risk to the population as disasters do not 
strike at a specific time. They are uncertain in scale and in time of arrival.  

A set of density measures were formed5 describing the various layers of urban density that may affect the 
scale of natural disasters discussed above. These measures can quantitatively express all the aspects of urban 
density and can hence be used to see if there is a relationship between density and specific occurrences and 
damages due to natural disasters.  
The urban density measures used for the quantitative analysis of various layers of density are: 

1. Physical Density – This is the density of the human occupation of urban land. It is measured 
ing number of people or households per hectare (Gross density), number of people or households per 
hectare of residential land (net density), ratio of ward area occupied by slum settlements to land oc-
cupied by slums in entire district, and the decadal change in population per hectare. 

2. Intensity6 – This is a measure of the density of the built up floor space under each land use category of 
residential, commercial, and industrial use.  

3. Amenity6 – This is a measure of the density of physical infrastructure and social amenity available per 
capita of ward population. It is measured using data of open space area available per person in each 
ward and the availability of electricity, water supply, sewerage, telephone connections per ward and 
toilet seats available per capita of slum population. 

4. Autonomy6 – This is a measure of job density of each ward. It is measured using ratio of density of 
workers in a ward as that in the entire city and the ratio of female workers to the total number of 
workers in the ward. 

5. Frequency6 – This is a measure of the migratory density and is measured using ratio of daytime pop-
ulation to night-time population of ward and daily floating population of ward. This reflects the ca-
pacity of the public transportation. 

 
 

3. ESTABLISHED INTERREATIONS OF DENSITY AND DISASTER 
 

In the high density urban areas of developing countries, high urban density is generally associated with 
increased vulnerability of that area towards disasters. This is with good reason because; these cities are typi-
cally a juxtaposition of high density, low amenity, high economic systems both formal and informal, and 
extremes of poverty.  

Urbanization in developing countries of Asia is often imbalanced and the infrastructure development is not 
able to keep pace with the economic development. A large number of people migrate from rural areas to urban 
areas to gain from the economic growth in the hope of better employment opportunities. This causes increased 
density in urban areas and results in a large number of people being put to risk from natural disasters. 

Urban areas are historically seen to be generally located in areas of good accessibility or regions of fa-
vorable natural endowment which have led to economic advantages, which form the basis for the location of a 
city. These may be coastal locations, river crossings, or fertile volcanic soils, all of which are also often as-
sociated with increased probability of hazards such as cyclones, floods and volcanoes7. Therefore, the very 
reason for people to congregate and settle in cities may also be the reason for its vulnerability.  

Land scarcity further intensifies this vulnerability. High urban population density results in competition 
amongst different social groups for access to land. With land costs for housing being unaffordable for most low 
income groups, illegal lots with no services are settled on. The locations are often unsafe such as hillsides, 
marshy lands, river gulleys, and low lying coastal areas7. 
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Increasing urban density also leads to increased investment in urban infrastructure and housing as a re-
sponse to the operations of manufacturing and service sectors. The primacy of cities also often means that they 
are the highest investment areas of large geographical regions. This puts an increased amount of assets at risk 
and multiplies the economic losses in case of disasters affecting the entire region8.   

A large proportion of the population living in high density urban areas does so in squatter settlements and 
slums. Slums have intolerable housing conditions, often with no legal tenure, lack basic services, are usually 
structurally unstable and in many instances are located on hazardous land. Additionally, they have extremely 
high social and economic insecurity which leaves them with very few resources and incapable to re-cooperate 
from natural disasters. The high density of these areas also affects the microclimate through pollution and 
increased heat, which can lead to an increased risk of diseases and natural disasters8. 

Highly urbanized areas are often seen to have an imbalance in the proportion of natural to built environ-
ment. For a city to be resilient there has to be a balanced approach to the urban ecosystem with equilibrium 
between the built and unbuilt9. This forms a part of the required amenity for sustained urban living.   

Large urban areas attract a large amount of daily commuters who travel to the city for work or education. 
This significantly increases the daytime density of these cities. This makes it difficult to plan and construct 
adequate disaster mitigating services. Additionally, the commuters often travel very long distances and use 
mass rapid transport systems or arterial connections of the city. If a natural disaster strikes during the day 
which affects these major city linkages, then an additional number of people are put at risk and trapped in the 
danger zone since they cannot return to their residences which are very far away10. Since communication 
services are also usually disrupted in such situations, the people trapped are unable to inform their families 
about their situation which leads to widespread panic, further worsening the situation. 

The only ways in which high density could be valuable for building resilience towards disasters is if enough 
amenities are present to serve the population or if suitable evacuation plans are created and implemented which 
may be able to address a large target group together. However, these are characteristically missing in cities of 
developing countries as will be seen through the example of Mumbai. Additionally, there may be certain social 
mechanisms which if implemented, may help to reduce the negative effects of disasters. These will also be 
discussed in a later section. 

 
 

4. STUDY AREA PROFILE: MUMBAI  
 

India is the second fastest growing economy in the world and most of the Indian cities are apportioning this 
success by growing at an unprecedented pace. This growth draws in a huge number of people into these cities, 
thereby burdening their superannuated infrastructure. With climate change effects compounding the situation, 
most of these cities in the recent past have experienced increased vulnerability of the residing population. 

Greater Mumbai has a population of nearly 12 million people (11,978,450 in 2001 Census11) crammed into 
an area of 429.89 sq.km. It suffers from the added pressure of land scarcity leading to extremes of high density 
as it is geography landlocked by the sea on the west, south and east. Geographically speaking, Greater Mumbai 
is an island outside the mainland of Maharashtra separated from the mainland by the narrow Thane Creek and 
a somewhat wider Harbour Bay12. At present, it covers the original island group of Mumbai, and most of the 
island of Salsette, with the former Trombay Island appended to it in its Southeast. Thus the area of Greater 
Mumbai is surrounded on three sides by the seas: by the Arabian Sea to the west and the south, the Harbour 
Bay and the Thane Creek in the east - but in the north, the district of Thane stretches along its boundary across 
the northern parts of Salsette. Growth is limited to the north only and largely depends on the linear rail linkages 
for connecting the economic nodes of the city with the residential areas in outer suburbs (Fig. 1).   

The railway pumps in approximately six times the population of the wards of the city district, into this area 
daily. Thousands of people from the rural parts of India flood into the city every day in the hope of employment 
and a better quality of life. The extremely high price of land due to its extreme scarcity and high demand, 
coupled with the huge amount of in-migration has led to extremes of density and many slum settlements in 
Mumbai. The city is a dynamic interface of the formal and informal, the richest and the poorest, the strongest 
and the most vulnerable, co-existing in one of the fastest growing economies. It is facing many challenges, the 
scarcity of land being one of the greatest issues. Quoting from Mumbai: The Compact Megacity13, “About a 
third of Greater Mumbai’s population lives on the southern ‘finger’ of the island, with more than two-thirds of 
the jobs located there.” The extremely high density of the city and the huge number of people transported daily 
by its mass transit systems in inhumane conditions makes the effects of density on daily life a very tangible 
phenomenon. The latest development plan for the city estimates that the population of the metropolitan region 
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will increase to 34 million by 2031.  
The megacity of Mumbai contributes to around 5% of India’s GDP (Gross Domestic Product), and is the 

commercial capital of the country. The Mumbai Metropolitan Region measures over 4000sq.km in area and 
has a population of over 18 million people. It consists of 7 municipal corporations, the largest of which is the 
Municipal Corporation of Greater Mumbai (MCGM) which is in charge of the administrative service of the 
Greater Mumbai area, which is originally made up of an archipelago of seven islands, connected by landmass 
reclaimed from the Arabian Sea. It is currently divided into 24 wards, the 9 southern wards forming the 
Mumbai City District and the 15 northern ones forming the Mumbai Suburban District. The city has been 
affected by urban floods periodically in recent years, the floods of 2005 being the most significant.  

 

 
The Mumbai City District is covered by area of only 67.79 sq. kms. Its height is hardly 10 to 15 meters 

above sea level. At some places the height is just above the sea level. Part of Mumbai City district is a re-
claimed land on Arabian Sea coast.  

Greater Mumbai receive rains from south-west monsoons, which commence usually in the first fortnight of 
June and last till the end of September. Pre-monsoon showers are received in May. Occasionally, northeast 
monsoon showers occur in October and November, but rarely more than twice in the entire rainy season. The 
average annual rainfall of this District based on last 30 years data is 2457.0 mtrs. The District receives an 
average seasonal rainfall of 2363.0 mm during June- September. The average monthly rainfall is highest in the 
month of July (945.4 mm) followed by August ( 660.4 mm ) The monthly rainfall in June is 647.5 m.m. and 
309.2 m.m. in September12.  

Unprecedented rainfall was recorded in year 2005 which had led to the 2005 floods of Mumbai, in which at 
least 5,000 people died and the city came to a standstill. On 26th July, 2005, many people were stranded on the 
road, lost their homes, and many walked for long distances to reach safety that evening. The floods were 
caused by the eighth heaviest ever recorded 24-hour rainfall figure of 994 mm (39.1 inches) on 26 July 2005, 
and intermittently continued for the next day. 644 mm (25.4 inches) was received within the 12-hour period 
between 8am and 8pm. Torrential rainfall continued for the next week. The previous record high rainfall in a 
24-hour period for Mumbai was 575 mm (22.6 inches) in 197414. 

Fig. 1 (left) Greater Mumbai and its wards, (middle) Location of Mumbai in India, (right) Landform of Greater Mumbai 
showing elevation above sea level 
Source: Managing Disaster Risks, Case Study- Mumbai Megacity, School of Planning and Architecture, 2010 
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Looking at the flooding data for July 200515 (Fig.2), it is apparent that the flooding occurred in low lying 
areas with inefficient sewerage systems. Additionally, areas under tidal effect were worse affected. One of the 
main lakes of the city, the Powai Lake overflowed discharging 5.95 million cubic meters of water into the 
Mithi River. Flood waves were generated in the river which coincided with the time of high tide which proved 
disastrous.  

It is also seen that many of the flooded areas were slum settlements. This is because slums are generally 
located in low lying areas with improper infrastructure facilities. The floods caused a lot of the unstable 
housing tenements in slums to be washed away leaving thousands of people homeless. Due to the lack of 
proper sewerage, the excessive rain caused the sewerage system to overflow causing all water lines to be 
contaminated. This caused a shortage of safe drinking water. Thousands of animal carcasses floated in flood 
waters which further increased risk of diseases and epidemics.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

5. FLOOD RISK MAPPING FOR MUMBAI 
 

Low lying areas with inadequate sewerage infrastructure are most susceptible to urban floods. However, the 
damages caused due to floods are often aggravated by specific components or urban density.  
The measures of Density discussed previously were applied to the wards of Mumbai. A field study was carried 
out in February 2012 with the support of the GCOE-HSE program, in which meetings were conducted with 
government officials, academicians, private consultants and other organizations associated with the planning 
and mapping of Mumbai. The data required for measuring density was collected. The study area delineated 

Fig. 2 (left) Flooded areas in 2005, (top – center) Unsewered areas, (top – right)  Landform, (bottom – center) Slum areas 
Source: Managing Disaster Risks, Case Study- Mumbai Megacity, School of Planning and Architecture, 2010 
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was the greater Mumbai area.  
The data sets that fall under each category of Density measures were collected at the ward wise level so that 

inter ward comparisons could be done. The wards having the most desirable and least desirable of each of the 
data of each category were marked and this was used to calculate composite scores under each category for 
each ward.  

The calculation of ward wise composites of each category was done by finding the mean of the normalized 
values of all the data for that ward, in that category. For example, the “Physical Density composite” for “Ward 
A” will be as follows: 

𝑃ℎ𝑦𝑠𝑖𝑐𝑎𝑙 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝐶𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑓𝑜𝑟 𝑊𝑎𝑟𝑑 𝐴 =  
1
𝑛
�

𝐴𝑖 − 𝐷𝑎𝑖
𝐷𝑓𝑖 − 𝐷𝑎𝑖

𝑛

𝑖=0

 

Where,  
Ai = Numerical value of data set ‘i’, for Ward A,   
Dai = Most Adverse value of dataset ‘i’, among all the wards, 
Dfi = Most Favorable value of dataset ‘i’, among all the wards, 
n = Number of datasets in the category of Physical Density 

The ward wise composites for all 24 wards were computed for each of the Density Measures. These were then 
mapped using ArcGIS, and ward wise thematic maps for each measure were produced (Fig.3) 
 

 

Fig. 3 Maps of Density measures applied to Mumbai 

Map1 – Composite of Physical Density – The standardization has been done using highest density as least 
desirable (light grey) and lowest density as most desirable (dark grey). Map 1 therefore shows that the average, 
residential and household densities have the lowest values in wards A and T. 
The rest of Mumbai shows a largely even distribution, with high levels of density in the wards surrounding 
Mahim bay.   

Map 2 – Composite of Intensity – A very clear pattern is displayed by the composite of Intensity. The wards in 
the city district and the western wards of the Suburban district have higher intensity. This is in direct correla-
tion with the land prices which is interesting because land price data was not used as a part of Intensity cal-
culation.  

Map 3 – Composite of Amenity – Amenity is largely lacking in most of the city, with only ward D, T and the 
western suburbs showing significant availability of amenities. 

Map 4 – Composite of Autonomy – This shows that the western and southern wards are more autonomous than 
the eastern wards, which have greater levels of unemployment and inequality of female work participation. 

Map 5 – Composite of Frequency – Frequency, characterized by floating population and the difference be-
tween daytime and nighttime populations, has the highest values in the southern most wards of A, B and C. The 
standardization used high density as a deterrent factor which accounts for the low scores of these wards as 
displayed.  



 8 

A spatial overlay of the maps of density composites was created using the overlay tool in the Spatial Analyst 
Toolkit of Arc GIS. This overlay map (Fig. 4) displays the aggregate of the development density measures 
respectively on the wards of Mumbai. 
 

 

Fig. 4 Spatial overlay map of Density measures 

The light grey areas in fig. 4 show areas which have high density coupled with low amenity and intensity. This 
is typically the areas inhabited by slum settlements and illegal squatters which lack adequate physical infra-
structure and structurally stable housing. These are therefore the areas which suffer the greatest losses at the 
time of natural disasters. This information and mapping can therefore be a good foundation for urban risk 
mapping.  
These areas of high density are adversely affected by floods because the housing structures are unable to 
provide protection to the high density of residents living in these areas. The only other coping mechanism 
which may reduce casualties to a large extent is if the social networks between families in these areas are very 
strong. Slum areas are often seen to have strong social connections based on ethnicity, religion, rural areas of 
origin from which entire communities migrate, and also new relationships forged by living in such close 
quarters. These connections can be very effective in relaying information and early warnings in large informal 
settlements which are often very difficult to reach by city officials. These connections can also help in rescue 
and relief operations where official records and established methods are often less accurate and ineffective 
than the knowledge of the community.  

The social networking of the community arguably plays the most important role in reducing the vulnera-
bility of the vulnerable communities in the urban area. All around the world, there has been considerable ef-
forts to include community and strengthen its social networking to face the hazards. It can therefore be con-
cluded that after finding the areas of risk from the density mapping, it is also important to investigate the 
structural quality and social cohesion of the community to draw conclusions about its resilience to natural 
disasters. Thus, density data supported by local socio-demographic information can help to prepare for dis-
asters as well as reduce damages in high density, low infrastructure, and high risk communities. 

The dark grey areas in figure 4 show areas of low density and high amenity and intensity. It is easy to relay 
disaster warnings in these areas. High rainfall in these areas caused minimum damage due to effective drainage 
systems and high intensity of formal, structurally stable buildings provided protection for those trapped in 
these areas. Therefore, fewer lives were lost and fewer damages incurred.  

In certain cases, cities may have areas which have low density, also accompanied by low infrastructure 
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availability. This is usually seen in urban sprawls where people live in sparsely distributed, independent res-
idences or gated communities. It is very difficult to relay information to individual inhabitants in these areas. 
Social cohesion is once again paramount in such situations for the safety of residents. Community activities 
which encourage personal ties between individuals and information systems within communities are the key 
for reducing the vulnerability of these areas.  

In areas which have a variable density caused by daily migrations, it is very difficult to provide sufficient 
disaster mitigation services as the scale of the disaster is largely based on the number of people present, which 
is unknown. The vulnerability of these areas can be effectively reduced by prediction and early warning which 
will prevent people from leaving their homes which in turn will reduce the uncertainty of the adequacy of the 
present infrastructure.  

The various density scenarios analyzed by the statistical measures can therefore assist in decision making 
for risk reduction in differentiated density regions within urban areas. Fig. 5 shows the schematic of the basic 
structure of an example of such a system for reduction of vulnerability. 

 

 

 
 
6. CONCLUSION AND WAY FORWARD 
 
The measurement and mapping of urban density has been discussed in this paper as a tool for helping in dis-
aster preparedness and reducing vulnerability of urban areas. It has been discussed that data collection and 
analysis of the various measures of urban density can help to form a primary step in reducing the vulnerability 
to urban natural disasters. Since the disaster – density dynamics are quite similar in urban areas in most de-
veloping countries; this tool can be extrapolated, customized and used in other cities also. The study of urban 
density is however not a complete solution for reduction of vulnerability. Adequate amenities and early 
warning systems, social networking and effective  communication, structurally stable and protective built 
forms are some of the factors which have to be strengthened in addition to statistical analysis of density 
measures, for the reduction of vulnerability. The statistical analysis of density measures therefore is a first step 

Fig. 5 Strategies for reducing vulnerability in different density situations 
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and an indicator for identifying the areas which may be more vulnerable to urban natural disasters and damages 
caused thereof. The reduction of that vulnerability must be done in various scales ranging from the local to 
regional.  At the local level it will include carrying out disaster drills to educate the local community and set-
ting up ways of communicating early warnings in the absence of access to telecommunication and other 
electronic communication. It will also involve enabling the communities to upgrade the quality of their living 
quarters so that they may provide protection and resist the effects of disaster, hence reducing the loss of lives as 
well as economic losses. Alternative employability is also an issue which must be dealt with at the local level 
in order to increase livelihood options in the informal sector which is often adversely affected by disasters. At 
a macro level, the infrastructure and services must be upgraded and maintained to support the growing 
economy. Additionally, emergency services which can remain functional when the core city infrastructure is 
damaged, is necessary in order to reduce the snowballing effect caused due to the failing of interdependent 
critical infrastructure such as transportation, telecommunication, electricity and water.  This would also help to 
check the spread of disease and pollution which often have very long lasting effects. Land use planning and 
building codes must seriously consider the disaster scenario as they can reduce a disaster’s impact. Enforce-
ment of such measures is often poor in developing countries due to institutional weaknesses and lack of public 
awareness. Differences in death tolls between significant urban earthquakes in a developed country and de-
veloping, ones is strongly linked to levels of development, and the extent of implementation or enforcement of 
building standards and regulations. The statistical analysis of density measures would also help in planning for 
these city wide measures as their planning and modeling is dependent on the density of people, built forms, 
jobs, land uses, and migratory people, all of which can be expressed as measures of density. 

The measurement of density showed in this paper has been done on the ward wise level because the 
smallest geographical unit for which data is available for most cities of developing countries, in for the ad-
ministrative areas or wards. The density measures would however be much more accurate and helpful if they 
are done at a finer level such as neighborhood or bock level. Such data would successfully be able to reflect the 
variations between different economic, social and functional areas of the city.  
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Abstract 
After the Great East Japan Earthquake of March 11, 2011, Japan is facing large scale reconstruction in the Tohoku 
region of North East Japan. As the area was destroyed by a huge tsunami, much of the former residential land will be 
rezoned, and residents will relocate to other less hazardous residential areas. This relocation process is complicated 
and must deal with a number of specific challenges. This paper sets out to consider the current situation of relocation 
in Japan in the context of other post-disaster relocation projects in other contries along with the history of relcocation 
in Japan.    
Key Words : relocation, post disaster, mitigation, housing , reconstruction, recovery planning, Japan, GEJE  

 
1. INTRODUCTION 

The Great East Japan Earthquake and Tsunami on March 11, 2011 destroyed a vast coastal area of northeast 
Japan. Most recovery plans for towns on the coastline include relocation of residents who had lived in areas 
inundated by the tsunami in 2011 to new residential areas inland and/or at a higher elevation.  Japan is prone to 
natural disasters, and has existing government policies and laws that support residential relocation for disaster 
prevention. Past experience in Japan includes historic relocation in the Tohoku area after the Showa and Meiji 
tsunamis in 1896 and 1933, and relocation of mountain villages after the Chuetsu earthquake which caused 
landslide in Niigata Prefecture provide a recent example of relocation for disaster mitigation used after an 
earthquake. 

This paper sets out to consider challenges for a successful relocation in the Tohoku area, in the context of 
lessons from past post-disaster relocation in Japan, and international examples of post disaster relocation in 
Taiwan, Turkey, Indonesia, Sri Lanka, and other countries. Common issues include: residents’ opinion and 
participation in the process; the importance of location in respect to livelihood; systems of compensation for 
former residential land and post-disaster land use, and provision of new land and housing in the relocation area.  
Whereas the United States and Japan have many similaries in terms of how disaster mitigation by land use is 
considered as part of official disaster recovery, the approaches and detailed plans in these two countries vary, 
as seen in recent examples of recovery planning after disasters.  This paper offers an exploration of relocation 
issues in general, based on several international examples of post-disaster relocation. This comparison intends 
to inform the consideration of relocation as it will be used in Tohoku’s recovery. This is followed by a com-
parison of the systems related to land use and post disaster relocation in the United States and Japan, which is 
most informative in terms of the discussion of relocation for future disaster mitigation. Overall, this paper aims 
to explore the issues of relocation, internationally and historically, as they apply to Japan.  

Japan faces several unique challenges toward recovery after the GEJE in the Tohoku area. One is the local 
culture and demographic composition—the challenge of disaster recovery for a residential population that is 
aging and shrinking, and has historically lived by the sea and relied on it for their livelihood. Another dis-
tinctive aspect is the policies and methods based on Japanese law, dealing with land readjustment, compen-
sation, and support for housing reconstruction. Whereas Japan is a developed country, and the Great East Japan 
Earthquake disaster area has some unique characteristics, post disaster relocation experiences around the world 
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share underlying issues of residential relocation. 
 

2. RELOCATION-INTERNATIONAL OVERVIEW 
The World Bank defines relocation as “a process whereby a community’s housing, assets, and public in-

frastructure are rebuilt in another location.”1)  In the World Bank publication, Safer Homes, Stronger Com-
munities, the chapter entitled “Assessing Damage and Defining Reconstruction: To Relocate or Not to Relo-
cate”, provides a framework for considering relocation, including key principles and factors that contribute to 
successful relocations and those that can cause relocation to fail, based on a number of international case 
studies. From this discussion that includes case studies of post-disaster relocation, key recommendations in-
clude: 
• Avoid relocation if at all possible. 
• If relocation is unavoidable, include the community in the decision-making processes. 
• Use the relocation plan to define how people will restore the livelihood activities. 
• Design, budget for, and implement measures to prevent the return of the relocated communities or others 

to the site from which relocation took place  1)   
 
(1) Relocation after the Indian Ocean Tsunami 

After the Indian Ocean Tsunami in 2004, relocation projects were carried out in several countries, including 
Sri Lanka, India, and Indonesia. In Sri Lanka, the government introduced a no-build buffer zone for the area 
100 to 200 feet from the Ocean. Studies of the Hambantota region in Sri Lanka have shown that the relocation 
to areas away from the ocean had a negative effect on the livelihoods of residents, who were not able to fish or 
keep animals as they had before.1)  In addition, there was a lack of coordination through the process which lead 
to a number of failures. The buffer zone had been hastily created, in addition to the existing coastal protection 
zone setbacks that were already part of the Coastal Zone Management Plan. The process wherein the buffer 
zone regulation was introduced, and later removed due to difficulties of implementation, created confusion in 
the reconstruction process.1) 11) Delays in relocation lead residents to rebuild before the buffer zone policy 
was eventually lifted, and so many houses constructed by NGOs in relocation zones were left empty or later 
given to people who were not affected by the tsunami, and overall more houses were built than were needed for 
the disaster survivors.  

Relocation programs were also carried out in India. As was the case in Sri Lanka, in the relocation away 
from vulnerable fishing areas in the district of Nagapattinam, India, the initial plan for comprehensive relo-
cation was scaled back to allow more residents to rebuild on site. However, in this case, there was careful 
attention paid to relocating communities together, and to finding appropriate land. This was accomplished 
through the use of dispatched experts and a strong community approval process for relocation planning. 1) 2) 

In Aceh, Indonesia, the devastation from the Indian Ocean Tsunami also necessitated relocation on a mas-
sive scale, which included examples of successful relocation, but also many cases where houses that were built 
in relocation areas that are inconvenient for residents’ daily lives remain inhabited, as in Figure 1. 

  
Figure 1. A house in a relocation area in Aceh that remains largely uninhabited because it is inconvenient for 

residents’ lives.  
 

(2) Turkey 
After the 1999 Marmara earthquake in Turkey, there were also similar unsuccessful outcomes of recon-

structed houses that remained uninhabited as residents refused to move to the new relocation area. Dikmen’s 
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analysis is that the reason for these failures in relocation stem from a process that was rushed, a lack of resident 
participation and communication with the residents about the project. 3)   

In Turkey, disaster laws and housing recovery policies require the National Government to provide per-
manent housing for owner-occupiers of damaged houses, and rely on compensation for damaged private 
property. Owners (excluding those who rented out their properties) of completely destroyed buildings were 
able to choose from any of the following options: (1) Loan financing along with the right to purchase low 
priced, publicly provided, permanent suburban housing; (2) loan financing for rebuilding; and (3) loan fi-
nancing for purchasing land/building (Table 1). The majority chose to purchase permanent housing. In addi-
tion, public support continued for financing repair costs for owners of houses that were not completely de-
stroyed by the earthquake. After the Marmara earthquake, some owner-occupiers moved into permanent 
housing, while others rented their permanent houses to others because the permanent houses were not desira-
ble. Although most owner-occupiers were able to buy inexpensive government-provided permanent houses,  
the government did not offer a program to support renters, because government support for housing is based on 
compensation for private property.  

 
Table 1. Government support for owners of damaged houses in Turkey 

 
Regulations regarding recovery and victim relocation are described in Turkey’s disaster laws; thus, new 

town developments and victim relocation took place. Other factors also lead to the fact that most reconstruc-
tion houses were built in suburbs far from the damaged built-up area. While rebuilding did occur in the 
damaged built-up areas, problems occurred regarding building height regulations and difficulty of negotiations 
among condominium cooperative housing. The primary findings of Ishikawa et al (2005) includes the fol-
lowing: (1) Process of the expansion has also affected residents’ views on suburban living and low-rise 
apartment housing, as well as their environmental evaluation. (2) Residents’ generations vary in permanent 
housing and most residents gradually became satisfied even if they were not originally satisfied about the 
environment of the newly built permanent housing area. (3) Many problems remain in the damaged built-up 
area. Ten years after the disaster, many buildings are under construction by real estate development companies. 
Many residents who lived in the same condominiums at the time of the disaster do not live together in the 
rebuilt areas. The severely damaged area was densely built-up with organized city infrastructure; however, it 
was a city with a population inflow and unstable ground foundation with a large number of medium-height 
condominiums not protected by anti-earthquake building regulations. Therefore, the mid-height condomini-
ums were not rebuilt due to a lack of consensus on the rebuilding format  (4); a large amount of lower height 
multifamily housing that meets anti-earthquake regulations was promptly built in urban suburbs (a total of 
54,053 households were built in the 7 stricken cities, of which 17,778 households were built in the Kocaeli 
prefecture).  Building height is restricted in the damaged build-up area where the ground is unstable, limited 
rebuilding of mid-height condominiums took place where damages were concentrated. Besides the fact that 
making contact with residents was difficult due to the disaster, the number of floors of the completely de-
stroyed condominiums decreased, and thus rebuilding could not take place on the same scale and resulted in 
difficulties in forming an agreement. In prohibited area near the fault, owner-occupiers could not reconstruct 
their houses. 
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(3) Taiwan 
In Aug 2009 Typhoon Morokot caused serious damage from landslides after record amounts of rain fell in the 
south part of Taiwan. Relocation was a main focus of the reconstruction for disaster survivors, many of who 
are members of indigenous tribes. Most relocation houses were built by NGOs on land provided by the Gov-
ernment. The location of this land was selected in order to support disaster mitigation, and reconstruciton 
process relied on cooperation between NPOs and Government. The residents reported some challeges related 
to their livelihood after relocation. 4) 
 
(4) Wenchuan 
After the Wenchuan earthquake, the Chinese government made the decision to completely relocate the entire 
town of Beichuan to a neighboring county. This choice is not likely viable in other contexts, where the gov-
ernment’s control over land ownership and land use is not as strong. This large scale relocation en masse of an 
area that had more than 160,000 households in 2003 is a complicated and difficult project, especially in terms 
of the goal of creating livelihood opportunities. Unlike in the earlier examples of relocation after the Indian 
Ocean Tsunami, residents of Beichuan County and other towns that were relocated after the Wenchuan 
earthquake did not have an opportunity to voice their opinions about relocation. However, while this relocation 
is an extreme case in terms of top-down planning, from the point of view of disaster prevention, it represents an 
increase in earthquake safety, as the entire former town will be preserved as it is and rebuilding there is for-
bidden. 2)  Table 2 showes the comparions of different relocation projects.  

 
Table 2. Comparison of Post disaster relocation projects 

Disaster, 
Year  

Area,  
Country 

Type of Project Resi-
dents’ 
Partic-
ipation 

Location Re-
lated to Live-
lihood 

System for 
compensa-
tion for for-
mer land 

Provision of New 
land or new hous-
ing in a new area 

Indian 
Ocean  
Tsunami, 
2004 

Habantota, 
Sri Lanka 
12) 

Relocation, Houses 
built by NGOS 

No Far from for-
mer seaside  

 Yes. More houses 
were built by 
NGOS than needed 

Indian 
Ocean  
Tsunami 
2004 

Ngapatinam, 
India 

Collective relocation, 
housing groups built 
by NGOS, govern-
ment support for 
housing reconstruc-
tion in relocation 
areas 

Yes Location sub-
ject to resident 
approval 

 Yes 

Indian 
Ocean  
Tsunami, 
2004 

Aceh, Indo-
nesia  

Relocation, supported 
by government (land) 
and NGOs (housing 
construction) 

Little Varies. Some 
cases are good, 
others no 

No, residents 
can keep 
former land. 

Yes. Residents can 
receive a new 
house, decided by 
arrangement  be-
tween village 
leaders/NGOs 
(matching system) 

Turkey 
Earth-
quarke, 
1999 

Marmara, 
Turkey 

Government spon-
sored relocation 
7) 

Not 
enough 

Many are re-
jected by res-
idents because 
of location. 

They still 
have  former 
land or buy 
to develop 
company.  
 

Yes, householder 
can buy apartment 
build by govern-
ment 

Taiwan 
Morakot 
Typhoon 
1999 

South Tai-
wan 

Govenrment /NGO 
sponsored relocaiton 

   Yes, houses pro-
vided by NGOs on 
land provided by 
the government. 

China 
Wen-
chuan, 
2008 

Beichuan, 
Sichuan, 
China 

Complete, massive 
scale relociton of the 
entire City. 

No Far away from 
former site, 
can’t continue 
former activity 

The land 
belongs to 
the national 
government 

Residents given the 
option to  
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4. POLICIES RELATED TO RELOCATION IN THE UNITED STATES COMPARED TO JAPAN  

Policies and programs to implement post disaster relocation for disaster mitigation in the United States 
differ from than those in Japan, but share the same goals: to mitigate disaster damage to residential areas. As in 
Japan, post-disaster mitigation in the US uses land use rezoning to create no-build zones, but the systems used 
to do so, attitudes towards relocation, methods, and outcomes for residents vary greatly.  

In Japan, relocation programs tend to focus on moving residents from the hazardous area (usually the haz-
ards are landslide or tsunami/flooding) to a safe location. This is typically carried out using with a combination 
of buyouts and land exchanges. In the U.S., the primary focus is the relocation of residential uses away from 
the hazard area (usually a flood plain), and the conversion of this land into a no-build zone. US programs 
usually do not involve any focus on what happens to the former residents after relocation, relying on residential 
buyouts of properties in hazardous area. Relocation plans in Japan, on the onter hand, are much more con-
cerned with the ultimate relocation of the resident, and usually include both the pre-disaster and post-disaster 
(relocation) residential land in the planning process.   

The following section discusses the hazard mitigation policy in the U.S. pre and post disaster, focusing on 
the Hazard Mitigation Grant Funding, including how relocation for hazard mitigation has occurred in past 
examples, including relocation and buyouts after Hurricane Katrina in 2005, and the current situation and plans 
for relocations/residential buyout options after Superstorm Sandy in 2012. 

  
(1) Hurricane Katrina 

Hurricane Katrina, which struck the southern coast of the United States at the end of August 2005 caused 
significant loss of housing. The main housing damage happened due to flooding caused by failed levees in and 
around the City of New Orleans in the State of Louisiana, and the storm surge of the Hurricane in the coastal 
Missisippi State.  After Katrina, there was no use of relocation for disaster mitigation or creation of no-build 
zones. Instead, in accordance with the federally run National Flood Insurance Program, which is managed by 
FEMA, the Federal Emergency Management Agency, flood maps with specific required Base Elevations were 
revised. These maps specify what elevation is required in each area, and whereas they were substantially re-
vised for some areas of coastal Mississippi, the elevation requirements did not change very much for the 
houses in the City of New Orleans, and these flood maps do not create any no-build areas.  

 
(2) Use of the Road Home Program and the Homeowner Assistance Grant 

The main system that provided support for homeowners after Hurricane Katrina was referred to as the Road 
Home Program in Louasiana, and the Homeowner Assitance Program in Mississippi. In both cases, these 
programs provided support for damages that were not covered by insturace, up to 150,000. In the Road Home 
program in Louisianta, residents had the choice of repairing their home, selling it and moving within the state 
or outside the state. Although it was not used specifically for relocation, the asptect of the Road Home that was 
a buyout program allowed residents to sell their homes to the State. Although there are no no-building zones 
created, some reconstruction projects that redevelop properties in more dense clusters are pursuing the same 
goals as relocation, with support for the creation of safer communities.  Like Turkey, and unlike in Japan, the 
focus of housing reconstruction in the U.S. is support for the loss of private property, and recovery of owner 
occupied housing. 

 
(3) Concept of Hazard Mitigation in the US (Based on the Stafford Act) 

The Stafford Act is the legal basis for most disaster assistance In the United States. Broadly speaking, the 
Stafford Act provides 3 types of assistance: Individual Assistance (support provided to households of disaster 
survivors), Public Assistance (provided to governments for infrastructure repairs) and Hazard Mitigation 
Grant Funding (HMGF). Individual Assistance deals with immediate assistance and repairs and temporary 
housing; HMGF can take the longest time to distribute. This can lead to disconnections as people are less likely 
to apply for HMGF after the immediate urgent housing needs are passed; as Smith points out, in the worse case 
scenario, houses that have been repairs with Individual Assistance funding are later bought and demolished 
with HMFG, which makes the funding for initial repairs a waste of resources.5) Another contradictory aspect 
of HMGF is that it is intended to mitigate the damage caused by future disasters, but it requires a federal dis-
aster declaration in order to be used. 5) States can then apply for HMFG at 15-20% of the disaster loss value, 
depending on the level of their state mitigation plan.5) 
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Hazard Mitigation Property Acquisition 
Since 1993, participating communities have purchased more than 20,000 properties as to prevent future 

damages (FEMA website). Property acquisition is 75% funded by the federal government, but administered by 
the State or local communities. Individuals can not apply directly, but the local community can apply on their 
behalf.  After 1999 Hurricane Floyd in North Carolina, recognizing that HMGP funds would be insufficient for 
many residents to purchase suitable replacement home outside the flood plain, North Caroline established a 
separate State Acquisition and Relocation Fund to provide up to $75,000 in additional funds per household so 
they could purchase houses outside the flood plain. Some homeowners not eligible for this ‘buyout program’ 
were elegible for the North Caroline Repair and Replacement Program, which provided grants to low-income 
households for repairs costs that were less than the value of the house.5)  North Caroline also required that 50 
percent of eventual homeowners in new state-funded developments were low or moderate income people 
affected by Hurricane Floyd. 5)  In Nashville, Tennessee there are 226 homes that are are set to be part of the 
buyout program after a flood there; this buyout is largely funded by FEMA and the Tennessee Emergency 
Management Agency, and administered by Metro Water Services 5) 

 
(4) POTENTIAL FOR RELOCATION AFTER SUPERSTORM SANDY 
 
After Superstorm Sandy, which caused severe housing damage in New York and New Jersey, there are several 
proposed plans to carry out Hazard Mitgation activites, specifically those announced by the Govenors of New 
York and New Jersey at the State level, and the Mayor of New York City at the City level.  
    In some cases, these programs are also building on existing programs for environmental protection which 
buy up residential lots and convert them to ecological areas. Unlike the typical buyouts carried out through the 
Hazard Mitigation Grant Fund program (admistered by FEMA), these kinds of programs do not require all 
homeowners in the neighborhood to agree on the buyout.  In New Jersey, the existing program aimed at pro-
tection of coastal land is called Coastal Blue Acres: 
 

Coastal Blue Acres (CBA) was created with the passage of the Green Acres, Farmland, 
Historic Preservation and Blue Acres Bond Act of 1995. The bond act contains $15 
million for grants and loans to municipalities and counties to acquire lands in coastal 
areas that have been damaged by storms, that may be prone to storm damage, or that 
buffer or protect other lands from storm damage, for recreation and conservation 
purposes. 

  
   In the case of Foxwood Beach on Staten Island, the local residents have joined together to ask for a buyout 
from the New York State govnerment; whereas the City of New York is not opposing buyouts, in the city 
recovery plan, it states that it will direct resdients to the state for buyouts for relocation. Although the project is 
very similar to and based on the same principles as the Hazard Mitigation Grant, it is funded instead by 
Community Development Block Grants from HUD, which allows for more flexibily as criteria are not as strict 
as those of FEMA, and it does not require all the redients to agree and it is possible to proceed with the buyout 
even with only some of the residents in support of it.  
 
5. COLLECTIVE RELOCATION FOR DISASTER MITIGATION IN JAPAN  
 
(1) Relocation after the Chuetsu Earthquake 
In the Mid Niigata Earthquake, there were many landslides in mountainous areas and the suburban hillside area 
and many villages could not be reconstructed in their original location. Therefore for disaster prevention, these 
villages were reconstructed using housing relocation projects to safe sites, some of which are located near the 
original villages and some near the central larger town area. These housing relocation projects are evaluated 
variously according to the geographical and social characteristics of villages and the type of relocation. Most 
residents are satisfied. But it has been clarified that there are problems, such as the environmental capability of 
villagers to deal with the new living conditions and the continuity of agriculture in the existing farmlands in the 
mountains, in the case of relocation of houses into the suburban zone of central town far from the old villages 
in mountains. 
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(2) Historical examples in the Tohoku Region 
 
   Table 3. Examples of major tsunamis in the Tohoku region 

Year Event 
869 Jomon Era Tsunami--similar to 2011 3.11 tsunami  
1896 Meiji Tsunami 
1933 Showa Tsunami 
1960 Chile Tsunami 
1993 Miyagi off-shore earthquake tsunami 
2011 Great East Japan Earthquake 

 
As Table 3 shows, there is a long documented history of recurring earthquake and tsunamis affecting the 
Tohoku coast, recently occurring in a 30-40 year cycle. With this recurrence and known prediction of earth-
quake and tsunamis, municipal governments in the coastal area of Tohoku had prepared countermeasures 
against an earthquake occurring off the coast of Miyagi Prefecture. There was also a substantial awareness of 
tsunami disaster prevention among residents and schools. However, the March 11th disaster devastated the 
area across Iwate, Miyagi, and Fukushima Prefectures with a tsunami beyond predictions and expectations, 
leaving 15,854 people dead, and 3,145 missing. 
   In this Sanriku Region, struck by a massive Meiji Tsunami in 1896 and the Showa Tsuanmi in 1933, both of 
which devastated many of the same villages and towns struck in 2011, there is a history of repeating relocation 
to elevated areas every time a tsunami hit. However, as time passed, new buildings were built in the flat lands 
which were close to the sea and convenient. There are a few examples of towns where successful relocation 
over the long term, such as Yoshihama (now merged into Ofunato City) where lowland remained rice fields 
and no one was killed or houses damaged by the GEJE in 2011. However, there are more examples of historic 
relocations  where after 1 or 2 generations, residents eventually came to live again where they did before, as 
people moved back down to live near the sea. In many of these areas, the same areas were again destroyed in 
2011. From these crucial examples and lessons about the long term outcomes of relocation in the region, it is 
clear that local development to mitigate disasters by relocating to elevated ground cannot end at the completion 
of the relocation. True reconstruction of tsunami- resistant communities must include careful consideration of 
how to sustain those communities, to utilize the vacant lots and to set up rules regarding construction. 
 
(3) Land Use after Relocation 
As shown in Figure 2, the 4 basic scematic plans used for reconstruction employ various measures to relocated 
residential areas away from tsunami hazardous areas, or mitigate risk through combinations of elevation and 
relocation.   

 
 
 
 
 
 
 
 
 
 
 

Figure 2; The 4 basic scematic plans for reconstruction. 
 
With these kinds of plans, and keeping in mind the lessons from historic relocation failures, the question of 
how to use vacant land in low laying area where residential use is forbidden is crucial. To keep people from 
rebuilding in dangerous areas in the future is necessary for long term disaster risk reduction . 
    Another issue is the use of the vacant lots that are subject to the restriction of residential use due to Article 39 
of Building Standards Act.  In residential areas, some residents expressed their wish to build warehouses for 
fishing and farming tools on their current (pre-tsunami) properties, thus not all would like their properties to be 
purchased by the government as part of the buyout used for relocation.  In urban areas, on the other hand, 
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where commercial and fishery processing buildings (including ones with residential sections) and residences 
coexisted, residences and shops for daily necessities and services (e.g. beauty salons) will be relocated to 
ground at higher elevations, and souvenir shops and restaurants that serve out-of-town tourists as well as 
fishery processing plants will be reorganized in the tsunami-stricken urban districts. These use changes will 
created a very different built environment compared to that before the tsunami, and changes have the potential 
to be disruptive to the lives and livelihoods of disaster survivors. There are a number of aspects that must be 
carefully considered related to land use planning and the impact on life recovery in the short and long term.   
 
(4) Challenges of the Recovery Process in Light of the Diversity of Regionality 
It is necessary to adjuste the scale of reconstruction projects according to the location of evacuees, many who 
are currently outside the affected municipality. In the region, over 30 percent of residents are over 65 years old, 
and the population outflow of younger generations from coastal towns’ to surrounding inland cities has only be 
exacerbated by the disaster, evacuation, and need to find work after local industries were destroyed. In this 
context of small towns whose population decline continues, smart shrinking recovery planning is necessary for 
a sustainable recovery. 
   In this region, which like most of rural Japan has been facing population decline for many years, many of the 
smaller towns have be combined or merged into relatively larger towns for municipal administrative purposes. 
These mergers do not necessarily create a geographically compact city—the smaller towns that have been 
functionally absorbed often are quite geographically disaster from their new city hall. Small coastal towns need 
the support of a lot of visiting governmental staff to carry out recovery projects. Currently, some of these 
former small towns that have been incorporated into larger towns are left behind in the implementation of 
relocation projects.  
   Many local governments tend to adopt land adjustment projects, group relocation for disaster mitigation, and 
nodal urban improvement projects (newly legalized community planning for tsunami disaster mitigation) as 
their reconstruction plan in built-up areas, and employ group relocation for disaster mitigation and improve-
ment projects for fishing communities in fishing districts.   It is necessity to create different community re-
location plans according to local characteristics of the affected community. Key issues include how to build a 
consensus for reconstruction projects, and how the deal with gaps between the existing rules for relocation and 
residents’ living environments. 
 
(5) Livelihood 
Employment is one of the most important issues for any relocation project, including the current situation in 
Tohoku. In the coastal areas were the main industry is related to fishing, the concern is that the population 
decrease and aging which has already occurred might be accelerated by the recovery process. In particular, 
when a local municipality has declared the relocation of coastal communities to higher ground as part of its 
recovery strategy because of the difficulty in reconstructing the community where it used to be before the 
earthquake, the affected residents there, especially young people, are highly likely to move to a different 
municipality in the inland area, reasoning that they are facing uncertainty concerning their future, including 
residential reconstruction and employment.  
   A well-balanced relationship between housing reconstruction and recovery of livelihood is important for 
recovery in earthquake-hit areas where fishing and its related industries serve as an economic foundation. On 
the other hand, since each community of earthquake survivors has their own needs for recovery, it is necessary 
to design a specific reconstruction project focusing on how earthquake survivors can recover their livelihood 
within the community. According to a survey of residents, 81% of respondents desire to have jobs within the 
town. Even within a local municipality, households who lived in a built-up area demand early housing re-
construction, and people engaged in fishing industry prioritize measures for industrial recovery over housing 
reconstruction.  
 
(6) Connections to Community  
Many of the survivors were forced to evacuate from their municipality to another one in the inland area with 
accommodations and good facilities, and temporary houses were built outside their own municipality because 
of a lack of appropriate construction sites. It is uncertain that families forced to move to another municipality 
convenient for their daily lives will be motivated by the community reconstruction plan of the local munici-
pality to return to where they lived before the disaster. The local authority should be responsible for informing 
all the evacuees in various parts of the country of the vision for recovery and the direction of community re-
construction as well as for showing a strong will to reconstruct a safer and more secure community. There 
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should also be efforts to incorporate what the residents want into the reconstruction plan.     
   If a municipality considers relocating the community to high ground, it needs to make the full use of the 
limited graded land and create a small-scale community where elderly people who have limited mobility can 
live a comfortable life. It also needs to find countermeasures to counter population decrease. Soon after the 
earthquake, many residents had the intention to rebuild a relatively large single family detached house, as they 
have in the past, but as time passed, the number of people who wish to live in municipality-run public housing 
has increased. This tendency has led the municipalities to consider increases in public housing. In the midst of 
population decrease and an aging society, it is necessary to keep the elderly population in mind during the 
implementation of the reconstruction plan in order to achieve the reconstruction of a sustainable community. 
Elderly residents will be unable to rebuild on their own, and will require more support, such as public housing. 
However, without foresight, the construction of a large amount of public housing for a primarily aged popu-
lation in a region where overall population is shrinking will lead to these public housing units being vacant in 
one generation.  
   Reconstruction planning first needs to build community consensus for reconstruction projects. In this region, 
many communities have formed “keiyakukou”, a traditional association consisting of households within 
shared property, such as common land, and the leader of the resident association is not always the repre-
sentative of the keiyakukou. Many communities which have moved to a new location tend to demand a land 
with keiyakukou, which creates a challenge unique to the Tohoku region. To build a consensus under these 
conditions, it is important to provide a forum for discussion between members of keiyakukou and the people in 
the community targeted by the relocation.    
    Secondly, the gap between the existing rules for relocation and residents’ living environments should be 
considered. The Act for Special Financial Support for Promotion of Group Relocation for Disaster Mitigation 
is often used when a community of fishermen and their families is relocated to high ground as part of recovery 
plan after the Great East Japan Earthquake. Under this Act, relocation area per household is designated up to 
about 330 m2, but this allocated area is much smaller than the total housing area that households had before the 
quake because they also require storage facilities for fishing and agriculture as part of their houses. The solu-
tion to this problem may involve requiring more time to obtain a consensus from households. Also, it is ex-
pensive to develop residential areas and needed infrastructure in areas at higher elvation, and it is difficult to 
develop any larger sites with public funds.  In reality, the foresight in allocation and access road construction 
plans of reconstruction projects is desired to enable local residents to share the cost to level neighboring lands 
and enlarge their housing lots after their relocation to higher land supported by public funds.  
   Along with the construction of public housing, government recovery projects include making lots in relo-
cation areas available for purchase or rent, with the idea that residents will rebuilt new housing using the 
money they received for compensation for the sale of their former lots in the inundated area where rebuilding is 
now forbidden.  Many residents have shown their desire to purchase the lots instead of rentting from the mu-
nicipal government.  In this area, with a strong traditional of of home ownership, residents have a strong desire 
to continue to own their homes and land rather than renting.  
  However, it is essential to gradually provide residential lots and public housing in light of diversified needs 
regarding the reconstruction of residences and lives of the victims.  For example, in urban areas, it is possible 
to purchase lots ahead of time and build public housing in key urban area reconstruction projects.  The project 
can then move the elderly from the temporary housing at an early stage and help establish their living envi-
ronment, and simultaneously provide housing lots to families who lived in privately-rented housing before the 
quake and those who are more capable to come up with their own funds for housing reconstruction at a rela-
tively early stage, .e.g. a three-generation-family whose “child” generation is an office worker.  Afterward, 
follow-up measures have to be investigated.  One example is projects to promote collective relocation for 
disaster prevention in which of shops for daily life needs are built within the given ratio within the newly 
approved relocation area. Then, such properties are to be bought out, and shops and processing plants which 
would like to resume their operations in the former urban districts will be re-organized in town land read-
justment projects. 
 
CONCLUSION 
The outcome of the relocation process in Tohoku will have a significant impact on the overall recovery for 
residents after the Great East Japan Earthquake. The Tohoku region faces a number of specific challenges, 
including an aging society and depopulation that was already starting before the disaster. Yet many critical 
aspects of relocation are shared across different disasters in different contexts.  In general, comparisons with 
post-disaster relocation experiences in countries around the globe point to the issues that area shared by resi-
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dents, such as the importance of considering livelihood alongside housing, involving residents in the process, 
towards the goal of a successful recovering that supports residents lives.  
   In Japan, recovery planning, including relocation and land use policies for disaster mitigation, as well as 
construction of housing and support for livelihood recovery, are all under the control of exisiting and routine 
governmental programs.  This situation is quite different from one in which relocation housing is provided by 
an NGO or international donor, but many issues are similar for residents. In the extreme cases, mistakes in the 
relocation program can lead to vacant housing (residents who don’t relocate), disruption and loss of income 
and stability when residents are forced to leave the area they rely on for livelihood (such as fishing villages 
relocated away from the water).  These kinds of mistakes can easily occur when the recovery plans and projects 
are made and carried out without adequate attention paid to the needs of the residents, their lifestyles and 
livelihoods. The involvement of residents in the process, and the incorporation of their voices in the plans are 
crucial. Relocation can also cause social disruption when residents are scattered, and existing support systmes 
and community connections severed.  It is inevitable that there will be some changes in the communites pre 
and post disaster, but attention must be paid to creating plans that support strong communities with options for 
a mix of residents, as well as support for the elderly.  
  The comparison of the United States and Japan shows the impact of different approaches toward land use as 
part of disaster mitigation. With the focus on the land compensation and use of ecological preservation pro-
grams, U.S. programs can be more flexible that Japanese ones, which require the entire community to agree, a 
timely process. On the other hand, the U.S. system is not concerned with the long term outcomes of commu-
nites after buyouts, and in this aspect, the Japanese system may support residents better in the long term.       
   After relocation, land use planning for former residents areas is critical for long term disaster reduction. The 
designation of land use is critical to ensure the people will not move back to former residential areas over time, 
as can be seen from historical relocation in the region after tsunamis in the past. Hopefully Tohoku relocation 
can learn from these lessons from the past as well as relocation experiences from other countries.  
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Social networks are significant in helping communities and individuals cope in disasters. Studies of communities 
hit by a catastrophe such as landslides or heatwaves demonstrate that people with well-connected social 
networks are more likely to recover than others where their networks are obliterated or non-existent1). The value 
of social networks is also evident in bushfire. There is mounting evidence that information is passed between 
persons, such as family, friends and neighbours. Brenkert-Smith2) argues that social interactions are important in 
creating opportunities for residents to exchange information on shared risks and can lead them to take collective 
actions to address this risk.  

This paper presents on-going research on social networks of residents living in fire-prone areas in Australia to 
investigate how knowledge related to bushfire might flow, either in preparation for, or during a hypothetical 
emergency. A closer examination of social relations and characteristics within networks is critical in 
contextualizing this knowledge flow. This understanding will contribute to collected evidence that social 
networks play a particularly important role in collective action in building adaptive capacity1) 3). 

In the analysis, the paper uses three commonly accepted frameworks of social capital; bonding, bridging and 
linking, as a starting point and visually represents perceptible examples of how they are created within a very 
specific locality in Australia. The types of networks studied reflects how people’s emergent roles and their inter-
relatedness with one another helps to build adaptive capacity and greater awareness of the risks they face from 
fire. In doing so, it also questions fixed roles such as ‘leaders’ and their individualised attributes that disaster 
literature can over-emphasise, and notions of what ‘vulnerability’ means in a social network context. This 
research demonstrates that these are not predetermined conditions, but generated through emergent, contextual, 
processual factors. 

Keywords: social networks, collective fire preparedness 
 
 
 
 
1. SOCIAL NETWORKS IN BUSHFIRE (WILDFIRE) PREPAREDNESS 
 
The scale and catastrophe of the Black Saturday bushfire in Victoria, 7th February 2009, prompted a federally 
funded Bushfire Cooperative Research Centre (CRC) to investigate critical problems associated with risk. 
This paper draws on one of its research projects, Effective Communication: Communities and Bushfire that 
specifically examines communicating risk to communities, undertaken by researchers at RMIT University, 
Australia. We take the view that a community is generated by and manifested in both formal and informal 
networks that exist between people, groups and organisations1). Given that communities are complex, diverse 
and dynamic, the frameworks used in this paper enables an examination of different network aspects of 
people’s lives, interactions and relationships to be highlighted. The paper goes some way to address the gap 
in our understanding of how people’s social networks perform in preparing for bushfires, contributing to 
evidence that social networks can build adaptive capacity and recovery. For example Stelling and 
colleagues4) report that bushfire survivors in Victoria coped more effectively when they were part of ‘good 
support networks’ that included friends, family and broader networks. Almost half of the residents 
interviewed (51%) in Kilmore-East relied on environmental indications and phone calls from family and 
friends as cues for enacting their plans, rather than those (1%) that looked to agency websites5). In other 
words, there is a mutually beneficial relationship between individual exchange and collective action. 

mailto:yoko.akama@rmit.edu.au
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The research has several objectives in conducting the social network study. We use three commonly accepted 
frameworks of social capital, bonding, bridging and linking 6) 7) as a starting point and visualise it with 
perceptible examples of how they are created within a distinct locality in Australia. The frameworks provide 
ways to see the kinds of communication exchanges taking place and determine its credibility and purpose for 
the individual. We also examine what kinds of people who are part of these networks, what kind of 
knowledge might be passed along, and what this enables (or could enable) for the network. It also looks at 
terms like trust and reciprocity, how this is expressed or demonstrated and why certain members are more 
trusted than others. The linking relationships examine the individuals that link between ‘community of place’ 
where locality and situatedness are shared, and the link between groups and organisations in relation to 
bushfire communication. This then allows a basis to understand when and how information might come from 
fire agencies and other formal institutions, and how this passes through the networks.  
 
The power of the social network study is in its illustration that reveals highly context-specific outcomes of 
trust, reciprocity and knowledge exchange among people in a network. In doing so, it also attempts to ‘bring 
to life’ the relationships and the reasons for their connectivity or disengagement. The types of networks 
studied reflect how people’s emergent roles and their inter-relatedness with one another helps to build 
adaptive capacity and greater awareness of bushfire risk.  
 
Strategies for unlocking and realising the full value of social networks are under-explored and poorly 
understood in disaster literature. The contribution of this paper marries theory and empirical evidence to 
interrogate fixed roles such as ‘leaders’ and their individualised attributes, which disaster literature tends to 
emphasise8). Instead, it highlights a range of formal and informal roles where residents display other 
capacities in building resilience. The discussion also questions what vulnerability means in the context of 
network interactions, highlighting that those who prefer to be isolated and have insular, bonding networks 
are also potentially at risk alongside those who are commonly regarded as being vulnerable, like women or 
the elderly living on their own 9). By building on a social capital framework of bonding, bridging and linking, 
the paper demonstrates that these are not created by predetermined function of individuals, but generated 
through emergent, contextual, processual factors. We argue that the disaster field needs to be aware of the 
transformative nature of networks and the latent qualities contained within a social network. 
 
 
 
2. VISUALISING BONDING, BRIDGING AND LINKING SOCIAL NETWORKS 
 
The first stage of Effective Communication: Communities and Bushfires project comprised an ethnographic-
type study of bushfire-prone localities in four states across Australia, including Victoria, Tasmania, Western 
Australia and New South Wales. This study examined the dimensions of awareness and preparedness for 
bushfires within these communities. These initial interviews highlighted several women in Tasmania who are 
actively using their social networks to increase awareness and preparedness in their communities. We 
selected several of these people for further interview as well as people in their social networks, chosen based 
on their willingness to volunteer and participate in this study. In total, the social network research was 
conducted with 10 participants from three localities in Tasmania, an island state of Australia. Our initial field 
work identified that these areas are experiencing rapid demographic and socio-economic changes, driven by 
amenity-led migration. This is creating diverse rural-urban interface communities and exposing more people 
to the risk of bushfire. These rapid changes within the community are presenting a challenge for fire agencies 
to develop new approaches to effectively communicate preparedness messages.  
 
The interviews were conducted at the participants’ homes and approximately took one hour each. The 
interviews were complimented with a design-based visualisation method10) to capture their social networks, 
which was then graphically rendered for further analysis. The approach resonates well with social network 
analysis involving name generators where participants are asked to provide a list of contacts within the ego’s 
personal network 11). ‘Participant-aided sociograms’ can elicit information about personal characteristics of 
the named contact, the attributes that describe the tie and the role-relation connecting the ego and the alter. 
Participants are asked to place their contacts within concentric circles, where each circle represents a 
different level of intimacy. The interviews were audio-recorded and transcribed, and they were analysed 
together with the visualisations of their networks. These diagrams are critical components throughout the 
discussion in illustrating each network characteristic (seeing them in colour is important, instead of B+W). 
 
Social capital and social networks are often treated as two-sides of the same set of relationships. The 
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implication is that the value of such relationships is not based on what you know (human capital such as 
individuals’ education, health, skills and knowledge) but who you know7). Social capital is thus commonly 
understood as the value of assets held in or accessed through social networks, and also includes aspects of 
people’s position in society and their ability to co-operate with others6). Woolcock7) explains that if we are to 
understand the ways in which social capital is produced, we must develop an understanding of how repeated 
interactions within communities create trust and reciprocity. As such, this study draws attention to 
bonding, bridging and linking relationships. Residents in bushfire prone areas in Tasmania displayed these 
characteristics, and also demonstrated that these types of social capital are not clear-cut and they frequently 
overlap. These overlaps will be visualised to show the multi-faceted nature of such networks, and that they 
do not belong to either-or categories. And whilst describing the bonding, bridging and linking relationships 
observed in the interviews, we also closely examine the agency of key individuals that create social capital 
through their interaction with others. 
 
 
(1) Bonding networks and the role of ‘catalytic’ residents 
 
Bonding networks describes the relations between similar people with strong mutual commitment such as 
between friends, family and other close-knit groups. The importance of bonding capital in building cohesion 
is for communities that have been fragmented by ethnic, sectarian and other social fissures1) 7). While 
bonding helped many families survive a disaster, those who lacked, or suffered a breakdown in bridging and 
linking social relations were often unable to access community resources. Racial stereotypes and low socio-
economic status were identified factors in such breakdown. Similarly, in another study of heatwave risk in 
the UK, Wolf and others12) cautioned that bonding networks among the elderly could exacerbate, rather than 
reduce, vulnerability. The elderly people saw ways to cope with heatwave as ‘common sense’, perpetuating 
narratives of resilience and independence through their bonding networks instead of actively seeking 
assistance from the outside to reduce risk.  
 

 
Fig. 1 An example of an insular bonding network 

 
The problem of insular bonding networks was also observed in our own research. Some families who have 
lived for a long time in one particular locality in southeast Tasmania, appeared to have little reason to go 
‘past the family’, and therefore had not expanded their social networks. One resident said, ‘… there’s a lot of 
people who live here who don’t have a network other than perhaps a relative network … Sometimes that can 
work and sometimes it can’t.’ (CRCTASSN01). Wenger13) characterises these networks as local family 
dependent support network, where primary ties are with close family and have very few ties with friends and 
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neighbours. Another interviewee described a long-term neighbour in his 60s who ‘doesn’t want to know.… If 
you try and approach them, they just back off even more and I find it doesn’t work.… I’ve asked the [fire 
fighters] to talk to him, he virtually told them to go somewhere else. … he doesn’t want to be [in the phone 
tree]. He made it perfectly clear’ (CRCTASSN09). His disinterest and isolation was a great concern to the 
interviewee for fire preparedness. New residents may also lack connectivity. Stelling and colleague’s16) 

report, ‘… the newcomers have got the issue where they’re not connected in the community and that’s where 
they’re isolated and not resilient…’. This issue of new arrivals or intentional disconnect from the community 
was also observed in a coastal area in Victoria that continues to have a large influx of non-permanent 
residents. Akama & Ivanka14) explain that these residents, often consisting of sea/tree-changers and holiday-
home owners/renters, are there to ‘switch off’ from a busy lifestyle. Often they can disassociate with the 
local community network through frequent absence or deliberate desire to disconnect socially and 
technologically. Their lack of knowledge of people and environment can make them more susceptible to 
bushfire risks than the permanent, long-term residents.  
 
Risks associated with an insular bonding network can be best illustrated by a male resident’s network in 
Tasmania (Figure 1 – labelled as T). He is aged above 60 and had moved to the area from overseas many 
years ago. Contact with neighbours was minimal and often ad-hoc, for example, waving to each other when 
someone drives down their road, or having a casual chat across the fence line. Many of his friends had 
moved away from the neighbourhood and he appeared to be either shy or reluctant in connecting with others. 
Only two couples appear on his network as friends, mainly through his wife. Unfortunately, it wasn’t 
possible to interview his wife, who may have revealed a very different network to him and how he could be 
connected to others through her groups and social network. Although he had knowledge of most of the 
residents in his locality, he explicitly stated that he would not contact or be contacted by anyone in an 
emergency, since his plan was to leave early. This form of bonding network may be seen as another form of 
vulnerability, especially when there is little or no connection to others in the community or ways to be 
informed about risks or warning by the fire agencies.  

Fig. 2 Female J playing a bridging role, connecting with male T with an insular bonding network 
 
 
To date, bushfire research is poor at identifying such individuals. Very little is known about them and the 
causes for their isolation even though social exclusion is a concern being addressed by community services 
in general1) 13). One insight revealed by our research is how the processes of social integration could happen 
through networks. Here, the social network of another resident, female J, become salient in describing a 
critical role as a catalyst in bringing people together. She appears in the periphery of male T’s network (see 
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Fig. 1 top right of the diagram) as someone he is beginning to know. Female J’s proactive link is suggested in 
the diagram by a directional arrow (fig. 2), visualising how the two networks join up.  
 
Female J is a recent arrival and runs a private business. She is using her personal interests to organise a 
‘street connect’ group in her local area and encourage people to prepare more collectively and effectively. 
Ten households responded to her initiative and showed willingness to set up a phone tree. These bridging 
efforts were remarkable given that she had also managed to engage male T. Female J indicated that she 
would contact male T and his wife immediately in a fire, as they live on the same street as her. Despite 
appearing to be deliberately disengaged from others and stating that he did not need any advice or 
information, male T’s interest in attending her gathering was due to his concern about a ‘safe area’ where 
they could all go in an on-coming fire and emergency. 
 
Female J also indicated that she would also contact people highlighted in orange (those positioned above her 
in fig. 2) to ask if they needed help, to see how they were and to let them know her plans to leave early. In 
terms of preparedness, she will also ask, ‘Can I get you to come and cut some wood down? Can I use your 
bulldozer to move some logs? Can I get you to help me build a wood shed a long way away from my house? 
So it's more just about property clearing’. Again, this was a proactive effort on her behalf, indicated by the 
directional arrows. Her motivation in establishing the ‘street connect’ and phone tree is driven by a concern 
that she is new to the area and a female living on her own. She is being prepared by proactively building her 
networks, which also includes social gatherings (indicated as blue hubs, right-hand corner in fig. 2). She 
indicated that a connecting role, ‘sort of just like a conduit, not really the person that has all the answers’ is 
very valuable in a fire network without realising that she is, in fact, playing this actual role. 
 
 
(2) Bridging networks of women and the role of social groups 
 
The concept of bridging refers to horizontal connections, implying links between people and social groups7). 
It is formed from the connections between people who have less in common, but may have overlapping 
interests, for example, between neighbours, colleagues or between different groups within a community1). 
Bridging allows connections among otherwise disconnected groups or civic organisations. Such ties facilitate 
the exchange of information between distinct groups, and help to expedite the flow of ideas among groups. 
As such, they are important to the process of educating the community as a whole, and in organising or 
mobilizing for collective action16).  
 
Gender tends to be a peripheral theme in bushfire research and is sill nascent in disaster literature17). Our 
observation, whist being a small case study, reinforces the role of women in disasters made by Tyler and 
colleagues17) who state that women are more likely to receive risk communication due to their social 
networks. Women, in particular, can play a critical link between the family unit and those beyond. Women’s 
participation in voluntary organisations such as the Rural Women’s Network or Country Women’s 
Association are historically known to support members of rural communities and enhance community 
interaction17). Fothergill18) explains that women become active in such groups through female friendship 
networks, and they see such memberships as an ‘extension to their traditional domestic roles and 
responsibilities’ because disasters poses a threat to their home and family. 
 
The bridging role performed by Female J, already introduced in the previous section, helped to reduce the 
risk of isolation for male T. Similarly, another network visualisation of female K shows extensive 
socialisation that involves a variety of group activities such as weights classes and ‘coffee a go-go’ (see fig. 3 
– social groups are indicated as blue circles in the periphery of the diagram). These groups provide occasions 
where residents would see each other regularly, including people from other localities or partners of the 
group members. These groups mainly consists of a core of residents living locally, and because of their 
geographical location, they could share similar environmental and weather concerns about bushfires. Female 
K explained that it was a useful network to share bushfire information on, though this was not a consistent or 
formal activity. Information shared varied from how to prepare one’s property to other related topics on flora, 
fauna and the environment. These coincidental conversations, arising naturally out of these social groups 
were indicated as being good reinforcements on what they already knew about, and provided a forum for a 
robust discussion. Thoughts and opinions could be exchanged freely. Female K explained how these 
conversations would surface, usually in pre-summer season; ‘…because it’s either been in the news or there’s 
been talk about the fire season coming up. Or else somebody says what have you been doing lately? 
Basically you say, well we’ve been doing fire hazard reduction. Then they say, well what are you doing? 
That’s usually how the conversations starts’. This reflects the habitual activities of local residents for fire 
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preparedness, attributed to the successful integration of the informal Community Fireguard network in this 
locality.  
 

 
 

Fig. 3 Female K’s network showing extensive bridging and social activities 
 

 
From a bridging network perspective, Community Fireguard groups demonstrate an effective formalised 
communication structure and preparedness. The Community Fireguard program is a Victorian public 
bushfire education model that trains facilitators to assist neighbourhood groups in reducing risks and taking 
responsibility for their own bushfire safety. Similar arrangements were also promoted in Tasmania. Female K 
lives in one of the Tasmanian towns we studied, where residents had established an ‘informal’ Community 
Fireguard group twelve years ago. By 2012 it comprised 170 - 200 people who were organised into eleven 
groups according to a street or area, with one volunteer leader for each group. The numbers in the group 
accounted for just under a quarter of its population (approx. 900). In a bushfire, the local fire chief is 
expected to call the leader of the group, who in turn will contact others on their phone tree system. In female 
K’s network, the Fireguard leader in her street is highlighted in orange (positioned directly above the centre). 
This Fireguard leader plays a critical linking role – the third framework that describes social capital which 
will be discussed further in the next section. The Fireguard leaders in this town meet once a year and are 
briefed by the fire authorities on new equipment, information or plans. Regular fire awareness sessions are 
organised at the start of the season and any relevant information is disseminated through the network. The 
formal and informal arrangements are valuable because it promotes an active participation, complementing 
and extending passive information delivery and promote bushfire planning and preparation22). 
 
 
(3) Linking networks and questions on ‘leadership’ 
 
The linking concept adds a vertical dimension to the analysis, entailing strategies that forge alliances and 
promote positive relations between locally-based social groups and individuals and organisations outside 
these groups. This aspect adds the dimension of power and influence into the analysis. Linking describes the 
capacity to leverage resources, ideas and information from formal institutions beyond the community1) 7). 
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Female K’s network above shows several residents that play both bridging and linking roles due to its 
integration of Community Fireguard groups and Tasmanian Fire Services.  
 
Community leadership plays an important role in disasters, and this is reiterated and evidenced in bushfire 
research4) 8) 20). However, leadership in disaster research is often framed as a masculine attribute of authority 
and power where men dominate the decision-making positions and higher levels of emergency 
management21), compared to women who are often placed in non-operational or supportive roles and only 
make up less than a quarter of volunteers in Australia20). In management literature where more robust and 
conceptual discussion of leadership can be found, ‘leadership’ is often conflated with ‘leaders’. A critique by 
Wood22) argues that ‘leaders’ are imbued with presuppositions of autonomous individuality, emphasising 
discrete individual personality traits of a few key people (eg. the so-called ‘great man’ perspective) that 
separates the ‘leaders’ from the ‘followers’. We question this narrow view of ‘leadership’ in bushfire research 
and argue that it is problematic when viewed from the network perspective, especially when there are no 
formal structures (like a Community Fireguard) in place. The danger when only looking for ‘leadership’ to 
perform the vital linking role with fire agencies in the community could result in failing to recognise other 
people who are also catalytic to a network, like Female J, who we introduced earlier in the paper. These 
individuals may not suspect that they are perceived as being important in their networks, particularly in an 
emergency. The following examples highlight this issue even further. 
 

 
Fig. 4 Network interaction of three females in a fire 

 
In another locality in Tasmania, we undertook a network analysis of the interaction that took place between 
three women prior to a fire in January 2010. Their official community leader, such as the Deputy Mayor, was 
generally regarded as useful in knowing the activities related to the council on issues like hospital closure. 
However, none of the residents interviewed in this locality had identified him as a person they would turn to 
in an emergency or preparation for bushfires. Instead, their network diagram (fig. 4) shows a collective 
phenomenon where different people had assisted the women in different ways in fire. In this locality, female 
A and W were selected for our study because they could be typically considered as ‘vulnerable’ residents 
given that female W was more than 70 years old and female A lives alone. Notions of vulnerability expressed 
in disaster literature ranges from women, those who are elderly; have physical/mental health issues; those 
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with children; those who are living on their own; those living in remote areas; those without means of 
transport; those living in ‘unsound buildings’; those in denial of the risks they face and recently arrived 
residents, and more9).  
 
During the interview, female A and W both highlighted female N as being trustworthy, reliable and a source 
of information. Female N explains, ‘I probably actively work at my network’, valuing the support that she 
provides to others as well as the support she receives from her friends and neighbours. Despite not having a 
local close kin, all three females identified many number of people in their networks who they had turned to 
in an emergency, and those who had contacted them to offer assistance. Figure 4 shows strong reciprocal 
relationships, visualised by the red, two-way arrow links. Availability of mutual assistance and having 
sources of informal help has been indicated as important in a support network13). In terms of ‘testing’ 
normative relationships, Female A was shocked by her immediate neighbour who did not assist her in the 
fire. ‘[M]y immediate neighbour, for instance, could see the fires behind my place, didn't even come over to 
see if I was all right. … I was gobsmacked… Knew I was on my own, so that was just sheer thoughtlessness 
on his part … So the person who did actually ring me up was in fact [Female N], to make sure that I was 
okay … I think [my immediate neighbour] was more worried about getting his hay out’. Female A now 
knows not to rely on this neighbour in a fire and visualised her trust and reliance with other members in her 
network, particularly with female N who actually assisted her. When the fire came close to their house, 
female N was critical to female A and W’s preparation and risk mitigation. She helped them clear out the 
gutters and filling it up with water. Female W said, ‘I apparently got a gold star [from the fire authority] for 
being so prepared!’.  
 
Links to the fire agency are vital in ensuring that communication reinforces the knowledge-flow that takes 
place in a network, limiting the risks of ill-informed communication taking place. Such linking networks 
performed by the local fire brigade (circled in fig. 4) were important for the three female residents. Local fire 
brigades often draw its membership from the community, cementing the link with the fire agencies. Both 
female A and W explained that the local fire brigade had kept an eye out for them, regularly maintaining 
contact to assure their safety. The two females’ prior attendance at a fire preparation talk had alerted the 
authority staff to their needs. This example demonstrates the remarkable social and collective preparedness 
towards bushfire and means that these residents are in a less vulnerable situation than would otherwise be. 
 
Members of a local fire brigade were often observed in performing the linking role with the fire and 
emergency services (see fig. 3&4). Yet, there are uncertainties of being able to rely on the local fire brigade 
alone for assistance or information. This was illustrated by one resident; ‘…[the fire brigade] could be in a 
completely different area fighting a different fire and we might have another fire truck in our area, you don’t 
know. Nothing is absolutely guaranteed’ (CRCTASSN09). Other residents we interviewed had also echoed a 
similar view of not expecting the authorities or local brigade members to help in an on-coming fire. This 
points to the limitations in our understanding of preparedness if we solely rely upon ‘leaders’, whether they 
are local brigades or community leaders like the Deputy Mayor, and failing to recognise the dynamic and 
latent roles that ordinary residents can perform in emergencies. When the January 2010 fire was 
approaching, female A, N and W trusted and relied upon various members in their networks (indicated in 
orange). Female A explains that, as well as female N, she had relied on the couple living nearby because 
‘they live down the bottom of the road and also they seem to have good knowledge about everything. 
They’re people that I know that whatever advice they gave me, I could rely on the advice that I’d been 
given’. In our study, trusted and reliable individuals were not always identified as a close friend or someone 
who they would contact frequently, but their importance became highly significant in past bushfire 
experience or imagined future emergencies. Other ‘ordinary’ residents were highlighted for various reasons, 
such as: 
 

a. having reliable knowledge about fire preparation and useful tools, skills and advice 
b. having knowledge on how to get information that was useful for preparation and in an emergency 

(eg. someone with a radio scanner) 
c. being available. This meant possessing the knowledge of being able to reach others easily (eg. 

familiarity with their daily routine or workplace) 
d. demonstrated willingness to help/assist (based on previous conversation / actions in the past),  
e. having knowledge of other people (eg. local firey) 
f. household location  (eg. located on a hill and can inform which direction the fire is coming from)  
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g. providing emotional support 
 
Another resident gave an example of a trusted, reliable member in her network who was active in creating 
and maintaining their informal Fireguard group: ‘She knew I was looking for someone to take over the group 
and she’s made more effort than probably anyone really with regard to contacting people from the top to the 
bottom of the road, which is great … [she’s] just gone around and got the 60 people involved in [the group], 
I would say is pretty good’ (CRCTASSN09). This resident, who was identified as being reliable, had been 
living in the locality for over 20 years and was active in ‘networking’ and inviting the residents to the 
Fireguard group, despite also running a local business. 
 
 
 
3. CONCLUSION  
 
Fire, often being a sudden, stressful, event-based occurrence can change the dynamics of a network. It can 
‘test’ normative relationships (as described by female A about her immediate neighbour) and create situations 
where people’s roles are emergent (like female N), especially when there are no formal or organisational 
structures in place. The study of social networks shows the complexity of the interactions that exists, 
providing us with a tangible sense of how people connect. In an on-coming fire, the actions taken by people 
are mobilised within a system of multi-layered relationships. 
 
The integration of the three frameworks of bonding, bridging and linking networks can be useful in 
understanding the basis for a collective, people-based preparedness in disasters. This paper has also 
demonstrated how these three frameworks overlap. There are no defined, clear-cut boundaries and, in fact, it 
is the multi-dimensionality of such networks that gives its unique characteristics and effectiveness for its 
locality. Many researchers in disaster and recovery echo this observation. For example, in the aftermath of 
Hurricane Katrina, Hawkins and Maurer23) found that the ‘interaction of bonding, bridging and linking social 
capital resources played and continues to play a significant role in the reconstruction’ of the city.  
 
We have provided tangible examples that social networks provide reciprocal support and assistance. 
However the concluding argument we put forward is the need for both fire authorities and communities to be 
aware of the latent social capital that is created in an emergency through such dynamic networks. 
Administrative boundaries can often segregate areas within the same locality and this can create distinct 
identities, magnifying inward bonding networks that limit the possibilities of developing bridging and 
linking networks to other areas. Recognising that networks foster information flows and can become a 
repository of local knowledge, creating and maintaining interdependent connections among different sources 
within and beyond the community provides a way to gain access to advice, services, support and resources. 
Our paper contributes critical knowledge and evidence for fire agencies to engage with community networks 
and support those people who are playing vital catalytic, bridging and linking roles to strengthen their 
potential for adaptive capacity in mitigating bushfire risk.  
 
It is clear that more research and new conceptualisation of emergent roles and relational dynamics is needed 
to understand how social networks perform in an emergency like a bushfire. Placing fixed labels like 
‘leaders’ or looking for individualised attributes seems unhelpful, especially when contextual and processual 
factors are not accounted for. These individuals are beginning to be identified in hazards literature as ‘an 
agent of social change’24), ‘gatekeepers’25) or ‘community champions’20). Some of these members self-
identify (eg. pro-active volunteer), whilst others may not suspect that they are perceived as being important 
in their networks (like female J), particularly in an emergency. The disaster discourse needs to examine these 
roles as a process of transformative change and relations of reciprocal influence25). Further research into the 
relational processes among people in these networks that enable reciprocity and transformation may provide 
key insights as to how collective adaptive capacities can be built. 
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The Philippines has one of the best systems for involving young people in national and local governance. It’s 
Sangguniang Kabataan (youth council), which is present in each of the 42,000 villages across the country, is 
regarded as the quintessential example of youth participation in local governance and is considered a concrete 
proof of the Philippine Government’s recognition of the potential of the youth to contribute to national de-
velopment. This paper summarizes Philippine policies at the national level related to youth participation in 
disaster risk reduction (DRR) and reviews the implementation of these policies at the local level, citing reports 
produced by and for the National Youth Commission and field observations gathered from 2010 to 2012. It 
attempts to show the discrepancies between ideal scenarios and actual youth participation in DRR in practice 
and offers several recommendations on how to remedy the current situation. Lessons from the Philippine 
policy experience can be useful for other countries in raising the involvement of their youth in DRR. 
 

   Key Words : disaster risk reduction, youth participation, Philippine policies 
 
 

1. INTRODUCTION 
 

The Hyogo Framework for Action 2005–2015 promotes participatory disaster risk reduction (DRR) and 
states that “both communities and local authorities should be empowered to manage and reduce disaster risk by 
having access to the necessary information, resources, and authority to implement actions for disaster risk 
reduction.” By involving people in the decisions that affect their lives, participatory DRR has the potential to 
make initiatives more sustainable, integrative, and empowering1). 

In the Philippines, the necessity of participatory DRR is made more prominent by the need to develop and 
strengthen local disaster prevention, mitigation, response, and reconstruction capacities to complement na-
tional capacities. The Philippines is one of the world’s most disaster-prone countries2) and has been consist-
ently among one of the Top 5 countries with the most number of reported disaster events in the last six years3). 
It is vulnerable to almost all types of natural hazards because of its geographical location in the Pacific Ring of 
Fire and along the typhoon belt. Contributing to disaster risk is the high level of vulnerability among the 
population, more than a quarter of who are considered poor4). 

Participatory DRR is meant to integrate the views of multiple actors and stakeholders5), including the na-
tional government, local governments, NGOs, INGOs, UN agencies, academe, mass media, business sector, 
faith-based organizations, and community-based organizations. One way to view participation is in terms of 
the scope, such as the number of participants and the frequency and duration of activities, although these are 
not an adequate measure of quality participation6). Participation is considered effective if it shows some effect, 
influences a particular decision, or produces a favorable outcome, which can occur at the individual, organi-
zational, or community levels. There is also a need to assess if those most affected by disasters have been 
targeted for participation. The implementing rules and regulations of the Philippine Disaster Risk Reduction 
and Management Act of 2010 (Republic Act 10121) define “vulnerable and marginalized groups” to include 
“women, especially pregnant women, youth, children, especially orphaned and unaccompanied children, el-
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derly, differently-abled people, indigenous people, the disadvantaged families and individuals living in high 
risk areas and danger zones” 7). 

This paper will examine the participation in DRR of one of these vulnerable and marginalized groups, the 
youth. The objectives of this paper are to summarize the policies at the national level related to youth partic-
ipation in DRR and to review the implementation of these policies at the barangay (village) level, citing reports 
produced by and for the National Youth Commission and field observations of the authors gathered from 2010 
to 2012. This paper intends to show the discrepancies between ideal scenarios and actual youth participation in 
DRR in practice. The following questions are addressed in this paper: 1) why should the youth be involved in 
DRR; 2) what existing national policies mention the roles of the youth in DRR and how are these roles pro-
moted by the government; 3) what resources and opportunities at the local level are available for the imple-
mentation of these policies; 4) to what extent has the policies reached their objectives; and 5) what can be done 
to further enhance youth participation in DRR?  

Findings are expected to fill a major gap in existing knowledge about youth participation in DRR and 
thereby provide the much-needed evidence base for the formulation and implementation of future policies to 
enable and improve youth participation in DRR. Research that sheds light on the extent to which young people 
participate in DRR and the factors that facilitate or inhibit their involvement is currently sparse not only in the 
Philippines but in other countries as well8). 
 
 
2. RATIONALE FOR YOUTH PARTICIPATION IN DRR 
 

It is widely accepted that there is added value in working with young people. In general, there are three main 
rationales for greater voice and participation of young people9). First, it is argued that young people have the 
right to be nurtured, protected, and treated with respect, and, where appropriate, be consulted and involved. 
Second, it is recognized that the improvement of services for young people requires their views and interests to 
be well articulated and represented. And third, it is asserted that there are developmental benefits arising from 
youth participation, for both the young people themselves and for society as a whole. Participation of young 
people can promote their personal development; strengthen their knowledge, practical skills, social values, and 
civic competencies; and can prepare them for their roles as adult citizens10,11,12).  

The international DRR community has been advocating a participatory approach however the youth con-
tinue to be left out. The youth are among the marginalized segments of societies that bear the brunt of disas-
ters13). There is a growing literature stressing the impact of natural hazards on the youth and the importance of 
assigning them a role in disaster risk reduction. Although young people are vulnerable to disasters and need to 
rely on adults for various forms of protection and support, they nevertheless possess significant qualities that 
could serve as a significant resource for households and communities in preparing for, responding to, and 
recovering from disasters. Their knowledge, creativity, energy, enthusiasm, and social networks could be used 
during all phases of the disaster life cycle to help themselves and others. 

Excluding the youth from DRR processes threatens their safety from disasters and neglects a valuable re-
source for risk communication, education, advocacy, and action-oriented risk reduction activities14). The ev-
idence confirming the value of young people’s participation in DRR is getting stronger15). For example, the 
experiences of an international NGO working with youth in the Philippines on community risk mapping and 
mitigation activities have shown that the youth have a much greater capacity to participate in DRR than many 
people assume16). These young people used their DRR knowledge to successfully persuade school officials and 
community planners to relocate their school, previously situated in a high-risk landslide zone, to a safer area. 
Young people can offer innovative ideas about managing risks, provided they are encouraged to learn about 
disasters, hazards, vulnerability, and coping capacities15). They also have the ability to share and apply what 
they learned within their households, families, and the wider community17). The youth should therefore be 
regarded as potential partners in conducting DRR activities8). 

There had been international campaigns that called for the participation of the youth in DRR. The theme of 
the first campaign of the United Nations International Strategy for Disaster Reduction (UNISDR) after it was 
established in the year 2000 was “Disaster Prevention, Education, and Youth,” acknowledging that young 
people represent powerful forces for change and for mobilization. The youth can promote the necessary change 
in behaviors and a shift in mentalities, which are needed in successful disaster prevention and risk manage-
ment18). Young people should be given the chance to ensure their own protection and the protection of their 
world, through appropriate education and level of responsibility in the decision-making process. Participation 
was also a theme of the first and second International Year of Youth in 1985 and 2010, respectively. Unfor-
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tunately, disaster risk reduction and climate change adaptation are not among the priority areas enumerated in 
the World Program of Action for Youth19).  

At the operational level, participation is about information-sharing, consultation, decision-making, and in-
itiating action20). Participation makes social relationships possible, thereby preventing marginalization and 
facilitating social cohesion12). Participatory processes can build social capital over the longer term and deliver 
more sustainable solutions21). Preventing their marginalization and leveraging on their capacity to help build 
social capital are compelling reasons why the youth should be involved, not just in DRR but in general. 
 
 
3. PHILIPPINE POLICIES ON YOUTH PARTICIPATION IN DRR 
 

In the Philippines, youth between the ages of 15 and 24 are estimated at 18.7 million and comprise one-fifth 
of the total population22). The Filipino youth hold great promise in addressing important issues like DRR be-
cause of their energy, passion, and number. Over the years, several national policies in the form of laws, res-
olutions, and plans have pushed for the inclusion of young Filipinos in DRR efforts (Table 1). In examining 
these national policies formulated from 1974 to 2013, there is a noticeable shift from the view of youth as 
disaster victims and beneficiaries of relief aid and protection to the view of youth as resources, actors, and 
partners. The government has increasingly seen young people as competent citizens with a right to participate 
and a responsibility to serve their communities. According to Checkoway6), proponents of this view want the 
youth to build on their strengths by “making a difference” in ways that provide them with tangible benefits and 
allow them in helping to develop healthier communities. 
 
 

Table 1 National policies related to youth participation in DRR 

Year Policy Salient Points 

1974 Presidential Decree 603 

“The Children and Youth 
Welfare Code” 

In case of earthquake, flood, storm, conflagration, epidemic, or other 
calamity, the State shall give special assistance to children and youth 
whenever necessary.  

On occasions of national or local disasters the school may accept vol-
untary contribution or aid from students for distribution to victims of 
such disasters or calamities. 

1987 1987 Constitution of the 
Republic of the Philippines 

The State recognizes the vital role of the youth in nation-building and 
shall promote and protect their physical, moral, spiritual, intellectual, 
and social well-being. It shall inculcate in the youth patriotism and na-
tionalism, and encourage their involvement in public and civic affairs. 

1991 Republic Act 7160  

“The Local Government 
Code” 

This law created the Katipunan ng Kabataan (KK, youth federation) and 
the Sangguniang Kabataan (SK, youth council) at the barangay (village) 
level, as well as the SK Federation at municipal, city, provincial, and 
national levels. 

Each SK receives a ten percent share of the barangay fund for its pro-
jects. 

The SK shall create such bodies or committees as it may deem necessary 
to effectively carry out its programs and activities. 

1995 Republic Act 8044  

“The Youth in Na-
tion-Building Act” 

Defines “youth” as persons from 15 to 30 years old  

This law created the National Youth Commission (NYC) and constituted 
the National Youth Parliament (NYP). 

The functions of NYC include the allocation of resources for the im-
plementation of youth programs and projects and the provision of 
training and a national secretariat for the SK National Federation. 

2001 2011 SK Constitution and 
By-laws 

Fifty-eight percent of its total annual fund shall be allocated by the SK 
for various concerns, such as Disaster Coordination and Calamity 
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Management. 

There shall be in every barangay-level SK a Disaster Coordination and 
Health Task Force to be headed by the third-ranking SK Councilor and 
shall have a membership of twenty percent of the KK members. 

2005 Medium Term Youth De-
velopment Plan (MYTDP) 
2005-2010 

MYTDP encouraged youth membership in Barangay Disaster Coordi-
nating Councils. 

MYTDP encouraged the promulgation of laws to include the youth in 
first aid, mass evacuation, and disaster management operations. 

2009 Republic Act 9729 

“Climate Change Act” 

The Department of Education (DepED) shall integrate climate change 
into the primary and secondary education curricula and/or subjects, such 
as, but not limited to, science, biology, civics, history, including text-
books, primers and other educational materials, basic climate change 
principles and concepts. 

2010 Republic Act 10121 

“Disaster Risk Reduction 
and Management Act” 

This law called for the integration of disaster risk reduction and man-
agement (DRRM) education in the school curricula of secondary and 
tertiary level of education. 

The national and local DRRM councils, the barangay DRRM commit-
tees, and the SK councils shall encourage community, specifically the 
youth, participation in DRRM activities. 

2012 Resolution 09-12-03 of the 
9th National Youth Parlia-
ment 

This resolution called for the enhancement of the participation of the 
youth sector in the planning, information dissemination, implementa-
tion, and monitoring of the disaster risk reduction management plans of 
local government units. 

2013 Philippine Youth Develop-
ment Plan (PYPD) 
2012-2016 (under prepara-
tion) 

PYPD calls for increased youth participation in local DRRM councils. 

PYPD promotes youth volunteerism in the implementation and moni-
toring of disaster preparedness and other major programs where youth 
participation can make a substantial contribution. 

PYPD encourages the mobilization and deployment of youth volunteers 
during disasters and other emergencies. 

 
 

Even before it became a signatory to the UN Convention on the Rights of the Child, the Philippines had 
already enacted a law to ensure that the voices of children and young people were heard on issues that directly 
concerned them. As early as 1974, when Presidential Decree No. 603 was signed into law, the youth were 
already given the responsibility to “participate actively in civic affairs and in the promotion of the general 
welfare, always bearing in mind that it is the youth who will eventually be called upon to discharge the re-
sponsibility of leadership in shaping the nation's future.” This view of encouraging youth involvement in 
public and civic affairs was echoed in the 1987 Constitution of the Philippines. 

Among Asia’s developing countries, the Philippines is considered relatively advanced in terms of legislation 
related to various challenging issues such as in DRR and CCA. During her visit to the Philippines in May 2012, 
Margareta Wahlström, special DRR representative of UN Secretary-General Ban Ki-moon, had remarked that 
the country’s laws on DRR and CCA are the “best in the world” 23). Senator Loren Legarda, the UN Champion 
for DRR and CCA for Asia and the Pacific, thanked Wahlström for the compliment but said that the “challenge 
is to translate them into local community action to save lives and reduce disaster risks and economic losses.” 
Strietska-Ilina et al.24) had also earlier commented that there is a wide gap between the enactment of laws and 
the enforcement of the laws in the Philippines. Unfortunately, although on paper the youth are encouraged to 
participate in DRR, the actual participation of the youth in local DRR undertakings is low. Despite the in-
creased policy commitments to youth participation in general, there is confusion about the operational im-
plications of such commitments9). Implementation has therefore remained patchy. 
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4. RECOMMENDATIONS FOR ENHANCING YOUTH PARTICIPATION IN DRR 
 

The reports and observations on the availability and the status of implementation of national policies related 
to youth participation in DRR in the Philippines noted in the preceding section will be used as basis for rec-
ommendations for improving how young Filipinos can be involved in building the disaster resilience and 
promoting a culture of safety in their barangay or community. 
 
(1) Involving the youth at the national level 

In terms of participation of stakeholders, RA 10121 expanded the membership of NDRRMC from the 
former NDCC set-up which was mainly composed of the government’s line departments. NDRRMC is now 
composed of a Chairperson, four Vice-Chairpersons, and 39 members including representatives of four civil 
society organizations (CSOs) and one from the private sector. The Chairperson of NYC (as the main youth 
agency and as secretariat of the SK National Federation) should be included as member of NDRRMC, in the 
same way that the President of the Liga ng Mga Barangay (LMB, League of Villages), the adult counterpart of 
the SK National Federation, and representatives of CSOs and the private sector are included. The Filipino 
youth (or their representatives) are still largely excluded from important tasks, like formal planning and deci-
sion-making. DRR is dominated by top-down relief efforts that assume the youth are passive victims with no 
role in preventing, mitigating, and responding to disasters25). The membership of NYC in NDRRMC will send 
a strong signal that the youth, which represent a large pool of volunteers, is being taken seriously and is being 
recognized as a major partner in DRR. One of the lessons learned in a review of the national youth policy in the 
Philippines is that there should be support for youth involvement at a high level26).  

On the other hand, at the barangay level, more SK officials and KK members should be encouraged to join 
BDRRMC. There are several tasks to choose from, like helping maintain the evacuation shelter, putting up 
warning signs, organizing emergency drills, preparing relief goods, etc. SK officials can volunteer to assist in 
information dissemination through the use of social media, like Facebook, Twitter, and Youtube, as they are 
generally more technology savvy than older people. 
 
(2) Participating in annual DRR activities 

The youth should be urged to actively participate in annual DRR activities, like the National Disaster 
Consciousness Month (July) celebration, the Fire Prevention Month (March) celebration, the International Day 
for Disaster Reduction (October 13), etc. The youth should also conduct DRR activities during the annual 
Linggo ng Kabataan (Youth Week) celebration every second week of December. Memoranda or advisories 
should be issued by the appropriate government agencies to remind in-school youth, out-of-school youth, 
working youth, and youth with special needs to take part in DRR activities, taking into consideration that it has 
been observed that most citizens are either uninvolved or minimally involved in community affairs while only 
a very small group of people are extremely active6). 

The youth themselves must also be consulted on how and when they can get involved in DRR activities, 
taking into consideration their priorities and time available. An array of school-based and community-based 
DRR activities should be organized to provide young people with ample choices depending on their availa-
bility and interest and on the costs and logistics involved. But in planning and implementing DRR activities, 
organizers must see to it that the participation by young people must be meaningful24), that it should lead to 
favorable outcomes, as discussed at the beginning of this article.  
 
(3) Compiling data on youth participation 

Reliable data on youth participation in DRR in the Philippines should be compiled and reported. Lack of 
reliable data is a major constraint in understanding what needs to be done and how it can be done effectively. 
As Twigg27) remarked, replicability, along with sustainability, is considered as one of the main challenges to 
making community-based DRR effective. Unless good practices in youth participation in DRR are shared, the 
spread of this practice can be slow, inefficient, and costly, as individuals and groups have to experiment to find 
out for themselves what works and what doesn’t. With replicable models, there is advantage of being able to 
learn from other people’s mistakes and by-pass the normally long learning process and go directly to adopting 
and implementing what have been proven effective in other locations. Unfortunately, one glaring finding in a 
study of SK accomplishments is that SK councils do not submit reports, or these reports fail to reach the 
NYC28). This can be one issue that NYC can look into, which has a potential to be addressed quickly at no high 
cost. 

Even though DRR practitioners know why they should involve the youth, they do not always know how to 
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do it. This is not only because the task is inherently difficult but also because there is not enough precedent 
guidance and practical understanding. Therefore user-friendly recommendations, guidance, and tools on how 
to institutionalize and mainstream youth participation in risk assessments, implementation of early warning 
systems, preparedness activities, and usage of indicators to monitor the progress of youth participation should 
be produced by NYC and NDRRMC in order to increase the voice of young people and the visibility of their 
roles in and contributions to DRR. A repository of good practices in youth participation in DRR should be 
setup and then promoted across the country or even beyond. 
 
(4) Getting support from adults 

Support from adults is important in order to make youth participation in DRR successful. According to the 
Views from the Frontline HFA progress assessment survey, while young people are gaining DRR knowledge 
and skills, they do not have the supporting environment to put their knowledge and skills to good use by taking 
action18). In a survey conducted by Fernandez8), the youth respondents put the least importance to the extent 
that age groups in the community mix and interlink, which helps explain why youth participation in the tra-
ditionally adult-dominated DRR activities is low. A review of SK accomplishments also revealed that the SK’s 
performance is affected by the support, supervision, and assistance (or lack thereof) from adults in the local 
government and in NGOs underscoring the need for greater support from adults, especially from barangay 
leaders who serve as role models for the youth28). 

Adults need to come up with ways and means to strengthen and extend support to the youth to realize their 
enormous potential as effective partners in DRR. It must not be forgotten that it is difficult to involve young 
people when they take action but lack resources for implementation11). In situations like this, adult allies are 
instrumental to youth participation11,15). 
 
 
5. CONCLUSION 
 

The international principle of prioritizing the most vulnerable and ensuring their participation in disaster risk 
reduction has not been effectively realized with respect to the youth29). Young people are not given an active 
role in (or worse, are excluded from) the action toward disaster risk reduction. This review of national policies 
of the Philippines related to youth participation in DRR shows discrepancies between ideal scenarios and 
actual youth participation in DRR in practice. So much more need to be done in engaging young people in 
helping build disaster resilient communities. The youth in the Philippines constitute a fifth of the population 
and present significant potentials to contribute in DRR efforts just by looking at one aspect, their massive 
number, although we must also caution against unrealistic expectations, given the historical level of partici-
pation in DRR that we have observed. Nevertheless, with the passage of the new DRR and CCA laws and with 
the expected approval of the new Philippine Youth Development Plan, policies that explicitly encourage youth 
participation in DRR, we can expect more DRR initiatives involving young Filipinos in the near future. Les-
sons from the experience of the Philippines in policy formulation and implementation related to youth par-
ticipation in DRR can be useful for other countries in raising the involvement of their own young citizens 
toward a culture of safety and resilience. 
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ABSTRACT 
Massive disastershave occurred frequently over recent decades, causing extensive destruction 
of housing. Typically, government responses tend to be in the form of emergency shelter, then 
refugee barracks,followed by rebuildingprivate homes.This can take months or years, as, for 
example, following the Aceh disaster. This process is a long and expensive way to prepare the 
victims of disasterfor a new life. Home “AB6”, however, offers a solution to this problem. The 
“AB6” model can be erected in 6 hours, by 6 refugees at a cost of no more than AU$600.  It 
is cheaper than a tent, has sustainable features like a real home andcan be resistant to 
earthquakes. It can also be moved if the location is not suitable. The “AB6” model wasused in 
the Aceh tsunami disaster and all of the houses constructed then are still being used by the 
affected families- and some of them have been extended by the family. They can be seen in 
MeunasahBak’u, Leupungsubdistrict- Aceh besar. The model wasalso demonstrated in the Mt 
Merapi disaster in Central Java, Indonesia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Background. 
 
Massive disasters have occurred more frequently over the last decade1. In Indonesia, the 
impact of the Tsunami in Aceh, the earthquake in Jogjakarta plus floods and fire, have 
destroyed hundreds of thousands of houses over a relatively short time span2. In the 
Emergency Response and Rehabilitation phase, the focus of effort is to help each family 
maintain their health and start their struggle to survive as soon as possible3. Emergency 
shelter and the family home are the main facilities required by refuges to re-start their life.4 
 
In developed countries, a family home for refugees is a critical issue, but in developing 
countries the problems related to provision of a home are even worse5. Similar condition 
ocure in Nepal due to the Earthquake disaster6. The lack of funds and limited information 
about cheap, applied technology, governments may pay much more than they should do for 
provision of shelter.  For example, when disaster struck in Aceh, firstly, the government 
provided tents at a cost of between AU$300-700. It was not only uncomfortable living in a 
tent, but families waited in them for between 3 – 6 months. Then the government prepared 
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more permanent shelter, like a 12-door barrackshut, at a cost of about AU$10,000. After a 
year or more, 50% of the refugees were provided with a home, with $4500 budgeted for each 
family7. It took several years for families to begin their new lives, because locally, life begins 
when a family has a home. This classic response was expensive and, for many, only a 
temporary measure. Such a response typically means that governments pay too much, the 
rehabilitation takes longer than necessary, and not every victim can be served. 7. 
 
Post-disaster, victims need tore-start their lives as soon as possible, with appropriate 
government support for their social and economic conditions. Based on lessons learned in the 
field during a 3 month period after the Tsunami, we have identified that what people need 
after a disaster is relatively simple and straight forward - but speed is of the essence. The 
victims donot need top quality, expensive buildings, but rather a home in which they can start 
to rebuild their life. If cheap homesare possible, any savings can be used to kick-start a simple 
business for them. The experience from Japan indicate that local community is important 
rolein disaster management8 
 
Based on the above principles, the writer developed a proposal for a home (Model AB6), and 
Semarang Red Cross and the Rotary Club Semarang 3420 agreed to provide donations to 
build 26 AB6 homes in Leupung village. AB is an abbreviation of the names ‘Anshari’ and 
‘Budi’. Budi observed the victims of disaster in a tent, living together with ten  refugees, and 
started discussions about how to create a home for them which was suitable to the 
environment and conditions. Anshari, a carpenter, spoke about his experience creating a home 
in the plantation context. Budi reflected on this information and considered how it could be 
used for people in adverse circumstances, eventually developing plans to make a home that 
can be built in 6 hours, with a budget of no more than $600, and that can, moreover,  be built 
not by a carpenter but the refugees teaming up in groupsof 5-6 persons. 
 
 
HOME MODEL AB6. 
 
Home model AB6 is a simple construction with dimensions of 4 x 5 meters and a veranda of 2 
x 4 meters. The roof is constructed from galvanized zinc and the floor is cement. It can be 
built by unskilled refugees (about 6) in a group. In 3 days, all 6 people in the construction 
group may have a home. The group, however,initially needs a demonstration to understand 
how to make the house. Supervision is also sometimes needed to ensure it is properly 
constructed, but after building two homes, the team has adequate experience to construct 
these homes efficiently and effectively.The home is made from wood and hence is light and 
resistant to earth tremors. It is sometimes possible to use local materials that may be available.  
 
The construction materials are:  
  Item       Cost 

1. wood 7 x 7cm(5m) = 3 pieces a Rp. 50.000 = Rp.   150.000. 
2. wood 7 x 5 x 5mt = 15 pieces a Rp  45.000 = Rp.   675.000. 
3. wood 7 x 5 x 4 mt = 12 pieces a Rp 35.000 = Rp.   420.000. 
4. wood 2 x 20 x 2 mt= 140 pieces a Rp 10.000 = Rp. 1.400.000. 
5. zinc 3.2 m  = 14pieces a Rp 60.000 = Rp.    840.000. 
6. zinc 2.0 m  = 7 pcs  a Rp. 35.000 = Rp.    245.000. 
7. Cement4sacks =   a Rp 40.000 = Rp.    160.000. 
8. Sand1 m3  =  a Rp 150.000 = Rp.    150.000. 
9. Nails 4 Kg  =  a Rp  9000 = Rp.      36.000. 
10. Doors 2 pieces =  a Rp. 350.000 = Rp.    700.000. 
11. Window 2 pieces =  a Rp. 200.000 = Rp.    400.000. 
12. Small pieces other 1 packet Rp. 250.000 = Rp.    250.000. 

Total: Rp. 5.426.000 
 
These are 2012 prices in Central Java province. The total IDR price (5.426 million) is no 
more thanAU$600. 
 
The construction procedure* requires: 
 

1. Decide the position of the home and Landscape the site to a dimension of5 x 4 m. 
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2. Cut the 7 x 7cm wood into2 meter x 2 pieces and 3 meter x 2 pieces.  
3. Make the frame as in the Figure (below). 
4. Nail the wood (see picture) until the frame is covered by wood (chamfer-board style). 
5. Repeat for the other side. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. Once 2 walls are finished, erect themwith support from some timber.  
7. Construct the front wall connecting it  to both side walls.  
8. To add to its strength, add a cross beam between the vertical and horizontal timber.  

 
 
 
 
 
 
 
 
 
 
 

9. Install the doors and window.  
10. While the wallsare being made, 3 people can prepare the roof. After the wallsare 

finished, 2 people can make the floor.  
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* The photos above were created after the Aceh tsunami disaster.  
 
The photos below were created in 2010 to demonstrate creating the AB6 home in the wake of 
the Mt Merapi volcanic eruption disaster.  
 
 

(1) First hour. Creating the walls 

 
 

 
 
 

(2) Second hour. Erecting the walls 
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(3) Third Hour. Connecting both walls and covering the front with the wood.  

 
 
 

(4) Fourth Hour. 2 people installthe wall properly; 2-3 people install the galvanized zinc; 
2 people make the floor.  

 

 
 
 
 
 

(5) Fifth Hour. Complete the floor; install the window and door 
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(6) Sixth Hour. The home is given to the owner - refugees from the Mt Merapi disaster. 

 

 
Bambang, budi laksono, suryo, yoyon, toto, edi. 
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The 2011 floods in Southeast Queensland had a devastating impact on many sectors including transport. 
Road and rail systems across all flooded areas of Queensland were severely affected and significant 
economic losses occurred as a result of roadway and railway closures. Travellers were compelled to take 
alternative routes because of road closures or deteriorated traffic conditions on their regular route. 
Extreme changes in traffic volume can occur under such scenarios which disrupts the network re-
equilibrium and re-stabilisation in the recovery phase as travellers continuously adjust their travel options. 
This study explores how travellers respond to such a major network disruption. A comprehensive study 
was undertaken focusing on how bus riders reacted to the floods in Southeast Queensland by comparing 
the ridership patterns before, during and after the floods. The study outcomes revealed the evolving 
reactions of transit users to direct and indirect impacts of a natural disaster. A good understanding of this 
process is crucial for developing appropriate strategies to encourage modal shift of automobile users to 
public transit and also for modelling of travel behaviours during and after a major network disruption 
caused by natural disasters. 
 

Key words: disaster, flood, traveller behaviour, bus ridership 
 
 
 
1. INTRODUCTION 
 
The road transport system is an essential component of the infrastructure that supports national prosperity. It 
connects spatially separated locations, which enhances the well-being of the people and the efficiency of 
economic activity 1). Likewise, disruptions to the transport network could bring forth significant impacts in a 
variety of aspects. These disruptions could be originated within the transport system itself, such as car 
crashes, bridge collapses and incidents caused by road works, of which impacts are rather limited to a single 
or a few links in the network. On the other hand, there are incidents that could cause strain on the entire road 
network system, such as natural disasters. These include earthquakes, hurricanes, tornadoes, volcanic 
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eruptions, fire, floods, blizzard and drought 2). These natural hazards could possibly impact larger areas, as a 
result, causing significant changes in the traveller behaviours. 

Increasing natural phenomena and extreme weather conditions have facilitated the realisation and 
recognition of that such abnormalities cause considerable influences on the serviceability and capacity of the 
road network 3). Commuters are compelled to take alternative routes or different transport modes because of 
road closures or deteriorated traffic conditions on their regular route. Extreme changes in travel behaviours 
under such scenarios disrupt the network re-equilibrium and re-stabilisation in the recovery phase as 
travellers continuously adjust their travel options.  

The state of Queensland experienced a series of severe floods from the end of 2010 to the beginning of 
2011. Transport infrastructures across all flooded areas of Queensland were severely affected and significant 
economic losses occurred as a result of roadway and railway closures. Over 9000 kilometres of roadway was 
affected by the floods out of total 33,000 kilometres of the state-controller roads 4). The floods affected over 
3000 kilometres of Queensland Rail track across the state..  

This paper analyses the changes in bus ridership in the aftermath the 2010-2011 floods in Southeast 
Queensland, Australia. Only a small number of research have been undertaken to understand the potential 
impacts of natural disaster on urban transport systems. Little is known about how flooding events affect the 
transit ridership when the performance of transit system is substantially degraded temporarily. The study 
outcomes will provide crucial knowledge of transit user behaviours after a major network disruption which 
enables developing appropriate adaptation strategies to avoid substantial ridership losses. With this 
knowledge, transit authorities can better allocate resources in the post-disaster condition to maintain the 
service level of transit system, to restore damaged transit services, and to improve the competitiveness of 
transit. 
 
2. LITERATURE REVIEW 
 

Natural disasters cause severe disruptions over area-wide transport networks which require an immediate 
adjustment of traveller behaviours to significantly changed travel conditions. In most cases, these 
behavioural changes are temporary, as the damages are eventually repaired and capacity restored. There is an 
extensive literature on travel behaviours in everyday conditions; how travel choices are made, how travellers 
respond to changes in prices or level of service of a specific transport mode, and so on. This literature is not 
applicable to the traveller behaviours under extreme events. Traveller responses to a major network 
disruption may vary by the temporal and spatial extent of the disruption and the availability of alternatives. 
Existing studies take either the qualitative approach relying on self-reported data based on questionnaire or 
the quantitative approach using observed network-based data including vehicle count or transit passenger 
counts. 

As in the case of 1994 Northridge earthquake, it has caused a lost in commuting travel time of at least $33 
million. Once the freeway has restored fully, there is a high tendency for travellers to return to their original 
travel behaviour. Surprisingly, on the other hand, there were travellers who chose to remain with their new 
travel choice for a variety of reasons including travel reliability and overall satisfaction to the new travel 
modes. To prove this stance, survey has found out that there was an increase in train ridership following the 
1994 Northridge earthquake 5). 

Giuliano and Golob 6) presented another study on the traveller responses observed in the aftermath of the 
Northridge Earthquake. They reported that most travellers adjusted their travel patterns by changing routes 
and travel time schedules, and avoiding trips to or through the damaged areas. Only few commuters changed 
their travel modes but much more changed their routes and travel schedules. It is interesting to note that this 
study concluded that the public transit played only a limited. In contrast to Wesemann et al. 5), the overall 
transit ridership was found relatively stable. The study reasoned the highly dispersed housing and job 
locations and the limited areas served by the transit in Los Angeles. 

The 14 month closure of Center Street Bridge in Calgary, Canada 7) also resulted in a small decline in 
vehicle trips. Although the absence of the major commuting route, vehicle trip comparison before and during 
the construction work indicated no significant change in the morning peak-hour vehicle trips. The daily 
vehicle trips slightly declined in the construction-affected road sections. A concurrently performed telephone 
survey revealed similar results. Less than 5% of automobile users switched to modes to transit and most of 
the automobile drivers responded to the disruption by adjusting their travel schedule to avoid excessive 
traffic condition. 

Tsuchida and Wilshusen 8) studied the commuter travel patterns on the major interregional highway before 
and after the Loma Prieta earthquake in Northern California. Their study evidently showed that the 
conversion of Highway 17 to a carpool facility after the earthquake had led many commuters to adopt ride 
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sharing, and a significant proportion of the adopters to continue to carpool even after the route was 
restored to allow general traffic. Their findings were echoed by Dahlgren 9) who studied travel behaviour 
changes after the reopening of I-880 in Oakland, California ten years after it was destroyed by the Loma 
Prieta earthquake in 1989. This research also found the popularity of route and travel schedule changes, 
and a minor but detectable reduction in travel demand due to mode changes and cancellation of trips.  

More recently, Zhu et al. 10) investigated the traveller responses to the collapse of I-35W Bridge over 
the Mississippi River in Minneapolis. Both traffic count observations and survey results indicated that 
changing routes and travel schedules are the most common responses to the bridge collapse. The study 
found that the total travel demand unchanged although the travel time to downtown clearly increased. The 
bridge collapse did not produce a large mode shift to public transit and the authors pointed out travel 
inertia and inflexibility of transit service as the primary reason. 

Ye et al. 11) analysed the impacts on commuter behaviours of the Interstate-5 highway reconstruction in 
Sacramento, California. The most common responses were adjusting the travel schedule to avoid peak-
hours and changing travel routes. Among the behavioural changes that reduced the vehicle trips, the most 
common alternatives were transit and telecommuting. The study concluded that provision of incentives to 
encourage transit use during a major network disruption could influence travellers’ mode choice.  

The aforementioned studies explored how travellers respond to major network disruptions resulting 
from planned and unplanned events. Significant efforts have been made to understand the behavioural 
changes of automobile users and the investigations on transit ridership have been performed to this extent 
to estimate the modal shift from automobile to public transit. The effects of large-scaled network 
disruptions on transit users have not been studied and their potential behavioural changes are still 
unexplored.   
 
 
3. THE 2010-2011 QUEENSLAND FLOODS 
 

From December 2010 to January 2011, the state capital of Queensland, Australia has experienced the 
second highest flood since the beginning of 20th century. The floods were a result of the second strongest 
La Nina in the history, coupled with the abnormally strong monsoonal rainfall in the same time period 12). 
Flooding occurs across the State of Queensland. Some of them were caused by the overflowed river 
system. Some of them resulted from concentrated rainfalls. Regardless of the causes, the 2010-2011 
floods in Queensland had devastating and long-lasting effects. 

This flood has affected about 200,000 people, with the loss of 23 lives. In addition, an estimated 
18,000 properties in metropolitan Brisbane and Ipswich were flooded 13). Total 94 Brisbane suburbs were 
affected by inundation. Furthermore, the business community and related commercial properties in the 
Brisbane CBD suffered significant inundation, damage and interruption with the entire CBD area closing 
for five days. 

The floods also has created a huge strain on the transport system in Brisbane. To illustrate, an 
estimated of $2 billion is needed to repair many of the public infrastructure such as eroded roads, river 
crossings and culverts, as well as traffic signal controllers which were inundated 14). On top of that, 
different efforts have been taken by the transit authorities in Brisbane, as shown below: 
• Public transit services were suspended for two days 
• Buses were used to shuttle up to 10,000 volunteers to damage sectors 
• All regular TransLink services that could be operated were free of charge over the period of one week to 

encourage commuters to leave their car at home 
• Rail services between Darra, Ipswich and Brisbane has been suspended and being replaced by buses 
• New line and station were opened at Richlands, which runs along the Centenary Highway, which the 

Ipswich line was closed 
• CityCat and CityFerry services were suspended for six weeks due to flood debris in Brisbane River 
 
 
4. BUS RIDERSHIP ANALYSIS  
 

Brisbane is the capital city of the State of Queensland and the centre of the fastest-growing region in 
Australia. Population is estimated to grow from 2.7 million in 2006 to more than 4.2 million in 2031. In 
order to meet the quickly increasing population and to serve geographically dispersed public transport 
demand in Brisbane, an extensive busway network has been built since 2001. Currently Brisbane’s 
busway network is the largest form of rapid public transport in Australia. It currently consists of the South 
East Busway, the Northern Busway, and the Eastern Busway and served more than 70 million passengers 
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in 2011.  
This section first analyses the floods impact on the bus ridership in the Greater Brisbane area. The results 

highlight the overall reaction of the Brisbane’s bus riders to the 2010-2011 floods. The analysis also provides 
a snapshot of the bus ridership trend over the last few years. The analysis period is 7 months from December 
2010 to June 2011. The ridership pattern in this period is also compared to the following year’s ridership (i.e., 
from December 2011 to June 2012) for comparative analysis.  

The perspective of analysis is then shifted to individual suburbs and bus corridors. A number of Brisbane 
suburbs were inundated by the floods but the travellers in a much larger area were also affected in making 
their travel choice because many major commuting routes were partially or fully closed during the flood 
event. This study analyses the bus ridership pattern in three Brisbane suburbs most-affected by the 2010-
2011 floods. Additionally, we analyse the ridership along four main bus corridors having different levels of 
bus users and flood damages. Figure 1 shows the selected suburbs and bus corridors. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Study area and suburbs. 
 

New Farm, Toowong, and Jindalee are among the worst affected suburbs as a result of the Brisbane River 
floods. The commuters in those suburbs relay on the bus transit service to the Brisbane CBD. Other suburbs 
in the river catchment heavily were also damaged by the floods – these include Oxley, Graceville, and 
Rocklea, but they are excluded in the study because of the relatively low bus ridership levels. 
 
(1) Floods impact on Brisbane’s bus ridership 

Figure 2 displays the bus ridership in the entire Brisbane area. The daily bus passengers are averaged by 
week excluding weekends and holidays.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Daily bus ridership in Brisbane.  
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The ridership sharply drops during the floods from end of December 2010 to mid-January 2011. However, 

the figure clearly shows that the bus ridership is quickly restored immediately after the floods and as a result, 
the ridership in 2010-2011 is closely similar to the pattern in 2011-2012. An exception is the temporary 
ridership drop in the month of April occurred during the Easter school holidays. The total number of bus 
passengers further break down by the method of payment. Figure 3 (a) shows the go-card user and Figure 3 
(b) indicates the cash users. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Brisbane bus ridership by payment method. 
 

A notable pattern is observed in the number of cash passengers. The post-flood cash ridership spikes to 
more than 20,000 passengers per day. It is a considerable increase over the 2011-2012 level, which is stable 
at between 13,000 and 14,000 passengers per day. Given that large areas in the Brisbane CBD were 
inundated, this condition may have motivated automobile commuters to try the transit mode. The free transit 
service also may have attributed to the modal shift. This is consistent with the literature arguing that 
travellers likely to change their travel behaviours immediately after a major network disruption 8,11). 

 
(2) Bus ridership analysis in the flood-impacted suburbs 
 
a) West End 

Figure 4 shows the total, go-card, and cash passengers counted in the suburb of West End. West End is an 
inner-city suburb of southern Brisbane with a population of 8,000. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Bus ridership in the suburb of West End. 
 

In West End, the bus ridership increased to more than 500 passengers per day in 2011-2012. It was 
contributed by mostly the increased Go-card users. Although some areas of West End were heavily flooded, 
main roadways and transit routes to the Brisbane CBD were not interrupted during and after the flood event. 
The increase in the Go-card passengers could be supported by the natural increase of demand for public 
transit. West End is a quickly growing suburb and the population growth rate was 5.6% per annum from 
2006 to 2011. This rate is much higher than the average growth of Brisbane at 1.9% 15).  
 
b) Toowong 

Toowong is another inner-city suburb of Brisbane with more than 15,000 of population. It is located 5km 
west from the CBD and is served by multiple bus, rail and ferry routes. In Figure 5, it is interesting to note 
that the ridership in Toowong shows an opposite pattern with that of West End. The bus ridership in the 
period of 2010-2011 is much higher than the same period in 2011-2012. The difference is significant at 
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around 1,000 passengers per day.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 5. Bus ridership in the suburb of Toowong 
 

The difference in the ridership could have been made in part by the existing ferry users. The Regatta ferry 
terminal in Toowong was destroyed during the floods and was re-opened to a full service on mid-April. The 
suspended ferry service for more than 3 month could have encouraged the ferry commuters to try a different 
transport mode including bus. The daily weekday ferry user in Toowong was more than 700 passengers per 
day before the 2010-2011 floods. 
 
c) Jindalee 

Jindalee is an outer suburb of Brisbane located 12 km away from the central Brisbane area. It is a 
relatively small suburb with a population of 5,000 residents. This suburb is served by multiple express and 
local bus routes via Coronation Drive. Coronation Drive was under water for more than 3 days during the 
Brisbane floods. Therefore, Jindalee and its residents suffered not only the direct inundation of water but also 
prolonged congestion along Coronation Drive. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 6. Bus ridership in the suburb of Jindalee. 
 

The ridership patterns in Jindalee are distinct in terms of the substantially decreased passengers after the 
floods. The ridership in December 2010 is similar to December 2011. After the floods, the ridership drops 
significantly and takes more than 5 months to recover the ridership level of 2011-2012. The number of cash 
users also decreased after the floods which is a different pattern from other flood-impacted suburbs.  

The population of Jindalee has been stable over the last 5 years with the annual growth rate of 0.0%. The 
degraded service level of the bus route especially the prolonged congestion along Coronation Drive may 
have caused such a significant drop in the bus ridership. The estimated commuting time to and from the 
Brisbane CBD before the floods was more than 45 minutes (in-vehicle travel time) in the morning and 
afternoon peak hours. The repeated construction works on Coronation Drive likely added additional delay to 
the bus passengers and discouraged using the bus routes to the city centre. 
 
(3) Bus ridership along main bus corridors in Brisbane 
 
a) Northern Busway and Gympie Road corridor 

Kedron, Chermside, and Chermside West are Northern suburbs distanced 7km, 10km, and 12km from the 
central Brisbane, respectively. Chermside is a mini CBD where the largest shopping centre is located. 
Chermside and Chermside West are the key destinations of the future Northern Busway. This bus corridor 
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was not damaged during the flood event.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7 Bus ridership in the suburbs of Kedron, Chermside and Chermside West. 
 

The general patterns observed from the graphs show that the overall ridership did not change between 
2010-2011 and 2011-2012. One exception is the spike in the cash users followed by the flood event. These 
results can be interpreted as a behavioural change of non-transit users to try a transit service motivated by a 
massive, area-wide network disruption. The increase in the number of cash passengers continued only for 
more than a month.   
 
b) Waterworks Road and Musgrave Road corridor 

Waterworks Road and Musgrave Road connect the Brisbane City with its northwest suburbs including 
Ashgrove and the Gap. These suburbs are located 5km and 11km from the Brisbane CBD, respectively. 
Multiple bus lines provide a good transit service to the commuters travelling to the city centre. The floods 
impact on these suburbs and the transport service was relatively minor and no roadway was inundated.  

 
 
 
 
 
 
 
 
 
 
 
 
Fig 8. Bus ridership in the suburbs of Ashgrove and the Gap. 
 

The total ridership in 2010-2011 is not much different from the pattern in 2011-2012. However, the 
number of cash riders increases by more than 200 passengers per day after the floods. This is more than 
50% ridership increase from the typical level of 2011-2012. Ashgrove and the Gap are not rapidly 
growing suburbs with the average population growth rate of 0.8% and the projected growth rate of 0.0%. 
Such an abrupt change in the transit ridership is an exceptional event.  
 
c) Eastern Busway and Old Cleveland Road corridor 

The Eastern suburbs of Brisbane included in the ridership analysis are Coorparoo, Camp Hill, Carinda 
and Carina Heights. These suburbs are served by numerous bus routes running along the Easter Busway 
and Old Cleveland Road. The average daily ridership is very high at more than 7,000 passengers per a 
weekday. The impact of floods was minor in this area and neither East Busway nor Old Cleveland Road 
was damaged by the floods. 
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Fig 9. Bus ridership in the suburbs of Coorparoo, Camp Hill, Carina, and Carina Heights. 
 

A similar spike in the number of cash riders is also observed in this corridor. The number of cash 
passengers rapidly increases to more than 600 passengers per day immediately after the floods. The total 
ridership also increases in 2011-2012 over the previous year. This pattern may have been caused by the 
natural increase of the transit demand in the study area. The population growth rate is 2.0% in those four 
suburbs, which is a higher rate than the average of Brisbane.  
 
d) Coronation Drive and Moggill Road corridor 

Brisbane’s Western suburbs were heavily affected by the floods. Hundreds of residential and commercial 
properties were inundated. Numerous roads were flooded including Coronation Drive, which follows the 
Brisbane River from the Riverside Expressway, through Milton until it terminates in Toowong. Coronation 
Drive is the main commuting route and bus corridor connecting the Western suburbs and the Brisbane CBD. 
It was shut during the floods and the travellers experienced severe congestion after the floods because of a 

number of construction works undertaken in the aftermath of the floods. Recurrent congestion on this 
roadway was already severe before the 2010-2011 floods.  
 
 
Fig 10. Bus ridership in the suburbs of Chapel Hill, Kenmore, and Kenmore Hills. 
 

It is clear from the graphs that the Go-card ridership is down after the floods compared to the ridership 
level in 2011-2012. The Go-card ridership in December 2010 (before the floods) is similar with the ridership 
level in December 2011. Furthermore, the average population growth is very low in those three suburbs at 
0.7% per annum. It would be a reasonable assumption that the demand for public transit was not changed for 
the analysis period. Then, the low ridership after the floods can be explained by the modal shift of transit 
riders. Likewise the ridership patterns in Jindalee, the severe congestion along Coronation Drive possibly 
encouraged the shift of bus riders to different travel modes. The peak-hour commuting time to and from the 
Brisbane CBD before the floods was approximately 50 minutes. This travel time likely has been increased 
during the construction works in the aftermath of the Brisbane floods.  
 
 
5. SUMMARY AND CONCLUDING REMARKS  
 

This paper presents the analysis of bus ridership in the aftermath of the 2010-2011 floods in Southeast 
Queensland. The analysis was undertaken for three Brisbane suburbs most affected by the floods and four 
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main bus corridors having different ridership levels and flood damages. An emphasis was placed on the 
quantitative analysis of the bus ridership based on the observed number of passengers. 

One common finding from the analysis is the temporary spike in the number of cash passengers after the 
floods. Literature suggests that travellers may change their travel choice as reaction to a major network 
disruption. Since cash passengers are typically considered as new or occasional transit users, the temporary 
increase of the cash passengers indicates shifts from automobiles. Providing appropriate incentives will 
further encourage automobile users to shift to public transit. 

The Queensland floods not only caused a massive inundation in the Brisbane River catchment. The floods 
also affected the traveller behaviours in a much larger area as many key commuting routes in Brisbane were 
damaged and thus their service was severely interrupted during the floods. Those flood-affected roadways 
may be underperforming for a prolonged period of time because of necessary construction works to fix the 
pavement damage. As a result, existing transit users may be discouraged to keep their mode due to additional 
congestion on already busy commuting routes.  

The suburb of Jindalee and the Western suburbs along the Coronation Drive and Moggill Road bus 
corridor are good examples of aforementioned phenomenon. Some of these suburbs were directly impacted 
by the Brisbane floods. Furthermore, Coronation Drive was flooded for more than 3 days and numerous 
construction works followed in the aftermath of the floods. As a result, the Go-card ridership, or regular bus 
users decreased after the floods and required several months of recovery period to restore the typical 
ridership level. Additional research is required to better understand the modal shift of transit users under such 
circumstances. 
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The introduction of Building Information Modelling (BIM) to the design, construction and operation of 
buildings is changing the way that the building construction industry works. BIM involves the development of 
a full 3D virtual model of a building which not only contains the 3D information necessary to show the building 
as it will appear, but also contains significant additional data about each component in the building. BIM 
represents both physical and virtual objects in a building. This includes the rooms and spaces within and around 
the building. The additional data stored on each part of the building can support building maintenance opera-
tions and, more importantly from the perspective of this paper, support the generation and running of simula-
tions of the operation of the building and behaviour of people within it under both normal and emergency 
scenarios. 

The initial discussion is around the use of BIM to support the design of resilient buildings which references 
the various codes and standards that define current best practice. The remainder of the discussion uses various 
recent events as the basis for discussion on how BIM could have been used to support rapid recovery and re-
building. 
 

   Key Words : BIM, VDC, disaster management, building modeling, sensor integration 

 
1. INTRODUCTION 

Buildings and their immediate environment are one of the major considerations in planning for, responding 
to and recovering from disasters. If a building fails during a disaster event then the people inside the building 
are in danger and goods are likely to be damaged or destroyed. Processes have been developed over time to 
reduce the risk of failure of buildings in disasters, many of these embedded explicitly in building codes and 
standards and implicitly in zoning for permitted development types.  

The disaster cycle (Figure 1) with its four stages: 
1. Prevention and mitigation 
2. Preparation 
3. Response 
4. Recovery 

provides a simple model on which to base a discussion of disasters and their impact on buildings. 
The central argument of this paper is that the use of BIM (Building Information Modelling) and open 

standards will improve the ability of society to reduce the impact of disasters, prepare and respond to disasters 
and then to recover from a disaster. 

 
2. BIM 

The term BIM (Building Information Modelling) has recently gained international prominence. It is used to 
describe the emerging generation of software that is being developed to support the AEC-FM (Architecture, 
Engineering, Construction, Facility Management) industry. The use of BIM software and methods is now 
being mandated by various jurisdictions internationally. As examples, the following governments or gov-
ernment bodies do or will be, requiring the use of BIM - the UK government, the GSA (owner of all US federal 
government public buildings), Senate Properties in Finland, Danish state clients. Some Australian bodies are 
also moving in this direction such as NSW Health Infrastructure and the Department of Defence.  

As BIM has gained in prominence the term has come to mean many things, depending on the goals of the 
particular marketing department. For the purposes of this paper BIM is defined as the working methods and 
software systems used to create virtual representations of buildings and infrastructure to support their design, 
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construction, operation and re-use/recycling, across all of the relevant disciplines. The relationship between 
people and their working methods is a key part of this definition. This definition supports the sharing of in-
formation amongst the stakeholders involved in proposing new building and infrastructure projects, designing, 
constructing and managing these facilities and eventually demolishing them. The needs of stakeholders further 
down the supply chain are considered by early stakeholders. Each stakeholder can view and manipulate the 
information about the facility in ways most appropriate to them for the current stage of development of the 
proposed facility. For example, a structural engineer will have full access to the BIM and will be able to modify 
the model down to the lowest level of detail. During planning approval stage, members of the public would be 
able to examine a three dimensional representation of the facility in its surrounding context. 

The development of standards to support the multi-disciplinary aspects has lead to the definition of MVDs 
(Model View Definitions)2. These are explicit statements of the information that is needed by particular dis-
ciplines for a process at a particular state of use of the BIM and the outputs of that process. Examples of the 
types of MVDs that would be necessary to support disasters would include:  

1. Prevention and mitigation 
a. Selection of internal construction and finishes to reduce the impacts of water ingress; 
b. Selection and design for appropriate wind speeds, flooding conditions; 
c. Design of connections to withstand repetitive load cycles; 
d. Ensuring that the building or structure is maintained at a level so that it can support the design 

loads. 
2. Preparation 

a. Securing large areas of glass to reduce the risk of breakage and shards; 
b. Clean gutters and stormwater systems; 

3. Response 
a. Access to structural information on damaged structures to assess risk for rescue crews; 
b. Access to data on construction types to assist in selection of equipment to assist in rescue 

operations; 
4. Recovery 

a. Access to pre-event, “as existing” information on the building for damage assessment; 
b. Access to initial design requirements when considering if a badly damaged structure should be 

replaced or a new structure built elsewhere. 
 

2. OPEN STANDARDS 
The previous mention of open standards is recognition that buildings and infrastructure have expected lives 

that exceed that of companies that sell software. If the proposals within this paper are to be realized then the 
information about a building must be maintained and available through the life of the building. The genesis of 
open standards lies in the 1970’s when the US Navy was embarrassed to find that the CAD vendor, whose 

Figure 1: The Disaster Management Cycle, PSC Forum as referenced in 1 
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software had been used to document their assets, had gone bankrupt. This lead to the IGES standard, then the 
STEP standards which cover engineering in general, and finally in 1995 the development of the IFCs com-
menced3. The IFC standard has gained traction within industry in the early 2000’s and is rapidly becoming the 
standard method for describing buildings. 

This paper will consider two open standards, the Industry Foundation Classes (IFCs) published by build-
ingSMART4 and CityGML published by OGC5. The two standards are alike in many ways: 

1. They are structured similarly, with semantics, geometry, topology, the ability to store multiple 
representations and extensible; 

2. They are semantic standards, each supporting a rich data model defining the objects of interest; 
3. Geometries are spatial properties of objects; 
4. They support containment hierarchies – a cadaster/site contains buildings, building contains walls, 

walls contain openings; 
The major difference between the two standards lies in their scope6. CityGML defines objects from the city 

level down to openings in walls, while the IFC only handles cadasters (sites) down to the individual building 
component level, such as beams, slabs and walls. 

Other differences can be summarized as: 
1. CityGML uses global coordinates, IFC uses relative coordinates. As a consequence, IFC also 

supports multiple placement of “library” objects; 
2. CityGML has the formal concept of Level of Detail (LOD) which supports the explicit definition of 

geometry within one object to be displayed for different purposes; 
3. IFC has richer geometry capabilities, supporting full 3D geometry rather than surface modeling; 

 As will be demonstrated in subsequent sections, both IFC and CityGML are needed if all of the information 
required to support disaster response for buildings is to be accessible in open standards formats. There is work 
underway to provide interfaces or integration between these two standards which will eventually simplify this 
process7. 

 
4. USING BIM TO SUPPORT DISASTER RESPONSE 

Responding to a disaster often requires a range of technologies and the merging of information from a wide 
range of disparate sources. When it comes to analysing the potential effect of disasters on buildings we need to 
know about the usage of the building, the construction of the building and the surroundings of the building. 
The long history of failures of buildings, up to the recent building collapse in Dhaka, Bangladesh, makes de-
pressing reading. Many of these collapses would have been avoided if current knowledge had been applied. 
Modern building and planning codes specify the requirements for developments and structures under appro-
priate risk management methods. Several scenarios will be used to describe the impact of these for particular 
disaster types, using relevant Australian codes and data. While there will be differences in other countries these 
examples will serve to illustrate the key concepts of this paper. 

Building and infrastructure procurement follows a well-defined path. The following breakdown is appro-
priate in this context: 

1. Pre-design – defining the need for a development, setting the overall design requirements, identi-
fying possible locations and selecting the final location; 

2. Design – designing a structure to suit the requirements. This will need to meet the relevant regula-
tions, codes and standards; 

3. Construction – erection of the structure, with its consequent temporary works; 
4. Operation – managing the structure during its operational life, including repairs and maintenance; 
5. Demolition – removal of the structure, together with the consequent temporary works. 

The potential for a natural disaster must be considered at each stage of this lifecycle. A partially constructed 
building needs to resist the effects of a natural disaster in the same way as a completed building. The possibility 
of a partially constructed structure becoming a man-made disaster, such as the I-35W Mississippi River bridge 
also needs to be considered. 

 
(1) Prevention and Mitigation 

BIM has a significant role to play in prevention, through locating new facilities to minimize risk, and mit-
igation, in assisting the design and maintenance of structures to appropriate standards. 

The Driver District Centre (now Palmerston Senior College) was opened for students in 1986. It was in-
tended as a joint high school and community use facility. It is located in Palmerston, a satellite town of Darwin, 
the capital of the Northern Territory, Australia. Darwin has been subject to two types of major disasters – the 
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bombing of Darwin on February 19th 1942, with subsequent bombing raids through World War II, and a series 
of cyclones (typhoons). The most recent major cyclone was Cyclone Tracey, which struck on Christmas Eve 
1974. This caused extensive damage to the city and killed 71 people. It has also experienced several earth-
quakes, centred to the north in the Timor Sea and to the south around Tennant Creek. 

The school complex (Figure 2(a)) is located in amongst detached housing (12°29'44.18"S, 130°58'19.42"E), 
which is typical of Australian suburbs. The major shared facilities were the library building (Figure 2(a): black 
border) and the sports hall (Figure 2(a): red border). The sports hall was also designed to act as a cyclone 
shelter for the area.  
 

Prevention of damage from cyclones is not economically feasible. Wind is pervasive. However, levels of risk 
can be addressed. The experience of Cyclone Tracey has meant that there are community cyclone shelters 
located at strategic locations throughout Darwin and its surrounds. These locations could be planned at the 
CityGML scale and located using relatively standard GIS queries. The design of buildings to resist cyclones is 
subject to the Australian National Building Code which references AS 1170.2 Structural Design Actions Part 
2: Wind Actions. Under the current provisions of the Australian National Building Code, the library building 
would be of importance level 3, while the sports hall/cyclone shelter would be of importance level 4. This 
means that the sports hall would have to be designed for double the annual probability of exceedence of the 
library building. 

The use of BIM to support the design of buildings, such as the sports hall, which are subject to stringent 
requirements, provides the opportunity to explore a wider range of options and to also develop better solutions 
through reducing the time required to exchange data between architectural and structural representations of the 
building and the structural analysis software. 

The risk from storm tide can be controlled. Storm tides occur when a cyclone or other strong wind event 
moves across water towards a shore. The wind speed and possibly reduced air pressure forces the sea water to 
a higher level than it would otherwise reach (Figure 3). They are of the most concern when the cyclone coin-
cides with a king tide event. They are much more damaging than riverine flooding due to the accompanying 
high winds, wind driven waves and wind and water driven debris. 

The impact of storm tide during Cyclone Yasi is shown in Figure 4. 
 

Figure 2: Driver District Centre 

Figure 3: Storm tide (storm surge) effect8 
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The best approach to controlling storm tide is not to build in high risk locations. This is not an issue for the 
Palmerston area around the Palmerston Secondary College, indicated in the yellow square, which is well 
outside of the areas at risk of storm tide (Figure 5(a)). However, there is some subdivided land that is subject to 
storm tide (blue) to the west of the College. The design criteria for any buildings located in this area will be 
much more stringent that for those on less risky locations. This will include constructing the walls to reduce 
wave forces and impact from water driven debris and raising the floor level above the likely height of inun-
dation. BIM, at the IFC level, can once again assist in designing more resilient structures. 

 

 
Figure 5: Tide surge maps for Palmerston NT (a)10 and Townsville, Qld (b)8 

It is often not possible to avoid tide surge. Cities and towns are often located in areas that suited economic 
development rather than being concerned about the risk and impacts of disasters. Townsville, in north 
Queensland, Australia was built at the mouth of the Ross River as it provided good anchorage for sailing ships 
and a direct route to the Charters Towers goldfields by avoiding the Burdekin River. Unfortunately Townsville 
is located on a low lying, relatively flat topography. Figure 5(b) shows tide surge zones for 1m (red), 2m 
(orange), 3M (yellow) and 4m (light blue) surges. This covers the major areas of Townsville including the 
CBD. Access to this level of detail of geo-spatial information can be provided through BIM at the CityGML 
level. 

Figure 4: Houses at Tully Heads. Red ring marks position of house demolished by storm tide. Courtesy of 
Cyclone Testing Station, James Cook University9 
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One development in this area that would have a significant impact on both the construction industry and real 
estate would be the ability to access hazard data for specific locations from a single source and overlay this 
over maps. This would assist the public in understanding the risk factors of a building they were about to buy or 
lease. It would also lead to efficiencies in the design, construction and management of buildings and infra-
structure in reducing the time required to access this information. The technology to deliver this is available. 
Much of the required information is available, such as flood maps for Brisbane11. What is needed to merge this 
information with BIM? 

 
(2) Preparation 

There are both long term and short term considerations with preparation for disaster. BIM capabilities can 
assist in long term planning issues by providing support for planning responses to scenarios built around po-
tential future events. This has been exploited in virtual environments11. While a virtual environment can sim-
ulate an entire scene this often has a sense of unreality. Augmented reality systems, where computer images 
can be inserted into real environments can give an improved sense of reality and allow movement within the 
environment. Both of these types of environments use specifically developed representations of the scenes that 
they are representing. There is no reason why BIM data could not be used directly in creating these environ-
ments for realistic training. 

Long term planning can also include identification and dissemination of access and escape routes (lime 
green routes in Figure 5 (b)).  

Since buildings are used for shelter during disasters it is important that they perform as required by the 
building regulations. This requires adequate, regular maintenance. The results of inadequate maintenance are 
shown in Figure 6 where the roofing purlin has rusted and the roof sheeting has been blown away. BIM pro-
vides methods to notify owners and facility managers when maintenance activities are due to reduce the in-
cidence of such failures. 
 

 
Figure 6: Detail of corrosion of top hat batten, courtesy of Cyclone Testing Station, James Cook University14 

(3) Response 
For some types of events, such as flood or cyclone, BIM is of little use during response activities. For other 

types of events, such as structural collapse (potentially caused by a range of events) or fire then BIM can play 
a critical role. 

The recent building collapse in Dhaka provides a current example of how BIM could be used in the case of 
structural collapse. Figure 7 gives an overall view of the site of the disaster. The key questions here are if there 
were an up-to-date BIM of the building and this could be used to inform structural analyses would this improve 
response times by giving more confidence to rescues to remove debris to access victims and would this im-
prove safety for the response team? 
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If a fire alarm was activated in a building for which BIM was available and there were live data feeds from 
the various smoke and heat sensors in the building, then this could be used by the fire brigade in planning how 
they would attack the fire while they were still in transit to the location. Feeding the time series data as the fire 
developed would allow plans to be revised if the fire behaviour changed and could also provide indications of 
the fire load in the building. This would then support rapid deployment as soon as fire crews arrived and could 
be used to assist in planning the next stages of fire control. Walder et al13 also report studies on using indoor 
positioning systems to track responders in buildings. BIM would provide a context to support such tracking. 

 
(4) Recovery 

The Australian Emergency Management Handbook Series, Handbook 2, Community Recovery states 
“Successful recovery relies on: 

1. understanding the context 
2. recognising complexity 
3. using community-led approaches 
4. ensuring coordination of all activities 
5. employing effective communication 
6. acknowledging and building capacity.” 

The availability of BIM would assist in the rapid assessment of damage to existing buildings, structures and 
infrastructure after a disaster (factors 1 and 2 above). A comparison of what remains with BIM representing the 
pre-disaster structure could provide input to a range of analysis tools to speed up the assessment process. For 
example, the house shown in Figure 8 will need to be rebuilt at least from the floor up. 

The ability to see 3D visualisations of the environment both pre- and post-event would also assist in 
community-led response since many people have difficulty in reading maps and plans. This would also assist 
in coordination between groups who are working on different aspects of the recovery operations by providing 
a visual means of identifying and sharing spheres of activity and clearly delineating tasks. The ability to avoid 
scheduling activities by two groups simultaneously at one location would also be improved by using “loca-
tion-based planning” methods. All of these assist in improving communication as a whole. The issue of 
building capacity has already been discussed within the context of virtual and augmented environments to 
assist in training. These could also be used to inform crews of the expected conditions before arriving at a 
particular location. 

 

Figure 7: Dhaka Savar Building Collapse. http://flickr.com/photos/40831205@N02/8731789941 
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Figure 8: Effect of large scale debris on house. Courtesy of Cyclone Testing Station, James Cook University9 

BIM linked with definitions of the system requirements could also provide support to decisions about 
whether infrastructure should be repaired or replaced. Ideally the BIM would interface directly with analysis 
software to allow rapid assessment of the implications of alternatives against requirements. 

 
(5) Process 

There are a number of changes to current processes that need to be addressed before the ideas discussed in 
this paper can be addressed. The goal of these changes is to ensure that the information available to disaster 
responders is up-to-date and accurate. The use of BIM in the design of buildings and infrastructure is pro-
gressing, with its use in construction lagging slightly. Use of BIM within operations/FM is still in the early 
stages of adoption. The ability to integrate the changes that maintenance and upgrade processes make between 
BIM and FM systems is poor.  

This leads to consideration on what drivers will encourage these changes. Some uses of BIM are underway 
now through normal technology uptake processes. Currently in Australia this is being driven by organisations, 
which recognise the advantages of the BIM approach. Requirement by governments or government bodies, as 
is occurring in USA, UK, Finland, Denmark and Singapore, would certainly encourage uptake but this is un-
likely in the current political environment. Another possible driver is the insurance industry. If they can be 
persuaded that the integration of BIM in their processes would reduce their expenses then reductions in pre-
miums for building owners who provide rich data for risk assessment, response and repair may provide some 
impetus for change. 

 
4) CONCLUSIONS 

The usefulness of BIM in supporting disaster response has been discussed through all stages of the response 
process. The potential benefits are clear. However, significant changes in the way that buildings and infra-
structure are procured and maintained will be required before all of the potential benefits can be achieved. The 
key enablers are: 

1. The ability to handle both geo-spatial data and detailed representations of buildings and infra-
structure within a unified user interface; 

2. The definition of appropriate “views” of the information for the stakeholders at the various stages of 
project procurement and through its lifecycle; 

3. Requirements for submission of BIM during the procurement of projects; 
4. Access to updated BIM in the event of a disaster; 
5. Software systems available to responders to support decision making during all four stages of the 

disaster cycle. 
None of these are insurmountable problems given the current state of technical usage in the industry. The 
speed and scope of uptake will depend on legal and business drivers that encourage improvements in 
technology and the organisations that exploit the technology. 
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Natural disasters are mostly unavoidable but the magnitude of damage could be minimized through pre-
paredness.  There are various strategies developed and programmes underway worldwide to improve com-
munity and infrastructure resilience against natural disasters. This paper describes a study conducted in 
Northern and Eastern Sri Lanka for finding details on communities and infrastructure affected by various 
natural disasters such as flooding, tsunami, drought and cyclones. It details a strategy used for preparing the 
communities and infrastructure for future natural disasters by proposing suitable locations for disaster evacu-
ation centers determined by using past disaster experience of the communities. 

. 
 

   Key Words : disaster resilience, disaster preparedness, community development, infrastructure develop-
ment, damage mitigation  

 
 

1. INTRODUCTION  
 

Regular natural disasters such as flooding, cyclones and drought are common in the Northern and Eastern 
Provinces of Sri Lanka (Fig. 1).  As the area was also hit by a tsunami in 20041), destroying thousands of lives 
as well as infrastructure, risk of another tsunami is now an added burden for the communities living in this part 
of the country. Thunderstorms accompanied by strong winds and flooding normally occur during the North 
Eastern monsoon from October to February. The communities here recall a destructive cyclone that occurred 
in 1978 and the unexpectedly severe floods that caused widespread destruction in the December 2011 – Jan-
uary 2012 period, among the most destructive natural disasters to strike the area apart from the 2004 Tsunami. 
Records indicate that around a hundred cyclones have travelled through Northern and Eastern Sri Lanka since 
1901.  

Flooding is the most common natural disaster faced by the people of this low-lying area of the country. 
Regular flooding due to excessive rainfall which cannot be accommodated by the lowlands and the natural 
river system may partly be due to rapid industrialization resulting in reclaiming of marshlands for construction 
and causing disruption to the natural flow of rivers. Occasionally, the flooding is caused by collapsing of dams 
of old irrigation tanks. 

During 2011-2012, a study was carried out in the Northern and Eastern Provinces of Sri Lanka to gather 
disaster related details and people’s experience of natural disasters. The main aim of the study was establishing 
100 disaster evacuation centers while improving the knowledge of the technical officers involved in con-
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struction and maintenance activities. This paper is written with the aim of sharing the findings of the study with 
the international community as they are important in planning for disasters anywhere in the world. The paper 
first proposes the strategies applicable and then describes the findings as a case study.  

 
 

2. PLANNING FOR FUTURE DISASTERS 
 
(1) Preparedness 

As natural disasters are mostly unavoidable, proper planning and preparedness is extremely important to 
reduce the magnitude of damage caused. There are various strategies that have been applied throughout the 
world for managing disasters. The strategy must be carefully selected based on its applicability and suitability 
to the country or community, available resources and the ability of implementation.  

The lessons learnt in the past are the best means for future planning. Communities who live in disaster prone 
areas are best positioned to provide the first feedback as they are familiar with the nature of the disaster, dif-
ficulties the community faces during and after these incidents, vulnerability of the area and risks. Meanwhile, 
structures that have withstood disasters as well as those that have got damaged by them may hold answers as to 
the reason for their ability (or lack thereof) to withstand natural forces1). Hence, the basis for improving 
structures should be determined after a study of past experience. 

 
(2) Resilience against future disasters 

The community and infrastructure resilience against disasters and planning for future emergencies are 
generally divided into three processes; response, recovery and resilience (RRR)2). These three processes are 
interrelated. The magnitude of damages due to a disaster can be reduced when the resilience of the community 
and infrastructure is improved; this lessens the recovery time and recovery effort while the community and  
infrastructure will respond better than during the preceding disaster (Fig. 2). 

 

 
 

 
 
 
The response varies with the type of disaster. If the event is a regular disaster such as flooding in Northern 

and Eastern Sri Lanka, as the communities are familiar with such events, the response is generally good (if the 
disaster is not extreme). It was observed in this study that local communities are less concerned about disasters 
such as droughts that happen over a period of time than those that occur suddenly. Sudden, unexpected dis-
asters such as the only tsunami that affected the country (within living memory) generally find them com-
pletely unprepared.  

The recovery process where the affected community is settling into the usual way of life while re-developing 
the infrastructure, depends on the response. The recovery time varies with the magnitude of damage, availa-
bility of resources for the recovery process, preparedness and planning; the communities in the area studied 
took two to five years to recover (up to a reasonable level) from the 2004 tsunami but the same community 
recovers within several months from regular flood damages.   

Improving the resilience of communities and infrastructure should be the ultimate target for reducing 
damages by improving the response.  

There are other important strategies used in disaster management. The public-private-partnership (PPP) and 

Fig. 1 Map of the Northern and Eastern Provinces 
of Sri Lanka. Fig.2 The process of response, recovery and resilience. 

Response 

Recovery 

Resilience 
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public-private-people-partnership (PPPP) are such strategies used in reconstruction projects3). It can be pro-
posed that the PPPP strategy could be applied together with the RRR process to improve the effectiveness of 
the whole process. Here the public and private organizations should work together with the people (the af-
fected communities, various non-governmental organizations, academia, professionals and media) to achieve 
the expected outcome. 
 
 
3. THE CASE STUDY 
 
(1) Disaster evacuation centers  

The total population in the Northern and Eastern Provinces of Sri Lanka is 2.6 million4) out of which a 
considerable percentage gets affected by natural disasters described above. The usual practice in the country is 
giving shelter to the affected communities in government schools during the recovery process. However, most 
of the schools located in rural areas lack the basic facilities needed to ensure the refugees a reasonably com-
fortable stay; this highlights the need for preparing pre-determined evacuation centers equipped with basic 
facilities. Accordingly, 100 government schools located throughout the Northern and Eastern Provinces were 
selected as refugee centers (emergency evacuation centers) to be used during disaster emergencies.  

A team of engineers, academia, government officers and non-governmental organizations worked together 
in 2012 inspecting all the selected schools and meeting community leaders and technical personnel in gath-
ering details. The schools selected to serve as evacuation centers were chosen taking into consideration the 
preferences of the local community. The basic selection criteria applied for determining a location as a refugee 
center were: previous usage of the selected location as an evacuation center, safety of the location against 
disasters, easy access to the location for the community and relief agencies from outside, safety of the build-
ings in the location, capacity of the location (number accommodated), availability of water, sanitation facili-
ties, facilities for cooking and  being free of safety risks such as wildlife threats.  

Fig. 3 shows the assessment of proposed evacuation centers as a percentage of the 100 schools selected. For 
example, 100% of the affected communities have given their consent to the use of the selected school as a 
convenient location during a disaster. However, it was found that 32% of the school premises have got partly 
inundated at least once during the last 20 years and that these schools can then only be accessed by boats (when 
the floods reach that level). Another main concern is the safety of buildings if the disaster is extreme; i.e. 39% 
of the buildings need some kind of repair or strengthening as they are old, weak or have defects. 

The study showed that disaster wise, the selected schools vary considerably (Fig. 4). For example, 100% of 
the selected schools can be used as evacuation centers during floods while only 31% of the schools that are in 
the coastal area can be used as evacuation centers in the event of a tsunami. In other words, 31% of the schools 
should be prepared for both floods and tsunami disasters. 

 

 
 
 
The study reveals that the basic needs such as water, cooking facilities and sanitation are not sufficient in 
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Fig. 3 Assessment of proposed evacuation centers. Fig. 4 Disaster concerns at a 100 selected schools. 
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any of the selected schools. The comments of the principals of these schools indicate that the available facili-
ties are just sufficient for the students who stay in the school for 6 hours a day but not for a large number of 
refugees who may have to stay in these centers for weeks or months. Fig. 5 shows the summary of requests 
made by the principals of the selected schools for providing basic needs to the refugees during a disaster; only 
14% of the schools could provide adequate water to refugees with the available facilities while only 11% of the 
schools could provide adequate sanitation facilities for refugees.  

 
(2) Preparedness of evacuation centers  

The details gathered in the study are analyzed and recommendations are given in accordance with their 
criticality. The findings reveal that there is a considerable amount of work (preparedness) to be done in  
Northern and Eastern Sri Lanka, in order to increase its disaster resilience. The study also reveals that the 
experience of the communities who live in disaster prone areas is very important and the lessons learnt by them 
during previous disasters can be effectively used for improving the resilience with active involvement of these 
communities. Accordingly, the suggestions of the community leaders, principals of selected schools and 
government officials of the areas were prioritized during the planning for preparedness. 

 

 
 
 
 
Some of the important matters so analyzed and recommendations proposed are; providing basic needs at 

evacuation centers, ensuring the safety of refugees from various risks and threats, safety of buildings in 
evacuation centers at extreme disaster events and provision and maintenance of proper sanitation facilities in 
those centers (Fig. 6). 

The basic needs considered are water, food, sanitation and shelters. Some of the possible solutions to im-
prove these needs are, providing overhead water tanks and pumps with accessories to pump up and store water 
from wells before flood water reaches the wells, providing storage rooms and kitchens with utensils for pre-
paring food and increasing toilet facilities in the selected schools. The common safety issues for refugees in the 
area are, open wells, pits, trenches, faulty electrical wiring, unsafe buildings (Fig. 7), wildlife threats (ele-
phants, snakes). It is proposed that the open wells etc., are closed, immediate repair of faulty electrical wiring 
etc., providing warning signs for unsafe structures if not demolished and providing first aid facilities and 
training people from the community to give first aid. Further, fixing lightning conductors on buildings, re-
moving of unsafe branches from trees and providing security fencing around the evacuation centers are pro-
posed. In order to minimize the risk of human damage due to collapse of buildings, all the buildings in the 
selected schools were inspected by engineers, assessments were done and repair and retrofitting methods are 
proposed. Common health problems such as malaria, diarrhea etc., experienced in the past at refugee camps 
were taken into consideration when proposing awareness programs to the communities. 

 
(3) Building Structures for future 

Structures that were destroyed by the tsunami, cyclones and erosion (during flooding) show that the failures 
were mostly the result of mistakes and negligence by designers and constructors; this highlights the commu-
nication gap between the designer and the constructor on site. Previous studies reveal that the destruction to 
structures from the tsunami in 2004 could have been much less if correct design practices had been applied1). 
Improving the knowledge of technical officers and site supervisors is seen as an effective way to overcome the 
problem, as they do most of the building construction and maintenance activities at site level.  
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Fig.5 Improvements required to provide basic needs to refugees (as a percentage of the 100 selected schools). 



 5 

 
 
 
 
 
 
 
 
 
 
  
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a). Old buildings 
vulnerable to disasters 

( b ). Eroded edges of buildings, 
vulnerable for flood damage 

( c ). Insufficient tying of roof, 
vulnerable to cyclones 

( c ). Poor maintenance, vul-
nerable for safety of occupants 

Fig. 6 Common defects observed in school buildings. 

( a ). Poorly maintained structures 

 
( d ). Structural failures, vulnerable for disasters 

 

( a ). Abandoned open wells 

 
( c ). Faulty electrical wiring 

 
( d ). Unsafe branches of large trees 

Fig. 7 Common safety concerns in school buildings. 
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Accordingly, a series of technical workshops were conducted for over 500 technical officers and site su-

pervisors who live in Northern and Eastern Sri Lanka and work for government institutions. Officers attended 
the two day workshops in groups of 30 (district-wise). Subjects discussed included introduction to disaster 
management, correct construction methods, construction guidelines for floods, erosion and landslides5) and 
construction against wind actions6). Details of disaster damaged structures with photographs from the work-
shop attendees’ own areas were used in the workshop for explanations; this had the effect of increasing the 
relevance of the workshop for the attendees. Feedback of the officers was encouraged while assignments were 
given for them to complete as group exercises and present on stage. The main expectations of the exercise were 
knowledge sharing, understanding past mistakes and building safer structures for the future.    
 
 
3. CONCLUSIONS 
 

Improving the disaster resilience of communities and infrastructure could strengthen their response against 
future disasters while reducing the magnitude of damage and time of the recovery process. Preparedness is key 
for improving disaster resilience. The affected community is the best party to be consulted when implementing 
preparedness exercises while results of studies on failed or sustained structures are the best guidelines for 
future designs and constructions. The process of response, recovery and resilience together with pub-
lic-private-people-partnership strategy is valid for improving the strength of communities and infrastructure 
against disasters. 
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This paper presents an approach to assess the resilience of a water supply system under the impacts of 
climate change. Changes to climate characteristics such as rainfall, evapotranspiration and temperature 
can result in changes to the global hydrological cycle and thereby adversely impact on the ability of water 
supply systems to meet service standards in the future. Changes to the frequency and characteristics of 
floods and droughts as well as the quality of water provided by groundwater and surface water resources 
are the other consequences of climate change that will affect water supply system functionality. The 
extent and significance of these changes underline the necessity for assessing the future functionality of 
water supply systems under the impacts of climate change. Resilience can be a tool for assessing the 
ability of a water supply system to meet service standards under the future climate conditions. The study 
approach is based on defining resilience as the ability of a system to absorb pressure without going into 
failure state as well as its ability to achieve an acceptable level of function quickly after failure. In order 
to present this definition in the form of a mathematical function, a surrogate measure of resilience has 
been proposed in this paper. In addition, a step-by-step approach to estimate resilience of water storage 
reservoirs is presented. This approach will enable a comprehensive understanding of the functioning of a 
water storage reservoir under future climate scenarios and can also be a robust tool to predict future 
challenges faced by water supply systems under the consequence of climate change. 
 

   Key Words: resilience, water supply systems, climate change, water resources  
 
 

 
1. INTRODUCTION 
 

Decreased availability of potable water accompanied with higher water demand in the hotter future 
climate will exert pressure on water supply systems and may lead to failure in delivering sufficient water. 
The extent and importance of projected future changes in quality and quantity of water highlights the 
need for accurate assessment of the ability of current water supply systems to face climate change as well 
as the risk of failure in a future context. Water supply systems are among the most important 
infrastructures in every society. Arguably water supply systems have been designed based on historical 
conditions and may fit the current climate conditions and may intrinsically be unable to accommodate 
changes in the quality and quantity of inflow water and water demand as a result of climate change. The 
ability of Water supply systems to withstand these changes and still deliver sufficient water of acceptable 
quality can be defined as resilience. In addition, quick recovery after failure can also be attributed to the 
resilient behaviour of the system. Resilience is a characteristic of a system that makes the system more 
tolerant to pressures and disturbances and provides degrees of assurance of quick recovery after a failure 
event.  

 
An appropriate measure of resilience can be a tool to assess the ability of water supply systems to 

absorb the pressure of changing climate while sustaining supply under increased demand pressure, and 
their speed of recovery in case of failure. A number of researchers have suggested mathematical 
measures of resilience2-6). However, there is still a need for a robust measure of resilience that can provide 
an estimate of system behaviour under different pressures.     
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This study proposes a novel approach to assess resilience of water resources systems based on 

improvements to the resilience index proposed by Moy et al. (1986) 5).  Assessing resilience under effects 
of climate change will provide managers with the opportunity to take adaptive measures and approaches 
in order to minimise the risk of failure as well as cost and time of recovery after failure. 
 
 
2. CLIMATE CHANGE IMPACTS ON WATER RESOURCES 
 

Climate change will affect future water availability due to changes to climate characteristics and 
alterations to the global hydrological cycle. Research studies have predicted significant changes in 
rainfall, evaporation and temperature under future climate scenarios in many parts of the world 7) .  

 
Decrease in rainfall as well as increased evaporation will result in the decrease in runoff and 

streamflow. Future changes in precipitation will result in more than a 50% reduction in runoff in 
Victorian catchments 8) and 12-90% reduction in the south western parts of Western Australia by 2070 9). 
Climate change will also change the frequency and characteristics of floods and droughts in many parts 
of the world7). Climate change will increase frequency of extreme-rainfall events and decrease frequency 
of low-rainfall events in most parts of Australia. Decreased return period of heavy rainfall events will 
increase probability of flooding 10). Mplesoka et al. (2007) projected that by 2070, eastern Australia will 
have 40% higher likelihood of droughts with south western Australia experiencing an 80% increase 
compared to 1975 to 2004 11). In addition, droughts accompanied with higher temperature may increase 
water demand and exacerbate the drought conditions 10). 

 
It is not just surface water resources that will be affected by climate change. Studies have also shown 

that groundwater resources will also be affected by change of climate factors. Similar to surface water 
resources, groundwater is also sensitive to changes in temperature and amount, frequency, seasonality 
and intensity of rainfall12-15). Climate change will also affect the quality of water provided by both surface 
water and groundwater resources 16-23).  

 
Changes in future quality and quantity of water provided by water resources will be accompanied with 

increased future demand as a result of climate change. Wang and Abrams (2010) projected that by 2030 
and 2070, water demand in Sydney region will have an increase of 0.3-1.1% and 3.5-3.9%, respectively, 
as a result of climate change24). However the degree of this increase is highly dependent on the water 
management policies adopted by the authorities. 
 
 
3. RESILIENCE AS AN ASSESSMENT TOOL  
 

Resilience is a characteristic of infrastructure and complex systems that defines their functionality 
under the impacts of perturbations. Although it is not economical to design fail-safe systems, it is ideal 
that water infrastructure is able to maintain an acceptable level of function under the pressure of changing 
conditions or in the case of a disaster. In addition, it is desirable that an acceptable level of functionality 
is recovered quickly after failure. These characteristics of a system can be categorised under the concept 
of resilience. Different definitions have been suggested for resilience by researchers. However, all the 
suggested definitions in water resources field can be categorised under three main concepts: 

1) Resilience as the amount of disturbance or pressure a system can absorb and still maintain its 
functions 25); 

2) Resilience as the required time to return to equilibrium after a perturbation 26, 27); 
3) Resilience as adaptive capacity of the system 28). 
 

Resilience, as applied in ecological systems thinking is associated with the notion of stability: 
reflective of a tendency of ecosystems to remain unchanged. This tendency can be visualised as a system 
of balls and valleys: where balls stand for the system, valleys stand for stability domains and arrows show 
the way a disturbance affects the system (see Fig. 1). The first definition of resilience can be represented 
by the width of stability domains and the second definition can be represented by the slope of stability 
domains. Adaptive capacity can be defined as the ability of the system to remain in a stability domain 
while the shape of the domain changes 1).  
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Besides being a characteristic of systems which reduces risk of failure in a pre-disaster condition and 
reduces losses and recovery time and cost in post-disaster condition28), resilience can be a measure of 
system’s ability to avoid failure and if fails, to recover quickly. 
 
 
4. RESILIENCE IN WATER RESOURCES LITERATURE  
 

Hashimoto et al. (1982) proposed one of the earliest mathematical approaches to assess resilience of 
water resource systems. They suggested that resilience is a function of the average number of time steps 
for a system remaining in an unsatisfactory state after a failure event (see Equation (1)).  
                                                                           [ ]{ } 1−= fTEγ                                                                 (1) 

Where; γ is resilience and E[Tf] is the average length of failure events. Hashimoto et al. (1982) showed 
that γ is equivalent to the probability that the system will recover from failure after a single time step4). 
Equation (1) has been the basis of most of later studies on resilience of water supply systems29-32). 
 

Another mathematical measure of resilience was suggested by Moy et al. (1986) as the maximum 
consecutive duration, the system spends in unsatisfactory state (see Equation (2)) 5). 

                                                                           (2) 
 
Where; γ is resilience and d(j) is the duration of jth failure event. 
 

Later, Kundzewick and Kindler (1995) compared Moy’s definition with the definition suggested by 
Hashimoto et al. (1982) and concluded that Moy’s definition is preferable, because low-significance 
events with short durations may lower the mean failure duration of the system and overestimate the  
resilience of the system33). However, Srinivasan et al. (1999) asserted that neither Hashimoto’s nor Moy’s 
definitions completely represent the concept of resilience. They argued that Moy’s resilience index gives 
equal values for two systems with equal maximum length of failure events disregarding the number of 
failure events. Srinivasan et al. (1999) further suggested an improved linear programming formulation 
over Moy’s equation and asserted that their formulation offers a better illustration of the resilient 
behaviour of a reservoir system 6).  
 

Fiering (1982) discussed resilience of water resources based on the Markov properties of water 
resource systems. He suggested that each system has a unique boundary area and different response 
surfaces and resilience can be defined as a function of the shape and size of the response surface. He 
further suggested a suite of parameters underpinned by mathematical equations to measure resilience of a 
system 3):  

R1: Residence time in non-failure state. 
R2: Expected undiscounted outcome of the system. 
R3: Steady state probability of not being in failure state. 
R4: System mean first passage time to failure state. 
R5: Mean first passage time from non-failure to failure state. 

}{ }{ 1)(max −= jdγ

Fig. 1: Representation of resilience definition with a system of balls and valleys 1) 
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R6: Mean passage time between successive failures. 
R7: Mean passage time to failure from complete recovery. 
R8: The vector of γ% passage time from some or all non-failure states to failure state based on   
        distribution of passage times.    
R9: The weighted vector sum or scalar of γ % passage times T(γ,i,β). 
 

All indices suggested by Fiering (1982) except R2 reflect the ability of the system to absorb pressure 
without going into failure state, but do not provide any idea of system dynamics while in failure mode nor 
the length and properties of failure events.  

 
R2 is different from other indices suggested by Fiering (1982). Based on this index, in order to increase 

resilience, cost should be minimized and/or benefits should be maximised. The shortcoming of this index 
is that some consequences of a failure event are not measureable in terms of cost or benefit. 
Psychological consequences on the community due to failure of an infrastructure or loss of life in case of 
severe or prolonged disasters are examples of such non-measurable consequences. 

 
Despite the importance of indices suggested by Fiering (1982), limited extension has been undertaken 

on his work with later studies mostly focusing on the system’s ability to recover. 
 
Wang and Blackmore (2009) reviewed previous studies relating to resilience of water resources and 

argued that resilience indices suggested by Hashimoto et al. (1982) and Moy et al. (1986) represent a 
system’s response and recovery after failure. They also pointed out that alternative resilience indices 
suggested by Fiering (1982) represent system’s resilience against crossing the performance thresholds. 
They asserted that the concept of resilience of water resources can also be discussed from the adaptive 
capacity point of view. This type of resilience includes adjusting systems management approaches when 
it is probable that the system crosses the performance thresholds 28).  

 
Studying available literature on resilience of water resources systems reveals the necessity of having a 

multi-faceted resilience construct which can reflect all relevant criteria of a resilient system. Focusing on 
just one aspect of resilience can lead to overestimating or underestimating system’s capabilities to face 
changing conditions. 
 
 
5. AN IMPROVED MEASURE OF RESILIENCE 
 

In the management of water supply systems or any other infrastructure system for that matter, 
answering the following questions will provide a guide towards more reliable management approaches:  

1) What is the probability of failure under current circumstances? 
2) What would be the period of probable failure?  
3) What would be the consequences of this failure?  
4) What would be the probability of a system recovering functionality after failure?   
 

A comprehensive measure of resilience should be capable of estimating a system’s ability to avoid 
failure as well as to recover quickly. A weakness in current measures of resilience of water resources 
systems rests in the consideration of just one of the resilience criteria (ability to avoid failure or ability to 
recover quickly) at the same time. Having insight to the probability of failure will give managers the 
opportunity to adapt their management policies and approaches to the current situation in order to avoid 
failure as much as possible. In the case of inevitable failure, having an understanding of the length and 
characteristics of the failure event, and its expected consequences, is necessary to minimise recovery 
time, economic losses and psychological consequences of failure on the community as well as to avoid 
loss of life due to failure. This process has been summarised in Fig. 2.  

 
Measures of resilience suggested by Hashimoto et al. (1982), Moy et al. (1986) and Fiering (1982) do 

not meet all of the above conditions. Modifying the resilience index suggested by Moy et al. (1986) can 
provide a better representation of resilience. The maximum length of failure events (Lf) suggested by 
Moy et al. (1986) is preferable over the average length of failure events as suggested by Hashimoto et al. 
(1982) since it gives an estimate of the probable worst-case scenario. Lf cannot be a perfect surrogate of  
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resilience since it does not reflect system’s ability to absorb pressure. However; considering the 
probability of failure as another influential variable will help to resolve this difficulty. An improved 
measure of resilience can be represented as: 

                                                                                                                                                                    (3) 
                           

Where;  
IRes: Resilience index 
Pf :  Steady state probability of being in failure state 
Lf :  Maximum expected length of probable failure events. 
 
In Equation (3), Pf is a measure of percentage of times the system will spend in failure state in the long 
term and is representative of system’s ability to absorb disturbances and still maintain its function. Lf is 
an estimate of the worst probable failure scenario and reflects systems’ ability to recover in the worst 
probable failure situation.  
 
 
6. ESTIMATING FUTURE RESILIENCE OF A WATER STORAGE RESERVOIR 

UNDER EFFECTS OF CLIMATE CHANGE 
  

Storage reservoirs are the most vulnerable part of a water supply system to the change of climate 
elements. The steps required in order to assess resilience of a reservoir under future climate conditions 
are illustrated in Fig. 3.  

 
The first step in assessing future resilience of a reservoir is to select influential climate variables that 

affect its functionality. These variables can be considered to be rainfall amount, rainfall intensity,  
 

Changing 
condition and/or 

a disaster 

Is system probable to fail? 

Safe System Could failure be avoided through adaptive 
management approaches?  

• Alternative approaches to 
minimize the consequences of 
failure 

• Alternative choice of system in 
case of non-recoverable or 
prolonged failure 

 

No Yes 

Yes 

No 

• What would be the period of 
probable failure? 

• What would be the consequences 
of this failure? 

• What would be the probability of 
a system recovering functionality 
after failure? 

 
 

 

Fig. 2:  Schematic of system management under changing condition or in the face of a disaster. 

),( ffres LPfI =
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temperature, evapotranspiration. Future time series of climate variables can be developed based on future 
predicted climate scenarios and models. 
 

Rainfall-runoff modelling is a way of linking time series of climate variables to the water resources 
yield and the volume of water entering a reservoir. Different rainfall-runoff modelling tools and software 
are available. However, the selection of an appropriate model should be made based on each model’s 
limitations as well as project’s requirements. When the appropriate model is selected, it needs to be 
adapted, calibrated and validated based on the available historical observations. The calibrated model can 
then be used as a tool to predict future inflow to the reservoir. Future water quality of a reservoir can be 
predicted based on the relationship between primary water quality parameters such as pH, electrical 
conductivity, suspended solids, nutrients and organic carbon and future climate variables.  

 
The second step is to define suitable functionality states for the system. For the purpose of calculating 

resilience based on Equation (3), reservoirs can be considered as two-state systems having states of 
operation and failure. Failure state may have two modes: 

1) Quantity-based failure: Volume of extractable water available in the reservoir plus the volume of 
inflow water during the study time step is less than water demand in that time step. 

2) Quality-based failure: Quality of water available in the reservoir is that poor that the water cannot 
be treated adequately and so cannot be extracted. 
 

Quantity-based failure can be selected as the system’s failure mode if the focus of the study is on the 
effects of climate change on the future quantity of water provided by the reservoir. Similarly if the main 
concern in the study is future quality of water delivered by the reservoir to the treatment plant, quality-
based failure can be selected. However, the most appropriate option may be to consider both, quality-
based and quantity based failure modes at the same time in the study. After defining suitable system 
functional states and failure criteria, time series of system behaviour during the study period can be 
developed.   

 
The final step is to calculate the resilience of the water resources system using an appropriate surrogate 

measure of resilience. This surrogate measure can be a unique parameter or a function of a set of 
parameters which reflect ability of the system to avoid failure and if failure occurs, to recover quickly. In 
addition, the selected surrogate should suit the focus of the assessment. For example, this could be 
resilience against change of water quality, water quantity or both.   

 
Equation (3) can be a suitable representation of resilience that is compatible with the properties of 

storage reservoirs and the nature of the effects of climate change on the system. Variables in this equation 

Estimating future inflow 

water quality and quantity 

 

• Selecting influential climate variables on water quality and quantity 
• Finding the relationship between climate variables and water quality 

and quantity  
• Selecting suitable emission scenario, climate model and downscaling 

method to project future climate variables 
 

Creating time series of 
system behaviour for 
the analysis period 

 

• Defining suitable system functional states 
• Selecting  appropriate criteria for each state  
 

Calculating Resilience 
surrogate 

  

• Selecting suitable measure of system resilience 

Fig. 3: Process for estimating resilience of water resources systems under future climate conditions 
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(Pf and Lf) can be calculated using the developed time series of the reservoir behaviour. Process function 
of a reservoir has Markov properties since predictions of the future can be made based on the current 
state of the system without needing to know the earlier states and their sequence. For instance, it is 
possible to predict the future volume of water in a reservoir at time t+1 based on the volume of water in 
the reservoir at time t and there is no need to know the state of the reservoir at time t-1 or earlier periods. 
Therefore, the steady states probability of being in failure state (Pf) can be calculated based on the 
Markov property of reservoirs using the matrix of transition probabilities of the system. Calculation of Lf 
(the maximum length of failure events) can be easily derived from the time series of system function. 
Different failure events of the system should be compared and the maximum length of failure events 
should be selected as Lf.  
 

Uncertainties in future emission scenarios, choice of climate model and downscaling methodology, 
method of simulating future water quantity and inaccuracy of estimates of the relationship between 
climate variables and water quality can be sources of uncertainties in estimates of future resilience of a 
water storage reservoir. However, despite the inherent uncertainties in future resilience projections, 
resilience is still a strong tool for estimating and assessing behaviour of reservoirs under future climate 
scenarios. 
 
 
7. CONCLUSIONS 
 

Resilience can be defined as a function of a system’s steady state probability of being in a failure state 
(Pf) and the maximum expected length of probable failure events (Lf) (see Equation 3). This definition of 
resilience reflects a system’s ability to absorb disturbances and still maintain its functionality as well as 
the system’s speed of recovery after failure.  

 
Equation (3) can be applied to assess resilience of water storage reservoirs under future climate 

conditions by means of developing and assessing future time series of system behaviour. These time 
series can be developed using future climate scenarios and models to predict future quality and quantity 
of water provided by a storage reservoir. Although future projections of resilience may have some degree 
of inaccuracy due to the uncertainties of future climate projections and simulation methods, resilience is 
still a robust tool of estimating a reservoirs ability to handle future perturbations due to climate change.  
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Urban flood disasters have been intensifying in China such as the event occurred in Beijing City on July 21, 

2012. This reflects the issues in relation to stormwater management in our country since the concept advocating 
the management of stormwater as a resource rather than a waste is still in its very first stages. Due to rapid and 
intensive urbanization and climate change impacts, the current urban stormwater infrastructure commonly fails to 
cope with the changing conditions. Additionally, the paucity of data, poor knowledge transfer and ineffective 
urban planning constrains the implementation of effective stormwater management strategies. Therefore, it is 
appropriate to investigate more robust approaches to improve the prevailing situation. Building a resilient 
stormwater management system is an effective solution. This requires creating new knowledge in relation to 
stormwater management by conducting relevant research studies. Furthermore, establishing policies and 
regulations to guide the stormwater management also contributes to the success of managing stormwater runoff.  

Key words: Urban floods; Stormwater management; Urbanization; Climate change; Resilient systems  

 

1. INTRODUCTION 

A flash flood hit Beijing City in China on July 21, 2012. It is recorded that the City received on average 170 
mm of rain within a twenty-hour period while the most heavily-affected area of Beijing, Fangshan District, 
received 460 mm. This is the highest recorded rainfall since 1951 leading to catastrophic consequences. Within a 
day of the flooding that followed, nearly 57,000 people had been evacuated while 79 people lost their lives. 
Additionally, the flood also caused at least 10 billion Yuan (1.6 billion US dollars) in damages and over 8,200 
homes were destroyed. Fig. 1 illustrates this flood disaster.  
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Fig. 1 Beijing flood on July 21, 2012  

(Source from http://news.163.com/special/beijingrain/) 

 

In fact, Beijing is not the only city to be regularly threatened by flood events. It has been noted that urban 
flood frequency has markedly increased in China in the past years. In the period of 1949-1966, the flood 
frequency of all counties was less than 50 times per 100 years and only 25 counties recorded 20-50 times per 100 
years. However, from 1976 to 1998, one county has exceeded 50 times per 100 years while 125 counties have 
reached 20-50 times per 100 years. The Fig. 2 illustrates the upward trend in flood frequency in ten major 
Chinese metropolitan areas over the period of 1949-1998. As evident in Fig. 2, since the reforms and open policy 
adopted in 1978, except in the Beijing–Tianjin–Tangshan area and the central China, flood incidences in the 
remaining eight metropolitan areas have increased markedly (Shi et al., 2005). 

As these flood disasters result in serious losses, it is essential to review the causes of urban floods in China. 
Additionally, the intensification of flood hazards also reflects the problems associated to current stormwater 
management approaches. Therefore, in addition to the discussion of primary factors which causes urban floods, 
this paper also reviews the problems associated with current stormwater management undertaken in China and 
the potential approaches for improvement. This is expected to provide an overview of the challenges and 
possible solutions to stormwater management in our country.  
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Fig. 2 Occurrence of floods in ten major metropolitan areas in China (Adapted from Shi et al., 2005) 
(a=Yangtze Delta; b=Beijing-Tianjin-Tangshan; c=Pearl River Delta; d=Central China; e=Shandong Peninsula; 
f=Central Liaoning; g=Harbin-Daqing-Qiqihar; h=Wuhan; i=Central Hunan; j=Sichuan Basin; **Unreliable data 
during Cultural Revolution) 

2. CAUSES OF URBAN FLOODS IN CHINA 

(1) Climate change 
As past researchers have noted, climate change has a crucial influence on the changes in flood frequency and 

severity (for example McMichael et al., 2006, Schreider et al., 2000, Senhorst and Zwolsman, 2005). The 
proportion of total rainfall from heavy precipitation events have been increasing over most areas worldwide. 
Furthermore, the changes in the climate have led to the increase in intensities of rainfall events and the decrease 
in the duration (Schreider et al., 2000).  

In China, the rainfall characteristics are changing with the climate change. It has been witnessed that more 
frequent extreme rainfall events have occurred in recent years, particularly high intensity but short duration 
rainfall events (Ding et al., 2006). Additionally, the trend of increasing rainfall intensity is projected to continue 
into the future years. This situation poses major challenges to the urban drainage system in relation to effectively 
conveying the resulting stormwater runoff to prevent flooding.   
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(2) Urbanization  
China is experiencing rapid urbanization as a result of the growing middle class increased industrialization. 

Consequently, the large-scale anthropogenic activities associated with urbanizations have significantly modified 
the hydrological characteristics of significant extents of natural areas. This in turn has led to a series of problems 
such as water shortage, flooding and water pollution. In the context of urban floods, the urbanization process has 
directly changed the regional landscape structure and caused a significant reduction in pervious surfaces such as 
grasslands, forest and farmlands. The increasing percentage of impervious surfaces such as roofs, roads, parking 
lots and sidewalks leads to the increase in runoff volume and the decrease in the time to peak and a 
consequential increase in peak runoff (Liu et al., 2012). Taking Beijing as an example, the transformation of 
pervious surfaces such as cropland and forest to urban land uses amounted to 49.28% during the period of 1986-
2001. It has been predicted that this incessant increase in urban land growth will continue for the next 20 years 
(Wu et al., 2006).  

The increased peak runoff can enhance flood risk to people, damage to property and lead to land degradation 
(Nelson and Booth, 2002). Shi et al. (2007) investigated the changes in runoff in Shenzhen, China. They found 
that due to urbanization in the past 20 years, the runoff peak had increased by 12.9% on average. Researchers 
have also noted that the magnitude of the increase in runoff peak is closely related to the fraction of impervious 
surfaces, type of drainage channel improvements and the amount of vegetation present (Chen et al., 2009). 
Secondly, it is the conversion of the natural drainage system to an artificial conveyance system which introduces 
uniform slopes, reduced roughness and flow channels. These changes in combination lead to the increase in the 
runoff peak and hence the flood hazards. 

(3) The lagging drainage system developments  
The economy in China is developing fast and has one of the highest growth rates in the world. Unfortunately, 

the basic urban infrastructure cannot keep pace with the economic growth and the spread of human settlements. 
The infrastructure in question includes the urban stormwater conveyance systems and flood control facilities.  

As reported by Huang and Xu (2006), among 640 Chinese cities which are required to undertake flood control 
strategies, there are around 80% where the drainage systems are designed for floods with an Average Recurrence 
Interval (ARI) of less than 50-years while only a few cities such as Shanghai, Shenyang, Changchun and Harbin 
are equipped with storm sewer pipelines which are designed to handle stormwater flow equal to or larger than 
100-year ARI. According to Huang and Xu (2006), a total of 88 cities, accounting for only 18%, are served by 
drainage systems with the capacity to handle stormwater flow larger than 50-year ARI while approximately 21% 
of cities are at a capacity less than 10-year ARI. These statistics indicate that the drainage systems capabilities 
which are lagging behind have become an important factor in the occurrence of urban flooding. Due to the 
increasing urban population, land use modifications and changes on rainfall characteristics due to climate change, 
the stormwater drainage systems built in the past are proving to be ineffective in managing current rainfall 
events, particularly the extreme storms due to the high runoff volume and decreased time of concentration.  

(4) Inadequate urban planning 
Due to the large population and limited land resources, many urban developments in China are continuing to 

be built in areas such as low lying areas which are vulnerable to natural disasters. An example is the landslide 
and resulting flood disaster which occurred in Quzhou, Gansu Province on August 7, 2010. A total of 1,463 
people lost their lives and two thirds of the area in this town were buried under the mud flow. Fig. 3 shows the 
extent and the scale of the disaster.  
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Fig. 3 Quzhou landslide and flood disaster on  August 7, 2010 

(Source from http://news.qq.com/zt2010/zqnsl/) 
 

One of the most important reasons for the occurrence of this disaster was that this town is beside a mountain 
and located in a valley. When the extreme rainfall event occurred, unconsolidated materials on the hillslope 
became saturated and unstable and then moved downstream as a mud flow. This would have been aggravated by 
the land clearing and urban developments that had taken place along the hillslope. This example demonstrates 
the need for the careful evaluation of the suitability of areas for human settlements, but also underlines the 
dilemma faced due to the shortage of suitable land. The shortage of suitable land constrains the adoption of 
appropriate urban planning strategies.  

3. CURRENT APPROACH TO STORMWATER MANAGEMENT IN CHINA 

At present, the current approach stormwater management in China primarily focuses on “disposal” rather than 
“utilization”. Although some large cities such as Shanghai, Beijing and Shenzhen have begun to adopt strategies 
considering the stormwater as a resource, it is still very much in the preliminary stages. Using urban stormwater 
for productive purposes is a relatively new concept for China and this is a multidisciplinary research field. 
Researchers in China are still gathering knowledge relating to the sustainable management of urban stormwater.  

As such, China is still using conventional approaches to manage stormwater rather than the application of 
cutting-edge strategies to mitigate stormwater quantity and quality impacts due to urbanization. This is despite 
the fact that these strategies have been routinely applied for many years in many developed countries including 
Low Impact Development (LID) in Canada and the United States, Water Sensitive Urban Design (WSUD) in 
Australia and Sustainable Urban Drainage System (SUDs) in United Kingdom. 

Landslide path 
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Additionally, the stormwater drainage system in China is commonly designed based on historical precipitation 
data and the time for runoff to reach the drainage system is set around 10-15 minutes (Zhang, 2012). However, it 
is noted that this approach does not consider the changes to rainfall and stormwater characteristics as 
consequences due to climate change and anthropogenic activities. The fact that flood disasters occur such as the 
2012 Beijing case obviously indicates that the current drainage system has not been operating adequately under 
the intensifying stress. This clearly highlights the need to search for a resilient approach for urban stormwater 
management, where the system can be adapted to the changes to the climate and social development as well as 
maintain its operational functionality under pressure.  

Fortunately,   more and more Chinese people have been aware of the importance of undertaking sustainable 
stormwater management strategies. Taking Shenzhen as an example, the research studies related to effective 
stormwater management are being carried out. This includes how to manage the urban road runoff quantity and 
quality using LID concept, establishing LID demonstration projects and improving the modeling approach based 
on local conditions (Jiang et al., 2013). Additionally, it is also noteworthy that an increasing number of projects 
related to LID and sustainable stormwater management are being funded by the local governments.   

4. ISSUES RELATED TO STORMWATER MANAGEMENT IN CHINA 

(1) Paucity of data and poor knowledge transfer 
Successful stormwater management closely relies on the in-depth understanding of stormwater quantity and 

quality characteristics in the urban areas. Since stormwater characteristics can be influenced by a number of 
factors such as catchment characteristics and rainfall characteristics, it requires a comprehensive database to 
provide baseline and essential information to decision makers. The required data generally consists of land use, 
the current status and distribution of drainage systems and rainfall-runoff records.  

Unfortunately, the required baseline data are not readily available in usable form to researchers, local 
government and decision makers. This significantly constrains the knowledge development regarding 
stormwater management. For most of research studies in China relating to urban stormwater quantity and quality, 
how to obtain the essential data from relevant authorities is the one of the most critical issues. This is also related 
to some data collections since it could be very difficult to collect valuable data in China for relevant research 
studies. For example, the runoff samples from a given catchment are usually hard to capture due to the 
application of combined sewer systems in most of Chinese cities. Therefore, the resulting lack of the up-to-date 
knowledge has hindered achieving success in stormwater management in most Chinese cities.  

Another challenge facing the implementation of effective stormwater management in China is the 
unsatisfactory strategies for the transfer of knowledge between research and application areas. As Lloyd et al. 
(2001) have pointed out, much of the knowledge required to address technology issues was already available in 
academic papers. Unfortunately, this information was not available to industry, local government and the general 
public. Despite the further creation of new knowledge in stormwater management in the intervening years, the 
knowledge transfer is still the one of key issues hindering the success of collecting and reuse of stormwater as 
the new knowledge created still primarily resides in the research area and is yet to filter down to practical 
application (Meryman and Silman, 2004; Seager and Gardner, 2005).  

Even, the lack of knowledge transfer can take place within the same organization. For example, some drainage 
system design drawings and management plans are primarily available to the engineering department, but may 
not necessarily be readily accessible to staff in other departments, such as those in charge of maintenance. This 
highlights that the absence of protocols for sharing information can also be a significant barrier of stormwater 
management.  

(2) Ineffective integration of stormwater management to urban planning 
Undertaking stormwater management such as urban flood control and stormwater reuse has received much 

attention in China. This is of particular concern as critical issues such as water shortage, flood disaster and water 
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pollution face most Chinese cities since recent years. In this context, some large Chinese cities have built 
sophisticated stormwater management and reuse systems and established relevant policies and regulations. 
Taking Beijing as an example, there have been more than 100 projects implemented related to stormwater 
management and reuse by the end of 2006 while about 450 projects were constructed in 2007 (Dong et al. 2007).   

However, these projects are not very effectively integrated into the overall urban planning process and even 
some of them have a negative impact on the urban Infrastructure. This is due to the complexity inherent in an 
appropriately formulated stormwater management strategy as it needs to be well integrated with other 
infrastructure and the surrounding environment such as the transport network, land use and environmental values. 
Therefore, it is essential that the stormwater management strategies are embedded with the overall urban design 
process as holistic planning is a key objective to be achieved.   

(3) Poor operational and maintenance practices 
Appropriate operational and maintenance practices are important to ensure the continuing efficiency and 

operation of an urban drainage system. Due to rapid urbanization and concomitant increasing in the number of 
people, more waste and litter is being generated. When a rainfall event occurs, these pollutants will be picked up 
and washed-off by the stormwater runoff and then transported into the drainage pipelines. The litter 
accumulation can clog urban drainage systems and hinder the conveyance of stormwater and thereby enhance 
the possibility of flood occurrence. This issue is particularly critical in China since combined sewer systems 
which combine wastewater and stormwater flows are still being used in most areas. This highlights the 
importance of the appropriate operation and maintenance of the urban drainage systems.  

Another issue related to operation and maintenance is the lack of knowledge on urban flood control facilities, 
stormwater treatment and the maintenance of reuse devices in order to establish realistic life cycle costs of 
stormwater management strategies. This is essential to gain the confidence of relevant authorities and 
stakeholders as the concept of stormwater management is in its early stages in China. Consequently, relevant 
authorities and stakeholders can be averse to the perceived risk of using what they may consider to be untested 
technologies and where adequate information is lacking (McManus, 2009). Therefore, the lack of knowledge on 
operation and maintenance such as requisite maintenance provisions, useful life of flood control facilities, 
replacement time, life cycle costs and depreciation are serious impediments to effective stormwater management 
in China.  

5. POTENTIAL APPROACHES TO IMPROVE STORMWATER MANAGEMENT IN CHINA 

(1) Building the resilient stormwater management strategies 
Urbanization has become a common phenomenon in China and consequently a number of cities are 

experiencing population growth as more and more people are moving to urban areas for better living conditions 
and employment opportunities. This exerts pressure on the urban infrastructure including the drainage system 
and hence could lead to failure such as flooding. This underlines the importance that stormwater management is 
resilient to ensure the reliability of operational functionality under the changing conditions.   

A resilient system has the ability to cope with unfavorable forces acting on the system without going into 
failure state and if a failure event occurs, it should have the ability to reorganize to recover and the adaptive 
capacity to continue its functions satisfactorily (Barnes et al., 2011). In terms of stormwater management in 
China, this could include improving the capacity of the drainage system to convey stormwater runoff, 
constructing stormwater detention and storage facilities to favorably modify the stormwater flow characteristics, 
undertaking effective emergency response planning and establishing relevant policies and regulations. These 
strategic activities can be generalized as follow: 

• Implementing risk management: constructing efficient drainage systems; enhancing the flood risk 
threshold and undertaking systematic reform and implementing legislative measures; 

• Managing anthropogenic activities to eliminate or mitigate flood risk; 
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• Considering the stormwater as a water resource rather than a waste underpinned by appropriate 
management strategies; 

• Close integration of stormwater management into urban planning; 
• Ensuring that low lying and flood prone areas are not used for building construction; 
• Implementing an efficient flood warning system, so that during rainfall periods, water levels in rivers 

can be predicted and monitored in real time using accurate flood models and monitoring strategies.  

(2) Improving the knowledge base  
Research related to stormwater management is still very limited at present since it is multifaceted including 

climate change, urban planning and anthropogenic activities. Additionally, the context is far more complex in 
China because of the high population density and broad extent of land area. This highlights the need to conduct 
relevant research studies on stormwater management based on local conditions. Research contributing to 
effective stormwater management should include the utilization of advanced technologies such as innovative 
systems to collect data, monitor storm conditions and predict flooding, hydrological and stormwater quality 
estimation based on influential factors, risk assessment and disaster compensation policies. This can provide 
essential insights and knowledge to decision makers and thereby contribute to mitigating the flood disasters.  

(3) Optimizing the policies and regulations 
Since China is at the primary stage of stormwater management, currently available policies and regulations are 

far from perfect. This results in the lack of enhanced guidance for undertaking the flood control, stormwater 
reuse and stormwater treatment in most Chinese cities.  For example, how to use stormwater as a resource and 
mitigate stormwater pollution has not been clarified in any official regulations although a few cities (such as 
Shenzhen) have introduced stormwater management strategies such as LID to reduce runoff volume and 
pollutant loads.  

Additionally, regulations and guidance relating to economic measures are also necessary in order to improve 
stormwater management. This may include establishing a stormwater pollution charge system and applying a 
stormwater discharge permit system such as those implemented in other countries. These actions can contribute 
to community well-being and thereby contribute to the success of stormwater management strategies.   

6. CONCLUSIONS 

Urban flooding is of serious concern in China. A number of cities suffer from flood hazards quite frequently 
and thereby are leading to significant losses to the community and to individuals. This underlines the current 
inadequacy stormwater management undertaken in China. Currently, the stormwater is primarily treated as a 
waste rather than a resource. Additionally, due to extensive urbanization and rapid population growth, the 
currently existing drainage systems cannot adequately meet the requirement to effectively convey the stormwater, 
particularly during extreme rainfall events.    

It is clearly evident that the challenge of how to undertake successful stormwater management is of growing 
concern in China. In order to overcome this challenge, building a resilient stormwater management system is the 
most effective solution to reduce the likelihood of disaster risks. Furthermore, it is also essential to improve the 
knowledge base in order to provide the useful insights and knowledge to decision makers and hence mitigate the 
occurrence of disasters. Additionally, establishing effective policies and regulations to guide the stormwater 
management strategies also has an important influence on the success of stormwater management including 
conveyance, treatment and reuse in China.    
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ABSTRACT 

 

A range of authors from the risk management, crisis management, and crisis communications literature 
have proposed different models as a means of understanding components of crisis.  A generic 
component of these sources has focused on preparedness practices before disturbance events and 
response practices during events.  This paper provides a critical analysis of three key explanatory 
models of how crises escalate 1 2 3 highlighting the strengths and limitations of each approach.   The 
paper introduces an optimised conceptual model utilising components from the previous work under the 
four phases of pre-event, response, recovery, and post-event.  Within these four phases, a ten step 
process is introduced that can enhance understanding of the progression of distinct stages of disturbance 
for different types of events.  This crisis evolution framework is examined as a means to provide clarity 
and applicability to a range of infrastructure failure contexts and provide a path for further empirical 
investigation in this area.   
 

Key Words: Crisis Management, Crisis Escalation, Crisis Frameworks, Near Miss 

 
 
Introduction 

The concept of crisis is one that has been examined in a number of diverse areas of literature and as 
such it is important to understand the reliance that this study has to both the understanding both the 
concept and its use in practice.4 Crisis, as discussed in the management literature, has been defined as 
“the result of multiple causes, which interact over time to produce a threat with devastating potential.5 A 
complementary view holds that crisis is a “situation or episode in which different actors and groups seek 
to attribute meaning to a particular set of circumstances which pose extraordinary threats to an 
individual, institution and/or society.6  Common threads to both these definitions are that a crisis as a 
phenomenon results from a complex set of contributing factors, is of a serious nature, and poses 
considerable threat and institutional disruption at a number of levels.  In the context of an organisation, 
a crisis could pose a serious threat to the nature of its core mission.7 As such, the preparedness of an 
organisation in terms of its crisis management capability is of critical concern as it may one day be 
called upon to preserve the very viability of the organisation.   

 
This study examines distinctions between a number of theoretical approaches to crisis escalation 

processes.  Previous literature has addressed this issue in a largely conceptual manner, prescribing how 
events could take place, rather than developing models and ground-truthing them.  The authors note that 
while there is much that useful from previous models a critical gap in that these models predominantly 
do not look at the problem in a real-world setting and comparing against a range of crisis scenarios.   
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This study addresses the gap in understanding by reviewing three popular models in the crisis 
management literature, comparing and contrasting the approaches and assumptions inherent to each and 
developing a hybrid model, then ground-truthing the approach with a range of operational risk and crisis 
managers from a critical infrastructure context.  
 
Literature Background 

The following section will review three models in literature which have addressed the categorisation 
of the event progression process as well as the function of each component.  This discussion will take 
place in chronological order from the earliest model to the latest.  The three event models chosen 
progressively address the way in which disturbance events have been conceptualised by leading 
researchers.  Progressing from 1988 to 2006 these models address different aspects of disturbance 
events as well as use different descriptive language.  This section will discuss these three models, the 
contribution of these models to understanding, and discuss the potential attributes that an enhanced 
model of crisis event categorisation would include.   The attributes of each model are shown in Figure 1.  

 
The first model for discussion is from The Structure of Man-Made Organizational Crisis: 

Conceptual and Empirical Issues in the Development of a General Theory of Crisis Management.1 
Although this model represented an early attempt in understanding the components of how crisis events 
occur, it contains a number of attributes that are highly sophisticated and in some ways have not been 
replicated since.  The authors of this model developed a four-stage approach describing the central 
components as detection, crisis, repair, and assessment.  Detection encompasses all functions an 
organisation contains which can give rise to an alert of an impending crisis event.   

 
The linking function between stage one and stage two notes that strategies of prevention (mitigation 

against the crisis), and preparation (activities to lessen the impact of the event) stem from this initial 
detection activity.  The second stage acknowledges that that no system can ever be “crisis proof” and 
there will always be times when even the best prevention and preparation strategies are not enough to 
stop an event occurring.  The linking function between stage two and stage three deals with how we can 
lessen the impact of the event and move into a recovery of functionality phase.  The third phase, repair, 
includes strategies, plans, and approaches an organisation has in place to recover from the event.  
 

Figure 1: Comparison of Prominent Crisis Management Models 

Model 1 Model 2 Model 3 
Mitroff, Pauchant, & 
Shrivastava (1988)1 

Pearson & Mitroff  
(1993)2 Smith (2006)3 

Detection: 
Prevention / Preparation 

Signal Detection Pre-Event Escalation 

Prevention and Preparation Crisis Inflection;  
Generated or Contained 

Crisis: Coping / Damage 
Limitation 

Containment and Damage 
Limitation 

Initial Task  
Demands Generated 

(Period A) 
Secondary Task Demands 

Generated  
(Period B) 

Repair: Short Term / Long 
Term Recovery Final Tasks  

(Period n) 

Assessment Learning Post Event 

(Developed by authors for this research) 
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The authors of model 1 stress that it would need to be an approach that is both “tested” and “in-
place” to be considered appropriate.  The linking function between point three and point four notes that 
the return to normal system operations is based on the ability of repair strategies that deal with both long 
term and short term repair issues.  The final point of assessment is not clearly defined by the authors but 
they do detail the need to incorporate learning back into the functions of the three previous phases of 
detection, crisis, and repair.  
 

The second model2 for discussion was detailed in From Crisis Prone to Crisis Prepared: A 
Framework for Crisis Management.  This model defines the progression of a crisis event in five 
distinct phases.  The first stage, signal detection, suggests that most crises have a series of early warning 
signals that can be detected.  The signal detection phase details the need for successful crisis resilient 
organisations to probe and scrutinise evidence and indications of impending disruptions in order to 
maximise crisis detection and minimise risk.  The second stage, preparation/prevention, has the dual 
imperative of attempting to minimise the impact a future crisis will have, if not avoiding the crisis all 
together.  Elements in this stage include the development of crisis teams, crisis training, and crisis 
simulations.  The third stage, containment/damage limitation, is concerned with limiting the impact of a 
crisis and preventing it from spreading into other parts of the business.   

 
The authors of this model note that effective containment/damage limitation is developed pre-crisis.  

The fourth stage, recovery, focuses on how well an organisation has developed systems for both short 
term and long-term recovery from crisis.  Effective recovery is broken down into the procedures and 
operations needed to get back to normal business, servicing essential stakeholders, and having 
appropriate backup systems established to recover to business as normal.  The fifth stage, learning, has 
the key objective of understanding and reflecting on the crisis phases and discussing factors that were 
positive or negative in an organisation’s response to crisis.  A key factor is the need to highlight that this 
phase is about improving future capabilities and improving problems as opposed to laying blame for 
past crisis.   

 
The third model3 Incident Escalation to the Limits of Contingency Planning, takes the perspective 

that although crisis events can be prepared and planned for, in some cases management cannot fully 
understand or prepare for such events and as such may miss early warning signals which could have led 
to early detection or even avoidance of the event.  This model presents the crisis event approach in three 
distinct phases.  The first phase emphasises organisational event management plans and procedures that 
can be brought into play as a means of containing and limiting the impact of the event.  This phase notes 
the importance training will have on the ability of the organisation to implement these tasks.   
 

The next phase, Secondary Task Demands Generated (Period B), is post activation of event 
management plans and procedures and looks at moving from merely responding to inputs of the event 
and taking more of a controlling and management based approach.  A further realisation is that a crisis 
and would require significant external resources to bring the organisation back online.  The final stage, 
Final Tasks (Period n), represents the process of bringing operations back to normal functionality: 
hopefully to a state close to the ‘pre-crisis’ position”. 

 

All three models make a clear contribution to understanding of what crisis management entails.  
They represent similar processes on the way in which we plan for, respond to, recover from, and 
understanding significant disturbances in society.  Each of the models should be seen as evolutionary 
stages and may not capture the fullest holistic understanding of events.  The next logical step is 
therefore to combine elements of each model and empirically test a model that combines elements of all 
three areas in use.  The following sections of this paper address this combinatory goal and report on the 
assessment of a new crisis escalation model against the expressed needs of a number of critical 
infrastructure operators in the aviation industry.   

 
Conceptual Development 
The process taken in developing the new model entailed combining elements from previous models to 
incorporate areas of consistency.  This model was developed as a four-phase process including pre-
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event, response, recovery, and post-event.  Within theses four phases, ten components are present with 
different aims and objectives at each stage (represented in figure 2 below). 
 
 

Figure 2: Crisis Management Components 

Pre-Event 

Planning 
The process of plan development for crisis management.  This 
is expected to include components dealing with processes, 
decision-making, communication, and authority.   

Preparation 

The process of testing the developed crisis management 
approach via training, desktop exercises, and real world 
exercises.  A critical component here is to ensure that 
preparation developed to a level that is as close to real life 
response and recovery as possible.   

Detection 
The components of our system that have the ability to 
highlight when and how our system is transitioning (or has the 
potential to transition) out of normal operations into a 
disturbance state.   

Avoidance 
The means by which our system can avoid the need for 
response and recovery through the use of standard operating 
procedures.  The may include both asset and human 
redundancy systems.   

Response 

Coordination 
and 

Facilitation 

The initial response component of the live phase of an event 
whereby the initiation of assessment and management of the 
situation takes place.  Decision-making and situational 
awareness are critical to ensure an appropriate and timely 
response takes place.   

Containment 
and 

Limitation 

The secondary response component of the live phase of an 
event in which assessment has been undertaken and processes 
are in place to stop further escalation.  Objectives are focused 
on ensuring that, where possible, damage is localised to avoid 
cascading failure of the system.   

Recovery 

Operational 
Continuity 

The initial recovery component of the live phase of an event 
whereby operations are in the process of being restored yet we 
have not yet reached a full operational capacity.  Decision 
making is focused on a staged return with priority given to 
critical systems.   

Resolution 

The secondary response component of the live phase of the 
event in which assessment is taking place to assess is the 
system is ready to business as usual operations.  Objectives are 
focused on risk assessment of returning to operations and 
understanding how the system would deal with a potential 
shift out of a crisis environment.   

Post-Event 

Review The explicit review process addressing both information and 
decisions made during each of the prior phases of the event.   

Learning 
The process of highlighting areas for improvement and 
developing an approach for enhancing organisational 
reliability.   

 

The second component of conceptual development was incorporating prior work into a process-based 
model of crisis management (represented in Figure 3 below).  
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Pre Event 

 
Planning Preparation Detection Avoidance 

Post Event 
Learning  

Coordination 
and 

Facilitation 
Response 

Review 
Containment 

and 
Limitation 

 

Resolution Operational Continuity 

 Recovery 

 
Figure 3: Conceptual Crisis Management Process 

 
An issue lacking in earlier models in the relevant literature was inadequate coverage or inclusion of 
‘flexibility’ into their approach.  The proposed conceptual model (Figure 3) has the ability to develop 
through all phases (pre-event, response, recovery, and post event), or adjust to suit different scenarios.  
This functionality is depicted by the dotted lines that enable the process to develop as a response only 
process (whereby recovery is not necessary), or where avoidance has taken place yet we still require an 
understanding as to what took place.  This limited response could be triggered by a ‘near-miss’ where 
assessment is required to understand whether avoidance was as a result of a particular process or 
because of specific environmental factors or conditions present during that particular event (or as a 
result of luck).   
 
 
Methodology 
This study utilized a single case study approach8 that employed qualitative data collection tools in the 
form of observation and in-depth interviews.  Within risk and crisis literature, both observation and in-
depth interviews of operators have been dominant methods in understanding the ways crisis events take 
place and as a result key theories (such as Disaster Incubation Theory, Normal Accident Theory, and 
High Reliability Theory) have been applied in a number of previous instances. 9, 10, 11   The study reported 
here derived from an extended period of participant observation at an airport (critical aviation 
infrastructure) where normal business practices were observed and including on-shift activities with 
employees as well as witnessing response to out of the ordinary events.  Fifteen in-depth interviews of 
approximately one hour each also took place with staff members to discuss the conceptual model from 
their perspective as response practitioners.   
 
Interview participants were selected using a judgment sampling technique and ranged from front line 
operators through to senior mangers of the airport organsiation and allied aviation groups.   The process 
for key staff interviews derived from a well established approach12 - the ‘critical incident technique,’ 
where respondents were asked to discuss examples of past crisis events in the context of the crisis event 
structure proposed in Figure 3.13   This enabled the data as acquired to ground-truth the process against 
real world crisis events rather than hypothetical examples.   
 

Analysis and Findings 
Responses from informants endorsed the efficacy of the proposed model with a general consensus that it 
was a good fit with events they had previously experienced.  Respondents focused on the separation of 
the four phases (pre-event, response, recovery, and post-event) as being recognizable phases they had 
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been a part of in both training and testing, as well as in a real crisis responses.  Respondents cited that 
the model reflected the real world approach to crisis management well.  For example:  
 

“Look, basically, it’s pretty good.  I really can’t see anything else needed in there because you 
are getting every event.  You are breaking it down again. Which is good.  So, Planning, 
Preparation, Detection or Avoidance, that’s pretty, well, it covers everything there.” 

Operations Manager 
 

“The model looks solid. Yeah. I can see the way in which an agency functions through that 
model. I can also see the way in which our risk and crisis management functions through that 
model … I don't think there is any other – what other considerations would be there?” 

Senior Security Manager 
 

“You got your Pre-Event Response Recovery, Post-Event and the whole scenario we do the 
PPRR. Prevention Plan Response and Recovery.” 

Senior Emergency Manager 
 
One additional area which some respondents brought up that some components of the model functioned 
concurrently rather than as a linear process.  More specifically in terms of response and recovery, teams 
are tasked to deal with bringing operations back on line as soon as response begins.  Respondents 
discussed this in terms of an operational group responding to an event while at the same time the 
business continuity and recovery function of the system would already be tasking up and preparing to 
bring operations back online.  For example: 
 

“I think it reflects it quite well.  I think it can be a little bit more complicated than that but as a 
high-level operating model, I would agree.  In terms of, if we’re focusing just on the operation, 
then I agree but given the business recovery function, well I guess that’s what we are talking 
about with regards to resolution.” 

Head of Operations 
 

“I suppose follow the conversation we had before, you've got some groups that are recovering 
while we still have got people dealing with the response … I think that fits from my perspective” 

Security Manager 
 
 
This finding suggested an extension to the proposed amalgamated model shown in Figure 3 to include 
concurrent processes of response and recovery in parallel.   As a result a revised model (Figure 4) is 
proposed.  

Figure 4: Revised Crisis Management Process 

 
 
Within this empirically grounded model the response and recovery processes are shown as taking place 
concurrently once an event has been activated.  Another adjustment from the tested model is the 
adjustment of the placement of areas of the model.  The left side of the model (pre-event and post-event) 
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takes place when the event is not live, and as such, time is a far less critical factor: allowing suitable 
reflection on the context of near-miss events or minor events.  The right side of the model (response and 
recovery) takes place during the live component of the disturbance, and as a result, time and speed of 
reaction plays a far more critical role.  This will impact on a range of areas such as situational 
awareness, decision-making, and related human resource considerations dealing with stress, fatigue, and 
ongoing support.   
   
As included in the amalgamated conceptual model (Figure 3), the importance of flexibility is of 
particular importance.  As noted by a front line operator:  
 

 “A lot of time you would be moving on that arrow (referring to pre-event to post-event). So 
thinking it could be a worst case scenario, you’re always ready for it, but a lot of time you don’t 
have to go into that actual response and recovery phase.” 

Safety Manager 
 
As a result rather than present a “catch all” model, this research proposes a specific near miss process 
(Figure 5) to capture events which had the potential to become more serious but for whatever reason did 
not.  
 

Figure 5: Crisis Management Near Miss Process 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In this approach we actively close the loop on understanding (or attempting to understand) what has 
occurred and treat it with the same level of post event review and learning as if we had escalated to a 
live event.  From the key informant interviews undertaken, respondents closer to the operational parts of 
the business expressed concern about the importance and difficulty of capturing near-miss information:  
whereas those in corporate roles saw the process as “routine” and “part of what we do”.   

 
A critical point highlighted by a number of respondents was the need to embed near miss 

understanding back into the initial pre-event phase to further enhance the knowledge and reliability of 
the system.  The embedding of near miss practices maintains its own critical challenges and represents a 
key area of future research in the risk and crisis research space.   

 
Conclusions and Future Research 

This study has contributed to knowledge of crisis management in a number of ways.  Initially this 
study undertook a review of current understanding of crisis models and highlighted that although 
utilising different terms, much of the discussion was around the same key areas. From this review 
developed a conceptual model of crisis that presented an optimized view of the process to be empirically 
tested.  This testing took place with a single case study site utilizing observation and in-depth 
interviews.  Revealed during this process, that contrary to prior work, response and recovery process are 
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working in concert rather than a linear approach.  Furthermore, an explicit process for capturing near-
miss information has been described with a key challenge noted for embedding and folding knowledge 
back into the crisis management system.  By empirically testing this work a more real world 
understanding of the components and process of crisis management has been revealed. 

 

There is a large scope for future research based on this work.  First, the current authors note that this 
single case study does not provide statistical generalisability and as such further investigation would be 
required to confirm these findings.  Second, research into the contexts of near-miss events provides an 
interesting future research development for this work as previously published research has looked 
almost exclusively at circumstances where an automatic progression through “all stages” of a crisis 
management occurs.  By looking at both actual and near-miss events, opportunities to gain a more 
detailed understanding of the tipping point(s) by which our system moves out of business-as-usual 
operations will become available.   
 
References:  

 
1. Mitroff, I. I., Pauchant, T. C., & Shrivastava, P. (1998). The Structure of Man-Made Organizational Crises – 

Conceptual and Empirical Issues in the Development of a General Theory of Crisis Management. 
Technological Forecasting and Social Change, 33, 83-107.   

2. Pearson, C. M., & Mitroff, I. I. (1993). From Crisis Prone to Crisis Prepared: A Framework for Crisis 
Management. The Executive, 7(1), 48-59.  

3. Smith, D. (2006). The Crisis of Management: Managing Ahead of the Curve. In D. Smith & D. Elliott (Eds.), 
Key Readings in Crisis Management: Systems and Structures for Prevention and Recovery. London: 
Routledge.   

4. Pauchant, T. C., & Douville, R. (1993). Recent Research in Crisis Management: A Study of 24 Authors' 
Publications from 1986 to 1991. Organizational Environment, 7(43), 43-66.   

5. Boin, A., & McConnell, A. M. (2007). Preparing for Critical Infrastructure Breakdowns: The Limits of Crisis 
Management and the Need for Resilience. Journal of Contingencies and Crisis Management, 15(1).   

6. Drennan, L. T., & McConnell, A. M. (2007). Risk and Crisis Management in the Public Sector. New York: 
Routledge.   

7. Weick, K. E. (1988). Enacted Sensemaking in Crisis Situations. Journal of Management Studies, 25(4), 305-
317.   

8. Yin, R. K. (2003). Case Study Research: Design and Methods (Vol. 5). Thousand Oaks: Sage.   
9. Weick, K. E., & Roberts, K. H. (1993). Collective Mind in Organizations: Heedful Interrelating on Flight 

Decks. Administrative Science Quarterly, 38(3), 357-381.   
10. Bierly, P. E., & Spender, J. C. (1995). Culture and High Reliability Organisations: The Case of Nuclear 

Submarine. Journal of Management, 21(4), 639-656.   
11. La Porte, T.R, & Consolini, P. (1998). Theoretical and Operational Challenges of "High Reliability 

Organizations": Air-Traffic Control and Aircraft Carriers. International Journal of Public Administration, 
21(6-8), 847-852.   

12. Flanagan, J. C. (1954). The Critical Incident Technique. Psychological Bulletin, 51(4), 327-358.   
13. Butterfield, L. D., Borgen, W. A., Amundson, N. E., Maglio, A. S. T. (2005). Fifty Years of the Critical 

Incident Technique: 1954-2004 and Beyond. Qualitative Research, 5(4), 475-497.   
 



 1 

 
Flood Disaster in the Tatsuda Area, Kumamoto Japan 

following the July 12, 2012 flood event 
 
 

Natainia Lummen1, Yuki Tominaga2,Takafumi Tsukamoto2, Takaomi Hokamura2,  
Sota Nakajo2 and Fumuhiko Yamada2  

 
1Kumamoto University, Graduate School of Science and Technology,  

(2-39-1 Kurokami,  Kumamoto City, Kumamoto 860-8555, Japan) 
E-mail: natainialummen@gmail.com  

 2Kumamoto University, Graduate School of Science and Technology,  
Applied Coastal Research Labatory, 

(2-39-1 Kurokami,  Kumamoto City, Kumamoto 860-8555, Japan), 
E-mail: yamada@kumamoto-u.ac.jp 

    
 

Floods are considered to be the most frequently occurring destructive natural hazards on earth. The city of 
Kumamoto, Japan has experienced four significant flood events within the last 60 years, resulting in recurring 
infrastructural damages, loss of lives, injuries and economic losses. The accurate prediction of floods and 
potential inundated areas is crucial for effective flood risk management. The July 12, 2012 Kumamoto flood 
provides a unique opportunity for the accurate modeling of flood scenarios using numerical simulation. 
Against this background this research illicits the following questions: what is the time scale in which areas 
downstream would be affected by significant rainfall upstream, which areas are first affected  by the significant 
addition of rainfall, do meanders play a role in inundation, which areas were most affected, how effective is the 
current warning system in allotting an appropriate amount of time to evacuate, what has been the response time 
thus far utilizing the current warning system, how can this response time be reduced using numerical simula-
tion? This paper analyses the results of the numerical simulation case study of the July 12, 2012 flood in 
Kumamoto, Japan. It examines the chronological sequence of the flood event, across inundated areas, actual 
and computated, in the Tatsuda Jin-nai and Tatsuda Ichi Chome areas. 

Using GIS, LIDAR, SIS and leveling field survey data, the inundated areas were mapped and the sequence 
of events and the distribution of flood waters were recreated using numerical analysis and modeling. The  
inundated areas generated by the model were then compared to the actual inundated areas in order to determine 
accuracy of the numerical simulation, as well as similarities in the chronology of the flood event. The paper 
concludes that numerical simulation and analysis is a very effective and accurate method of flood prediction, 
mapping and simulation.  

 

Key Words : flood hazard, flood risk modeling, numerical simulation, numerical analysis, natural hazards, flood disaster 

 

 

1. INTRODUCTION 
 

Floods are considered to be the most frequently occurring destructive natural hazards on earth. The city of 
Kumamoto, Japan has experienced three significant flood events within the last 60 years, resulting in recurring 
infrastructural damages, loss of lives, injuries and economic losses. Accurate prediction of floods and potential 
inundated areas is crucial for effective flood risk management. Absolute protection from flooding is however 
“unachievable and unsustainable because of the high costs and inherent uncertainities” 1). We must therefore 
live with the uncertainities of floods and seek alternatives for better forcasting, modelling and flood risk 
management. Flood risk management provides a viable means of acceptance 2,3,4) and can be achieved with 
accurate modeling of floods and risks, effective and clear communication and dissemination of said flood risk 
information as well as the construction and effective maintenance and updating of flood risk plans and maps 5). 
The July 12, 2012 flood in Kumamoto City provides a unique opportunity for the accurate modeling of a flood 

mailto:natainialummen@gmail.com
mailto:yamada@kumamoto-u.ac.jp
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event, as well as the examination of the chronology of the flood event. 
On July 12, 2012, the city of Kumamoto experienced its fourth significant flood event. Torrential rainfall 

received caused significant landslides in the upper reaches of the Shirakaa river, characterized by hilly and 
mountaneous terrain, while significant flooding was experienced in the lower reaches. Rainfall lasted over a 24 
hour period with an acumulated 507 mm of precipitation, 62 mm lss than the 30 year average. According to the 
Japan Meterological Agency (JMA) Kumamoto and Oita experienced “the heaviest rain that [the region] has 
ever experienced" with rainfall exceeding 100 millimeters per hour, during the initial four hours. The unusu-
ally heavy rains resulted in twenty five (25) fatalities inclusive of two (2) missing persons, eleven (11) injured, 
total destruction of eighty six (86) houses, seventy four (74) seriously damaged houses, ninety seven (97) 
partially damaged houses, one thousand one hundred and seventy five (1,175) flooded households above floor 
level and one thousand and ninenteen (1,019) households flooded at the ground floor level.   

The rest of the paper is organized as follws. Section two (2) looks at the characteristics of the Shirakawa 
watershed and its contribution to the historical flooding of the Kumamoto area. Section three (3) looks at the 
methodology used to obtain data for the numerial simulation, the governing equations and the flood simulation 
process and inputs6). Section four (4) analyses the results of the field data gathered, examines the numerically 
generated models as well as, discusses the computed and mapped results. The future implications of this re-
search are looked in section five (5) and the paper is summarized in section six (6).  
 
2 CHARACTERISTICS OF THE SHIRAKAWA WATERSHED 
 

The community of Mount Aso recieved 500 millimeters (20 inches) of rain resulting in severe landslides in 
neighboring towns such as Minami-Aso where several houses were washed away and or covered with debris; 
and inundation in the Tatsuda Jin-nai and Tatsuda Ichi Chome areas. Several thousands of persons were 
evacuated to shelters while several cars and houses were dragged into the raging river. Rain falling within the 
Mount Aso area, takes approximately two (2) hours to travel downstrrream and affect communities down-
stream the Shirakawa River, even if there is no rainfall experienced downstream, Figure 1a and b. There are no 
dams on the Shirakawa river and as such a significant percentage of the rainfall that is received upstream flows 
downstream uninterrupted.  

The volume of rainfall received in the Shirakawa river is monitored at the Tateno station, in a three (3) series 
management system. An evacuation preparation information bulletin is normally disseminated to communities 
living along the chanel in the lower reaches of the Shirakawa River once the volume reaches 4.9m. Following 
this preparation information bulletin, a second bulleting referred to as “the evacuation order” is issued once the 
water volume reaches 5.16m. And the final bulletin is usually issued once the volume reaches 5.27m. This 
bulletin is referred to as “the evacuation instruction”. Once this final bulletin is received the residents down-
stream will have a two hour time period in which to evacuate.  

In the case of the July 12, 2012 flood event, rainfall started at approximately 1:00 am in the Mount Aso area, 
and at approximatey 8:00 am inundation started in the lower reaches of the Shirakawa River. Flooding of the 
Kumamoto City area as well as surrounding satalite cities is therefore dependent on the volume of rainfall 
received in the mountaneous area. 

 

Watershed of Shirakawa River

10 km0
Down Town of 
Kumamoto City

Mt. Aso

Watershed Area 480 km2

Stream Length 78 km

Ariake 
Sound

 

Kumamoto City, Kyushu Island and Japan Area

 
 
 

a)  Shirakawa River Watershed b)  Map of Kumamoto, Kyshu, and Japan  
 Fig. 1 Illustration of the Shirakawa Watershed Area and Map Showing the location of Kumamoto, Kyshu,  Japan 
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The July 12, 2012 flood event was the fourth significant flood event within the Kumamoto area. On June 
25-28, 1953 a similar flood event occurred with an estimated flood scale of 3,400m3/s, Table 1. Four hundred 
and twenty two (422) persons lost their lives, while another one thousand and seventy seven (1077) persons got 
injured, Table 1. The total economic loss was estimated at 24 billion yen (yen value as of 1953) with a total of 
eighty five (85) damaged or washed away bridges. On August 30, 1980 the second significant flood event was 
experienced, inundation was estimated at 2,300m3/s, Figure 3. The third significant flood event was experi-
enced July 2, 1990 with estimated water levels of 2,300m3/s. The fourth significant event, reported on here, 
experienced on July 12, 2012 resulted in flood waters exceededing 2,300m3/s, Figure 2 and 3. 

 
Precipitation Rate at Aso-Otohime and Kumamoto 

Measuring Stations
（July 12, 2012）

Precipitation 
Rate mm/hr

Time （July 12, 2012

（Average annual rates - 2831.6 mm）
1981-2010 30 year period

Kumamoto 

(１) Hourly 108.0 mm July 12 @ 05:53 am
(24 )Daily 507.5 mm July 12 @ 13:20 pm

Average for July 570.1 mm

Aso-Otohime

  

Measured rainfall and water levels

Rainfall(m
m

)
W

ater level(m
)

Mt. Aso

Kumamoto 
City

High 1:57 Low 8:47 High 15:10(352) (161) (319) Neap Tide

6.32 m (10:30)
8.05 m (8:50)

2h

4m

 
 
 
 
 

 
Table1 Significant Flood Events experienced in Kumamoto, Japan 1953-2012 
 

Year 

2 Days 
of 

Rainfall 
(mm) 

Peak 
River 

Discharge 
(m3/s) 

Death 

Total and 
Half of 

Houses de-
stroyed 

Upper 
Floors 

destroyed 

Lower 
Floors 

Destroyed 

Inun-
dation 
Area 
(Ha) 

 Average 6 
Hour Rain-
fall in Shi-
rakawa 
Watershed 
Area (mm) 

June 25-28, 1953 552.9 3,400  422 2585 6517 11,440 19,705 4,352 - 

July 25-26, 1957 257.3   83 348 8,627 7,308 - - 

August 16-18, 1963 359.9   0     860 1,837 - - 

June 30-July 3, 1965 316.3   0 4 340 651 - - 

August 29-31, 1980 416.4  2,300 1 18 3,540 3,245 125 - 

July 1-3, 1990 379  2,300 14 * 146 1,614 2,200 
 

261.9 

July 6-7, 1997 318.7   0 0 0 68 664   - 

July 12, 2012 393.6  2,300 25 * 176 1,726  627 2,354.1  433.2 
 
* Death resulting from debris flowing along the river resulting from inundation 
 
 
 

Source: Report of Investigation team of torrential rain disaster in Northern Kyshuu occurred in July, 2012, Japan Society of Civil 
Engineers 

  

a) Precipitation rate at Aso-Otohime and Kumamoto City 
Peak volume at 3:00am, continued input until 6:00 am 

 

 
Fig. 2 Rainfall Levels in Mount Aso area versus those in the Kumamoto City area during the July 12, 2012 flood event  

 

 

 

b) Measured rainfall and water levels at Aso-Otohime and 
Kumamoto City  
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Maximum annual measured water levels in Shirakawa 
River at Yotsugi Station 1956-2012

August 30, 1980 - 5.88 m July 2, 1990 - 5.78 m

July 12, 2012 - 6.32 m
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Fig. 3 Maximun annual water levels and discharge rates of Shirakwa Rive 

 
3. METHODOLOGY 
 
Flood modeling is widely studied and as such there is a significant body of research. Initial flood models were 
mainly tested in rural areas 8,9) however as the disclipine expanded urban flood modelling and simulations 
became more popular10,11,12). Flood modeling however has surpassed just rural and urban testing, it has since 
been developed from one dimensional (1D) to two dimensional (2D) and in more recent times three dimen-
sional (3D) modeling. Initial raster based resolution limitations are now mitigated and the accuracy of flood 
models has improved significantly. For this paper a 2D model was created. 
 
(1) Study Site 

The study area is Kumamoto City, found on the Island f Kyshu, Souther Japan, Figure 1b. The Kumamoto 
Prefecture covers an approximate area of 7,404.79 km2, inclusive of Kumamoto City (389.54 km2). The latest 
census that was conducted in  2010, indicates that there are 1.8 million inhabitants, 736,010 of whom reside in 
Kumamoto City. Japan is known for its again population and in Kumamoto City, the ratio of elderly workers is 
25.6%. This is higer than the national average, which stands at 23%.  
 
(2) Field Survey 

A survey was carried out to determine the route of the flood and the sequence of events. Flood deposits and 
scour marks were examined and flood heights measured using leveling method. A total of 355 points were 
collected over a 9km area over a two week period. Each local that was visited was mapped and photographed. 
Figure 4a and 4b, illustrates images taken during the survey. The flood height and area characteristics were 
noted and used as input variables for the recreation of the flood using numerical analysis. The representative 
location of the surveyed points and measured inundation area are shown in Figure 5.  Fig. 6 shows the situation 
that local residents were rescured by helicopter in Kumamoto City on July 12, 2012. 

   
 
      
 

 
 
 
 
 
 
 
 
 
 
 

b)  Discharge rates during  2002 to2012 a) Maximun annual water level during 1956 to 2012 

a)  Tasuta-Yuge                                                                           b)       Toroku 
Fig. 4    Field measurements of inundation depth and areas 
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(3) Numerical Analysis 

The governing equations used to generate the numerical flood simulation and analysis are presented below 
in equations 1, 2 and 36). The flood event as well as the existing hydrodynamic force distributions are examined 
numerically. The generated models are used to explain the chronology of the flood, water dispersion patterns 
as well as the relationship between topography and inundation heights. 

 
(a) Governing equations 

Five (5) m resolution geospatial data was obtained from the Geospatial Information Authority in Japan 
website, topographic data from (SIS) and LIDAR images all combined in GIS7). The 5m grid size is of a good 
resolution and therefore allows for accurate recognition of structures such as houses, as well as, accurate 
idendtification of topographic conditions and mapping. The area of computation are shown below in Figure 7.  
The houses were modeled numerically as impermeable structures.  The governing equations used in this study 
are:   
                                                                       (1) 

 
         

(2) 
  

                                                                                                                                            
                      (3) 

                                      
Where, h is the water depth, M and N are inflow flux (M = Uh, N = Vh), U and V are average velocities in the 

x and y directions, respectively, n is the Manning roughness, g is gravitational acceleration, Tν is the vortex 
viscosity coefficient. The computational process carried out by Yamada et al (2000) 6) were modeled and 
repeated in this study. The Finite Difference Method (F.D.M) with a staggered mesh containing rectangular 
cells of equal spacing was used to create the numerical analysis. The critical depth for the floods’ starting 
conditions was set at 0.001 m. The overflow conditions used in the numerical simulation for the July 12, 2012 
flood were: overtopping of the river banks and revetment crowns and not breaches in dykes. The inflow con-
ditions will be discussed in the next section. For the purposes of this case study and simulation, overflow 
occurred when water levels within the basin exceeded +5.0 cm above the revetment crown. The remaining  
computational conditions used are shown in Table 2. 
 

(b) Flood Simulations 
The flooding on July 12, 2012 was then simulated using the equation and computational inputs. Using data 

gathered from the field survey the computed flood heights were compared with the measured, using 10 minute 
time intervals to recreate the flow pattern and inundation time sequence during the flooding. Figure 8 illus-
trates the calculated flood series at one hour time intervals. 

Fig. 5 Surveyed points and Inundation areas and heights 
 

 

Fig. 6 Residents being air lifted to safety 
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4. RESULTS AND DISCUSSION 

 
Levelling was carried out to determine and corroborate the validity of trace evidence left over after flood 

waters receeded, residents recollections of the flow path of the water was ascertained and calculations were 
performed for several flow rates. The calculated conditions were compared to the actual mapped conditions 
and the results used to determine the inflow conditions for the simulation. Two scenarios were calculated, the 
atual flood event as of the July 2, 2012 using the prevailing conditions, as well as, a future sceneraio of a 
similar flood event with different prevailing conditions, such as high tide, increase rainfall volume, continued 
rainfall and previous precipitation with waterlogged soils. The computational output for the first scenario is 
illustrated in Figure 8. As for the boundary conditions, the water levels both at upper and lower reches are 
updayed every 10 minutes using the observed data neaeby water level monitoring points.  A 10 minute interval 
is used to show inundated heights in the different communities following the rainfall received in the Mount 
Aso area. 

The numerical simulation was carried out to aid the data collected via leveling. The field data collected 
would have statically illustrated what happened after the flood event however with the numerical analysis and 
simulation planners are better able to understand the time frame and sequence of activities as the flood waters 
moved downstream. They are able to identify what precisely happened in each inundated area, time of impact, 
time taken for each community to inundate, localities indundated and in what time sequence inundation oc-
curred as well as determine the path travelled by the water and dispersal channels. This allows for more ef-
fective planning of evacuation routes, zoning of residential and commercial buildings as well as aid in the 
future zoning and allocation of property for respective uses. The results garnered from the calculations indi-
cates that the measured simulated  inundated areas similar, Figure 9. Further clarification is however needed as 
the initial conditions and correct locl datum reference points, prior to the flood events were not adequately 
documented.   

Within the first four hours of initial inundation, Figure 2a and b, the volume of water flowing downstream 
significantly increased and those areas in the upper reaches began to experience inundation. As time lasped the 
volume of water flowing towards the delta significantly increased and communities within the lower reaches 
began to experience inundation, as illustrated below in red on the computationally derived graph. The Tatsuda 
Ichi Chome community began to experience flooding at 8:00 am. Within an hour the neighboring community 
of Tatsuda Jin-nai began to experience flooding, illustrated below in orange, Figure 8. During the times of 
inundation, there was minimal or no rainfall, and though the evacuation instruction was given, many residents 
were still at home. Within these two areas a total of eight (80) persons were resuced, thirty (30) via helicopters 
operated by the Japan Defense Force, fifteen (15) via boats operated by the local police and prefectural resuce 
teams; and the remainder, with the help of the local police, fire and resuce teams, Figure 6.  
 

Grid Size 5.0 m 

Computational time step 1/100 s 

Vortex viscosity coefficient 0.17 m2/s 

Manning’s roughness 0.025 

Table 2 Computational Conditions 

Fig. 7 Computational Region  

Computational Region

9km

2km

400×1800=720,000 meshes

Water 
Level 

Monitoring 
Point

Water 
Level 

Monitoring 
Point
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According to the numerical simulations, two hours following the inundation of the Tatsuda Ichi Chome and 

Tatsuda Jin-nai communities, most areas further downstream were also inundated, llustrated in purple, Figure 
8. The Tatsuda Ichi Chome area was completely inundated within 40 mins of the first pooling of flood waters 
whereas the Tatsuda Jin area was completely inundated within 15 minutes of the initial pooling of flood wa-
ters. The speed with which both areas were completely inundated surprised many residents who had to be 
airlifted to safety. The rapid dissipitation of the flood waters stymied late evacuation actions. 

The second scenario calculated in this case study changed the prevailing conditions and the flow inputs. 
Increased rainfall, revious waterlogged conditions and high tides were considered and calculated to determine 
whether the inundated areas, times and heights would change. The results are looked in more detailed in an-
other paper, however, the implications are its contributions to the flood risk management process.  

The hazard map for Kumamoto City issued in 2011, as indicated in Figure 10, align well with the compu-
tated inundated areas of Tatsuda Ichi Chome and Tatsuda Jin-nai areas. This suggests that the relevant au-
thorities were already aware that these areas would be inundated in the event of a flood. Given the number of 
fatalities, as well as the economic losses, the question is, whether the existing evacuation plan takes into con-
sideration the time frame in which areas downstream begin to be affected by significant rainfall upstream. That 
is, the identification of which areas are first affected  by the significant addition of rainfall, localities of impact 
and the flow path of the flood wters. The numerical simulation carried out in this case study, address these 
issues. It identifies the most affected areas and can be further used to determine how effective is the current 
warning system in allotting an appropriate amount to evacuate, as well as, illustrate how response times can be 
improved and reduced using numerical simulation. The calculations identifies the overflow areas as well as the 
chronology of the flood through time series. This information can be incorporated into the existing hazard 
maps as well as the evacuation plans and routes 

Lower Reaches Upper Reaches 

Fig. 8  Computational results of looding indicating the inundation of Tatsuda Ichi Chome and Tatsuda Jin-nai on July 12, 2012 
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b)  9:00 am 

c) 11:00 am 
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Fig. 9  Comparison with computed to measured inundation area 

Fig. 10 Existing Hazard Map of Kumamoto Area, Japan – Indicating Inundated Areas during the July 12, 2012 Flood Event 
 
Source: Kumamoto City Prefectural Office, Kumamoto, Japan 

 

b) Computed inundation area 

a) Measured   inundation area 

 

 

Existing Hazard map of Shirakawa River (Kumamoto City )

Shirakawa River 

Tatsuda Jin-nai 
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5. CONCLUSION  
 

The July 12, 2012 flood height and flood route were calculated and compared with the measured data. The 
flood conditions and the mechanisms of the water flow were investigated. The simulations indicated that once 
the revetment crowns are topped, the Tatsuda Ichi Chome area was inundated within 40 minutes and the 
Tatsuda Jun-nai area within 15 minutes. Though the calculated inundation heights were similar to the mapped, 
better computational accuracy can be achieved. For example, a better understanding of flood water levels and 
velocity will help to determine fluid forces are hence the impact of floods across different localities. 

The simulation carried out indicated the time series of flooding. This should be incorporated into existing 
evacuation plans and hazard maps, to determine whether evacuation is possible, identification of the safe areas 
and determination of safe evacuation routes. Their inputs should therefore be used to improve risk and hazard 
mapping. The weak points of the existing hazard map for the Kumamoto area will be analysed and better 
communication established. Following this flood event, it was determined that current hazard information is 
disseminated using a top to bottom approach. The inputs and information gathered from the residents have 
identified the importance of incorporating local knowledge into hazard maping and planning. As such a 
community based approach will be explored. 

Flood modeling and mapping done in tandem with local community members is needed to gurantee effec-
tive flood risk management, especially where multiple hazards may exist. Multiple impacts and events can 
inundate well planned resuce operations due to limited on the ground knowledge, personnel and resources. 
Numerical analysis and community based inputs can help to identify these multiple scenarios and their impacts 
aswell as suggest relevant mitigative strategies. Additionally, numerical simulation can assist with the identi-
fication of vulnerability and risk relationships. This will be further explored in an upcoming publication, where 
Integrated Vulnerability and Risk index (IVR)13) for for the affected communities was calculated and mitiga-
tive actions proposed for its reduction. 
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The effectiveness of strategic planning in a security context as a background for disaster planning depends 
on the means and mechanisms available for taking the strategic issues into account in actual crisis decision 
making. Identifying such mechanisms is critical to effective disaster planning and management. 

This paper examines findings from an assessment of Finnish governmental approaches to national security 
strategy embodied in “The Strategy for Securing the Functions Vital to society” (YETT) across 2003 and 2006 
including recent interviews with 12 Chiefs of Ministerial portfolios, as they relate to efficiency and effec-
tiveness of decision making before and during disaster responses.  

The paper discusses findings in three areas: 
1) The need for clarity of the system of leadership and the division of responsibilities between and inside the 

government sectors. 
2) Safeguarding the basic human rights of participation in decision-making for resource allocation, ensuring 

the involvement of different stakeholders (e.g. business organizations, NGOs) in disaster management activi-
ties.  

3) Ensuring whole-government situational awareness is sustained with enhanced exchange of information 
between the sectors, enabling lessons learned knowledge application in the crisis decision making. 

The paper concludes with a series of opportunities for Finland (and elsewhere) in aligning national strategy 
with disaster response planning. 

 
 

 Key Words: government, security strategy, security, strategy, public value, rationality, emergence 
 

 
1. INTRODUCTION 
 

The basis for national security strategy work in Finland as in many other Western countries lies in the 
identified need to respond to fast and continuous changes in the security environment. The growing interde-
pendency, globalization and vulnerable infrastructures are examples of challenges which set demand for 
comprehensive security strategy work at a national level. The external threats set the pressure for the work but 
response to the challenges urges for efficient internal actions. An important mechanism in the national security 
strategy work is the cross sectional co-operation aiming at increasing the societal resilience in face of new and 
unexpected threats. 

This paper examines findings from an assessment of Finnish governmental approaches to national security 
strategy embodied in “The Strategy for Securing the Functions Vital to society” (SFVS) across 2003 and 2006. 
The purpose of the study is to outline the security strategy work and to describe how it tackles the changes in 
the Finland’s threat landscape. The focus of the study is on understanding how strategy work creates 
groundings for national preparedness work and disaster planning. The study material reflects the experiences 
of the chiefs of ministries on creating and implementing the strategy as well as on their expectations for further 
development of the strategy process. The study findings are elaborated and analyzed in three partly overlap-
ping dimensions which are: rationality, public value and emergence. 

In this study the government is defined as a leader for the national administration and the security strategy is 
seen as a tool to support this leadership. The focus is on identifying the mechanisms which enable the strategic 
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security leadership. These mechanisms are central in ensuring and supporting the effective disaster planning 
and management at the national level. 

The national security strategy work in Finland is built on the traditional defense and security political 
background. Thus the changes which have affected these policies have had an effect on the security strategy 
approaches as well. The underlying parameters for these changes have been connected to regional and geo-
political as well as global phenomena. There were considerable changes in the threat landscape forming the 
basis for security strategy work soon after the end of the cold war. Instead of the war threat the focus turned to 
the so called new threats. The first definitions of the new threats included technological and natural catas-
trophes as well as large pandemics. After the WTC attacks terrorism and organized crime started to get more 
attention in threat scenarios.  

In general the threats started to separate themselves from geopolitics and regional bindings. The dominating 
factors on security were transforming from place bound to dependences of complex technology systems and 
fast changes in the environment: It is not space, but pace that is the important defining element.1) 

The OECD report Emerging Systemic Risks 2) identified several developments which form background for 
the global new threats. These are demographic changes, environmental risks like climate change, scarcity of 
water and degradation of biodiversity, technological risks and vulnerability of societies, whose root cause is in 
socioeconomic changes. The OECD report describes the demands set for the risk management strategies as 
follows:  Successful risk management strategies in future will therefore need to adapt their instruments to this 
new context: provide information and promote risk awareness; create sound and effective incentives; develop 
partnerships; clarify the legal frameworks and make adequate use of legal tools; co-ordinate national poli-
cies; and, when necessary, create international tools. 3) 

The Finnish security strategy work has started in 2003 by publishing the first Government Resolution on 
Strategy for Securing the Functions Vital to Society. The background for this government resolution was set in 
the Government Report on Security and Defence Policy in 2001. The strategy has been reviewed in 2006 and 
2010. The latest security strategy has been renamed to Security Strategy for Society.  

The principles, objectives and implementation criteria for Finland’s security and defense policy have been 
provided in the government Security and Defence Reports 2001, 2004 and 2009. The security strategy reso-
lutions have been concretizing these principles and goals. The strategies provide the common basis for pre-
paredness activities for all actors in society. 

 
 

2. PUBLIC SECTOR STRATEGY WORK AND DISASTER PLANNING 
 

Mintzberg et al.4) differ between intended, realized and emergent strategies. The important question raised 
by them is: must realized strategies always have been intended? Intentions that are fully realized can be called 
deliberate strategies. The emergent strategy is the one in which a pattern realized was not expressly intended. 
Actions were taken, one by one, which converged over time to some sort of consistency of pattern.  

This definition carries some similarity to what Lindblom describes in his classic papers in terms of incre-
mentalism 5). According to Mintzberg et al. all real world strategies need to mix the approaches in order to 
exercise control while fostering learning. Thus, emergent strategies are not necessarily bad and deliberate 
strategies good; effective strategists mix these in ways that reflect the conditions at hand, notably the ability to 
predict as well as the need to react to unexpected events. 

Bryson6) describes strategic planning in public sector as a set of concepts, procedures and tools designed to 
help leaders, managers and planners think, act, and learn strategically. He claims that used in wise and skillful 
ways by coalition of interested parties, strategic planning can help organizations focus on producing effective 
decisions and actions that create public value, further the organization’s mission, meet organizational man-
dates, and satisfy key stakeholders.  

At the same time, in public organizations the challenge may arise from acting in a shared-power environ-
ment: how to organize action and learning collaboratively within an inter organizational network or among 
networks where no one person, group, organization, or institution is fully in charge but where many are in-
volved, or affected, or have a partial responsibility to act. 

The public leadership and thus its strategic groundings are tested in times of crisis. Crises are no more neatly 
delineated in time and space but extended periods of high threat, high uncertainty and high politics that disrupt 
ordinary political and organizational processes 7). There are constraints which inhibit efficient governmental 
action under pressure. One such is bureaucratic habit, which inhibits the processes of collaborative information 
search, exchange and feedback essential for constructive, coordinated actions 8). 
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To learn from a crisis event is not an easy task for the political leaders due to flaws of the institutional 
memory at the government level. Yet, to invest on crisis prevention activities is not easy for the politicians 
either as Boin and ‘t Hart describe: If they implement crisis prevention, they are chastised for doing too much 
too soon. If they ignore crisis prevention, they are scolded for having done too little, too late. 
 
 
3. THE METHOD AND RESEARCH SETTING 

 
As a basic approach of this study the task of the Government is defined as broad strategic steering of the 

administration, while the ministries are responsible to set the targets of its subordinate administration 9). 
The material for the study was collected in connection to the assessment of Finnish governmental ap-

proaches to national security strategy embodied in the Strategy for Securing the Functions Vital to Society 
across 2003 and 2006. The main empirical material compiles of interviews of 12 chiefs of ministries carried 
out in spring 2009. 

The interviews were half structured. They were based on a questionnaire but the interviewees were given the 
freedom to reflect more deeply those themes which were the most relevant for them. Each interview formed a 
written document of 2-3 pages. 

The freedom of varying the themes according to the interviewee’s interest was found to be important as the 
issues in connection to the security strategy work are sensitive. Thus the interviewee, who holds a high position 
in the administration, must define what issues he or she will bring up. 

The material is analyzed in a framework of three research aspects which are: rationality, public value and 
emergence and complexity. These aspects were chosen for analytic approach as they were expected to help 
reveal different and complementing points of view of strategy process and strategy related decision making.  

Rationality is a classic phenomenon thoroughly discussed by Weber10). As Simon11) describes, rationality 
can be defined in many ways depending on the angle of the study. I have applied division of Bartels12) on 
formal and substantive rationality. Formal rationality puts weight on formal models and hierarchies while 
substantive rationality underlines the use of one’s own knowledge and on the ethical responsibility of decision 
maker in use of information and knowledge as part of the decision making process.  

Aspect of rationality is reflected in those interview results which describe the implementation of strategy 
and the elements of management system and leadership. These include reasoning of mutual competences of 
different government sections and needs identified for changes in the management system and leadership and 
its supporting structures. 

Creating public value can be seen as a central function of public administration13). Edwards14) has provided a 
useful resume on comparison between traditional public administration, NPM thinking and public value ap-
proach. That approach has been central in my analysis on public value aspects of the material. 

The aspects of public value are reflected in results expressing the developments of cross-sectional ap-
proaches and defining values in connection to interfaces of different sectors. The focus is on the entity of the 
preparedness system and how the general principles of securing vital functions are taken into account.  

Complexity and emergence are keenly interrelated features. I have applied Complex Adaptive Systems 
(CAS) theory approach described by Alaa15) and Lichtenstein16) in my analysis. Meek and Nowell17) have given 
to my work an important input in describing of the Interdisciplinary Theory. Their work raises an issue on how 
public management can tackle the complex problems and at the same time respect the different values and 
inputs of variety of stakeholders.  

Emergence and complexity are reflected in interview results tackling the available mechanisms for creating 
a common understanding of changes of threat landscape and taking into account these changes in decision 
making. In this connection the challenges created by reorganization of the administration and the keeping up 
the situation awareness as well as aspects of collecting information and learning lessons from past events are 
brought up. 

The different aspects of the analyzing framework are partly overlapping as illustrated in Figure 1.  
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Fig.1 Interrelations of different research aspects of analysis of the security strategy work. 
 
 
4. SECURITY STRATEGY IN SUPPORTING THE STATE LEADERSHIP  
 

The Finnish Strategy for Securing the Functions Vital to Society (from 2010 on: Security Strategy for So-
ciety) defines society’s vital functions and establishes targets and development policies that will guide each 
administrative branch of the government in dealing with its strategic tasks in all situations10). In the review or 
resolution in 2010 the comprehensive and intersectional approach is further underlined 11). In the Resolution, 
strategic tasks refer to tasks which are needed to secure the functions vital to society in all situations. They are 
based on current legislation and the existing divisions on powers between different authorities. 

The functions vital to society were defined in Resolution 2003 as follows: state leadership, external capacity 
to act, the nation’s military defense, internal security, functioning of the economy and society, securing the 
livelihood of the population and its capacity to act, and their ability to tolerate a crisis. The principles to be 
observed in securing society’s vital functions were in Resolution 2003 defined as: maintaining democracy, and 
the principle of the rule of law; effective and appropriate use of society’s resources; standardization of the 
command structure; organizations and areas of responsibility; flexible adjustment of preparedness; ensuring 
cost-effectiveness; securing necessary resources; making best use of the international dimension; and moni-
toring and developing preparedness and performance. 

In this work the Strategy for Securing the Functions Vital to Society (SSFVS) is defined as a tool for sup-
porting the state leadership. It supports the government in management and coordination of the activities in 
different governmental sections in connection to preparedness to secure vital functions in all times. Strategy 
also conveys to the public sector actors the values on safeguarding the vital functions as defined by the gov-
ernment in accordance with its representation of political weightings. At the same time strategy process con-
nects the expert knowledge of government officers to these value definitions. 

The strategy process is studied from three research aspects which are: rationality, public value and emer-
gence. The central findings connected to these aspects are resumed in the Table 1. 
 
(1) Rationality: Competences and management system 

The central target of the SFVS Strategy has been to enhance the cross sectional co-operation in public sector 
preparedness work. In this sense strategy has served as a new and unique tool similar to which had not existed 
before.  

An important challenge has all the time remained to define the competencies among governmental and other 
public sector bodies in situations, which are somewhere between exceptional conditions and ordinary disrup-
tive situations. This includes a demand to further refine the leadership system in ordinary situations in such a 
way that command and control system remains clear and functional.  

 
‘We would need to have a possibility for increasing the powers of different authorities in smaller 

steps than actual definitions of Emergency Powers Act outlines.’ 

Rationality

Emergence 
and 

complexity

Public 
value

Creation of support systems to help
identify emerging threats
e.g. situation awareness systems

The basic values of strategy work as a
support to recognise emerging threats 

Allocation of resources in the ministries
as value based decisions

Different aspects in supporting
to identify emerging threats and risks
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The key issue for the management system seems to be that the command and control system as well as 

legislation on competencies and division of responsibilities are kept as simple and transparent as possible. 
 

‘We must take care of that the competent authority always remains in charge. In crisis where we 
already have enough difficulties no exceptional arrangements will work.’ 

 
An interesting aspect is the positioning of the Government Resolution on SFVS Strategy in relation to the 

Government Report on Security and Defence Policy. The Government Report is presented in the Parliament 
and Parliament takes official position to it. The Government Resolution, however, is only presented to Par-
liament to its knowledge. This difference has raised a question of the mandate of the SFVS Strategy in su-
pervision of the administration. The Parliament’s participation in the Strategy discussion is also interesting 
when we assess the connection of the security strategy work to the democratic processes in the society in 
general.   

The actual effectiveness of the SVFS Strategy in guiding the governmental sections depends strongly on the 
weight which government bodies set to the implementation of the strategy. The Chiefs of ministries hold a 
central role in this respect. The commitment of the administration was not self-evident at the launching of the 
first SVFS strategy in 2003. 

An important aspect considering the efficiency of the SVFS Strategy was from the beginning the question of 
financing the actions which were responsibility of the government section in question. In the first SVFS 
Strategy 2003 an idea of common responsibility of the government sections in financing the cross-sectional 
actions was presented. At the same time the sectional development programs on safeguarding the functions 
vital to society were given as responsibility of government sections. This appeared to be not a well-functioning 
idea. After the first evaluation of the SVFS Strategy the financing of actions was agreed to be connected to 
ordinary procedure of financial planning in each section. This change was realized before 2009 interviews: 

 
‘Our aims on SVFS issues are integrated in the general policy targets of our section, and thus no 

separate mechanisms for deciding the finances are needed.’  
 
The division of responsibilities in the framework of the SVFS Strategy is keenly connected to the question 

of who is actually contributing in the substance contents of the strategy. From the point of view of government 
sections them having the initiative in raising the strategy issues was seen of great importance. From the point of 
view of the officers responsible for coordinating the strategy work this was experienced to turn the Strategy 
outcome more fragmented and incoherent. The positive effect of sections’ having the initiative was, however, 
that it considerably increased their commitment to the strategy process.  
 
(2) Public value: Organizational learning and involving stakeholders  

In this study the organizational learning and stakeholder involvement are seen as mechanisms to introduce 
public value considerations in the strategy process. The common lessons learn activities are key issue in ena-
bling and enhancing cross-sectional co-operation to improve preparedness. The increase of stakeholders’ 
involvement urges for understanding of the expectations of the surrounding society on the strategy work and 
also self-reflectance on how the strategy conveys public values. 

Launching the strategy process in the framework of SVFS Strategy was seen to have considerably increased 
the lessons learned activities - both in connection to real situations and exercises - in different sections. This 
influenced directly to sections’ ideas on substance issues needed to be included in the strategy formulations. 

In Finland the official body to investigate major accidents is the Safety Investigation Authority. During the 
first years of SVFS Strategy process the SIA had not had many other cases to study than typical accidents 
(fires, traffic accidents). An important turning point for both SIA and the Government Office was the Asian 
Catastrophe in December 2004 which caused loss of lives of 178 Finnish individuals in Thailand. Need to 
organize evacuation for the Finns due to a major catastrophe abroad was an action which had not been included 
in any of the national level threat scenarios till that time.  

It was also the first time that SIA came close in its analysis to the actions and deeds of the Government as 
part of its investigation. The flaw of that investigation was, from the point of view of the Government Office, 
that it didn’t give structured feedback on the GO management system for crisis situations. According to the 
Law on Major Accident Investigation (Since 2011: Law on Safety Investigation) such an aspect was not to be 
included in the investigation report. Operationalization of the lessons learned from the Asian Catastrophe 
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concerning State crisis management system remained a duty of Government Office and it did make a differ-
ence while rewriting the SVFS Strategy for update in 2006.  

Involvement of the NGOs in the strategy process has not been a clear issue. In interview results it became 
obvious that the interviewees were not recognizing the participation of NGOs in the strategy process as a value 
in itself. Rather the answers reflected the idea of functionality: to involve the NGOs is useful from the point of 
view of the general acceptance of the strategy. The chiefs of ministries pointed out that the responsibility of the 
preparedness lies with the public authorities and that responsibility cannot in any part be transferred to vol-
untary organizations. 

In cases of security related issues the free information flow is in many ways restricted. That is also an aspect 
which was seen to hinder the openness of the security strategy process to general public. On the other hand 
some interviewees brought up also the challenge of keeping the strategy process open inside the administra-
tion. There was a concern articulated on how to ensure the use of expert knowledge across the section boarders 
and also vertically inside the government bodies. 

In the interview material the need to increase involvement of business world in the strategy process was 
actively brought up. The need for more integration with business stakeholders was recognized in many real life 
cases. One acute issue in Finland was the out-flagging of ships and the effect this had made to the emergency 
supply management. The common EU competition legislation had also in several cases been experienced to 
have affected the freedom to make choices in accordance with the emergency supply needs. In addition to more 
integration of business community in strategy process also a more substantial need to include international 
perspective to the national security strategy work was pointed out. This expectation was not only about re-
acting to changes in the globalizing environment but also urged for taking more keenly into account the 
complex partnerships and interdependencies in foreign trade in the strategy reasoning. 
 
(3) Public value: The basic principles to be observed in securing society’s vital functions 

The aspect of public value in connection to SVFS Strategy is clearly articulated in listing the basic principles 
to be observed in securing society’s vital functions. They are: maintaining democracy, and the principle of the 
rule of law; effective and appropriate use of society’s resources; standardization of the command structure; 
organizations and areas of responsibility; flexible adjustment of preparedness; ensuring cost-effectiveness; 
securing necessary resources; making best use of the international dimension; and monitoring and developing 
preparedness and performance. 

The interviewees commented on these principles, although many felt that these are self-evidently the basic 
values to be appreciated in administration in all times. The question of democracy raised the issue of inter-
connections between political leadership and leadership of public authorities in times of crisis. The strong 
expert leadership was demanded, yet the political leadership was recognized to have become more dominant in 
recent crisis. This is much due to increasing media interest during crisis. 

 
‘The Government Ministers have become more holders of this personal responsibility during times 

of crises.’  
 

The question of flexible adjustment of the preparedness was seen to be keenly connected to the issue of basic 
rights. The chiefs of ministries had many experiences where they had witnessed a switch of use of resources for 
preparedness according to the demand of some individual interest raised by sudden media exposure. Such 
pressure was easily directing the attention to change certain details in the preparedness system and at the same 
time it might hinder the system from taking comprehensively into account e.g. the actions needed to safeguard 
the basic rights in crisis.  

A concrete example of interconnection between flexible adjustment and basic rights was experienced in 
reasoning on preparing for pandemics by vaccination. If resources are small the adjustment may cause ine-
quality among citizens in certain cases. 

The cost-effectiveness in securing vital functions was experienced in some cases to be in controversy with 
the common trend of outsourcing public duties.  

 
‘First we give away and then we start preparing new systems inside the administration instead of 

the old ones.’ 
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(4) Emergence: From planning tradition to responding to new threats 
A central issue in modern security strategy work is how the strategy can take into account changes in the 

environment and respond to emerging new threats. The cross sectional co-operation forms a good grounding 
for comprehensive whole-government situation awareness. The opposing forces are e.g. tendency to stick to 
the formal sector definitions and formalism in producing and applying the new information. The traditional 
planning ideology combined with the strong tradition of secrecy in connection to handling safety and security 
related information is a challenge in itself for a living strategy process. 

Practical challenges reflected in answers of chiefs of ministries concerned first of all the abilities and will-
ingness for cross-sectional information exchange. In addition to that the challenges on prioritization of dif-
ferent security issues in the strategy work and creating ownership in security strategy issues beyond the tra-
ditional Ministry for Defence domination were brought up. 

The first rounds of SVFS Strategy work applied a procedure where the government ministries brought their 
own issues up in common discussion and these were not questioned by the others. This procedure directed the 
process to an outcome which included issues with large variation and little prioritization.  

 
 ‘We should be more active in updating our threat scenarios. Now too much different things are mixed: 

disruption of data infrastructure versus ordinary fire. The everyday life inconveniences are quite different 
from real needs for increasing national level preparedness.’ 

 
Equal concern compared to the prioritization issue was expressed on improvement needs for real 

cross-sectional co-operation. Many interviewees were longing for real cross-sectional analysis to form basis 
for the common strategy. After such an analysis the government ministries would be able to divide the re-
sponsibility according to their existing and regulation based share of responsibilities. 

The most important substantial aspects to be taken into account in updating the SVFS Strategy which came 
up in the interviews can be grouped in following three entities: 

 
1) Changes in the global environment: the increasing interdependencies in global economy, the depend-

ency on EU decision making and effects of that to the emergency supply matters, the growing interna-
tionalization of businesses and markets affecting the possibilities of public sector to support local food 
production. 

2) The mixing of private and public responsibilities: increase of private ownership in critical sectors es-
pecially concerning critical infrastructures like energy, information and communication systems. 

3) Division of responsibilities between different levels of administration: the ongoing regionalization of the 
state activities and reorganization of the service structures at the local level make management of the 
strategic entities more and more challenging. 

 
The answers show that the pressure for updating the security strategy does not arise only from external 

changes. Also internal factors like demand for more cost-efficient administration and regionally decreasing 
resources for service production create new challenges for national preparedness work. 
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Table 1 The experienced aspects of strategy process and the challenges for further improvement in 2009 material. 
 

 Experienced aspects of strategy process 
Central challenges for further im-
provement of strategy process 

Rationality related • Continuous development of prepar-
edness system and follow up.  

• Improvement of strategy as part of 
target oriented financial planning. 

• Clarity of the management system. 
 
• Clarity of mutual competences. 
 
• Commitment of the management to 

strategy process and underlining its 
importance in the organization.  

• Strategy work as part of everyday 
activities.  

 Understanding preparedness only as a 
reactive activity  
 Getting strategy needs integrated in the 
general policy targets of each section  
 Keeping the management system and 
legislations simple and transparent. 
 Enhancing the clarity of division of 
responsibilities and cross-sectional 
co-operation   
 Appreciating different roles of different 
government sections 
 Protectionist attitudes of different 
sections against each other  

Public value related • Whole-government thinking 
launched, vital functions defined to-
gether. 

• Democracy and political decision 
making has a role in decision making. 

 
• Parliament is participating via its role 

in guiding the ministries.  
 
• Cost efficiency. 

 
• Increased participation of the busi-

ness community.  
• Increased participation and motiva-

tion of NGOs. 
• Flexible adjustment of preparedness 

according to the nature of crisis. 
• Division of responsibilities in ac-

cordance with management structures 
of normal situations.  

• Safeguarding of resources.  

 Keeping up and enhancing connection 
to practical preparedness work and 
self-induced development.  
 Clarity of mutual competences and 
division of responsibilities between poli-
ticians and government officers. 
 Further development of Gov. Security 
Report process and increasing Parlia-
ment’s participation in strategy process. 
 Management of outsourced activities in 
preparedness work.  
 Enhancing the ownership of business 
community in the strategy process.  
 Appreciating the comprehensive re-
sponsibility of public authorities and 
sovereignty of the NGOs.  
 Basic rights vs. limited resources.  
 Keeping the division of responsibilities 
clear in all circumstances. 
 
 Safeguarding resources if necessary 
also cross sectional. 

 
Emergence and 
complexity related 

• Threat scenarios and importance to 
update them commonly accepted.  

 
• Continuous change demands active 

co-operation. 
• Common model for action, to which 

every party has committed itself, as-
sists open exchange of information.  

• Target oriented development of situ-
ation awareness system.  

 
• Increasing amount of lessons learned 

from real situations available. 

 Internal development needs, taking into 
account of reorganizations of administra-
tion.  
 Continuous change threats to induce 
unclarity to the preparedness system.  
 The internal logic of the strategy and its 
functionality such that it supports identi-
fication of new threats. 
 The effects of new threats difficult to 
assess and working to prevent them not 
often possible.   
Analyzing real situations in a compre-
hensive manner. 
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5. CONLCUSIONS 
 
In this work the Finnish Strategy for Securing the Functions Vital to Society (SSFVS) is defined as a tool for 

supporting the state leadership. It supports the government in management and coordination of the activities in 
different governmental sections in connection to preparedness to secure vital functions in all times. Strategy 
also conveys to the public sector actors the values on safeguarding the vital functions and connects the expert 
knowledge of government officers to these value definitions. 

The rationality aspect reflects the organization of the strategy work, division of responsibilities and man-
agement issues. The specific challenge is how to plan for and organize the leadership and management in 
unexpected situations which can vary from ordinary disruptions to exceptional situations. The basic rule 
according to this study should be to follow the normal competences as long as possible. Separate structures and 
specific crisis organizations were seen to hinder effective response actions in real situations. The positive 
outcome of the security strategy work has been the commitment of organizations and their management to the 
strategy process. Yet, to ensure the effectiveness of strategy process calls for efforts on keeping the division of 
responsibilities and legislation clear and transparent and to take into account the different working cultures of 
different ministries.  

The aspects of public value are reflected in results expressing the developments of cross-sectional ap-
proaches and defining values in connection to interfaces of different sectors. The focus is on the entity of the 
preparedness system and how the general principles of securing vital functions are taken into account. The 
important challenges remain on how the strategy process is implemented in everyday activities of government 
section and how to clarify the responsibilities of political leadership versus government officers in times of 
crises. Central stakeholders for strategy work are business community and NGOs. Both have their roles to play 
but at the same time the responsibility of the public actors remain to comprehensively manage the preparedness 
field. Outsourcing of public duties and growing interests of market forces in managing strategic activities in 
connection to emergency supply and critical infrastructures remain to be challenge for public preparedness 
work. From the civil society point of view the matters in connection to basic values of securing the vital 
functions are of great importance. The demand for cost-efficiency and flexible adjustment of preparedness can 
collide with the basic human rights.  

Emergence and complexity are reflected in results tackling the available mechanisms for creating a common 
understanding of changes of threat landscape and taking into account these changes in strategy work and in 
decision making. In this connection reorganizations of the public administration and new forms of pub-
lic-private-partnerships form a complex challenge in itself. The national situation awareness urges for infor-
mation to be gathered and analyzed both horizontally across sectors and vertically between different levels of 
administration (local, regional, national). The mechanisms for collecting and analyzing information as well as 
for enhancing the organizational learning lessons from past events are of central importance in preparing for 
responding to emerging new threats. 

This study will be continued in PhD thesis work at the University of Eastern Finland. In the further work the 
scope of the study will be widened to a comparative study between security strategy work in Finland and in 
Australia. The collaborative partner for studies in Australia will be Queensland University of Technology and 
its Center for Emergency and Disaster Management (CEDM). 
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In Baekdu Mountain (located in South Korea), earthquakes, which are resumed volcanic activity, have been 
observed occurring about 10 to 15 times every month since 2002. In order to respond quickly, an IT-based 
volcanic disaster response system should be developed. This paper aims to propose development strategies and 
designs for such a volcanic disaster response system. This response system should have maximized compati-
bility and scalability based on international standards of design. For effectively supporting user’s decisions, a 
damage prediction model based on spatial information should be provided. Through implementing proposals 
put forth in this study, casualties from volcanic explosion could be reduced. In addition, we expect that the 
damages to industry, environment, and transportation will be minimized because of this system. 
 

Key Words: Volcanic Disaster, Response System, Decision-support System 
 
 

1. Introduction  
 

The Baekdu Mountain in South Korea was the site of a big volcanic explosion in 969, an event that had a 
widespread impact—(by 1000 km) more —than Donghaee in Korea or Hokkaido in Japan. Since 2002, vol-
canic earthquakes have been observed 10 to 15 times each month, as volcanic activity has resumed (Fig 1.).  
 

 

 Fig. 1 Location of magma and frequency of volcanic earthquake on Baekdu Mountain 
 

Small-scale volcanic eruptions do not cause much damage but if a volcanic eruption as big as the past huge 
explosion on Mount Baekdu occurs again, it will have larger political, social, and economic impact. Therefore, 
there is a need to develop an integrated volcano disaster response system in order to minimize any potential 
volcano damage. This study therefore proposes development strategies and designs for building a response 
system for volcanic disasters. 
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2. Design of response system for volcanic disasters 
 

A response system for volcanic disasters consists of several stages: (1) damage prediction data base, (2) 
integrated damage prediction system, (3) decision support system, and (4) user interface. The relationship 
between these parts are presented in Fig 2.  

The process for this response system is as follows. First, a damage prediction scenario was processed by 
speed up and parallel modules and stores damage prediction data base in advance. These results are shown by 
the 3D visualization module. When a volcanic disaster occurs, the decision support system searches for the 
prediction scenarios in the prediction data base, estimates damages, and is able to supply a targeted response 
plan very quickly. These damage prediction and response plans are drawn up based on spatial analysis. 
 

 

Fig. 2 Architecture of response system for volcanic disasters 

 

Through this decision support system, accurate information is provided to the decision-makers. This accu-
rate information is linked with the simulation results of the volcanic disaster response program’s research into 
volcanic ash disaster prediction system as well as management technology research presented in a contextual 
basis as coping methods. Fig.3 shows the whole process for decision-making support. 
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Fig. 3 Process of decision-making support  
 

The integrated damage prediction system described above is responsible for conducting prediction estimates 
for various types of damage that can occur due to volcanic eruption. Preparing models of various damage 
scenarios is essential to enable timely and effective disaster response because when a volcano erupts, pro-
cessing and analyzing the large volumes of resulting data is a time consuming process. Therefore, when an 
eruption occurs, the integrated damage prediction system examines the database of damage prediction results 
and introduces the most accurate response scenario. Since the system’s damage predictions are based on 
scenarios derived from previous eruptions, accurate information can be acquired quicker than performing data 
collection after an eruption has begun. In the case of volcanic ash, real-time disaster prediction is conducted 
separately from volcanic-ash database, as Korea can be directly influenced by volcanic ash. The picture below 
describes such contents to present detailed construction information on the integrated disaster prevention 
system. 
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Fig. 4 Scenario for volcanic disasters prediction 

 

In Fig. 4, the integrated disaster prediction system is combined in a scenario with a volcanic ash damage 
prediction model program. Here, the volcanic ash damage prediction model program must be integrated with 
the program based on volcanic ash prediction research. In order to combine physical disaster prediction pro-
grams into an integrated prediction system, each prediction program is integrated separately and the system is 
then constructed. The volcanic ash prediction system can be linked with the internet or other networks as well 
as being placed into an internal prevention system as an integrated program. 

Difficulties in implementing the integrated disaster prediction system as a program can arise due to dif-
ferences in environment and development of each program as well as different researches and survey results 
related to each program. 
 

3. Application of GIS technology for response system 
 
(1) Application of risk assessment models for damage prediction system  
 

Volcanic disasters can be categorized as volcanic ash, volcanic flood, pyroclastic flow, and/or volcanic 
mudflow. The programs used for each disaster type are presented below in Fig 5. 

For volcanic ash, the programs used are PANOPLY1.0, SURFER10.0, NetCDF4.0.1, PGI12.0, 
FALL3D6.2. Except for PGI and SURFER, all programs have open source codes. For volcanic floods, 
commercial Arc-GIS software is used. Commercial software such as Arc Info and Global Mapper are used for 
analyzing prediction models for volcanic mudflows and pyroclastic flows. 
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Fig. 5 Risk assessment models for integrated damage prediction system 

 
(2) Volcano disaster-related GIS database  
 

Because accurate location and damage analysis for potentially damaged districts is required a priori in order 
to the GIS database to the field of an actual volcano disaster, it is necessary that 1) current GIS database as 
retained by each public institution, and 2) data for calculating damage and special resolution about volcano 
disaster. The main objective of utilizing this GIS data (retained by each public institution and govern-
ment-supported research institution) for disaster prevention (especially volcanic disasters) is to arrive at an 
understanding of the extent of damage quickly and accurately using the damage predictions obtained using 
special resolution to volcano disaster simulation.  

The procedure for disaster prevention (including volcano disasters) involves 1) damage prevention, 2) 
damage control, and 3) damage restoration. The GIS database also undertakes scenario generation through a 
series of steps. In the first step, it visualizes damaged districts and the extent of the damage using GIS tech-
nique with volcano disaster simulation. To achieve this, several types of maps can be employed, including1) a 
digital elevation model, 2) an imagery map, 3) a digital map. In the second step, a liaison is formed between the 
imagery map and GIS database (detailed soil map, forest road network map, ground coverage map) in case of 
inaccessible or long distance areas, and an evacuation path is determined, in order to enhance decision-making 
in during the disaster and to minimize the resulting damage. In the third step, the extent or scale of the damage 
can be quickly and quantitatively identified as a result of utilizing the GIS database (appraised value of land, 
digital stock map, digital cadastral map). Given this foreknowledge of the likely extent of damage, it is pos-
sible to respond immediately and evacuate residents, thereby minimizing or preventing further disaster. 
Therefore, it is efficient to prioritize restoration of damage or distribution of sources. 
 

Table 1 GIS data list for response system for volcanic disaster 
Classification Area Data Spec. Dimension Note 

Volcanic ac-
tivity Area Mt. Baekdu 

Image Map 0.5 m 2D New development. 
DEM 10 m 3D New development. 

Land cover Map 1:5,000 2D New development. 
Surface deformation 

change Map 
25 m–50 m 4D New development. 

Surface temperature 
change Map 

30 m-60 m 4D New development. 

Digital topographic 1/5,000 2D, New development. 
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Classification Area Data Spec. Dimension Note 
map 3D 

Hydrographic map 1/5,000 2D New development. 
Slope, gradient 10 m 2D New development. 
Azimuthal map 10 m 2D New development. 

Demographical map 1/5,000 2D New development. 

Direct im-
pacted Area North Korea 

Image Map 1 m–2.5 m 2D NGI, KARI 
DEM 10 m–20 m 3D NGI, KARI 

Digital topographic 
map 1/25,000–1/5,000 2D,3D NGI, 

Land cover Map 1:25,000 2D Ministry. of Envi-
ronment. 

Hydrographic map 1/25,000 2D New development. 
Slope, gradient 20 m 2D New development. 
Azimuthal map 20 m 2D New development. 

Demographical map 1/25,000 2D New development. 

Indirect im-
pacted Area South Korea 

Image Map 0.1 m–0.5 m 2D NGI, 
DEM 1 m– 5 m 3D NGI, 

Digital Map 1/1,000 ~ 1/5,000 2D,3D NGI, 

3D Model 
Seoul and 6 metro-

politan city 3D NGI, 

Land cover Map 1:5,000 2D Ministry. of Envi-
ronment. 

Hydrographic map 1/5,000 2D New development. 
Slope, gradient 5 m 2D New development. 
Azimuthal map 5 m 2D New development. 

Demographical map 1/5,000 2D New development. 

Global Area Globe 

Image Map 15 m 2D MLTM 
DEM 90 m 3D MLTM 

Land cover Map global scale 2D Ministry. of Envi-
ronment. 

Hydrographic map 1/100,000 2D New development. 
Slope, gradient 90 m 2D New development. 
Azimuthal map 90 m 2D New development. 

Demographical map 1/100,000 2D New development. 
 

(3) Volcano ash diffusion, sedimentation data visualization  
 

Volcano ash diffusion and deposition data during volcanic eruptions can be derived by simulation through a 
volcano ash diffusion model (Puff, Fall3D, FLEXPART) incorporating variables such as wind, temperature, 
etc. Modeling simulation deliverables are structured in sedimentation grid data (x, y grid) for particle distri-
bution of the analyzed area according to the concentration of volcano ash. It consists of a multi-dimension grid 
type file such as ASCII or NETCDF. In the diffusion of volcanic ash, the amount of particles will increase with 
time from the beginning of the eruption, and various results are calculated based on the size and analyzed area 
of the volcanic eruption. The volcano ash concentration and deposition data used in the pilot program were 
calculated between 29 and 31 October 2010; this includes weather data of the relevant dates. The calculation is 
conducted every 6 hours using the WFR weather model and FLEXPART diffusion model, with the result 
obtained in the ASCII format. The grid value that represents deposition is in a 425 × 425 format and the an-
alyzed area is in the top left corner of latitude (116.212, 46.8783), and the top right corner of latitude (144.449, 
26.6005). In order to visualize the volcano particles that were derived in the result files, we sequentially ren-
dered all input particles by using 3 dimensional graphic API. 
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Fig. 6 3D visualization result of volcanic ash modeling based on scenario 
 
4. Result 
 

This study proposes development strategies and designs for building a response system for volcanic disas-
ters. For an effective response to a range of possible volcanic eruption scenarios, system development should 
maximize compatibility and scalability based on international standards of design. Damage prediction should 
be based on spatial information and a decision support system to support the user's decision efficiently. To this 
point, we have designed the response system and developed some modules such as 3D visualization for vol-
canic disasters. Hereby, we are going to develop a pilot system and test it. It is expected that the program 
developed through this study will offer the potential to reduce casualties during volcanic eruption as well as, of 
course, to minimize the damage in the fields of industry, the environment, and transportation. 
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ABSTRACT 

Highly skilled engineers and logisticians provide critical value to disaster recovery 
programs across the world. As enabling professions to disaster management 
engineers and logisticians are often employed across projects organizations, yet their 
relationship and their contributions in sustaining community resilience is rarely 
examined.  
 
This paper demonstrates that community resilience can be strengthened through 
improved employment of engineering and logistics throughout the disaster 
management cycle.  The contributions of both skill sets and impact on community 
outcomes will be examined. 
 
Current applications of engineering and logistics in disasters delivers key 
contributions to community recovery, but is often afflicted by wasteful practices. 
The paper discusses the findings of our survey which focuses on the response and 
recovery of recent Australian disasters including the 2011 floods and cyclones in 
Queensland and the 2009 ‘Black Saturday’ fires in Victoria. These Australian 
domestic actions are compared to the response to the international actions in 
response to Canterbury Earthquakes 2011. 
 
The nature of the relationship of community with engineers and logisticians will 
initially be examined through the nature of government interactions, particularly the 
relationship between the layers of government and the community.  Particular policy 
notions of ‘build back better’ or ‘rebuild brick by brick’ and the effect on 
engineering and logistics infrastructure in the differing disasters will be explored.  
We conclude that there is a need to develop an adaptive capacity based on the 
integration of these engineering and logistics capabilities involved in disaster 
management. Engineering and logistics in disaster management needs to focus on 
humanitarian and social outcomes based on trusted well practiced community 
collaboration.   

 

Keywords: Community resilience, logistics, engineering.  
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INTRODUCTION  

Highly skilled engineers and logisticians provide critical value to disaster recovery programs across the 
world. As enabling professions to disaster management, engineers and logisticians are often employed across 
projects, programs and organisations, yet their relationship is rarely examined.  The combination of their 
services and the impacts that both professions contribute is rarely acknowledged in sustaining community 
resilience. The purpose of this paper is to demonstrate that the strength of community resilience can be 
improved through improved employment of engineering and logistics throughout the disaster management 
cycle.  The contributions of both skill sets and impact on community outcomes will be examined. 
 
WHAT IS RESILIENCE 

Resilience has been defined by the Department of International Development, UK as reflecting the 
sensitivity and adaptive capacity of a community. Sensitivity or vulnerability is the ‘degree to which a 
system will be affected by, or respond to a given shock or threat”.1 Adaptive capacity is determined by the 
ability to adjust to disturbance. Thus they define resilience as: The ability of countries, communities and 
household to manage change by maintaining or transforming living standards in the face of shocks or 
stresses without compromising their long term prospects.”2  
 
Community resilience in Australia has been described by the Department of Families, Housing, Community 
Services and Indigenous Affairs (FaHCSIA) as having three properties: resistance, recovery and creativity.  
A more recent framework describes community resilience with three characteristics which suits engineering 
professional activities in disaster management. These characteristics focus on physical, procedural and 
social. For the purposes of this paper community resilience is defined as the ability of a community to 
respond, prepare, withstand and recover from natural disasters more efficiently and effectively.  
 
NATIONAL STRATEGY FOR DISASTER RESILIENCE 

The 2011 ‘National Strategy for Disaster Resilience’ provided strategic guidance on the approach to 
community resilience and highlights the challenges in developing coherent and consistent resilience 
programs.  In the consideration of risk in the built environment community resilience is seen as reliant on 
national infrastructure. 
 
 ‘We rely on complex and interdependent infrastructure to go about our daily lives. Food supply chains reach 
across the globe and movement of people and animals create opportunities for diseases to spread quickly. 
Transport networks enable us to move around with relative ease and independence. Our ability to live day to 
day relies on these systems operating efficiently.  The consequences of emergencies are demonstrated by the 
impacts on the infrastructure we rely on.’3  
 
This shows the fundamental connection between logistics and engineering in the maintenance of systems that 
underpin of community resilience.  Furthermore the operational connections of these systems do not reside 
inside governments but require partnerships that extend into commercial practice. One of the priority 
outcomes was the recognition the humanitarian activities are delivered through partnerships between all 
forms and levels of agencies, organisations and communities. The generalisation of these recommendations 
does not demonstrate the importance of public/private partnerships nor the timeliness or extent and length of 
such partnerships.  
 
RECENT AUSTRALIAN DISASTERS 

Recent natural disasters include the cyclones of northern Queensland, the bushfires of Victoria and Tasmania 
and the flooding of the Eastern Queensland and the Brisbane and Ipswich regions which have occurred with 
major intensities over the past three years.  In January 2013 in the aftermath of Cyclone Oswald severe flood 
inundation occurred in every coastal river from Cairns to the New South Wales boarder and beyond. Cyclone 
Yasi was the most damaging cyclone ever experienced in Northern Queensland. Winds of over 200 kph 
caused mass devastation. The areas of Tully, Silkwood, Mission Beach, Innisfail and Cardwell were the 
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worst affected with 90% of the building in Tully destroyed. Table 1 below lists the major natural disasters 
experienced in Eastern Australia in the past five years.  
 
Table 1                        Major Natural Disasters in Australia in last Five Years 

Cyclones Yasi  2011 – Category 5  $3.5 billion damage  
 Oswald 2013 – Category 1  $2.4 billion damage 
Floods Brisbane  2011 peaked 4.6 metres  
 Brisbane  2013 peaked 2.6 metres  
 Ipswich  2011 peaked  19.4 metres  
 Ipswich  2013 peaked 14 metres  
Bushfires Victoria  2009  173 people died  
 Victoria  2013   
 

Cyclones in northern Queensland are typically an annual event, occurring during the monsoon period of 
November to April. Minor damage occurs every year and the local shire council are well practiced in the 
processes of preparation and recovery. Yet every so often massive destruction occurs which shocks the 
Australian communities and economy.  The worst cyclones headed by the recent Cyclone Yasi are listed 
below in Table 2. Cyclone Yasi was a category cyclone 5 which crossed the Queensland coast at Tully. It 
was the worst cyclone to cross Queensland shores since 1918. Nevertheless the table below shows the 
consistency of cyclonic damage suffered over the past decades. Although Cyclone Oswald was a relatively 
weak storm (category one cyclone) it created massive flooding making it the deadliest cyclone to impact the 
Australian mainland causing six deaths.  
 
Table 2   Major Cyclones Impacting on Queensland 
 
Year  Cyclone Name  Category Impact  
2013 Oswald  1 Severe widespread flooding through State 

Damage to Brisbane alone $83.5 million 
2011 Yasi 5 $5.6 billion 
2006 Larry 4 $1.5 billion damage 
2005 Ingrid 4/5 Severe damage and floods 
1997  Justin 3 $150 million damage 
1986 Winifred 3 $150 million damage 
Sourced: Various 4,5,6 

Cyclone Ingrid caused an estimated $2 million damage bill for the shire roads in the Cook Shire alone and 
the Douglas Shire estimated $300,000 of road damage. 7 The other natural disasters to impact severely on 
local communities in recent years were the bushfires in Victoria. Table 3 shows the relatively consistency of 
fires, the extent of the fire damage, and the death rates.  
 
Table 3   Most Extensive Victorian Bush Fires  

Year  Name Area of Burning  
1851 Black Thursday 5 million hectares 
1938 Black Friday 2 million hectares 
2003 Victorian Alpine Bushfires 1.3 million hectares 
2006-7 Victorian Alps Fire Complex 1.1 million hectares 
1944 No name 1 million hectares 
1983 Ash Wednesday 510,000 hectares 
2009 Black Saturday 450,000 hectares 
1965 Gippsland 300,000 hectares 
1898 Red Tuesday 260,000 hectares 
Source: 8  
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Table 4    Deadliest Victorian Bush Fires  

Year  Name  Deaths  
2009 Black Saturday  173 
1939 Black Friday  71 
1926 Black Sunday  60 
1944 December - February  51 
1983 Ash Wednesday  47 
1962 January 33 
1969 January  23 
1942 Western Victoria 20 
1905 December  12 
1898 Red Tuesday  12 
1851 Black Thursday  12 
1943 December  10 
1952 Central Victoria  10  
1977 Western Victoria   8 
1965 Longwood, Northern Victoria    7 
1998 Linton, Western Victoria   5 
1985 Avoca, Central Victoria   3 
1997 Dandenong Ranges   3 
Source: 9  

Tables 3 and 4 demonstrate that it is not the most extensive fires that cause the most deaths, nor is it that the 
death rate is reducing over time due to better planning and control. It is not the biggest fires that cause the 
more deaths. It is the vulnerability of the local communities that result in the most deaths. Sparsely populated 
communities with poor infrastructure are extremely vulnerable in extreme bush fires.  The exit and access 
routes for logisticians to enter the fire areas with fire fighters and the exit routes for victims all depend on the 
resilience of the infrastructure supporting their communities. The 2013 summer was the hottest summer in 
recorded history in Australia. Extensive fires throughout Victoria, South Australia and Tasmania resulted 
causing widespread damage.  The onset of bush fires is the fastest and most extreme of natural disasters. 
Cyclones have early warning systems in place where the weather bureau can warn the public about the path 
of the oncoming cyclones. Resulting floods from cyclones can be predicted with a degree of accuracy on 
downstream flood heights up to a couple of weeks in advance. All these disasters produce different urgency 
notifications to affected communities which will improve their resilience or destroy it.  
 
Thus in re-categorising Wassenhove’s Disaster Model shown in Table 5we can show that the Natural 
Disasters of fires, cyclones and floods can be classified in a time line that is short but quite distinct.  
 
Table 5                                                   Categorising Disasters 
 
 
 

 Natural Man-made 

Sudden-onset 
Earthquake Terrorist Attack 
Hurricane Coup d'Etat 
Tornadoes Chemical leak 

Slow-onset 
Famine Political Crisis 
Drought Refugee Crisis 
Poverty   

 
 
Source: 10  
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According to Van Wassenhove natural disasters can be both ‘slow onset’ such as famines or ‘sudden onset’ 
such as earthquakes or hurricanes or cyclones. In reclassifying to only include the natural disasters we can 
have ‘sudden onset’ meaning having only a few hours warning to ‘ medium onset’ meaning having a few 
days warning and ‘slow onset’ meaning have a week or more warning. Table 6 demonstrates this 
reclassification to measure the warning timelines of natural disasters typically occurring in Australia.  
 
Table 6  Reclassification of Natural Disasters Timelines suitable for Australian Conditions 
 
 
 

 Natural 
Disaster 

Extent of Warning 

Sudden Onset  Bush fires 
/Flash Floods 

Few hours  

Medium Onset  
 

Cyclones 2-3 days 

Slow Onset  
 

Floods  2-10 days 

 
 
Coupled with this classification model is the timelines required to meet the extent of preparation required to 
ensure safety and immediate resilience of affected communities.  The time of warning influences the extent 
of the preparedness that needs to occur in the preparedness phase of the DMC as little can be done beyond 
evacuations in the short time periods before all these disasters.  
 
THE DISASTER MANAGEMENT CYCLE 
 
The disaster management cycle is a dynamic process that focuses on disaster risk management to enable 
involved organisations and users to improve activities relating to prevention, preparedness, response and 
recovery.  As shown in Figure One the cycle is a continuum of linked activities. These activities overlap and 
support each other.  
 

Figure 1                           Disaster Management Cycle  

 

Source: 11 

Across all phases of the DMC both professions play a major role.  
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FINDINGS FROM PRELIMINARY SURVEY  
 
A pilot survey of semi structured interviews of approximately fifty respondents located in Townsville, 
Brisbane and Melbourne was undertaken during November, 2012. The aim was to make contact with the key 
management and military personnel involved in the recent disasters. Engineers and logisticians in the 
Australian Defence Force, four major private engineering firms, two major logistics companies and members 
of various agencies involved in relief and recovery operations were interviewed. The questions were open 
ended. The findings presented below emerged from these discussions which ranged across all phases of the 
disaster management cycle.  
 
IMMEDIATE RELIEF PHASE 

Resilience of the community begins prior to the disaster and during the immediate relief stages. It is then 
continually strengthened and reinforced during the rehabilitation, recovery and above all the preparedness 
stages. The level of resilience is susceptible to the extent of the human and physical damage experienced.  
This level of resilience can be increased if the engineers and logisticians have coordinated and collaborated 
effectively in the preparedness stages. During this relatively short emergency and transition period the 
logistics support is characterised by flexibility, robust adaption to emergency conditions and speed.12 

Primarily, emergency relief logistics is adapting the conventional logistics capability to a constrained 
environment. The logistical activities include the creation and confirmation of planned distributions. This 
requires an assessment of the existing operating environment and subsequent adaptations. If a relief logistical 
plan had been developed in the prevention/preparedness stages then minor variations would only be required 
to adapt to the particular level of the crisis. If a plan has not been previously developed then the chaos of 
surge pushes to the crisis area reduces the effectiveness of the relief operations as well as lowering the levels 
of community resilience. The coordination of aid contributions and distributions is vital during this 
emergency relief period. If a plan has been previously developed in the preparedness stage then both the 
coordination of the receipt and despatch of relief aid will run smoothly. Nevertheless the main aim for 
logisticians in this period is to ensure that the required supplies are delivered as quickly as possible to those 
in need. Thus the three key steps are:  
• Confirming and/or creating a distribution plan 
• Coordinating the incoming aid contributions 
• Establishing and coordination a robust supply chain to the affected areas.  
 
The engineers support logisticians in this period by undertaking the initial buildings, infrastructure, 
transportation and warehousing condition reports to enable the supply flows to reach as many victims as 
possible as quickly as possible. If pre-condition reports have been undertaken and recorded in previous 
preparedness stages, then the engineers will be able to quickly establish the best inflowing routes for debris 
clearance, safety and security.  Findings from Townsville ADF and local industry representatives indicated 
that planning was well co-ordinated and given the small communities and local knowledge, the personnel 
involved were known to each other and communicated quickly and effectively.  
 
REHABILITATION AND RECOVERY PHASE 

The recovery and reconstruction phases are the least discussed aspect of humanitarian aid. The rehabilitation 
and recovery periods transition from the emergency phase. The intent of this recovery phase is to: assist a 
community affected by an emergency or a disaster in reconstruction of the physical infrastructure and 
restoration of emotional, social, economic and physical well-being13. The community enters into a longer 
term outlook. The recovery period is the protracted time when the affected community begins to return to its 
functional levels. The logistical inflows change from subsistence goods to a more consistent supply of non-
subsistence materials such as construction materials, farming supplies, roads and infrastructure engineering 
requirements and IT equipment. After damage assessments have been completed the logistical needs will 
begin to alter as the infrastructure clearing and rebuilding begin. Vital feedback for future mitigation 
activities such as identifying training needs, facilities assessments, relocation and rebuilding aspects should 
be included in the evaluations. The immediate interaction between the logistical needs to proactively 
improve resilience needs to be communicated within the two professions and worked out together so that a 
build back better infrastructure develops. This occurred in the Brisbane region where the lessons learnt 
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ranging from bridge height requirements advised from distributors to victims; from IT collapses related to 
electrical engineers in industry and military; from packaging needs for various smaller south east Queensland 
communities and logisticians to engineers providing infrastructure rebuilds all contributed to improving 
community resilience due to the two professions communicating more effectively. It is in the recovery phase 
that the engineers can gain advice from the logisticians to plan the reconstruction phase to improve 
resilience.  
 
RECONSTRUCTION PHASE  
 
The reconstruction phase can extend over years. Engineering works rely on logisticians to keep materials 
supplied on time, within schedule and budgets.   
“Doctors Save Lives, Engineers save Communities and Logisticians enable them to do so” 
This statement demonstrates that in the immediate relief phase, the concentration is often on the individual 
not the community, but it is the transition from relief to recovery with the reconstruction of communities and 
where the efforts of engineers come to the fore. 
 
Engineering inputs influences the three properties associated with resilience of communities, namely, 
physical, procedural and social characteristics.14 The physical nature of engineering works are the most 
obvious and observable contribution by engineers to community resilience, whether this be rebuilding 
infrastructure after an event or the construction of mitigation works such as levee events prior to disaster.  
These works become critical to the community due to the nature of the systematic approach and the forgotten 
affects of engineering in social cohesion.  
 
Community resilience is affected in part by a systematic approach, reliant on technical mastery of 
engineering.  Disaster risk reduction15 relies on the understanding of Hazard/Exposure/Vulnerability/Impact, 
and vulnerability is where engineering can make the most difference by structural examination, construction 
of models and provision of adaption options mapping potential consequence and providing advice on 
appropriate design.  This is supported by a coherent and well tested system of high professional standards 
and education of engineers.  Furthermore, creative or innovative engineering underpins a path of continual 
improvement, with reviews of standards and engineering practices embracing new and appropriate 
technology.  
 
Quality engineering works delivered in a systematic way provides a pact between the engineer and the 
community.  This pact is based on the social value provided by engineering, which makes communities feel 
safe from disasters.  The construction of dams and levees keep communities safe, but when engineering fails 
to deliver the expected safety dividends, the bond of social trust is broken. A current example of engineering 
failures associated with disaster affecting community trust is the Canterbury Earthquakes of 2011, and 
specifically the collapse of the CTV building, which killed 115 people. The New Zealand Royal Commission 
specifically examined the engineering profession and has identified deficiencies in the training, registration 
and ethics of professional engineers.16   
 
From a logistical perspective, reviews of standards and operational practices concentrated on the 
informational and visibility capabilities of delivery during the Brisbane floods. The communications between 
isolated communities in the Victorian fires in the immediate aftermath for delivering relief was totally 
inadequate. Operational distributions were held up by policing requirements, lack of engineering information 
about structural clearances and overall the lack of co-ordination impacted heavily on relief services.    
 
 
PREVENTION/MITIGATION PHASE 

Adequate planning and mitigation action reduces the need for disaster assistance.  This phase aims to identify 
activities which seek to eliminate or reduce the impact of hazards themselves and/or to reduce the 
susceptibility and increase the resilience of the community subject to the impact of those hazards.17 This 
phase is designed to develop and implement risk management strategies prior to a disaster rather than 
actioning crisis management strategies during the response phase.  The ‘Last mile distribution’ in disaster 
affected areas can be complex, especially when dealing with large problems.18  Logistic needs for this phase 
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would include assessing the local infrastructure to determine whether it is sufficient and robust enough to 
support disaster relief activities and, if required, enhancing the local infrastructure.  Secondly, calculating the 
basic needs liability of the affected community and determining where these items are to be sourced, stored 
and distributed.  Mitigation activities reduce the likelihood of disaster occurrence or its effects, if 
unavoidable.19  
 
PREPAREDNESS PHASE 
 
The preparedness phase develops activities which establish arrangements and plans and provide education 
and information to prepare the community to deal effectively with such emergencies and disasters as may 
eventuate.20 It requires knowing the needs of the end users. End users include not only the affected citizens 
of a disaster but also the organizations both public and private that provide assistance to the affected 
communities. Thus, to achieve a level of readiness requires coordination and sharing of information with the 
end users and all the stakeholders. The main purpose of this phase is to build 'whole of government' 
partnerships and exercise the disaster response process to develop the best possible disaster relief response 
options effectively and efficiently. Preparation stage aims to achieve a level of readiness to respond to any 
emergency through programs and measures to enhance the capacity of all stakeholders. 
 
The logistical needs for this phase would represent all resources required to train and exercise all agencies 
involved in the disaster response plan which allows flexibility to refine or modify the plan prior to real time 
activation. Pettit and Beresford highlight that if agencies concentrate on funding relief and develop 
inadequate logistic systems and processes to support the delivery relief, the system becomes reactive rather 
than proactive.21 The shift in focus from preparedness to response is a shift from risk management to crisis 
management. 
 
RECOMMENDATIONS TO IMPROVE RESILIENCE 

Embracing “Build Back Better” 

A betterment fund of $80 million has been offered by the federal government to the Queensland 
government to help Queensland recover and rebuild after the 2013 January and February flood events. The 
fund is  designed to assist  the rebuild of council owned roads and assets .   It  is being offered for the 
first time because build back better opportunities are not always possible, within the National Disaster 
Relief and Recovery Arrangements wh ich  require a’ like-for-like’ replacement of damaged infrastructure.   
The new funding scheme will streamline approvals and fast-track works needed “to build back local council 
infrastructure well above current engineering standards, making at-risk local government areas stronger and 
more resilient”.22  
 
The announcement of the betterment fund builds upon the work of the Queensland Reconstruction Authority, 
which was established after the 2010/2011 natural disasters, and mandated to ensure that Queensland learn 
from the disasters and improve asset resilience.  The authority recently reported on electrical infrastructure 
which recommended a review of networks and that major electrical infrastructure be designed to higher 
standards.23 After the 2009 floods a number of road and transport infrastructure projects in the ‘Operation 
Queenslander’ reconstruction program were built to improved standards and were found to be resilient in the 
2013 flood events. This infrastructure strongly supported the logistical support services in the immediate 
relief phase. However, engineers face a major dilemma in addressing the demands of ‘build back better’ due 
to the historical approach to current standards and codes, which explicitly meet minimum standards. 
Buildings are primarily designed and built to demanding safety tolerances focussed on saving life, but may 
not effectively embrace the requirement of functioning throughout disasters in a community setting. 
Furthermore, engineering factors impact the process of community relocation, which is undertaken to reduce 
vulnerability. In Christchurch New Zealand there are now over 6000 properties where the land is considered 
unsafe for habitation and communities must be relocated.  Critical to the decision to relocate these people 
was an engineering assessments of the uncertainty associated with the probability of successful 
reconstruction given ongoing seismic activity.24 
 
 



9 
 

 
Recommendations: 
 

1) The betterment fund be embraced and its application continued in a collaborative nature 
across layers of government, communities, and industry to determine “How much 
betterment is effective?” 

2) In order to enable ‘build back better’ in afflicted communities engineers continue to be 
innovative in the consideration of designs and codes and place a much greater emphasis on 
outcomes not merely minimum life safety standards. 

3) Greater emphasis is placed on vulnerability mapping and the associated risk in development 
of communities in conjunction with infrastructure development planning. 

 
Evolving the Partnerships 
 
The rate and quality of the recovery allows the community to pull through or bounce back to its pre-disaster 
state.  An effective surge of engineering capacity is required in early phases which bridges relief, recovery, 
reconstruction and a return to normalcy.  An effective surge of engineering capacity is rarely if ever 
achieved, after disasters, and there certainly cannot be a standing engineering resource left idle waiting for a 
disaster to occur.  In Australia the Australian Defence Force is often called upon to fill the immediate gap in 
early recovery.  Only recently, in Australia has there been effort to understand the potential for contributions 
by specific industries, or to develop models of engagement that recognise the need for local action and 
ownership while being replicable, scalable and justifiable in business terms. Improved preparedness through 
better mobilisation of private organisations with engineering and logistician specialisations will assist the 
management of recovery, and facilitate effective ‘build back better’ programs. 
 
The United States Federal Emergency Management Agency (FEMA) is clearly ahead of Australian 
emergency agencies in the utilisation of commercial engineering agencies.  Following the Hurricane Katrina 
disaster the United States made extraordinary changes to the systems of response and recovery.  One area 
was the engagement of the engineering industry.  The standing contract arrangements aim to set standards 
and clear understanding of the obligations between government and industry.  This is a fundamental part of 
maintaining community resilience in the US and provides support for state, local governments and private 
non-profit organisations requiring recovery services including; damage assessment, cost estimating, and 
eligibility determination.25  
 
In the consideration of international disasters the World Economic Forum has developed a new framework 
for the engagement of the engineering and construction industry sector during relief, recovery and prevention 
efforts as a result of natural disasters.26 This report aims to serve as a catalyst for greater private sector 
involvement in responding to natural disasters, and goes beyond the traditional notions of achieving 
humanitarian action through volunteers.  It uses the most powerful engineering capacity which resides in 
industry to undertake humanitarian engineering across the disaster management cycle.  It combines global 
profit and not-for-profit endeavour in a new arrangement and allows the integration of state capabilities into 
private platforms. Government provides the platform for ‘build back better’ through public/private 
partnerships. 
 
Recommendations:  
 

1) Develop an improved regime of engineering preparedness for early recovery facilitating a 
more co-ordinated ‘build back better’ program. 

2) Ensure greater advantage be taken of the niche specialist capabilities and existing networks 
of engineers and logistics in a ‘shared values’ construct similar to the US and World 
Economic forum initiatives. 

 
Encouraging Collaboration 

Engineering decisions in response to disasters must be made quickly, often with limited information, and this 
principle addresses the need to improve the quality of information available to engineers.  Effective 
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information management relies on the understanding of the complex multi-dimensional information 
requirements of each layer of government, across communities and critical technical boundaries. Shared 
knowledge is built on information interoperability; transferring and using information in a uniform and 
efficient way across multiple organisations and information technology systems, while still managing 
security risks. The adoption of agreed standards for managing and sharing information reinforces a culture of 
collaboration and allows for more consistent alignment of messaging.  Shared knowledge provides an 
opportunity for a feedback loop in the organisational learning loop, and if knowledge is combined with 
authority, it will allow for ongoing improvement across the disaster management cycle. 
 
Teams across the disaster management cycle need to develop integrated approaches within established 
authorities with professional trust and interoperability.  The development of institutional familiarity, trust and 
transparency between engineers which is enabled through frequent personal contact across multiple networks 
will assist multiagency team performance.  Organisational relationships that make best use of these 
professional ‘peer to peer’ engineer relationships developed throughout the preparedness cycle will be best 
able to work in relief, recovery and reconstruction operations. A collaborative approach must be underpinned 
by a shared understanding across agencies and a clear articulation by the leadership group of common 
strategic objectives.  Success in this approach depends upon the ability of all to plan collaboratively, resource 
appropriately and respond quickly through an integrated, whole-of-community approach to a dynamic 
situation.  Flexibility in each disaster situation is important, as each situation will occur within a unique 
socio-political context; and a 'one-size-fits-all' approach is neither possible nor desirable.  
 
Recommendations: 
 

1) Promote shared engineering knowledge by making the best information addressing the 
most pressing need at the correct time available in a shared organisational framework. 

2) Encourage a collaborative and flexible approach in which engineers work together to 
achieve a shared goal. 

3) Encourage and leverage ‘Peer to Peer’ professional engineering relationships which build 
on trusted bonds between professionals across organisations to deliver improved 
multiagency disaster management performance. 

 
CONCLUSION 

As Australia’s population grows and its economy expands, more people and assets will become vulnerable to 
the impacts of extreme weather events, requiring communities to be more resilient to disaster.  Particular 
policy notions of ‘build back better’ to achieve the community bounce back after disaster require the same 
professional attention as that paid to the front end emergency management systems.  The commitment of a 
‘betterment’ fund in Queensland is a long overdue acknowledgment of this requirement, but ‘build back 
better’ is not simply improved disaster mitigation.  Implementation of the ‘betterment’ fund requires a 
delivery of robust systems that achieve community outcomes.  To that end the integration of niche specialist 
capabilities and existing networks of engineers and logistics underpins the physical, systems and social 
requirements of a resilient framework. The local expertise of engineering and logistic services is critical to 
understanding the systems in place.  Specifically, engineers need to be more innovative in the consideration 
of designs and codes that allow for a wider interpretation of resilient buildings in community. Community 
resilience is delivered through partnerships between all forms and levels of agencies, organisations and 
communities throughout the disaster management cycle but most critically during the preparedness phase.  
There is a need to develop an adaptive capacity based on the integration of engineering and logistics 
capabilities involved in disaster management, which focuses on humanitarian and social outcomes based on 
trusted well practiced community collaboration. The connections between the engineering and logistical 
professions have been demonstrated in this paper to show that community resilience will be improved with 
closer collaboration, preparedness formalised in contractual partnerships and government recognition to 
build back better after disasters.  
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The study addresses the linkage of climate disaster resilience and risk communication. The adoption of 
Climate Disaster Resilience Index (CDRI) at the micro-city level (sub-district level) of Bandung, Indonesia, 
demonstrates an approach to disclose the resilience of physical, social, economic, institutional, and natural 
dimensions of different areas within the city. The focus on resilience aims to foster actions enhancing the ca-
pacity of the city to future climate-related disasters through adequate planning decisions. Enabling this, 
communication envisages as the last mile of this comprehensive assessment on how the risk and resilience 
information collected at and conveyed to the root level. Women’s association, as one of major communi-
ty-based society organization of Bandung has the potential in conveying that information to wider communities 
which would trigger them to take actions. A set of indicators in Social Institutional and Economic Resilience 
Activities (SIERA) approach is developed to characterize the delivering process of risk information by women 
through their activities at sub-districts and wards. The data was collected through a questionnaire survey 
method using the SIERA approach. Women’s leaders at wards were surveyed concerning their perceptions on 
these 45 scopes of SIERA, on going activities, and their risk information source and dissemination process. 
Results indicate that women’s organization activities in Bandung implement a certain degree of risk commu-
nication, which is embedded in their activities by involving the local government and vice versa. It confirms 
that women through their social networks can become active agents of change and act beyond their usual 
domestic roles and responsibilities in order to contribute to the overall the enhancement of city resilience. This 
also reveals that enhancing the resilience is required at the very local level to meet the city’s needs, creating the 
synergy between government and women. 

 
   Key Words :government, women, disaster resilience, risk communication, SIERA 
 

1. INTRODUCTION 
 
    The World Population Report as the “The Urban Millennium” stated that world is becoming increasingly 
urbanized and recognized by the United Nations1). In year 1950, 30% of the world’s population lived in cities 
and as of recently, the population has reach up to 50% making year 2007 a turning point in the history of urban 
population growth 2), 3). By year 2030, the United Nations expects more than 60% of population to be living in 
cities4). And as showed by Surjan and Shaw5), by year 2050, the world’s urban population is expected to grow 
by 3 billion people. Most of this growth will take place in developing countries, indicating cities and towns 
doubling urban populations6). As it has been summarized, from 1991 to 2005, more than 3.5 billion people 
were affected by disasters; more than 950,000 people have taken their lives unwillingly and have reached 
damages for nearly 1,193 billion US dollars. Wahlström7) mentioned that developing countries will suffer the 
most from climate change, since they are disproportionally affected and have intrinsic vulnerabilities to haz-
ards and so far has struggled in increasing the capacity for risk reduction measures. While urban areas are 
growing and some cities, like Bandung, Indonesia are expected to become a metropolitan, three main questions 
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arise: how these growing cities can meet the basic needs (electricity, water, sanitation, development, etc.) for 
their citizens, how they are going to perform if hit by a disaster, and how they communicate the risks to the 
communities. The pressures of urbanization and location in hazardous areas on the one hand increase the 
cities’ risk to potential disasters, but on the other offer them to plan and adapt more effectively to climate 
change impacts as much of the projected population growth is yet to occur8). 
   Bandung City demonstrates an ideal example of a city with large prospects to grow (population, economi-
cally, etc.), however it confronts floods during the last decade. The local government took up necessary 
countermeasures for flood risk reduction. However, the measures are more on structural mitigation and do not 
touch and address directly the communities’ specific needs. What the community needs is a communication 
mechanism that ought to address their coping capacity, which means actions or activities that could lead them 
to being a resilient community. This emphasizes the existing level of community resilience have to be meas-
ured and communicated widely and therefore calls for risk communication at the community level9). For 
example, the need for urban flood risk information at the local scale is one of the central issues. Such infor-
mation is necessary in order to assess the impacts of urban floods on city systems (on human and environment), 
and to develop suitable adaptation as well as mitigation strategies at the local level in order to provide solid 
basis for guiding the response options to flood threats in urban areas6). Furthermore, focusing on the commu-
nity resilience is requiring the need for Community-Based Disaster Risk Reduction (CBDRR) activities 10), 11). 
It is emphasizing on what communities can do for them and how they could strengthen their capacities. Such 
CBDRR activities exist in Community-Based Society Organizations (CBSOs) in Indonesia, including in 
Bandung like Women Welfare Associations, Youth Unions, and Faith-Based Organizations12), which confirms 
as the potential risk communicators in Bandung. 
   To sum up, this paper focuses on resilience that aims to foster actions enhancing the capacity of Bandung to 
future climate-related disasters through an assessment tool13) in measuring city’s resilience or capability to 
withstand climate-related disasters Enabling this, communication envisages as the last mile of this compre-
hensive assessment on how the risk and resilience information collected at and conveyed to the root level. 
Women’s association, as one of major community-based society organization of Bandung has the potential in 
conveying that information to wider communities which would trigger community to take actions. The next 
sections describes the climate-related disaster resilience assessment tool applied in Bandung, the WWAs as 
potential risk communicators, and lastly the notion of synergy of resilience assessment and risk communica-
tion. 
 
 
2. RESILIENCE OF BANDUNG 
 
(1) The used concept of resilience 
   Cities consist of more than just the social fabric and relations among communities that are knitting them 
together. It would then asserted that the resilience could be understood in an urban areas in which the com-
munities are regarded as the key actors in such a system. Moreover, the constructed physical character (in-
frastructure, housing, etc.) of a city is another key aspect in shaping the overall resilience of a city to disas-
ters 14), 15), though, Valle and Campenella15) argued that this would not mean that the physical condition of cities 
are more important than how the communities (socio-economic condition) manage disastrous situations. As 
both aspects are fundamental parts of the whole construction of a city. This implies that the focus on com-
munities as key actors in shaping the resilience to disasters, which is reflected in UNSIDR16) definition. 
   UNISDR16) defines a more universal term of resilience as: “ the ability of a system, community or society 
exposed to hazards to resist, absorb, accommodate to and recover from the effects of a hazard in a timely and 
efficient manner, including through the preservation and restoration of its essential basic structures and 
functions.” To summarize various scholars, the resilience concept used in this study is not restricted to define 
and understand the ecology phenomena only, but also it is applicable in a social-ecological context, which may 
include more than one community 17), 18), 19). Moreover, Carpenter et al.18) emphasized on the ability on an entire 
system to manage with disturbance (such as a disaster) and if possible to adapt. It confirms that a more capable 
or resilient city may lead to reduced losses and damages to human lives and infrastructures. As a result, the 
understanding of a disaster resilient city is multi-facetted and involves different actors and dimensions such as: 
physical, natural, socio-economic, and its institutional response during a disaster. The next question on how 
this city’s resilience is measured or assessed will be described in the next section. 
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(2) The tool to measure or assess the resilience 
   The need of resilience assessment in urban areas grows stronger and acknowledged. The tool to measure or 
assess the resilience, named as Climate Disaster Resilience Index (CDRI) is developed by Joerin and Shaw13). 
The CDRI provides a comprehensive baseline assessment that addresses the linkages between various actors 
and components (physical, social, economic, institutional, and natural dimension) of a city. According to 
Joerin and Shaw 13), those five dimensions are inline with its 25 parameters/indicators and 125 variables are 
shaping the overall content of the CDRI questionnaire and adopted for assessments at micro-level in the cities. 
So far, 33 cities in South and South East Asia were assessed by CDRI, including Bandung City, Indonesia.  
   While the CDRI questionnaire consists of 125 variables, equally split into five dimensions and again divided 
into five parameters; moreover, each variable provides five choices of answer between not/available/very poor 
(1) to best (5). In addition, all variables within parameter, consisting of five variables, have to be ranked be-
tween each other in the range of not important (1) to very important (5) in order to give a particular weightage 
in the calculation of CDRI scores. Then, accordingly, the constant use of five choices, ranks, or weights allows 
the adoption of a formula named weighted mean to calculate the results for each variable, parameter and di-
mension of the CDRI in a standardized and harmonious approach13). The key respondents of this assessment 
are the local government agencies, however, generally different departments within local government, mainly 
the planning department, are required to provide answers either through secondary data for quantitative 
questions or through a well-thought perception to provide responses for qualitative questions, as well as 
quantitative ones for which no data is available. Furthermore, this context-based analysis provides exemplified 
appropriate solutions for the effective development of sound solutions/practices in those sectors where the 
condition is lowest. In other words, the CDRI tool allowing the city measures its resilience quantitatively and 
provides space for improvement (enhancing the resilience). 
 
(3) The CDRI applied at the micro-city level of Bandung 
a) Background of Bandung 
   Bandung is the capital city of West Java Province, which is the densest populated region in Indonesia to 
which Bandung contributes approximately 2.5 million citizens. Bandung is divided into 30 sub-districts and 
151 wards and located in various geographical locations such as mountain, river and plain areas (Fig.1). 
Bandung is described as a promising city with opportunities in business and has extensive administrative, 
commercial, and industrial activities as well as being the center of higher education 20). The increasing op-
portunities offered by Bandung have contributed largely to its urbanization and as a result, the city population 
has grown rapidly. Currently, the drainage system, which dated from Dutch Colonialism time in 1810, cannot 
accommodate larger population than before. The change in demography has led to the increasing vulnerability 
of Bandung to disastrous events 9).  
   Thus Bandung has been regularly impacted by intense weather events, such as increasing floods and exposed 
from routine floods. More than 70% of the 30 sub-districts are usually inundated during high-precipitation, 
with 68 inundation locations identified by the Bandung Construction and Water Service 21). This implies that 
the need of Bandung resilience assessment to climate-related disaster is compelling. And why the assessment 
is at the micro-city level (sub-district)? The diversity within a city and its impact on vulnerabilities and resil-
ience is crucial in investigating the strength, weakness, opportunities, and threats of city’s sub-districts. 
Moreover, for a well governed urban center it is utmost needed to know the specific location and place specific 
needs through strong local information 22). Thus, the assessment of resilience and communicating it to the 
communities is essential in building the resilience. The next section discusses the results of Bandung CDRI 
assessment at sub-districts, followed by the risk/resilience communication part by the WWAs. 

 
Fig.1 Bandung City and its 30 sub-districts23) 
 
b) Results of the resilience assessment  
   The overall CDRI values of the sub-districts are shown in Fig.2. The lowest resilience values are scored by 
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the poor areas as well as socially disadvantaged, specifically in the economic resilience indicates by budget 
and subsidy for disaster risk management and reduction and in the natural resilience indicates by the frequency 
of natural hazards. The highest resilience values are marked for the social resilience indicates in the health 
sector; the physical resilience by electricity, water, and accessibility of roads; and for the institutional resili-
ence indicates by institutional collaboration with other organizations and stakeholders during a disaster. 
   The rest of the majority sub-districts have similar middle-class resilience values, of which the variations of 
the scores are very small. Nevertheless, all the resilience values show in the diagrams pointed out to have 
similar values to each other, a potential opportunity to improve at the same starting point of development take 
off and grow collectively towards the enhancement of Bandung climate-related disaster resilience.  
 

 
Fig.2 Climate-Disaster Resilience Levels of Different Areas of Bandung City in Five Different Dimensions 
 
 
3. LINKING RESILIENCE AND COMMUNICATION 
 
(1) The linkage 
   The last mile of the urban resilience assessment is the communication, which how the risk and resilience 
information collected at the root level are conveyed to wider communities in cities that would trigger them in 
taking actions. For that, the social, institutional, and economic resilience actions (SIERA) is the media for 
conveying the risk and resilience information of social, institutional, and economic issues, which was covered 
in CDRI (assuming that the physical and institutional actions will be delivered by the local authority) through 
Community-Based Society Organizations (CBSOs) identified in cities, such as the women groups. These 
actions can be promoted and delivered by various means, such as by printed and electronic media (newspapers, 
television and radio), social media (such as interactive communication through social networks), and com-
munity type of disaster risk reduction (DRR) activities, which the latter one is the focus of the study. Fig. 3 
describes the overall framework of linking the resilience assessment to communication 9). This study has an-
alyzed the women groups (WWAs) of Bandung as the risk communicators in taking the SIERA and is de-
scribed in the following section. 
 

 
Fig.3 Risk communication framework for Bandung City10) 

 
(2) Risk communication 

At this point, women in WWAs with their social networks come into the stage on how to convey the risk 
messages through the risk communication framework; hence women’s and community’s resilience can be 
enhanced. Fig.3 shows the risk communication framework, adapted from Kikkawa’s risk communication 
framework 24) with WWAs as the risk communicators. Putting the women at the center could bridge commu-
nication between government and community as well as direct risk information senders to the women them-
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selves and the communities at large in Bandung.  
 The WWAs are key actors in community activities and include most of the women in the households. With 

49% of Bandung’s total population, women have an important role and certain level of authority in the 
community, especially due to women associations existing at the national, provincial, and local levels and 
disaggregated in regencies, cities, sub-districts until wards, as the lowest administration unit. Although the 
women association movement is steered at the national level by the wife of the Minister of Home Affairs as 
Head, policies and programs are customized at the local context. Women’s associations at the city level is 
headed by the wife of the mayor, in sub-districts headed by the wife of sub-district leader, and in wards headed 
by the wife of the ward leader. Since the Bandung City Government consists of 30 sub-districts and 151 wards, 
accordingly, there are 30 WWAs existing at the sub-district level and 151 at the ward level, which have direct 
link to women in the households at wards. The term of the leaders, who are appointed by the mayor, is ter-
minated when their husbands finish their five-year term leadership.  

  The SIERA of WWAs covers all the periods (before, during, and after disaster) in disaster management. To 
use SIERA in different disaster phases is important; hence McEntire 25) emphasized that a holistic approach is 
needed to the disaster problem. What is needed is an approach that addresses all agents and all actors, and all 
phases pertaining to disaster vulnerability. In this respect, the scope of SIERA approach sets then the course of 
DRR activities corresponding to three dimensions and 15 primary indicators. In total, there are 45 scopes of 
women’s DRR activities that will describe the whole concept of the SIERA (Table 1). The dimensions and the 
primary indicators are adopted one to one from the previously mentioned CDRI. 
 

Table 1 WWAs social, institutional, and economic resilience activities (SIERA) transformed from CDRI 10) 

 WWAs DRR (resilience) activities in SOCIAL issues (before, during, and after a disaster) 

Scope  Population, Health, Education and awareness, Social capital, Community preparedness during a disaster 

Example: health campaign, emergency and warnings, education and access to resources, etc. 

 WWAs DRR (resilience) activities in INSTITUTIONAL issues (before, during, and after a disaster) 

Scope Mainstreaming of DRR and CCA, Effectiveness of crisis management, Knowledge dissemination and 

management, Institutional collaboration, Good governance  

Example: training for volunteers, networking, disaster information gathering, etc. 

 WWAs DRR (resilience) activities in ECONOMIC issues (before, during, and after a disaster) 

Scope Income, Employment, Household assets, Finance and savings, Budget an subsidy 

Example: small-scale insurance, inventory of non- and destroyed household assets, linking local government in 

rehabilitation of education sector, etc. 
 
The combination of applied quantitative questionnaire survey and qualitative focus group discussion of 

SIERA with WWAs’ leaders at sub-districts (30) and wards (119 out of 151) in Bandung have resulted that 
WWAs performed more than 70% percent of the SIERA (from Table 1), of which most of their activities are 
indicated in the CDRI. This implies that WWAs have touched DRR activities by their monthly, even quarter 
and annual activities hand in hand with their surrounding communities and the local government, with or 
without a disaster event. This shows that WWAs as one of major CBSOs in Bandung City are un-
der-consciously attempting in building or even increasing the community resilience. 
 
 
4. CONCLUSIONS 
 

The risk communication framework and WWAs SIERA provide the platform for communities’ interaction, 
where risks are informed, actions are taken in reducing the risks, and at the same time providing the oppor-
tunity in increasing the resilience. Thus, WWAs are bridging the communication from local government to 
community, connecting resilience assessment to taking actions. Moreover, the WWAs in Bandung are unique 
due to their organizational character where their leaders are the spouses of sub-districts and ward leaders. This 
implies that the information flow from government to the WWAs and eventually via WWAs to the wider 
communities through WWAs SIERA is ensured.   
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  The adoption of CDRI by local government to address the city’s resilience at the micro-city level showed 
different capacity and potential ability of various sub-districts in Bandung and how they are likely to respond 
to climate-related disasters. The following step, which is the communication by the women groups’ (WWAs) 
activities are the potential in triggering actions specified to the local context and needs of the communities. 
This underlines that the resilience assessment should go beyond risk communication, which would enhance the 
overall city’s resilience and is creating a synergy between the local government and women’s groups as one of 
the major CBSOs in Bandung City. 

 
 
ACKNOWLEDGEMENT: The authors are highly appreciated the cooperation of Bandung City Government 
and WWAs of Bandung City in undertaking this study. The first author is thankful Japanese Government 
(Monbukagakusho, MEXT) for scholarship and support from the Global Center Of Education-Human Security 
Engineering (GCOE-HSE) Program of Kyoto University in the conduct of this study. 
 
 
REFERENCES 
1) UNFPA: State of World Population Report 2007. Unleashing the Potential Urban Growth. United Nations Population Fund, 2007. 
2) Kreimer, A., Arnold, M., and Caitlin, A. (eds.): Building safer cities; The future of disaster risk. Disaster Risk Management 

Working Paper series No.3. Washington DC, World Bank, 2003. 
3) UN-HABITAT: Enhancing Urban Security and Security. Global Report on Human Settlements 2007. United Nations Human 

Settlements Program. Earthscan. London, Sterling, VA, 2007. 
4) Munich Re: Megacities, megarisks; Trends and challenges for insurance and risk management. Munich Re Group, 2005. 
5) Surjan, A.K. and Shaw, R.: Essentials of Urban Disaster Risk Reduction. Chapter 32. In Shaw, R.; Krishnamurthy, R.R. (eds.). 

Disaster Management – Global Challenges and Local Solutions. Universities Press, India, pp. 543-555, 2009. 
6) Mulyasari, F., Shaw R., and Takeuchi, T.: Urban flood risk communication for cities. In R. Shaw and A. Sharma (eds.) Climate and 

Disaster Resilience in Cities, Community, environment and disaster risk management, Volume 6, Emerald Books, Emerald Group 
Publishing, Bingley, UK, pp. 225-259, 2011. 

7) Wahlström, M.: Disaster risk reduction, climate risk management and sustainable development. World Meteorological Organiza-
tion Bulletin 58, no.3.pp: 155-174, 2009. 

8) Satterthwaite, D., Huq, S., Pelling, M., Reid, H., and Lonkao, P.R.: Adapting to Climate Change in Urban Areas. The possibilities 
and constraints in low-and middle-income nations. Human Settlements Discussion Paper Series. Theme: Climate Change and 
Cities-1. International Institute for Environment and Development (IIED), 2007. 

9) Mulyasari, F and Shaw, R.: Role of Women as Risk Communicators to Enhance Disaster Resilience of Bandung, Indonesia, (review 
in progress in Natural Hazards Journal), 2012. 

10) Twigg, J.: Characteristics of a disaster-resilient community: a guidance note. The DFID Disaster Risk Reduction Interagency 
Coordination Group, 2007. Available at http://www.preventionweb.net/files/2310_Characteristicsdisasterhighres.pdf 

11) Victoria, L.: Community capacity and disaster resilience. In Shaw, R.; Krishnamurthy, R.R. (eds.). Disaster Management – Global 
Challenges and Local Solutions. Universities Press, India, pp. 338-351, 2009. 

12) Mulyasari, F. and Shaw, R.: Civil society organization and disaster risk reduction in Indonesia: Role of women, youth, and 
faith-based groups. In Shaw R (ed.) Community-Based Disaster Risk Reduction, Community, environment and disaster risk 
management, Volume 10, Emerald Books, Emerald Group Publishing, Bingley, UK, pp. 131-150, 2012. 

13) Joerin, J. and Shaw, R.: Mapping climate and disaster resilience in cities. In Shaw R, Sharma A (eds.) Climate and Disaster Re-
silience in Cities, Community, environment and disaster risk management, Volume 6, Emerald Books, Emerald Group Publishing, 
Bingley, UK, pp. 47-61, 2011. 

14) Godschalk, D.R.: Urban Hazard Mitigation: Creating Resilient Cities. Natural Hazards Review, Vol. 4(3), pp. 136-143, 2003 
15) Valle, L. and Campanella, T.: The resilient city: How modern cities recover from disaster, Oxford University Press, New York, 

2005. 
16) UNISDR: 2009 UNISDR Terminology on Disaster Risk Reduction, United Nations, Geneva, 2009. 
17) Adger, W.N.: Social and ecological resilience: Are they related? Progress in Human Geography, 24, 347-364, 2000. 
18) Carpenter, S., Walker, B., Anderies, J.M., and Abel, N.: From Metaphor to Measurement: Resilience of What to What? Ecosys-

tems, Vol. 4, pp. 765-781, 2001. 
19) Folke, C.: Resilience: The Emergence of a Perspective for Socio-ecological System Analyses, Global Environmental Change, Vol. 

16, pp. 253-267, 2006. 
20) Government of Bandung City: Official Information Site, 2009. 
21) Bappeda Kota Bandung: Bandung City infrastructure and spatial planning information and data book year 2010, Bandung Planning 

and Development Agency, Bandung City Government, Indonesia. (Buku data dan informasi infrastruktur dan tata ruang Kota 
Bandung tahun 2010, Bappeda Kota Bandung, Indonesia), 2010. 

22) Gulshan Ara, P., Joerin, J., Parashar, S., and Shaw, R.: Climate and Disaster Resilience Mapping at Micro Level of Cities. In Shaw 
R, Sharma A (eds.) Climate and Disaster Resilience in Cities, Community, environment and disaster risk management, Volume 6, 
Emerald Books, Emerald Group Publishing, Bingley, UK, pp. 103-127, 2011. 

23) Mulyasari, F., Shaw, R., and Takeuchi, Y.: Women as disaster risk reduction drivers in Bandung, Indonesia: Paving towards a 
resilient-community (review in progress in Disasters Journal), 2012. 

24) Kikkawa, T.: Risk communication: Aiming at mutual understanding and better decision making, Fukumura Press Tokyo Japan, pp. 
197 (in Japanese), 1999. 



 

 7 

25) McEntire, D.A.: Triggering Agents, Vulnerabilities and Disaster Reduction: Towards a Holistic Paradigm. Disaster Prevention and 
Management, Vol. 10(3), pp. 189-196, 2001. 

 
 
 
 



 1 

The Role of NGOs in Building Sustainable Community Resilience  
 
 

Julie Molloy and Tal Fitzpatrick 
 1Julie Molloy, Director- Social Engagement Initiatives, Volunteering Queensland 

E-mail: Julie.molloy@volunteeringqld.org.au 
 

 2Tal Fitzpatrick, Education Policy and Research, Volunteering Queensland, 
Email: Tal.fitzpatrick@volunteeringqld.org.au 

 

333 Adelaide Street, Brisbane, Queensland, 4000 
 

Abstract 

 

This paper will discuss the broad role that impact driven NGOs, in particular not-for-profit and communi-
ty/service organisations, play in disaster management and sustainable community resilience building through 
an exploration of the findings and documented impacts of the largest community resilience building program, 
led by a non-government organisation in Australia.  

 

Planning for crisis management, business continuity and protection of infrastructure and assets only comprise 
of the larger picture that is sustainable community resilience. Social capital, community competence and local 
leadership capacity are critical to a community’s capability to prepare, mitigate, respond and recover from 
disasters. These qualities are the social infrastructure which should inform and in many ways underpin the 
foundation of any hard infrastructure. However, in order to attain these adaptive capacities, long-term com-
munity development and capacity building strategies are required. 

 

There are inherent challenges for disaster management agencies trying to engage communities in dialogue 
around planning risk-informed response and recovery plans for disasters. Limited resources often inhibit the 
capacity of emergency services to undertake community education and engagement activities, which often sit 
outside their core business as response agencies.  

 

NGOs contrastingly are ideally placed to work in and with the communities which they service, to educate and 
support them at all stages of disaster management. Importantly, NGOs already engage with a large majority of 
those members in community which would be most vulnerable in disasters and have an ongoing and trusted 
presence in the community.  

 

This paper will argue that NGOs are uniquely placed to work in and with community over the long term in 
order to develop their adaptive capacities. It will advocate for the need to create stronger partnerships and more 
significant opportunities for the sector to engage in resilience building activities, providing an evidence based 
look at the outcomes and learning’s from the ‘Step Up’ program and describing the methodology and systems 
that support this type of qualitative work. 

 

Keywords: community resilience, sustainability, volunteering, disaster management, NGOs, Step Up  
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The Role of NGOs in Building Sustainable Community Resilience  

 
 

(1) Introduction  

 
In 2010 the Hon. Neil Roberts MP, Minister for Police, Corrective Services and Emergency Services in 
Queensland emphasised “the importance of volunteers in disaster and emergency preparedness, response and 
recovery” 1 Non-Government Organisations (NGO’s) were for the first time eligible to apply for Natural Dis-
aster Resilience Program (NDRP) funds. As the state peak body for volunteering in Queensland this opportunity 
provided Volunteering Qld further impetus to develop and deliver a strategic and innovative programmatic 
response, aimed at building sustainable community resilience, drawing on the learnings and experience of  over 
thirty years of work in the community and volunteer sector.     
 
Volunteering Qld was successful in achieving NDRP financial support for all six community resilience building 
initiatives which collectively made up the “Step Up- Building Qld’s Resilience” program;   this is Australia’s 
largest community resilience building program led by a non-government organisation.  These projects were 
developed based on a range of best practice community capacity activities and were a natural extension of the 
resilience building work that Volunteering Qld has been engaged in for decades, but they also leveraged the 
learnings and expertise gained through Volunteering Qld’s Emergency Volunteering -Community Response to 
Extreme Weather service (EV CREW), which has been in operation since before the North Brisbane area/ Gap 
summer storms in 2008.   Interestingly, out of the seventy projects applications2 approved in the second round of 
grants and the fifty five projects applications approved in the third round of funding3, only a comparatively low 
number of applications by NGOs were successful. 
 
This paper will describe some of the methodology and systems that support the qualitative work of Volunteering 
Qld’s Step Up program and Emergency Volunteering EV CREW service and will provide an evidence based 
look at the diverse range of roles that impact driven NGOs, particularly not-for-profit and community/service 
organisations, can and should play in building sustainable community resilience in Australia. Furthermore, it 
will argue the case that an increase in recognition, support, funding and partnership opportunities for impact 
driven NGO would translate to an increase in the number of locally initiated,  locally driven and relevant re-
silience building initiatives which are, by nature and design, sustainable, scalable and transferable to other 
similar communities throughout Australia.   
 

(2) The Step Up Program  

 
Volunteering Qld’s ‘Step Up’ program is a suit of six separate but related projects that target a range of different 
sections of the community at a variety of levels. The program provides tailored information, education tools, 
pathways to engagement and support mechanisms for individuals, leaders of community groups and organisa-
tions, business owners, young people and people who identify as being of Aboriginal or Torres Strait Islander 
decent.    The original six projects which made up the ‘Step Up’ program are:  
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1) Business Roundtable Extend 
2) Aboriginal and Torres Strait Islander Community Resilience Building Project 
3) Emergency Volunteering Portal  
4) Youth Communications and Resilience Project  
5) Emergency Volunteering Community Workshops 
6) Natural Disaster Resilience Leadership Project 

This program sits alongside Volunteering Qld’s Volunteering Community Response to Extreme Weather service 
(EV CREW) a statewide service for developed on the understanding that:  

“…pre-existing organisational networks and relationships are the key to rapidly mobilising 
emergency and ongoing support services for disaster survivors… developing organisational 
networks, coalitions, and cooperative agreements ahead of time is crucial, and that organisa-
tional plans should indicate how key constituencies will be involved. (Norris, Stevens, Pfef-
ferbaum, Wyche, Pfefferbaum. 2007. 143) 
 

EV CREW works to harness the strength of spontaneous and preregistered potential volunteers, who are often 
negatively regarded and regarded as an issue by disaster management agencies, rather than a legitimate asset and 
a sign of self-reliance and resilience. This is due to a perception that spontaneous volunteering is entirely chaotic, 
ill informed, unskilled, and reactive with uncoordinated individuals involving themselves in disaster manage-
ment operations unsolicited. However, Volunteering Qld supports the view that it should not be assumed “that 
just because a community is vulnerable, that it also lacks resilience (Enarson 2007).” (CARRI 1. P.4). Moreover, 
with the advances in technologies along with social media, combined with the “time poverty” phenomenon 
acknowledged as a global social trend by the United Nations Volunteer Programme, it can be argued that the 
traditional definitions of spontaneous volunteering should be reviewed and redefined.  Volunteering Qld has 
been at the forefront of this shift in Australia, comprehensively understanding the different motivational facets 
of these potential volunteers in supporting their own communities in times of disasters.  Furthermore, by em-
bracing the use of adaptive cloud technologies, social media and forming critical relationships with more than 
seventy disaster management agencies and other NGOs involved in disaster operations, Volunteering Qld has 
been advocating at a local and state policy government level on best practice and management of offers of as-
sistance from potential volunteers, across all components of from preparation, prevention/mitigation, response 
and recovery (PPRR). Volunteering Qld’s EV CREW service has evolved over the last five years to provide safer, 
more coordinated referral pathways for volunteers in disaster affected communities and where there is most need 
of assistance.  In doing so, more effective use of skill sets and locally sourced support is thoughtfully harnessed, 
whilst at the same time the capacity of volunteer involving organisations is further enhanced and supported to 
take advantage of a surge of assistance from members of the community wanting to provide a relatively small 
amount of individual time but have impact in their action.  In addition, these volunteer involving organisations 
can further caplitalise on peaking community interest by providing rewarding and fulfilling experiences and 
increase the likelihood of the volunteers repeating their experience, acknowledging “Connections do not hap-
pen; rather they are slowly developed and relationships increase mutual respect and understanding amongst 
relational partners (Bruning, McGrew & Cooper, 2006).” (Chia, 2010. 9). 
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As a small, dynamic and innovating NGO, Volunteering Qld is able to work at both a state-wide and at a local 
level, striving to ensure that communities across the state have an equal opportunity to take part in innovative 
projects, while maintaining the delivery of such projects are sensitive to local issues and needs. Importantly, 
recognising the nature of the NGO sector, the far reaching ‘Step Up’ program has been able maintain a level of 
flexibility and adaptability which allows it to meet the needs of diverse communities who are facing different 
hazards and who have very different levels of previous experience and existing adaptive capacities. 
 
With established ties in both the community and business sectors, Volunteering Qld, through its many services 
and programs, assists individuals, families, businesses and communities to become self-reliant – a fundamental 
component of any resilience plan. Through this multifaceted approach Volunteering Qld has been encouraging 
communities to become more focused on resilience; and upholding the principle that communities can create 
future opportunities for resilience development and improvement. With this in mind, this program and each of its 
components is seen as an essential first step in kick-starting local community resilience initiatives. 
 
The methodology of Volunteering Qld’s ‘Step up’ program was developed around an understanding that “To 
build collective resilience, communities must reduce risk and resource inequities, engage local people in miti-
gation, create organisational linkages, boost and protect social supports, and plan for not having a plan, which 
requires flexibility, decision-making skills, and trusted sources of information that function in the face of un-
knowns.” (Norris, Stevens, Pfefferbaum, Wyche, Pfefferbaum. 2007. 127).  This approach to resilience building 
as outlined in the work of Norris, Stevens, Pfefferbaum, and Wyche et.al breaks resilience down to a set of four 
adaptive capacities: Information and communication, community competence, economic development and 
social capital (see Appendix). This breakdown of community resilience has helped Volunteering Qld to take an 
effective and practical approach to the complex nature of community resilience building and each project works 
to develop one or more of these adaptive capacities (see table on page below).  
 
The cornerstone of the Step Up program is the goal of enabling communities to overcome the complex myriad of 
intertwining issues currently inhibiting community resilience. From Volunteering Qld’s experience, which in-
cludes holding workshops and varying levels of community engagement on the topic of community resilience 
throughout Queensland, Australia and internationally, it can be noted that the key inhibitors to community re-
silience include: an ever growing dependence on scarce government resources, a predicted increase in the 
number and severity of natural disasters due to climatic changes, a challenging economic environment, barriers 
to community participation (such as the culture of litigation and the cost of public liability insurance) and a lack 
of community interest and preparedness relating to disaster resilience.  
 
The table below outlines the key outcomes of each of the ‘Step Up’ projects along with what adaptive capacity of 
a resilient community they address and what the long term sustainable impacts of the project are.  
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Project Key Outcomes Adaptive Capac-
ity Addressed   

Sustainable Impact 

Business 

Roundtable  

Extend 

More than 60 local business leaders 

participated in capacity building and 

resilience workshops throughout 

Qld 

Almost half of the targeted100 

roundtables have been delivered 

throughout Qld so far with 

650particpants taking part in 

roundtable events throughout Qld 

Economic Devel-

opment, Social 

Capital.  Acknowl-

edgement of busi-

ness being an inte-

gral element of 

community, as em-

ployers as well as 

economic value  

adding entities 

Increased awareness of risk, need for 

planning and preparation to better man-

age business interruption 

Increased understanding, collaboration 

and connectedness out with traditional 

business networks. 

Aboriginal 

and Torres 

Strait Is-

lander 

Community 

Resilience 

Building 

Project 

More than 30 locations throughout 

Qld and the Torres Strait have been 

engaged in the multifaceted project 

which involves, children, young 

people, elders, business owners and 

volunteers.  

Social Capital, In-

formation and 

Communication, 

Community Com-

petence, economic 

development.    

Increased and delivered enabling collab-

orative engagement opportunities, yarn-

ing about resilience in communities in a 

way that is culturally sensitive and sup-

ports the existing legislative framework 

of emergency management. 

Emergency  

Volunteering 

Portal 

At the simplest level, providing 

useful content, the Resilient Aus-

tralia Qld award winning portal has 

been creating and building a strong 

online community. 15,547 resilience 

stars have been achieved through 

users completing Australia’s first 

online interactive the Disaster 

Readiness Index , 

Houses the portal providing easy 

online registration to offer volunteer 

assistance in emergencies Commu-

nity led since 2009. 

Almost 30, 000 volunteers have 

participated in a community re-

sponse to extreme events coordi-

nated through this service  

Information , 

Communication, 

Education, raising 

awareness, mecha-

nisms to harness 

social capital 

Ongoing volunteer support to state and 

local governments, NGOs and commu-

nity groups for disaster operations re-

quiring volunteer surge capacity, with 

almost 75,000 pre-registered volunteers 

choosing to stay connected and be called 

upon when needed.  

reference material to assist their pro-

cesses of resilience planning based on 

international and national best practice; 

planning strategies and templates 

providing guidance in harnessing com-

munity resilience and ensuring it is em-

bedded in community practices; 

Youth  

Communica-

tions and 

 Research and development of 

Smartphone application for  An-

droid and Apple iOS – two of the 

Information and 

Communication, 

Social Capital.  

Builds resilience to natural disasters 

amongst young people. 

Features various levels of engagement 
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Resilience  

Project 

most popular devices on the market 

today which has been downloaded 

4669 times so far. 

Almost 1,000 young people partic-

ipated in 52 sessions in 21 schools 

and community organisations across 

Queensland. 
 

with community, including direct facili-

tations, increasing awareness, enabling 

access to information through learning 

resources and capacity building.  

Ongoing Resilience Sessions, Certificate 

II in Active Volunteering with educa-

tional elements relating to preparedness 

and broader application of  the Ready Qld 

Smartphone Application outside the 

youth arena. 

Emergency  

Volunteering  

Community  

Workshops 

Almost 200 participants from a 

broad range of volunteer involving 

organisations throughout Qld were 

engaged in these workshops 

Information and 

Communication, 

Community Com-

petence.  

The workshop provided not only a net-

working opportunity for people to get 

together on this subject matter, but also to 

discuss what they have experienced, 

bring their ideas to table and learn from 

each other for future disaster events." 

Natural Dis-

aster Resili-

ence  

Leadership  

Project 

More than 200 participants com-

pleted the training throughout Qld 

Social Capital, In-

formation and 

Communication, 

Community Com-

petence, economic 

development.   

Increased understanding of resilience, 

supporting collaboration and equipping 

leaders to identify opportunities for 

self-reliance.  

Took action adjusted practice, apply 

learnings in practice have increased 

preparedness of their community 

Implemented new strategies or initiatives 

based on project material had dissemi-

nated project resources, 

 
(3) Why NGOs  

In Australia “The cost of disasters is borne, to a significant extent, by the Australian government. But the Aus-
tralian Government has very limited ability in its own right to improve resilience. It needs to use a collaborative 
and consultative approach in an attempt to embed the concept into those organisations that actually have the 
power to improve resilience.” (Bergin. 2011. 2).  
 
There are inherent challenges for disaster management agencies attempting to engage communities in dialogue 
around developing risk-informed response and recovery plans relating to disasters. Limited capacity often in-
hibits the ability of emergency service providers to undertake community education and engagement activities, 
which often sit outside the core business of response agencies. NGOs on the other hand are ideally placed for 
promoting the messages of disaster management and building resilience as they exist to support the communities 
they service and they are already imbedded and connected at a grassroots level. Furthermore, NGOs have an 
enduring and trusted presence in and with the community and already engage a large majority of those com-
munities which are commonly considered to be most vulnerable to disasters. 
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The National Strategy for Disaster Resilience states that: “Disaster resilience is the collective responsibility of 
all sectors of society, including all levels of government, business, the non-government sector and individuals.” 
(National Strategy for Disaster Resilience, 2011, IV) and that  

“There is a need for a new focus on shared responsibility; one where political leaders, govern-
ments, business and community leaders, and the not-for-profit sector all adopt increased or im-
proved emergency management and advisory roles, and contribute to achieving integrated and 
coordinated disaster resilience.” (National Strategy for Disaster Resilience 2011 p3).  

 
However, as “the community” is not technically a legal entity in and of itself, it is extremely problematic for 
governments and other bodies to share responsibility with community. Considering this, in order to share the 
responsibility of dealing with disasters, NGOs and incorporated community non-profit organisations are posi-
tioned as representatives of communities, working with them and providing a legally recognisable platform 
through which to make decisions and take action. By enabling and supporting NGOs to engage, educate, build 
capacity and facilitate action around disaster management, it is possible to achieve impactful and sustainable 
outcomes that empower communities. The real challenge for communities is that since they are not legal entities 
they cannot be directly delegated any responsibility nor represent themselves within a legally binding frame-
work.  
 
The National Strategy for Disaster Resilience also recognises that  

“Governments alone cannot empower communities; local leaders need to work with their com-
munities and take action to better understand the risks their communities face so choices and 
decisions are appropriately informed.” (National Strategy for Disaster Resilience, 2011, 14)  
 

By their very nature, community and service sector impact driven NGOs act and are seen to be the leader within 
communities. NGOs represent a largely untapped network that could provide local leadership capacity in a way 
that is both legally recognisable and locally trusted at a grassroots level. What is more, NGOs are accustomed to 
delivering high impact, far reaching programs, services, projects and initiatives on limited budgets through 
capitalising on strong local partnerships, engaging skilled volunteers and collaborating to gain other in kind 
support. As a result, the NGO is remarkably accomplished in achieving significant outcomes with limited re-
sources and timeframes. The EV CREW service and ‘Step Up’ program is a prime example of this; each project 
within the ‘Step Up’ program was able to achieve outcomes above and beyond the scope of those outlined in the 
original proposals. This was due to Volunteering Qld’s ability to be flexible and reflexive, its capacity to lev-
erage off their state-wide network of volunteers and its ability to attain in kind support and to collaborate with 
other NGOs and institutions in order to maximise their impact.  
 
One example of this was the Natural Disaster Resilience Leadership Project NDRLP which to date has been 
delivered in twelve communities across Queensland despite the fact it was only funded to be delivered in four 
locations across the state. This significant increase in deliveries has enabled over 200 individuals to participate 
in this capacity building project, more than doubling the number of participants originally targeted in the funding 
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proposal and ensuring the project sustainability beyond the end of its funding. This outcome was made possible 
due to the collaborative approach taken and support of other NGOs and local councils who worked together to 
lower the cost of the project’s delivery through providing both financial and in-kind support such as providing 
venues and covering catering costs. Further details on the key outcomes and sustainable impacts of the six ‘Step 
Up’ projects are outlined in the table on page 10-11.   
 
From a community perspective there is still a prevailing perception that emergency management agencies “have 
tended to focus more on the immediate response to a disaster event and less on preparation and long term 
adaptive recovery” (Griffith RMIT 2012 p5) and that “emergency management models such as PPRR… do not 
adequately consider the roles of different agencies and the community.” (Griffith RMIT 2012 p12). Furthermore, 
there are still high levels of mistrust and in some communities, active condemnation of governments regarding 
issues of disaster management which works to further undermine people’s confidence in how they are being 
represented by government. As “It requires hard work at the grassroots level to build strong community social 
structures and for government and officials to earn public trust.” (CARRI research report 4, 2008. 12) it is NGOs 
whom are best place to represent their communities and to facilitate the type of meaningful dialogue between 
community and government that can lead to sustainable resilience.  These sentiments have been voiced across 
the state in the numerous workshops and community engagements facilitated by Volunteering Qld through the 
different ‘Step Up’ projects.  
 
As volunteering Qld sees it, in order to successfully implement policies and strategies which call for shared 
responsibility across all sectors of society including community “People need to have faith in their government 
and trust that they are being represented fairly. This requires community involvement and participation. 
Top-down paternalistic official activities do not lead to meaningful resilience (Murphy 2007, p.313).” (CARRI 
research report 4, 2008. 12). Across every stage of disaster PPRR, there are significant roles for the community 
sector to play in engaging, educating, mobilising and supporting the community. Encouragingly this is now 
officially recognised by the Australian government in the National Strategy for Disaster Resilience:  

“Non-government and community organisations are at the forefront of strengthening 
disaster resilience in Australia. It is to them that Australians often turn for support or 
advice and the dedicated work of these agencies and organisations is critical to helping 
communities to cope with, and recover from, a disaster. Australian governments will 
continue to partner with these agencies and organisations to spread the disaster resilience 
message and to find practical ways to strengthen disaster resilience in the communities 
they serve.”  (National Strategy for Disaster Resilience, 2011, IV) 
 

However, is yet to be translated into practical strategies, programs and projects which meaningfully action the 
idea of shared responsibility and any associated opportunities for acknowledging and creating “Shared Value”.   
 
Planning for crisis management, business continuity and protection of infrastructure and assets only make up 
part of the larger picture that is sustained community resilience. Social capital, community competence and local 
leadership capacity are critical to a community’s capability to prepare, mitigate, respond and recover from dis-
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aster. These qualities are the social infrastructure which should inform and in many ways underpin the founda-
tion of solid infrastructure. Moreover, in order to attain these adaptive capacities, long-term community de-
velopment and capacity building strategies and associated resourced activities are vital. 
 
 

(4) The Role of NGOs in Building Sustainable Community Resilience  

 
The Queensland’s State Disaster Management Plan (2011) describes resilience as “The capacity to prevent, 
mitigate, prepare for, respond to and recover from the impacts of disasters”. However, the broader literature on 
the subject describes sustainable community resilience as much more than simply the ability to bounce back 
from shocks: “resilience involves transformation, encompassing the capacity for learning, innovation, renewal, 
re-organisation (Folke 2006) and attainment of a state that is sustainable in the current (social, political, bio-
physical) environment.” (Maguire, Cartwright. 2008, 9).  
 
When deconstructing the phrase ‘sustainable community resilience’ it is clear that the concept of resilience is 
almost inseparable from that of sustainability as “…its purpose is to maintain a working ecosystem that will 
sustain communities and their resource use into future generations.” (CSIRO, 2011, 20). Once again, the idea of 
sustainability is strongly aligned with the core values of NGOs and community organisations as opposed to 
disaster management agencies, who until only recently have only been concerned with the response and prep-
aration phases of disaster. Building sustainable resilience involves long term planning and the facilitation of a 
gradual change in attitudes, belief, practice and conditioning across all levels of industry and society; and alt-
hough the concept of sustainability is “extensively used amongst strategies for disaster mitigation and climate 
change adaption. The problem is that many of the things human beings do are sustainable when confronted by 
the impacts of climate change. Adaption demands change” (CSIRO, 2011, 20).  NGOs have always had a vested 
interest in designing and delivering initiatives with sustainable outcomes as they: 1) have a dedication to their 
local community born out of being locally driven/led, 2) rely on a reputation of commitment, trust and delivery 
of outcomes, and 3) are focused on building, broadening and maximising impact. Fundamentally, this inherently 
places such organisations as ideal conduits for sustainable resilience building in communities.  
 
It is not without complexity the concept of sustainable community resilience is fundamentally aligned with the 
term ‘community’, as it can be used to describe a sliding scale of interconnectedness between people at vastly 
different scales, from the much individualised experience to the global. The current context for understanding 
community which appears to be the fallback in disaster management is the local community bound together by 
geography. However, to allow for a more sophisticated discussion about sustainable community resilience to 
take place, it is important to remember that a community can be “…a group of people coming together in 
physical, environmental, economic, relational, political or social ways (Kumar 2005). People belong to many 
different communities, depending on the current context.” (Maguire, Cartwright 2008 1). In considering how to 
empower and support these communities to prepare, mitigate, respond and recover from disaster it is important 
to acknowledge that each community, or rather overlapping set of communities, have their own entirely unique 
set of challenges and adaptive capacities. In working in and with community it has been Volunteering Qld ex-
perience that it is important and essential to allow communities to self-identify and to define their own bound-
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aries. This is especially so in Aboriginal and Torres Strait Islander communities where cultural ideas and pro-
tocols strongly define communities.  
 
Many international reports have been written analysing the shortcomings of government led preparation, re-
sponse and recovery activities signaling the need for substantial changes in how disaster management is handled. 
These lessons are hard learnt through the tragic outcomes of natural disaster events around the globe and it is 
critical that these are not ignored in light of the fact that there is a clear need for better strategies to support 
‘community resilience building’ to be integrated and shared integrated across all sectors of society, particularly 
NGOs and the community themselves. This is reflected in the ‘Hyogo Declaration’ from the World Conference 
held in January 2005 which in its ‘Framework for Action’ identified that: 
 

• Disasters can be substantially reduced if people are well informed and motivated towards a culture of 
disaster prevention and resilience, which in turn requires the collection, compilation and dissemination 
of relevant knowledge and information on hazards, vulnerabilities and capacities. 

• Community-based training initiatives, considering the role of volunteers, as appropriate, to enhance 
local capacities to mitigate and cope with disasters should be provided. 

Research and policy implications of resilience thinking have only relatively recently been applied in the field of 
disaster management. A change has been spurred on thanks to a growing understanding that:  

“Potential escalation in the frequency and magnitude of hazards and our increasing vul-
nerability to disasters present governments with unprecedented calls on their resources 
and expertise. Governments’ desire to help communities in need and pressure to help 
those affected may be creating unrealistic expectations and unsustainable dependencies. 
Should this continue it will undermine community capability and confidence. Therefore 
communities need to be empowered to take shared responsibility for coping with disas-
ters.” (National Strategy for Disaster Resilience, 2011,1) 
 

The challenge remains in the questions of how to best empower communities and how to practically and 
meaningfully share responsibility with them.   

 

Ideas repeated throughout the literature on sustainable community resilience are that adaption to change must be 
“flexible, local, community-based, stakeholder driven and that it must involve all government and community 
agencies and institutions… adaption is not the sole responsibility of emergency management. It will happen at 
household and community level and to be effective it must involve change and adaptation in all of our societies’ 
supporting organisations and agencies.” (2011, CSIRO, 27). Centered around this and considering the broad 
reach and diversity of the NGO sector with the ability to build and draw on the inherent social capital, it is clear 
that impact driven NGOs, with a focus on building capacity in their communities, have a key role to play in 
collaborating with government and official bodies to build sustainable community resilience. 
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(5) The NGO Approach to Community Resilience Building  

 
When looking to asses community resilience in Queensland, the Natural Disaster Resilience Program (NDRP) 
funded ‘Community Resilience in Queensland’ project led by Griffith University and the Queensland Council of 
Social Services (QCOSS) found that there were over eighty indicators, arranged under six different domains, 
which needed to be taken into account in order to adequately measure community resilience (QCOSS 2012). 
Considering the scope of these indicators of resilience, as well as the complexity of their interconnectedness it is 
clear that policy, programs and projects that look to build community resilience need to be sophisticated enough 
to address these broad domains. Increasingly it is being recognised that the “Resilience approach acknowledges 
our shared, although not equal, responsibility for dealing with disasters, and takes advantage of existing net-
works across and within governments, businesses, the not-for-profit sector and communities.” (National Strat-
egy for Disaster Resilience, 2011, 14). 
 
Volunteering Qld’s EV CREW service and ‘Step Up’ program is an excellent case study for how NGOs can play 
a significant and impactful role in building sustainable community resilience. The various projects within the 
‘Step Up’ program provide access to tools, strategies, personal and professional development opportunities for 
the whole community aiming to improving their capacity to cope with disasters and their resilience more broadly. 
Rather than taking a more government style community development approach, Volunteering Qld took a 
community capacity building tactic in looking at how it can empower communities. This methodology is simply 
defined as a series of grassroots processes by which communities are supported to: “organise and plan together; 
develop healthy lifestyle options; empower themselves; reduce poverty and suffering; create employment and 
economic opportunities; achieve social, economic, cultural and environmental goals together.” (Atkinson. 2005. 
6-7) 
 
The community capacity building approach differs from the more traditional community development model 
which is often the style used by government agencies. The differences between these two approaches is 
grounded in the fact that community development strategies are seen to be devised by an “organisation outside 
those communities, even if the ethos is still ultimately to try and build skills and coping abilities within the 
communities.” (Atkinson. 2005. 2-3) while the ethos of community capacity building is one “where the kind of 
priorities and activities come from the community themselves” (Atkinson. 2005. 4). Community capacity 
building strategies work from a perceived understanding that all communities have an inherent strength, skill, 
abilities and assets within them and aims to enable ‘local solutions to local problems’ which ultimately means 
not having to rely on external resources. (Atkinson. 2005. 2-3).  These characteristics of the community capacity 
building model are directly in line with resilience thinking and as is the case with resilience building strategies. 
The challenging part of working with this model is that “the process needs to be seen as long-term and organi-
sations working with or setting up programs within communities need to be there for the long haul and work in a 
context that may not be easy.” (Atkinson. 2005. 4) 
 
Going forward it is important to note that “Roles clarity and role complementarity, trust and shared goals based 
on ongoing contact and networking, information sharing and open communication… [are] believed to be the key 
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[to] effective collaboration.” (Griffith RMIT 2012 p.7) Governments and government agencies will need to 
carefully consider how they can meaningfully allocate roles as part of disaster management arrangements as 
well as how they can empower communities and NGOs to self-identify the roles they are capable of.  
 

(6) Conclusion  

 
It is clear that to achieve success across this agenda of shared responsibility, globally and in Australia, Gov-
ernment and disaster management agencies will need to develop better strategies for collaboration with and 
empowerment of NGOs and communities themselves to identify, define and fulfill their roles in disaster man-
agement and sustainable resilience building, while encouraging and strengthening disaster plans, networks and 
self-reliance.  
 
To counter an increased dependence on Government support and intervention coupled with an increased number 
of stakeholders contributing resources and expertise towards disaster management and resilience building, it has 
become vital to make disaster management a more inclusive and collaborative endeavor. Whilst many would 
argue that traditional education and engagement strategies have been shown to be ineffective, with  some dis-
aster management practices proven to actually decrease community resilience, there  is a clear need to transform 
the way communities and NGOs are engaged in the process of disaster management and ultimately community 
resilience building. “People and institutions need to be provided with information and tools that enable re-
sponsible actions on their own behalf.” (CARRI research report 4, 2008. 12) with particular attention afforded to 
those communities that may require additional support or who need outside assistance.   
 
As a not-for-profit organisation dedicated to creating a world where everyone can make a difference, Volun-
teering Qld takes the view that a blended community capacity building approach to building community resil-
ience is the most impactful way to facilitate adaption in a sustainable process. In essence moving to a model 
where disaster management agencies and governments work to engage communities via working with and 
building capacity within non-government non-profit organisations, rather than attempting to carry out the work 
directly, will build sustainable capacity in the service sector and in the community sector.   
 
Fundamentally it is critical to strive and further build the capacity of NGOs to think differently about how 
community can support itself to get back on its feet sooner after natural disaster events. This can be done through 
enabling NGOs to play a stronger role in disaster management and sharing the responsibility of educating and 
raising public awareness of disaster management arrangements, of building local leadership capacity, increasing 
social capital and strengthening community competence, and of providing more flexible and meaningful vol-
unteering experiences which enable the community to participate more broadly in both mitigation and recovery 
efforts.  
 
This process, which has in several ways already commenced, reflects a fundamental shift in Government policy, 
moving away from the stance that disaster resilience is solely the domain of emergency management agencies 
towards an acknowledgement of “a shared responsibility across the whole of society.” (National Strategy for 
Disaster Resilience, 2011, 3). Despite the fact that we now recognise that “Building upon our existing emer-
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gency planning arrangements, we need to focus more on action-based resilience planning to strengthen local 
capacity and capability with greater emphasis on community engagement and a better understanding of the 
diversity, needs, strengths and vulnerabilities within communities.”  (National Strategy for Disaster Resilience, 
2011, 2) More needs to be done in order to translate this into practical approaches for working with NGOs and 
the community in meaningful ways that build the adaptive capacities of communities and which provide op-
portunities for participate as well as for self-determination and community led action.  
 
 
 
 

(7) Appendix: 

Adaptive capacities of a resilient community:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Norris, Stevens, Pfefferbaum, Wyche, Pfefferbaum. 2007. 136) 
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Abstract 

A Country Assessment of Higher Education Needs for Climate and Ecosystems Change Adaptation was 
conducted with the overall objectives of mapping the real needs for enhancing knowledge on Climate 
Change Adaptation and related fields and developing necessary courses and/or degree programs for Sri 
Lanka. Scope of the project was to identify the key suppliers of Climate Change knowledge in the 
country, to assess the present work done in the country and the needs of the people of the country.  

Data were collected from many governmental and non-governmental agencies working in the area of 
Climate Change and Climate Change Adaptation. Key areas of expertise and resources available in the 
country and the type of graduate/professional likely to have specialized in climate change were 
identified through consultations carried out with these organizations. Further, important sectors and 
industries in the country that presently or in the future, are likely to be affected by Climate Change and 
that need graduates, trained professionals or specialists with an extensive knowledge of Climate Change 
(Skill type, Education Level, Gender, Experience etc.) have been identified. 

Existing and future barriers or mismatches regarding the higher education programmes on Climate and 
Ecosystem Change and Adaptation, among higher education sector, government and private sector were 
analyzed. Existing degree programmes that require an addition of Climate related materials have also 
been identified. 

Adjustments needed for making the environmental background ready to create research opportunities 
and required organizational approaches towards adaptation studies were recognized.  

 

Keywords : Sri Lanka, Climate change, Adaptation, Needs, Country assessment 

 

(1) INTRODUCTION 

(1.1) Objective and Scope 

The overall objective is to map the real needs for enhancing knowledge on Climate Change Adaptation and 
related fields and to develop necessary courses and/or degree programs for Sri Lanka. Sri Lanka is 
considered as one of the countries most at risk as far as Climate Change is considered1. Scope of the Needs 
Assessment project was to identify the key suppliers of Climate Change knowledge in the country, to assess 
the present work done in the country and the needs of the people of the country.   
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(1.2) The Country 

a) Location and Geography 

Sri Lanka is an island in the Indian Ocean, in Southern Asia, located near the southern tip of India, to the 
southeast of India, as shown in Figure 1. The total land area of Sri Lanka is 65,610 km² out of which 870 
km² is of water. It also has a 1,340 km long coastline. 

 

Figure 1 – Location of Sri Lanka 

b) Climate  

Sri Lanka's climate can be described as tropical, and temperate. Its position between 5o and 10o north 
latitude endows the country with year-round warm weather, moderated by ocean winds and considerable 
moisture. The average yearly temperature for the country ranges from 28 to 30 °C (82.4 to 86 °F).  

Sri Lanka's climate includes two tropical monsoons: the northeast monsoon (Dec. to March), and the 
southwest monsoon (June to Oct.). The rainfall pattern is influenced by the monsoon winds of the Indian 
Ocean, especially of the Bay of Bengal and is marked by four seasons. The first is from mid-May to Oct., 
when winds originate in the southwest, bringing moisture from the Indian Ocean, unloading heavy rains on 
the mountain slopes and the southwestern sector of the island. Some of the windward slopes receive up to 
2,500 mm (98.4 in) of rain per month, but the leeward slopes in the east and northeast receive little rain. 
The second season occurs in Oct. and Nov., the inter-monsoonal months. During this season, periodic 
squalls occur and sometimes tropical cyclones bring overcast skies and rains to the southwest, northeast, 
and eastern parts of the island. During the third season, Dec. to March, monsoon winds come from the 
northeast, bringing moisture from the Bay of Bengal. The northeastern slopes of the mountains may be 
inundated with up to 1,250 mm (49.2 in) of rain during these months. Another inter-monsoonal period 
occurs from March until mid-May, with light, variable winds and evening thunder showers Humidity is 
typically higher in the southwest and mountainous areas and depends on the seasonal patterns of rainfall. 

The effects of global changes in climate are clearly seen in Sri Lanka as well. In 2012, during the first ten 
months of the year, the entire eastern part of the country, from north to south and south-west suffered a 
serious drought. Subsequently, the weather hit the other end of the spectrum. The same regions have 
suffered major floods on at least three occasions since November 2012. The drought had affected at least 
1.2 million people, according to the Sri Lanka Red Cross and Red Crescent Society. The ensuing floods left 
at least a million stranded2. 

The natural vegetation of the dry zone, most of the southeast, east, and northern parts of the country, is 
adapted to the annual change from flood to drought. The typical ground cover is scrub forest, interspersed 
with tough bushes and cactuses in the driest areas. Plants grow very fast from November to February when 

Sri Lanka 

India 
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rainfall is heavy, but stop growing during the hot season from March to August. Various natural ecological 
adaptations to the dry conditions have developed in the forest cover3. 

c) Topography 

Extensive faulting and erosion over time have produced a wide range of topographic features. Three zones 
are distinguishable by elevation: the central highlands, the plains, and the coastal belt. Most of the island's 
surface consists of plains between 30 and 200 meters above sea level. In the southwest, ridges and valleys 
rise gradually to merge with the central highlands, giving a dissected appearance to the plain. Extensive 
erosion in this area has worn down the ridges and deposited rich soil for agriculture downstream. In the 
southeast, a red, lateritic soil covers relatively level ground that is studded with bare, monolithic hills. The 
transition from the plain to the Central Highlands is abrupt in the southeast, and the mountains appear to 
rise up like a wall. In the east and the north, the plain is flat, dissected by long, narrow ridges of granite 
running from the Central Highlands. A coastal belt about thirty meters above sea level surrounds the island. 
Much of the coast consists of sandy beaches3. 

It is believed that the Mahaweli Development Programme resulting in several large reservoirs being created 
by dams constructed across the river at several locations, also has a profound effect on the climate of the 
central highlands of the country. This is mainly due to increasing surface evaporation from these reservoirs. 

 

(2) METHODOLOGY 

(2.1) Identification of Key Suppliers of Knowledge 

First phase of the project was dedicated to identify the key suppliers of Climate Change knowledge in the 
country. These include, Higher Educational Institutions, R & D organizations, The Government, NGO’s, 
International Organizations, and Networks. 

Data were collected from many governmental and non governmental agencies working in the area of 
Climate Change and Climate Change Adaptation. Key areas of expertise and resources available in the 
country and the type of graduate/professional likely to have specialized in climate change were identified 
through consultations carried out with the above organizations. 

(2.2) Stakeholders 

Second phase of the project consists of identifying important sectors/industries in the country that presently 
or in the future, are likely to be affected by Climate Change and those in need of graduates, trained 
professionals or specialists with an extensive knowledge of Climate Change.  

In particular, existing and future barriers or mismatches regarding the higher education programmes on 
Climate and Ecosystem Change and Adaptation, among higher education sector, government and private 
sector were analyzed. Existing degree programmes that require an addition of Climate related materials 
have also been identified. 

For collection of data in a systematic manner, two questionnaires were prepared for two distinct groups of 
Sri Lankans, namely, those who are presently serving in education sector and those who are working in non 
education sectors.  
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(3) DATA COLLECTION 

(3.1) Consultation Process 

In the process of finding the key suppliers of climate change knowledge in the country, major sectors which 
are related with climate change scenario were identified. They are: Water sector, Agriculture sector, Human 
Health sector, Forestry and Terrestrial Bio-systems, Energy, Transport & Manufacturing sector and Coastal 
and Marine ecosystems sector. 

The experts in each different sector were consulted at different departments and organizations within the 
Sri Lankan University and research institutional network. The activities of this consultation process were 
mainly formed with meetings and interviews with the professionals, educational and non educational sector 
survey questionnaire, over the phone conversations and e-mail contacts. Objectives of this process were to 
collect data on climate change issues concerning the country, on on-going research projects and 
development programs, on Environmental studies and Climate change related courses in both educational 
and non-educational sector, on human resources and staff capacity on climate change and environmental 
within the departments and other organizations and to identify mismatches in supply and demand in climate 
related materials between all responsible sectors. 

Some of the officers consulted include Deans of Faculties, Heads of Departments, Sectional Heads, 
Research officers, Subject experts, Professors, Lecturers, Directors, Engineers and research students in 
Universities, Research and Development organizations, Ministry Authorities and non-governmental 
officers. 

 

(4) RESULTS 

 (4.1) Existing Courses, Degree Programs and Training Programs in Higher Educational Sector 

At present there are some undergraduate courses, degree and specialization programmes, and training 
programmes on Environmental Science and Natural Resource Management within the University and 
research institutional network. However, the topic of Climate change is only briefly discussed in many of 
these programmes. Some typical subject areas are: 

i) Undergraduate Courses and Programmes –  
• Environmental Engineering and Forestry 
• Industrial Pollution (Global Warming) 
• Solid Waste Management 
• Disaster Management 
• Meteorology and Climate Dynamics 
• Water Resources Studies and Water and Wastewater Engineering 
• Agribusiness Management Specialization 
• Climate Change course modules and undergraduate research projects 
• Ecosystems of Sri Lanka; Their Ecology and Conservation etc. 

 
These course units and programmes are designed to offer the students with a sound knowledge of theory 
and concepts of Environmental Science (crop science, forestry, Ecosystems etc.) and Climate Change 
studies. Subjects such as management strategies, risk and vulnerability assessment of disasters, mitigation 
techniques are taught in parallel with the subject knowledge thereby giving a broad understanding of the 
physical process of climate systems. Various applications of climatology are also explored.  

(ii) Bachelor’s Level Degree Programmes –  
• BSc Degrees Civil Engineering, Chemical and Process Engineering,  Agriculture 

Engineering, Environmental Engineering, Agriculture (specializing in Water 
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Management and Environmental Soil Management), Fisheries and Marine 
Sciences, Limnology, Oceanography, Marine Geology and Aquaculture 

• BA Special Degree research Program on Geography and Climates Change Impacts  
 

(iii) Higher Degree Programmes – 
• BA and MA degree programmes in Disaster Management -  
• MSc in Environmental Engineering and Management and Disaster Management  
• PG Programme on Integrated Water Resources Management (IWRM)  
• PG Diploma and MSc in Environmental Management  
• PG Programme on Environmental and water recourses Engineering 

 
In Sri Lanka, as of now, there are no primary or special degree programmes dedicated entirely to the study 
of topics pertaining to climate and ecosystems change. The current level of knowledge and understanding 
at educational departments and faculties, and staff members pertaining to subjects of Environmental 
Science, Climate Change Adaptation and mitigation can be considered inadequate to address the Climate 
change issues at the university level. 
 

(iv) Training Programmes –  
Training programmes are regularly conducted on rainwater harvesting and groundwater recharging, 
environmental farming, and alternative livelihoods for fisherman and coastal populations  

 
Most of the universities have partnerships with both internal and external organizations such as NGO’s, 
INGO’s other international organizations and R&D organizations of the private sector on climate change 
adaptation and mitigation related projects. These yield technical and financial support, sponsorships, inter-
university relationships, inter-faculty and inter-departmental relationships as benefits to the Universities. 
Some local and international organizations that fall under this category are, 

• United Nations Development Programme  (UNDP) and Environment Program (UNEP) 
• International Water Management Institute (IWMI) 
• United Nations Center for Regional Development 
• United Nations Lanka Rain Water Harvesting Forum 
• United Nations Educational, Scientific and Cultural Organization (UNESCO) 
• The Swedish Research Council Formats (SIDA) / Sustainable Agriculture Research and 

Extension Center (SAREC) and NGOs like Green Movement, GOAL, Oxfarm, CIDA 
 

Existing undergraduate courses, training and degree programmes needed to be improved in a systematic 
manner to reflect the climate and ecosystems change adaptation. Students who are interested in climate 
change related subjects should be provided with new technical elective course units within the frame of 
climate and ecosystems change adaptation. It is also necessary to train teaching staff in the main subject 
area and related fields. 

If the universities are facilitated with the necessary human and other resources such as library and 
laboratory facilities, access to journals, computer software etc., more Masters level degree and Doctoral 
degree opportunities can be provided within Sri Lankan universities. Provision of sandwich programmes 
with the assistance of foreign universities and supervisors, and also enhancement of access to Doctoral 
studies overseas would be beneficial in this process. 

(4.2) Sector Wide Distribution Within the Country 

a) Agriculture Sector 

Agriculture sector is still the single largest employer in Sri Lanka and also is extremely vulnerable to 
climate change. The sector is also a major user and polluter of water and contributes to deforestation and 

http://www.undp.lk/
http://www.unesco.org/
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loss of biodiversity. Loss of crop (especially tea, rubber, coconut and rice) due to climate change is 
inevitable in Sri Lankan agriculture directly affecting Sri Lankan economy and food production.  
 
Erratic rainfall patterns have affected the yield and crop seasons, increased global temperature has 
increased evapo-transpiration declining soil moisture, flooding has destroyed farmlands, and the source of 
irrigation water has become unreliable.  This is a threat to the national food security via a decline in paddy 
cultivation, field crops and export revenue from the plantation sector. Since reduced rainfall and increased 
drought has been a continuous phenomenon over the last decades, research institutions were forced to come 
out with varieties that mature in a short period and of drought resistance, in rice and other important field 
crops. This should now be extended to other crops as well. 

Agriculture sector is hence identified as the most critical area in the current context that should be 
considered for enhancing courses or degree programs in climate and ecosystems change and related fields 
within Sri Lankan educational institutes. 

It is also necessary to conduct fertilizer and water management research to identify practices that reduce 
methane and nitrous oxide emission and also to identify climate change related pest and disease risk for 
agriculture. This would help to design economically viable adaptation strategies as countermeasures.  

The technological development options that are of considerable benefit to Sri Lanka’s Agriculture sector 
involve development of new crop varieties and species, consideration of seasonal change in sowing dates, 
improved short term climate predictions, development of water supply and irrigation systems etc.  Policy 
preparation and capacity building are also considered as part of an overall strategy for the adaptation to 
climate ecosystems change. 

Current research studies related to “Climate and Ecosystems Change Adaptation” in Agricultural sector at 
higher educational level are mainly focusing on solid waste emissions, rice production, Carbon (C) stocks 
in forestry,  agricultural crops and rice variety screening. Following are some of the main higher 
educational and research institutes in Sri Lanka where some major research projects are conducted. 

• Agriculture faculties in Sri Lankan universities 
• Natural resources Management Center, Department of Agriculture 
• Rice Research & Development Institute. 
• Tea, Rubber and Coconut Research Institutes of Sri Lanka 
• Field Crops Research and Development Institute (FCRDI) 
• Council for Agricultural Research Policy. 

 
At present research and study programmes at higher educational institute level are being carried out within 
a limited study area due to lack of encouragements from the responsible government ministries and 
organizations and also due to lack of necessary resources. 

b) Water Sector 
 
Study of vulnerability of the surface and ground water resources in terms of quantity and quality is 
important. Considerable amount of preliminary data are available and baseline data reported in the National 
Water Assessment Report is a good basis to build upon and bring in the consequences of climate change on 
the water sector. 
 
Sections to be improved under present curriculum, 

• The present curricula of water related courses in higher education institutions need to be 
strengthened. At present they are only integrated in the curricula of Agriculture Engineering 
departments in the Agriculture Faculties and Civil Engineering Departments in Engineering 
Faculties.  
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• Fragmentation of the water related institutions and unclear responsibility, and lack of active 
interaction between the institutions are major drawbacks. An apex body with senior level officials 
from the different institutions, entrusted with a clear terms of references, including decision making 
abilities, is necessary. 

• There are a many number of agencies that are responsible for water in Sri Lanka, with overlapping 
responsibilities and mandates. An institutional framework is necessary to co-ordinate work of these 
various agencies with an apex body to address climate change issues. 
 

To understand vulnerability, identification of reliable and detailed climate scenarios are necessary, for the 
country. A few studies have been done to project climate scenarios for the future in the water sector. A 
more detailed down-scaling to the major agro-ecological regions is necessary to understand the 
vulnerabilities. Climate models, however, should be regarded only as one of the tools available and need 
modifications to suit Sri Lankan needs due to unusually sharp changes in climate and topography within the 
country. 
 
Water related research programs are carried out by some of the following institutions, 

• Civil & Water Resources Engineering Departments and Agriculture Faculties  
• National Aquatic Resources Research and Development Agency (NARA) 
• Water Resources Board 
• International Water Management Institute (IWMI) 
• Lanka Rainwater Harvesting Forum. 

 
c) Health Sector 

The health sector has come to terms with the fact that many diseases that are related to climate changes 
such as temperature, extreme weather, air pollution etc, including water borne and food borne diseases, 
vector borne diseases, health effects of food and water shortage, mental, nutritional disorders and infectious 
diseases are current public health problems in Sri Lanka. 

Information with regard to these diseases have been available for a considerable duration of time and they 
provide the base line for comparative purposes. Analysis of the available data indicates that the outbreaks 
of vector borne diseases, rodent borne diseases, diarrheal diseases and respiratory tract diseases which are 
climate change sensitive, are currently very significant in the Sri Lankan context. However, no major 
research programs are carried out targeting the climate and ecosystems change adaptation in health sector.  

The public health staff is adequate to organize adaptation measures to cover entire population. Awareness 
and training programs are being conducted for district and divisional public health staff on climate change. 
However, only a minor attention has been paid towards climate change adaptive programs in Sri Lankan 
Health sector and therefore research and implementation of adaptive measures are still at the grass root 
level. 

d) Coastal and Marine Ecosystems Sector 

Professionals in Marine and Coastal Engineering indicate that their studies have revealed that the combined 
effect of Sea Level Rise (SLR) and the increased frequency of extreme rainfall would lead to increased 
beach erosion, inundation of land, heavy coastal flooding due to impaired drainage, salinity intrusion into 
estuaries and aquifers, damage to coastal eco systems such as mangroves etc. affecting livelihoods in 
tourism, fisheries, agriculture and other related sectors. Water sources and coastal environment are likely to 
be affected causing severe hardships to coastal communities. SLR will systematically bleach fragile coral 
reef systems and impacts the available fish stocks.  

Adaptation strategies must accommodate the development, acquisition or strengthening of the legal, 
institutional, technical, financial and human resources leading to the establishment of a coastal governance 
system that applies the policies in an integrated manner. 
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Comparing with others, Coastal and marine ecosystems sector has received more attention in relation to 
climate change research programmes by the Sri Lankan higher education and research institutes. 
Aquaculture & Fisheries Departments, Coast Conservation Department and Civil Engineering and 
Livestock Fisheries & Nutrition Faculties in Universities are some of the higher education and research 
institutes which pay considerable attention on such programmes. 
 
e) Forestry and Terrestrial Bio-systems Sector 
 
There are only a few number of higher education institutes that are conducting undergraduate and 
postgraduate educational programmes and research related to climate change adaptation of forests. Special 
attention should be provided to enhance theoretical knowledge and practical skills of climate change 
studies of the students and to development of an intensive database on climate change for different parts of 
the Island. Staff capacity and knowledge required for this exercise are considered as adequate but the 
motivation of the professionals has been restricted due to the lack of resources, support from the executive 
level and lack of funding. 

Use of genetic resources in a wiser and sustainable manner for agriculture, conservation and sustainable use 
of flora and fauna outside the protected area network, and strengthening of policy, legal and infrastructural 
framework for biodiversity conservation, including information sharing and networking aspects are 
proposed to the course content in higher education institutes for the purpose of saving the fauna, flora and 
ecosystems from deterioration. 

Research needs include identification of suitable tree species that suit different environmental conditions 
and that do not cause negative environmental impacts, use of monitoring measures for current sequestration 
capacities, finding market avenues, etc. 

The research projects and educational programs which are being carried out at present in Forestry and 
Terrestrial Bio-systems sector are not targeting climate change adaptation techniques for sustainable 
development. 
 
f) Energy, Transport & Manufacturing Sector 
 
Transportation is the life blood of the globalized economy and effect of climate changes on the system 
comes mainly in the form of air pollution and Carbon emission. While efforts are being made to reduce the 
footprint of mass scale C emitting vehicles, transport systems that offer lower emissions and healthier life 
must also be researched into at higher education and research institutes. Conducting research on Fuel-
efficient vehicles including hybrid, electric, fuel cell vehicles and advancement of public transport and non 
motorized transport are some of the areas that need attention. Once again, a considerable number of 
resource personal are available but without a major involvement of the government including necessary 
financial support, the research growth is insignificant.  
 
Manufacturing sector should be further developed to control the environmental pollution. Looking for 
energy efficient and clean production techniques that would effectively minimize impacts on the 
ecosystems will lead to reduction of effects of climate and ecosystems changes.  

The main problem of not having a proper higher education system in Sri Lanka in Energy, Transport & 
Manufacturing sector affects the development of experts to challenge the impact of climate change on this 
sector. 
 
g) Government Involvement 

The Climate Change division of the Ministry of Environment and Natural Resources is entrusted with the 
task of facilitating integration of climate change concerns into the national development programmes. The 
division is expected to work towards minimizing vulnerability to climate change and also to take adaptation 
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measures to be able to effectively respond to climate change. Part of their task is to lead the higher 
educational sector in appropriate research areas to find the impacts of climate change on the important 
sectors and to propose suitable measures for adaptation. However, the national development agenda should 
be planned with the relationship of climate change. For this, Ministry of Higher Education should provide 
the necessary financial and other resource to researchers. Sri Lankan higher education sector is involved 
with many research projects related to the topic of climate change but they have been mostly limited to 
preparedness techniques, impact assessment and mitigation measures. Only a few studies on climate change 
adaptation are being carried out at present.  
 
Higher educational programs, research assistance, seminars and workshops, public awareness programs are 
carried out by the Ministry of Environment and Natural Resources in order to guide the Manufacturing, 
Agriculture, Transport, Forestry and Building sector towards minimization of impacts on natural 
environment and also to promote the climate change adaptation studies within the research community. 
 
The challenges to designing and implementing a comprehensive multi-disciplinary degree or specialization 
programmes in climate change adaptation are, 

• Limitations in funding within the organization 
• Limited employment opportunities in the area of climate change in the country 
• Limited machinery and equipment capacities. 
• Mismatches in management strategies 
• Lack of inter-relationship between responsible sectors.  
• Lack of national policies and improper planning 
• Inadequate attention from the government to the higher education research sector 

 
Capacity of government staff dealing with climate change effects need to be improved so that they meet the 
demands of ongoing and planned projects, both in terms of staff numbers and the technical skills. The 
shortcomings for implementing a successful education programmes and research activities in climate 
change related studies within Sri Lankan university system can be listed as follows: 
 

• Lack of required specialized knowledge and expertise. 
• Lack of baseline data for forecasting and preplanning. 
• Lack of awareness among the practitioners within relevant organizations to climate change. 
• Lack of MSc., M.Phil., and Ph.D. opportunities within Sri Lankan Universities 
• Lack of availability of reliable local research information  
• Not having a proper technology transformation process 

Availability and sharing of data should be facilitated and need to be made transparent. Areas where relevant 
data are not available should be identified and institutes must be encouraged to develop these data bases. 

(4.3) Comparison with Regional Countries 

Agriculture, Water and Bio-system Sectors have been identified as the areas to develop in Bangladesh4 and 
Nepal5 as well, as some of the primary needs there and hence experience sharing would be beneficial to all. 
Narisma6 describes the situation in the Philippines stating importance of recognizing the gravity of the task 
and the need to gather information from policy makers as well. The study also emphasizes the necessity to 
consider regional variations within countries and the need to collect data from all regions. Although Sri 
Lanka is a small country these concerns are valid there as well, as there is a considerable variation in 
climate across its land mass. 
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(5) CONCLUSIONS AND SUMMARY OF CHANGES NEEDED 
 
(5.1) Research Opportunities 
 
There should be policy changes in every sector to take “The Adaptation Challenge of Climate and 
Ecosystems Change” in to account. The relevant acts and ordinances must be enacted in order to encourage 
higher studies. Man power needs, financial assistance needs and necessary equipment facilities must be 
provided for researchers.  

 
(5.2) Organizational Approach 
 
Special attention of the government and responsible authorities is needed to increase the food production 
for growing population as an adaptation technique under a changing climate. Programmes must be 
launched to reduce the dependency on fossil fuel. Government involvement is necessary for motivating 
studies on how to protect natural resources and how to control the wastage. University and research 
organizations should work on implementing crop and field variety development research, especially in rice 
and other field crops that are sustainable in high temperature condition, drought and high intensity rainfalls.  
 
Exposure of Students to real life experiences on vagaries caused by climate change, collaboration with the 
relevant Government and private organization and development of communication skills among the 
research officers and students are the other requisites for establishing a degree/specialization programme on 
climate change studies  
 
There is a considerable number of staff members in higher educational institutes in Environmental Science 
subjects but only a few are capable of conducting climate change related courses. Lack of technical and 
financial resources and infrastructure facilities hamper conduct of major research activities in a systematic 
manner. There are many institutes and organizations in each sector which have the ability of directing the 
higher education sector research studies towards climate and ecosystems change adaptation, but they have 
to be given the complete awareness by seminars, workshops, information transferring programs etc.  
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During more than 2 months of long-term flood in Thailand, residents suffered from flood affects that were large 
and longest among Thailand’s disaster history. This research question is “What are the factors that limit resi-
dents’ decision to evacuate and to renovate their houses for future flood protection?”. According to survey 
research in 2012, conducted in Ayutthaya Province, Huntra sub district, by interviewing flood vic-tims, local 
government’s officers and community’s leaders, 100 % of residents were affected by flood disaster [2,074 
households in 6 villages]. Half of villagers had flood experience before, but when disaster happened they en-
gaged in the same behavior-- refusing to evacuate immediately. Residents waited to see how high the flood 
level was in their house and then decided to evacuate or not. Evacuation behavior can be grouped in 3 choices: 
1) move to their relative’s house 2) go to community shelter 3) rent a room in non-flood area. However, most 
residents decided to stay in the second floor of their house. Sadly, after months passed the living condition was 
even more dire, no food, no clean water, and no clean sanitary facilities; they can only wait for the food de-
livered by the local government .The residents have no intention to move out even though it is still possible to 
have flood again in this area, but also they have no preparation. The preliminary result of the survey certifies 
that lack of knowledge, lack of awareness, and lack of information make individuals refuse to evacuate to 
shelters. The financial capability is also one of the important factors that limit residents’ evacuation. Moreover, 
the government’s financial support is very small and it cannot cover the cost of having well-protected houses 
for flood future resistance. The benefit of this study is to find out the limit of living condition during disaster 
and suggest improvements guideline for the government’s support system and government’s housing im-
provement for long-term flood. 

   Key Words : long-term flood, living condition, shelter, housing recovery 
 

1. INTRODUCTION 
    The central part of Thailand is flood plain area, Flood case damage in total 1,340,693 families and 3,664,496 
people are affected. According to the report 813 people death and 3 were missing. The cost of damage was 
about 1,000,000 Million Bath and 51,056 employees in 132 businesses lost their jobs. 
Ayutthaya Province is one of the most damaged areas; from5 tropical cyclones caused 4 rivers in Ayutthaya 
province over capacity (Chaophaya/phasak/Lopburi/Noi). Ayutthaya province well-known as a historical area 
and industrial zone, this city account for 7% of Thailand economic and generate 15% of Thailand manufac-
turing output. This flood disaster was effect to all resident in province. In past Ayutthaya province had flood 
problems almost every year but only in some areas nearby river .Flood season normally start from October to 
November. Unfortunately in year 2011 the scale of flood disaster was larger than expected, even some resi-
dents had flood experience before but this year the water level was higher and remained longer than usual. 
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Natural disaster is always unpredictable, but can people learn from experience to decrease loss and 
damage? Well, even if most residents have flood experience before they still have no Idea what to do in dis-
aster situation, their previous experience made them over-look the situation. People have misgivings about 
government warning information. Individuals make their own choice to stay in their house or self-make 
shelter .Some resident make shelter on high-ways and collect food and beverage as much as possible food and  
drinking water are out of stock in many area (even some province have not flood).but it’s surely not enough for 
2-3 months. To give direction of making future disaster preparedness and recovery guide is necessary. It’s 
important to understand from loss and suffering condition .What is the reason that made resident denied 
evacuation and improve their house? 

 
(1) Purpose 

a. To find out the factors that affected or limited evacuation choice and renovates decision. 
b. To classify the type and situation in shelter of Thailand food 2011. 
c. To illustrate the resident’s living condition during flood and after flood dried. 
 

(2) Methodology 
  A survey research and situation analysis ,on February ,August and November 2012, regarding the factor 

that effected peoples decision to evacuate was conduct in Huntra sub district by interviewing local residents 
who were effected from the 2011 flood .(30 households interviewed and 40 questionnaire) resident was asked 
about their preparation and decision to be evacuated  . Also in scale of Ayutthaya province interview key 
persons :  

1. Thammasat university shelter’s coordinator  
2. Community leader in Baan non-sri sub district where there was provide community shelter 
3. Local government Leader in Huntra  
4. Private organization: red-cross’s staff and staff of Rotary  
 

(3) Site Study :Huntra Sub-district  
“Huntra” landscape is flat land, 3.5 meter high from sea level. Huntra canal connects all 6 villages in the area 

together .This areas main transportation by car (local road and highway No.32) and by boat . Huntra’s district 
area is 7.22 square kilometer. This sub-district locates 10 km far between Rojana industrial zone and 5 km far 
from historical island of Ayutthaya province. The population is 2,074 household and 5,431 peoples. All area 
had flood during 2011 flood disaster.   

 
 
 
 
 
 
 
 

 
 

Fig.1 Flood Map credit :GisTDA 
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2. FLOOD SITUATION 

 
(1)Flood strike  
7 October after river damn in “Phasak river” broke the water level in “Huntra canal” dramatically increased. 

Whole villages were cut off by the flood .The water level was from 1.2 to 4  meter high. The local roads were 
cut off by flood and every village face emergency situation.  

 
 
 

Village Household Water level[Average] 

Village 1 
Village 2 
Village 3 

842 
342 
564 

1.2 m 
2.5 m 
2.8 m 

Village 4 
Village 5 
Village 6 

146 
105 
75 

2.5 m 
2.4 m 
2.0 m 

Total 2,074  
 
The situation after the first 1 week was no electric and water. In the second week some areas have electric 

back but still had no water for more than 1 month. All Huntra sub-district suffered from the damage. To il-
lustrate understanding the river flood situation in Thailand, Though many floods in the world happen as “flash 
flood” by heavy rain ,typhoon , tornado; water runs fast and strike to house. For example, flood 2004 in Izushi 
area ,Hyogo prefecture of Japan ,residents were warned by their local leader and after 8 hours ,the flood water 
had attacked to community .Many houses were destroyed by strong power of water .But the water remained 
one day so some people, whose houses were not destroy could got back from the shelter to their house in a few 
days ,but some house had been fully destroy. Residents had to stay in shelter more than a month until their own 
house was reconstructed. This Flash-flood was different from the flood in Thailand because of the landscape  
of central part of Thailand is a flat land and some parts are lower than sea level so the water remained long and 
residents had to bear this problem for 2-3 months. This also affected people’s life as long-term disaster. 

 
(2)Flood experience before 2011  from questionnaire to 40 Households in Huntra 
This is not the first time that flood happen in this area, from the questionnaires of 40 residents, 28 Of residents 
have flood experience before and only 12 of residents who never experience flood disaster. From 28 of resident 
who have flooded experience, 11 residents were experience flood “every year”.   

 
 

Year House [40] 
 Never have flood 12 
Have flood experience 28 

Year of flood occur 
Every year flood  
1995 

 
11 
9 

1996 1 
2002 3 
06 7 
2009 3 
2010 5 

(3) notice about flood warning 
From 40 resident’s questionnaire, 30 families have notice about flood but the length of notice is very different, 
some household notice that flood will happen for 1 month, Residents said “assume that the north city of 
Ayutthaya has flood so this area might be able to flood, too”. 
 

Fig.3 House type 

 

 

Table 1  Huntra’s village water level 

Table 2  Villager flood experience 
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Day Number of 

household that be 
inform about flood 

No inform 
Inform 
How many day 
0.5 
1 
2 
3 
4 
5 
7 
10 
15 
30 

10 
30 
 
3 
9 
5 
3 
3 
2 
2 
1 
1 
1 

 
(4)Flood Duration on 2011 flood 
Flood happen in early October 2011 and remain for 2-3 months most of people in Huntra area are suffering in 
flood for 2 months.  
 
3. RESIDENT LIVING CONDITION 

From interview 30 residents 18 of resident live in their house during flood and 12 residents move to shelter. 
But they share the same problem on financial, worry about the house and problem after flood dry The highest 
priority for residents is to keep their vehicle safe (If they have vehicle). In Thailand vehicle insurance not cover 
in case of disaster so people make their choice to park the car in high places such as bridges or Highways even 
if it is illegal. But after all highways were under water all vehicles were damaged by the flood, too. After 
months passed the food and drinking water which individuals collected ran out and it was hard for residents to 
go out to buy food .They have to row the boat for more than 1 hour to go to the nearest department store that 
was still open. People transformed shock to anger and everyday all the villagers desperately wait for food 
delivery from donation. 

 
(1).In-house shelter 
18 resident that live in-house shelter 17 of them have 2 stories house, 1 have 3stories townhouse .They floor 

might be higher than the flood level but every day they resident find it’s hard to travel, some resident have to go 
work by boat and all of them have to wait for local government SAO [sub-district associate organization] to 
deliver cooked-food. They sanitary are also one of the big problems.  

 
(2).Evacuated to another shelter 
4.1 Shelter in Thailand flood 
From previous study normally conclude that there are 4 different levels of shelter in residents level, 

Neighborhood level, refuge level or Community level, and regional or wider level )Xu , Okada ,Hatayama and 
He,2006(. In case of Flooding in Ayutthaya city we can separate shelter in 3 groups.  

 1).Residents level  2).Community level 3). Regional or wider level 
 
 
 
 
 
 
 
 
 
 

Table 3 Villager flood warning 
Table 4 Flood duration 

 
Day House [40] 
20 1 
30  2 
40 1 
60 26 
90 10 
 

Fic4-5: Provide shelter ,Self-made shelter 
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 Type of shelter positive negative 
1.residents

 

1.The upper 
floors of house is 
higher than water 
level 

 

Feel comfort at 
home 

Don’t have to 
pay for move or 
rental 

-No food and water supply. Some-
times don’t have food donation 

-if water level is higher than ex-
pected, resident have to evacuate out 
in flooding time. 

2.relatives house 
 

Feel good to 
stay family and 
don’t have to pay 
high rental)maybe 
free 

Have to pay for transportation in 
evacuation. 

Worry about their house during 
flood 

3.rental house in 
no-flood area 

Have more pri-
vacy and don’t 
have to worry 
about flood 

Have to pay for rental, for transport 
from house and worry about their 
house 

2.Community level 

 

1.Tample or 
school that belongs 
to community 

 

-Free for rental 
-Easy for food 

donate if stay in 
shelter 

-not so far from 
home 

-No privacy 
-Don’t have good sleep sheet pro-

vided 
-Not enough toilet 

2.self-make or 
community shelter 
on highway 

 

-Free for rental 
-Easy for food 

donate if stay in 
shelter 

-not so far from 
home 

-easy for 
transport and get 
donate. 

-No life support facility 
-no security 
-no privacy 
 

3.Some private 
open space 

U

ex
U

 Tesco 
car park 

 

-Free for rental 
-Easy for food 

donation. 
-have big space 

for car 
 

-far from home 
-no privacy 
-no facility 

3.regional or wider 
level 

 

Gymnasium of 
university  or na-
tional Gym 

-Free for rental 
-Easy for food 

donate 
-good facility 
 

-far from home 
-no privacy 
-have to stay with stranger 

 
 
From the interview with local leader, Who co-ordinates the shelter in Baannonsri, said in this sub-district 3 

shelters were provide in school , temple and high-way.All had poor quality and had to wait for food donation 
everyday .But it’s not so far from residents house and they were able to stay with people in same community 
not strangers. The place that people feel most satisfied is High-way shelter because it the first place that they 
can get support. 

From interview with Co-ordinate of Thammasat university shelter said most of the volunteers in shelters 
were university students. The university provides sleeping sheets and tents for family with small chil-

Table 5 Shelter type 
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dren .They also provided food, water, cloth, donate money and tried to have activities to support the victim 
from flood. The living quality in this shelter is quite good but people still worried to stay far from their house 
and don’t know how long they have to stay. Sadly after 2 months university area also flooded and the shelter 
was closed, so people had to evacuate again.  

 
(4) Help and support 
The support start before flood Sub district Administration Organization (SAO), is the main response for 

flood protect and co-ordinate, From interview with chief of SAO ,He explained that SAO will get money 
support or life supply from Ayutthaya province, Red-cross and private organization and spread them to indi-
vidual household by Village leader.  

1. National government send Money support for disaster province and Boat, emergency bag and local 
government will manage to deliver it to resident 

2. Red-cross make charity PR to get support money from all over Thailand and from international red-cross 
and everyday volunteer will help to pack food and emergency bag to send out to disaster area. 

3. Private organization sends food good and donates small temporary emergency shelter.  
All of the donation are sent to SAO and staff will send to resident or said they got food delivery from Local 

government but sometime it’s not enough for example, when interviewing the head of the village 1 said that 
they have conflicts with local government so this village gets less support and donation compared to another 
area, even though this village have highest has the highest population. 
 

(5)Financial situation 
 Average detail of flood relief money in Huntra [779 Households] average flood relief money from government was 
about 15,059 THB per family .This money calculate from all damage for example 1.from For Building Material 
average is 4,078 THB 2.for kitchenware is 3,500THB 3.for lighting in house 200 THB etc.  
From interview 30 households, when compare the money for house renovate that resident spent after flood with the 
money they get from government, it’s too small budget for housing renovation, and that limit the resident for ren-
ovate their house or building better house for flood protect. Which this small amount of money residents can afford 
just to paint new color for their flood effected house and prepare boat for evacuated or transport in future flood. 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.DISISSION   
 
People get lost and suffering during flood, lost in house ,in job and also feel unsecured. 
There is no preparation shelter in case of disaster before, so during the flood happen: temporary shelter has been 
created in community (Used local center point such as temple school or highway); but with no planning for facility 
and no future plan preparation. Many of shelter failure and have to evacuated again, for example in case of 
Thammasat university shelter; even people feel comfortable and have all facility and support but they still worry 
about their own house and at the end resident quite suffer to evacuated again.  
 

Fig.5 Resident financial situation 
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(1)Shelter 
Some shelter doesn’t have enough facility and some is too far ;in case of “Baannonsri Shelter” (school shelter) 
resident said that they have only 1 toilet for 200 peoples and it’s float toilet, not clean nor healthy. When asking 
which is the most satisfy shelter between school, temple and highway, answer is the shelter on the high-way , be-
cause when the donation come to the community this high-way shelter will be the first point that can rise donation. 
Even if have many support during the flood but it’s not enough ,some family complain that the food deliver from 
SAO is not enough and sometime the donation and deliver is depend on connection of individual to SAO.  
 
(2)Evacuation choice 
Many of Thai people have to stay with their relative in another city or rent the hotel .The biggest number is people 
who decide to live in their own house instead of move to any shelter. One of the interview said that they don’t think 
the condition in community shelter would be better compare to their house so If the water don’t high-up to their 
second floor they better stay in their house so they don’t have to worry about thief will come and stole their be-
longing. 
After flood dried many people get lost and have a big money to pay for renovated the material is expensive and hard 
to find craftsman.  
 
(3)No intent to relocate, but no preparation  
Even have many problems but no one wants to move their house to another area. 50 of resident still want to stay in 
Huntra at the same location. And even they have poor condition of living, but when asking about next year prepa-
ration(2012),50 of sample resident, only have idea to move their furniture to up floor faster If they’ve inform of 
flood warning .They have buy the boat. In physical of housing some resident up the level of 2nd floor and some buy 
the wood furniture that can remain under the water. So most it’s individual treatment not community or public 
policy plan. If flood happen this year resident still have no plan to evacuate. 
 
(4)Money/Water level/House type/Relationship 
This factors have effect to resident decision.Water level and budget have effect people for evacuated  
choice ,“Where” to evacuate is depen on 1. Hight of water level 2.Money to stay or to collect food 3.relationship for 
example ,if they have good relationship with thire community so they don’t want to evacuated to other place or if 
they have relative in other area they have more intent to evacuated to live with relative.4.House type If they have 
house type limite such as  1 stories house they have to move no matter how high of water level is only 50 cm. or how 
much money they have 
 
But for in case of renovate 1. House type is most influent factor that difficulte to renovate 2.Money that have small 
payment and also small support 3.water level some people denide to renovate becase of they think that the water 
level is not that high or maybe in future water level would be lower. 

 
 
 
6. Suggestions 
  
The finding of the research leading to 3 suggestions on future flood preparation 
1. Improve the policy or support for evacuation in place: If people have attitude to stay. May be government has to 
have more policy to support their living .For example the house in risk area has to be-up floors and have toilet on 
that up-floor. The electric have to separate between 1st and 2nd floors. 

Relatio
nship 

House 
type 

Water 
level 

Money 

House renovate 
 

  

Evacuated factors 
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2. Improve the shelter system: to perform as the place that people can direct to emergency good, food and water 
supply or sleep sheet. Also give information to resident how this shelter will perform during disaster time and where 
it is locate.  
The reason that some people don’t want to go to the shelter because they don’t know where to go and they have no 
image how to stay in the shelter also the shelter was set up in very poor condition. The shelter systems have im-
proved and also have get more participate to give resident understanding. 
3. Finacial support:The financial support shold considerate more in reality that how can individual will recover their 
own house to be more flood protect. 
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As critical systems increasingly transcend geographical and functional borders, minor disruptions can lead 
to multifaceted crises. Interconnectedness between critical infrastructure institutions is therefore an important 
factor in determining the ability of a society to prepare for and respond to disruptive events. Mixed institutional 
partnerships are an obligatory mechanism of public service delivery in post-conflict situations where one or 
more institutions are weak - such as the state in Afghanistan. How resilient these ‘networks of necessity’ are to 
crisis and disaster depends on their capacity to function beyond their normal operating parameters during the 
crisis, and their ability to recover to normality once the crisis has passed.  

This study reviews the resilience and capacity of public services in Afghanistan, with specific emphasis on 
critical infrastructure provision. The “catalytic partnership” process currently instituted in the country moti-
vates this research. The paper examins the catalytic partnership process from a policy perspective for its 
suitability for addressing shortfalls and gaps in networked service provision. The study extracts a series of 
policy recommendations. 

 
 

   Key Words : public-private partnerships, critical infrastructure, resilience, catalytic-partnership, Af-
ghanistan  

1. INTRODUCTION 

The increasing interdependence of vital systems exposes vulnerabilities in those systems. When combined 
with other alarming trends such as increasing risks of natural and man-made disasters; population growth; 
disease pandemics; armed conflicts and terrorism; the vital systems become further vulnerable. Economic 
prosperity, social well-being and stability of societies depend on consistent and sustainable functioning of 
critical infrastructures. The breakdown of critical infrastructure can precipitate severe social, economic and 
humanitarian consequences. This breakdown can profoundly affect the ability of state to fulfil its responsibility 
against the citizens from the service delivery and protection perspectives. The relatively newly migrated 
concept of resilience from the material science into the social realm can help address these concerns.  

A brief discussion of the concepts of resilience and post-conflict challenges follows. This article uses a case 
study to explore methods to achieve critical infrastructure organizational resilience through enhanced pub-
lic-private partnership in developing and post conflict settings.  

2. RESILIENCE 

Material sciences define the concept of resilience as “the ability of a material to recover its shape after being 
subjected to strain”1). The term also refers to the “quality of being able to store strain energy and deflect elas-
tically under a load without breaking or being deformed”2). Since 1970, this concept describes a system’s 
ability of returning to its original state after disruption2). More recently, resilience refers to a dynamic inter-
action between risk and protective processes for addressing the impacts of disruptive events3). Capability, 
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response, recovery, improvement and flexibility are some of the key characteristics of this concept 4). 
Somers (2009) has argued against the currently accepted view of systematic crisis planning to most disaster 

and crisis management approaches. By taking advantage of improvisation and creativity, he promotes attention 
to the processes and structures that can build resilience for positive and adaptive behaviors5). Applying these 
concepts can enhance the resilience of critical infrastructure organizations. 

3. ORGANIZATIONAL RESILIENCE 

The concept of organizational resilience suggests the ability of an organization to cope in the face of dis-
ruptions, and to recover from unanticipated disturbances and return to normality. Resilience implies activities 
such as awareness, detection, communication, reaction, prevention and recovery. Adapting to a changing and 
potentially threatening environment is also one of the elements of resilience6). Some other key characteristics 
of resilience are: positive outcome (returning to an improved condition), preparedness, commitment to sur-
vival, adoptability, learning and coordinated response6). Although it is impractical to make critical infra-
structure organizations immune from disruptions in post-conflict settings, it can be of great importance for the 
organizations to possess these traits. 

4. CRITICAL INFRASTRUCTURE RESILIENCE AND PUBLIC-PRIVATE 
PARTNERSHIP IN POST-CONFLICT SOCIETIES 

Intentional destruction of livelihood assets to deny opposing armed forces a civilian support base is one of 
the common strategies of armed conflicts in this era7). Therefore, critical infrastructure organizations can be-
come primary targets during armed conflicts. Disrupting critical infrastructure or the systems that supply en-
ergy; water; information and communication technology; food; health; transport; and finance can profoundly 
exacerbate the impact of armed conflicts.  

Shortfalls in governance and lack of capacity and willingness in delivering public services for the benefit of 
all citizens are common in post-conflict and fragile countries8). The international aid community through either 
helping the post-conflict state to rebuild its public services functioning or working in parallel with it normally 
fills this gap8). In the paper titled “From Fragility to Resilience”, the OECD highlights that one of the critical 
determinants of resilience is the achievement of equilibrium over the social contract negotiation through 
“…the dynamic political process through which citizens’ expectations of the state and state expectations of 
citizens are reconciled and brought into equilibrium with the state capacity to deliver services.” This balance of 
state-society demand and service provision relationship cannot be achieved without fully functional, sus-
tainable and resilient critical infrastructure organizations.  

In the case of Afghanistan, the non-governmental public services delivery sector has a prominent presence, 
role and recognition in delivering public services to the Afghan citizens. Almost 80% of the international aid is 
channeled through bilateral arrangement with very limited or no involvement of the government of Afghani-
stan9). As a result, this situation can leave the governmental institutions (including the state’s critical infra-
structure organizations) with inadequate capacity and capability. Hence, the inability of the state to maintain 
the balance of citizens’ demands for services and the state’s responses based on social contract negotiation can 
lead to fragility. Catalytic public-private partnership, which is not yet adequately practiced and examined in 
Afghanistan, seems a necessity, without which making critical infrastructure systems and networks resilient 
and sustainable can remain far from reality.   

Critical infrastructure - referring to those physical or virtual assets, systems and networks that, when dis-
rupted, will bring about unbearable effect to economic security, public health and safety10) – can be essential 
for successfully meeting the expectations of the citizens through offering public services.  The services that 
meet the expectations of citizens may result in maintaining one of the critical factors of resilience – mediation 
of state-citizens expectations and services delivery based on the so-called social contract.    

Public-private partnership (PPP) is a mechanism that has gained a wider interest in the world.  PPP refers to 
a mechanism of public services delivery through partnerships between the governmental organizations and 
NGOs or commercial companies. PPP is an arrangement where the private sector supplies infrastructure assets 
and services traditionally provided by the government11). In the context of post-conflict countries like Af-
ghanistan, where some of the critical infrastructure organizations are weak, PPP can become a major threat for 
the resilience of state’s critical infrastructure organizations. This threat can emanate from partnerships that are 
not catalytic. 

The Oxford dictionary defines the term catalyst as a “substance that increases the rate of a chemical reaction 



 

 3 

without itself undergoing any permanent chemical change” 12).  In other words, a person or thing is catalytic 
when that precipitates an event. In post-conflict settings, making critical infrastructure organizations resilient 
can depend on partnerships strongly influenced by this concept. The Hyogo Framework for Action 2005-2015 
- concerned with building the resilience of nations and communities to disasters - promotes appropriate support 
for improving the disaster resilience of developing countries through capacity-development measures at all 
levels. Attaining this objective can depend on the partnership that can precipitate enhancing the resilience of 
the state’s critical infrastructure organizations. The following section examines one of the critical infrastruc-
tures state organizations as an example from the catalytic partnership perspective.  

5. THE CASE OF AFGHANISTAN NATIONAL DISASTER MANAGEMENT AUTHORITY 
(ANDMA) 

Natural and man-made disasters bring about devastative disruptions in Afghanistan.  The Afghans suffered 
earthquakes, floods, drought, landslides and avalanches. Other natural disasters have included sandstorms, 
locust attacks and extreme winters. During recent decades, Afghanistan has experienced several major natural 
disasters causing almost 15,000 deaths and affecting 8.3 million people. The lengthy and disruptive armed 
conflicts since 1979 have severely affected the country’s major infrastructures13). Consequently, critical in-
frastructure organizations, assets and networks were damaged to such an extent that the public services de-
livery during non-disastrous situation is far from sufficient.   

The government of Afghanistan, in partnership with the United Nations and some international donor or-
ganizations, has mandated ANDMA for coordination and management of all aspects of disaster risk man-
agement in Afghanistan. ANDMA is also responsible for developing management policies and plans for dis-
aster risks. The management plan for disaster risks in Afghanistan has mandated over 20 relevant ministries 
and several national and international non-governmental organizations to be active partners in responding to 
disasters. ANDMA has a pivotal role in managing disaster risks in Afghanistan, and can be one of the most 
important critical infrastructure organizations. The resilience of other critical infrastructure organizations in 
the country largely depends on the ability and resilience of ANDMA - due to its leadership and coordination 
role of facilitating change in the journey towards making other vital partners resilient.   

The role of UNAMA (United Nations Assistance Mission in Afghanistan) in disaster risk management is to 
assist the government of Afghanistan to enhance the capacity of ANDMA in the coordination and management 
of disaster risks in the country. In parallel to ANDMA, UNAMA is also responsible for facilitating in-
ter-agency coordination within the UN organizations and international aid community for managing disasters. 
After almost a decade of capacity building efforts by international aid community, it appears the capability and 
response capacity of ANDMA including the capacity of most of the line ministries has not been adequately 
built. For example the July 2011 Rapid Capacity Assessment Report prepared by UNDP highlights significant 
gaps between the desired capacities based on Hyogo Framework for Action (HFA) and the actual capacity14). 
This report indicates that the partnership between ANDMA and UNAMA has not yielded the desired results. 
This can be attributed in part - if not entirely - to the lack of and ambiguity in catalytic partnership arrange-
ments.  

   6. CONCLUSION 

High quality public service delivery is a critical factor for transforming a fragile society into a resilient one. 
Enhanced and catalytic public-private partnership can effectively maintain state-citizens expectations and 
service provision equilibrium, and can be one of the critical factors for the resilience of fragile states. It is 
important not to underestimate the role of critical infrastructure resilience in achieving this success. 

This paper has argued that in conflict-affected Afghan society, the existing public-private partnership has 
not yet yielded the desired benefits to the country’s critical infrastructure organizational resilience. It is 
therefore important to transform the existing public-private partnerships into a partnership that is catalytic 
rather than substitutive. In a post-conflict setting, where public private partnership is a necessity rather than a 
choice, its appraisal and review can be an important requirement. Enhancing contracting, competitive ten-
dering and franchising capability of the state and creating the conditions that can attract competent human 
resources at least in the critical infrastructure organizations seems a necessity.     
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ABSTRACT 

 
Climate change is expected to increase earth’s temperatures and consequently result in more frequent 

extreme weather events such as cyclones, storms, droughts and floods and rising global sea levels. This 
phenomenon will affect all assets. This paper discusses the impact of climate change and its consequences on 
public buildings. Public building management encompasses the building life cycle from planning, 
procurement, operation, repair and maintenance and building disposal.  

This paper recommends climate change adaptation strategies to be integrated into public building 
management. The roles and responsibilities of asset managers and users are discussed within the framework of 
planning and implementation of public building management and the integration of climate change adaptation 
strategies. A key point is that climate change can induce premature obsolescence of public buildings and 
services, which will increase the maintenance and refurbishment costs. This in turn will affect the life cycle 
cost of the building. Furthermore, a business continuity plan is essential for public building management in the 
context of disasters. The paper also highlights the significant role that the occupants of public buildings can 
play in the development and implementation of climate change adaptation strategies.   

   
 

Key Words: climate change adaptation; public building management; asset management; facilities 
management  

 

1. INTRODUCTION 
 

Climate Change is influenced by human activities which are predicted to result in changes to weather 
patterns over the long-term and it is widely accepted as the key global challenge. The Intergovernmental Panel 
on Climate Change states that global warming is caused by ‘human-made’ greenhouse gas emissions1). As a 
result, land and oceans temperature are expected to increase. Consequently, there will be changes in the 
frequency of extreme weather events such as cyclones, storms, droughts and floods and rising global sea 
levels2). Since mitigation initiatives such as emissions reduction are proving to be inadequate to reduce the 
accumulation of greenhouse gases in the atmosphere, global warming and climate change are inevitable. 
Consequently the emerging issue is not just climate change mitigation, but also adaptation to climate change. 
The Climate Change Review undertaken by Garnout stated that beyond reasonable doubt that new data and 
analysis confirm the inevitability of climate change3).  

This paper focuses on public asset management concepts being applied to public buildings in the context of 
climate change. The focus of this paper includes buildings owned or managed by various levels of government 
such as office buildings, schools, hospitals and housing. The stakeholder roles and responsibilities in public 
building management are discussed. In addition, the discussion on public building management has been 
widened to encompass the issues inherent climate change adaptation. As any strategy will not be universally 
applicable for all conditions, this paper will focus on public building management as a focus for the 
exploration of interactions among stakeholders. 
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2. PUBLIC BUILDING MANAGEMENT 
 

Public asset management and in particular public building management concepts are discussed in this 
section to provide the underpinnings for the climate change adaptation strategy. The best management of 
public buildings4), which is part of the government’s asset portfolio can improve quality of services to meet 
public needs and expectations5). Public building management which includes both strategic and operational 
components for the whole life asset management process is also discussed below. 

Past researchers have recommended that property asset management should include a structured, holistic 
and integrated approach in order to align and over time to meet an organisation’s objectives4); 5); 6); 7). For 
example, the University of Leeds has used a whole life asset management and value based thinking which 
include corporate strategic direction as the basis for asset management and service delivery4). 

In this holistic process as illustrated in Fig. 1, public asset management entails four stages of an asset life 
cycle. This includes: (1) planning; (2) procuring; (3) utilising (operational); and (4) disposal8). In the asset 
planning process, property asset management has been placed under the approach of strategic asset 
management. In this planning stage, public building managers will need to include not just good design but 
also build ability, maintenance and overall cost for the whole life cycle of the building. In the procurement 
stage, public building managers will need to consider the operation and disposal plan prior to the purchase of 
any asset9).  

 
 
 

 

 
Fig.1 Public Asset Management Process8)  

 
In the operational stage, the building will need to have ongoing preventive maintenance and repairs to 

ensure that it will be able to deliver the expected service. However, governments are faced with shrinking 
budgets while at the same time, having to provide the most suitable facilities to support core service delivery 
requirements10); 11). The budget constraints are ever worsening compounded by the increasing demand for the 
availability of high quality public services. Furthermore, the demand for the provision of high quality of public 
services will continue to increase over the long term as a result of climate change impacts and the 
accompanying detrimental impacts on the community.  

Considering the important role played by public buildings in society, a formal performance measurement 
system needs to be developed and implemented to assist performance improvement of public buildings12). The 
measurement of performance has become an essential element of the strategic thinking of asset owners and 
managers. The measurement of performance should include both, physical and functional characteristics of the 
building. In addition, the continuation of service or business continuity is an essential factor for measuring the 
performance of public buildings7). The business continuity strategy is a critical requirement particularly in the 
case of extreme weather events which are expected to increase in frequency due to climate change.  

In relation to performance measures, the key performance indicators can be classified into three categories: 
efficiency; environmental sustainability; and effectiveness13); 14). Efficiency is commonly measured as cost per 
person includes space requirements. Environmental sustainability is measured on the basis of sustainable 
features such as carbon emission reduction measures, water and energy conservation measures and solid waste 
recycling. In addition, climate adaptability also needs to be included in measuring the performance of assets. 
Effectiveness is measured by the facilities available and their functionality, flexibility, compliance, fit within 
the workplace environment and health and safety practices.  

Some researchers15); 16); 17) argue that citizen perceptions, preferences and evaluations are also important 
measures of performance of public organisations. In the case of a private sector organisation, the opinion of 
clients and their satisfaction on service quality are critical factors16). Managers can obtain information about 
the nature and extent of the needs of various service receivers, whether improvements to service delivery have 
produced desired outcomes and people’s opinions and preferences regarding specific issues, programs, 
policies, and priorities15). 

In addition to the public asset management process explained above, strategic asset management requires 
risk management strategies at each stage of the process. Risk management is ‘an iterative process consisting of 
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well-defined steps, which, when taken in sequence, support better decision-making processes by contributing 
greater insight into risks and their impacts’18). Most definitions of risk management relate to the process of 
identifying, and of analysing the likelihood and impact of risk, of evaluating it, of dealing with it, and of 
monitoring and communicating information about it19). The likelihood and impact of climate change will need 
to be incorporated to allow integration of climate change adaptation in risk management strategies.  

The tools most commonly employed to measure such risks include qualitative techniques20). Webb21) called 
these 'likelihood and consequences' tools and Melton 22) described them as 'probability and impact analysis' 
tools. The quantitative measurement of probabilities or likelihoods is difficult, particularly where such 
probabilities are low. Likelihood and consequences using qualitative measures adopt criteria such as ‘low, 
medium and high’ or ‘almost certain, likely, possible, unlikely and rare’ 23); 24). The consequences of risk can be 
measured using qualitative techniques (see Table 1). Financial consequences are quantitative and are easily 
measured in terms of financial impacts on the organisation. Non-financial consequences may include the 
failure to achieve a desired outcome for a tenant, employee or stakeholder23).  
 
Table 1 A typical risk matrix using qualitative criteria of likelihood and consequences 
 

Likelihood Consequences 
Negligible Minor Moderate Major Severe 

Almost Certain  Moderate Moderate High Very High Very High 
Likely  Moderate Moderate High High Very High 
Possible  Low Moderate High High High 
Unlikely  Low Low Moderate Moderate High 
Rare  Low Low Moderate Moderate High 

Source: AusAid 24)  
 

In the asset management process illustrated in Fig. 1, multiple stakeholders can be involved. This includes 
government and private and community organisations with different roles and responsibilities. Table 2 
illustrates the generic public asset management stakeholder roles which may not necessarily be applicable to 
every situation. However, in general the government acts as the asset owner, asset manager and also the 
regulator. Government employees could be customers of public building as their work place. Consequently, 
government has significant responsibilities in ensuring the successful performance of public assets. The 
end-users include the community in general who will use the public building to seek services and to derive 
various benefits. The private sector can assist government by contributing to planning, delivery, finance and 
risk reduction as listed in Table 2.  
 
Table 2 Stakeholder roles and responsibilities in public building management 
 

Stakeholder Roles Responsibilities 
Government/ 
Government 
employees 

Asset owner Develop strategic management goals and objectives 
Asset manager Implement strategic goals through planning, delivery, operation, 

maintenance and disposal 
Regulator Develop regulations related to providing guidelines on public asset 

management and performance measurement 
Customers Optimising the usage of the public buildings to meet strategic 

management goals 
Community End-user Contribute to the cost to utilise the public buildings to meet strategic 

management goals 
Private sector Consultant Assist government to develop and implement strategic management 

goals 
Contractor  Deliver service based on contract of procurement and/or at operation 

and maintenance stage 
Insurer-financier Assist government to manage their risk by providing insurance and 

financial assistance. 
 
The next section focuses on climate change adaptation and evaluates how the roles and responsibilities of the 
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range of stakeholders involved in the management of public buildings will need to adapt and innovate in view 
of the predicted detrimental impacts in relation to climate change.  
 
 
3. CLIMATE CHANGE ADAPTATION FOR PUBLIC BUILDING 
 

This section discusses the importance of climate change adaptation in relation to public buildings. Public 
buildings are likely to be affected by climate change due to the changing frequency of extreme weather events 
and the increase in the earth’s temperature (global warming). Climate change adaptation will need to take into 
consideration both phenomena. Adaptation is a “process by which strategies to moderate, cope with, and take 
advantage of the consequences of climatic events are enhanced, developed and implemented” 25). Adaptation 
includes “adjustment in ecological, social or economic systems in response to actual or expected climatic 
stimuli and their effects or impacts” 26). 

Wilby and Dessai27) stated that adaptation presents by advancing coping or by reducing the impact of known 
threats. Adaptation strategy relate to the coping thresholds. At a generic level, adaptation depends greatly on 
the adaptive capacity or adaptability of an affected system, region, or community to cope with the impacts and 
risks of climate change. Climate change impacts will vary depending on the form of the settlement, geographic 
considerations and the nature of the local economy25). For example, flood-proofing of public buildings will 
ensure business continuity during flood events. On the other hand, flood-proofing individual homes against 
floods as well will reduce the exposure of people who live in floodplains or low-lying coastal zones28). 
Research studies show that no single adaptation policy recommendation can be universally appropriate26).  

The conceptual framework for climate change adaptation is an iterative process of information awareness, 
planning-design, implementation, monitoring and evaluation (see Fig. 2). Fig. 2 also encompasses the asset 
management process discussed in Fig. 1 consisting of planning, procurement, operation, maintenance and 
disposal which now incorporates a climate change adaptation strategy in each step. In this process there needs 
to be a strong government intervention in providing information and regulation to enable the implementation 
of the framework. In managing public buildings, the regulatory framework may entail updating building codes, 
design standards and planning restrictions to take into consideration the impact of climate change such as for 
example, the frequency and duration of rainfall, stormwater carrying capacity, changes in wind speed25). Klein 
suggested that adaptation is a climate change mitigation strategy which needs to be integrated into the existing 
management practices29).  

 
 
 

 

 
 

 
 

Fig. 2 Climate change adaptation framework. 
Source: Adopted from Klein29) 

 
The uncertainties associated with climate change adaptation strategies relate to the risk management 

process. The early warning and preparedness systems, more resilient buildings and infrastructure, risk-averse 
land use planning, updating building codes and insurance are mainly risk management strategies30). These can 
be further categorised into risk reduction, risk avoidance, and risk transfer strategies. The early warning 
systems are a risk reduction strategy. While building more resilient buildings, risk-averse land use planning 
and updating building codes are risk avoidance strategies. Updating insurance is a risk transfer strategy. Table 
3 lists the generic climate change adaptation options, adaptation options for public buildings and their 
relationship to the risk management strategy. Adaptation of climate-related stimuli is distinguished according 
to ‘individual’s choice which includes the role of community structures, institutional arrangements and public 
policies26). Burton31) listed eight options for adaptation to climate change (shown in Table 3) or response to 
climate change which can be adapted into public building adaptation strategy.  

Public buildings are commonly designed for a life-span of 20-50 years25). The decisions for development 
and replacement or refurbishment of public buildings need to consider the changed climate in the future 
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including higher temperatures and more frequent extreme weather events. Table 3 provides adaptation options 
for public building in relation to selecting the location, building materials, new building codes and design 
standards as part of the risk management strategy. Moreover, insurance companies also play a significant role 
in this integrated risk management strategy. The public building owners and occupants may transfer the risk by 
purchasing insurance from a third party. 

 
Table 3 Adaptation to climate change options and risk management strategy 
 

Generic options for 
adaptation to climate 
change  

Adaptation options for public buildings  Risk management 

1) share the loss Updating building and contents insurance Risk transfer 
2) bear the loss The early warning systems will not prevent capital loss 

but may reduce casualties 
Risk reduction and risk 
absorbance 

3) modify threats/ events Building material selection, build flood levees Risk prevention and risk 
avoidance 

4) prevent the effects Updating building codes and design standards Risk prevention 
5) change use Risk-averse land use planning Risk avoidance 
6) change location Risk-averse land use planning Risk avoidance 
7) research Conduct research on building performance, users’ 

satisfaction and broader community impact assessment 
Risk prevention 

8) education/behavioral Publication of flood history, building simulation display 
and disaster preparedness training 

Risk and information 
awareness 

Source: (1), (31), (23), (32) 
 
Adaptation to climate change can be categorised as preventive (action prior to the event) or reactive (after 

the extreme conditions are experienced). Government has an important role to play in relation to both, 
preventive and reactive initiatives. For example, government can take action to reduce the impact of climate 
change in coastal areas by early intervention by updating building codes, design standards, planning 
restrictions and providing incentives for relocation of buildings in the disaster-prone areas29). The 
implementation of such prevention initiatives in public buildings as a climate change adaptation strategy is 
more effective and efficient than reactive actions such as post disaster repairs.  

Multiple stakeholder involvement in climate change adaptation options is evident in Table 3. The roles and 
responsibilities of government, private sector and community on building management are illustrated in Table 
2. The generic roles and responsibilities of government, private sector and community on building 
management are similar in the climate change adaptation framework as listed in Table 2. The government as 
the public building owner, manager and also regulator has an important role in develop planning legislation, 
codes, standards and guidelines to build more resilient buildings to overcome climate change impacts. For 
example, the photos in Fig. 3 show a flooded school and a class room that has been made unsafe post disaster. 
Providing more resilient school buildings will ensure appropriate service delivery without compromising the 
children’s safety.  

 

 
 

Fig. 3 Flooded school34) and an unsafe class room after flooding35) 
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The possibility exists that the climate change adaptation policy may be in conflict with other imperatives 
such as service delivery33). For example, economically the most efficient approach to implementing an 
adaptation strategy for public building management may not necessarily be the most effective or the most 
equitable26). 

In addition, public building occupants can provide significant inputs to the development and implementation 
of a climate change adaptation strategy. In a risk prevention strategy, the users’ satisfaction and broader 
community impact are explored within research options (see Table 3). The research outcomes can be employed 
to undertake building simulation and to update the building code, planning legislation and design standards. 
The implementation of a climate change adaptation strategy will rely on information dissemination and public 
education.     

Though climate change is predicted to cause extreme weather events which will potentially threaten public 
assets and particularly compromise the delivery of public services, it has been found that many public sector 
organisations have not prepared disaster management plans or business continuity plans in relation to climate 
change7). For example, in preparing contingency plans, many organisations do not include loss of buildings as 
part of the disaster management plan. In addition, commonly the disaster management plan is not 
communicated widely within the organisation. Moreover, many organisations have not provided training to 
staff on their disaster management plan7). Practical examples of these issues are discussed below in relation to 
the January 2013 floods in Queensland and the evacuation of the Bundaberg Hospital (refer to Fig. 4 and 5) and 
a similar prior evacuation of the Cairns Hospital in Queensland in preparation for Cyclone Yasi in February 
2011. It appears that the lessons learnt were not necessarily translated to tangible actions to be in readiness for 
the January 2013 floods in Queensland. 

 

 
Fig. 4 The evacuation of patients from the Bundaberg Hospital in Queensland during the January 2013 

floods36) 
 
Climate change impacts will have relatively more severe consequences on public buildings which provide 

vital utilities to large communities. Asset managers will need to prepare a disaster management plan to include 
a contingency plan and business continuity plan to increase the quality of service delivery. For example, the 
Bundaberg hospital in Queensland needed to be evacuated during the January 2013 floods in the aftermath of 
Cyclone Oswald and moved temporarily to a hanger at Bundaberg Airport. Fig. 4 shows the patient evacuation 
process at the Bundaberg hospital and Fig. 5 shows the temporary hospital that was established at the 
Bundaberg Airport.  

This evacuation was a very large-scale operation and entailed the deployment of a fleet of ambulances and 
helicopters and a large number of emergency services staff and army personnel. However, the evacuation of 
the hospital to the local airport was a decision taken during the flood emergency rather than as part of a 
well-developed disaster management plan. This was despite the fact that a similar operation was needed to be 
undertaken in 2011 in readiness for Cyclone Yasi as shown in Fig. 6. 
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Fig.5 Temporary Bundaberg hospital at a hanger at Bundaberg Airport during the January 2013 floods 37) 

 
 

 
 

Fig. 6 Inside a military plane – Cairns Hospital in Queensland being evacuated in readiness for Cyclone Yasi in 
February 201138) 

 
Therefore, in summary, the implementation of climate change adaptation and risk management strategies in 

public asset management will require the incorporation of uncertainty factors and the development of a disaster 
management plan. The reduction of potential economic life of the building and utilities may lead to a shorter 
building life cycle due to premature obsolescence. For example, with the increase in temperature and a greater 
number of hot days, the building cooling system will be subject to greater loading. The existing facilities might 
reach their technical obsolesce faster and need earlier replacement which will impact on the life cycle. 
Moreover, the occupants’ comfort and their satisfaction on the building performance will be reduced.  

Dynamic analysis which should include multiple scenario planning will be necessary for inclusion in the 
whole life cycle asset management process. Strategy development needs to take into consideration not just one 
‘bad’ situation, but the regular occurrence of extreme conditions and also global warming in the long-term. The 
building obsolescence is the failure of a building to meet the demands, requirements and expectations of the 
end users. The study undertaken by Jones39) evaluated the potential impacts of climate change induced 
obsolescence (causes and effects) on life cycle costing models. Building  maintenance and refurbishment 
strategies can be used to eliminate obsolescence and to avoid early disposal or re-development, consequently, 
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increasing the asset life. Climate change induced obsolescence will result in not just substantially more 
expensive maintenance and refurbishment, but also induce financial stress on the government as the building 
owner40). Further study to develop dynamic building performance measurement to incorporate climate change 
adaptation initiatives will provide a vital tool to develop insights and guidance for future decision-making in 
relation to the refurbishment or disposal of public buildings.  
 
 
6. CONCLUSIONS 
 

The impact of climate change is predicted to result in the increase in temperature, rising global sea levels as 
well as more frequent extreme weather events such as cyclones, storms, droughts and floods. These 
phenomena are expected to have a severe impact on public buildings which provide vital services to the 
community. Asset managers need to prepare disaster management plans to include a contingency plan and a 
business continuity plan to increase the quality of public service delivery. Climate change adaptation needs to 
be included in public building management and risk management strategies to be developed.  

The integration of public building management with climate change adaptation and risk management are 
discussed in the paper. Public building management includes the building life cycle from planning, 
procurement, operation, repair, maintenance and building disposal. Government needs to update building 
codes and design standards taking into consideration climate change phenomenon and its adverse 
consequences. The reduction of potential economic life of buildings and utilities will require the consideration 
of shorter building life cycle due to potential premature obsolescence.  

Finally, this paper discusses the roles and responsibilities of government, private sector and community on 
building management. Public building occupants can provide significant inputs to the development and 
implementation of a climate change adaptation strategy. Further investigations need to be undertaken to 
develop dynamic building performance measurement approaches to incorporate climate change adaptation 
initiatives. Building performance analysis will also provide insight and guidance for future decision-making 
for the refurbishment or disposal of public buildings. 
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Abstract  
This paper investigates how the concepts of resilience can be incorporated in the transport planning and 

operations. The transport infrastructures should be managed using the concepts of resilience. It is because the 

recent climate change has increased the vulnerability of mobility by dysfunctioning transport infrastructures 

of roads and public transport and their facilities. Some case studies are examined if valuable asset 

management techniques in order to maintain resilience concepts can be introduced in transport infrastructure 

planning and operations. The first case study is the evacuation network design in coastal areas. Various kinds 

of evacuation networks are designed to find effective evacuation routes. The second is the introduction of 

public transport oriented hub and spoke systems. We can find reserve capacities in median bus trunk lanes as a 

hub since the lane is only used exclusively for buses. Emergency vehicles can be used in these lanes in 

emergency cases so that these lanes should be designed to cover wider ranges of transport networks. The third 

case is how we can introduce safety facility furniture such as fences in the busiest public transport stations in 

order to ease conflicts of pedestrian movements. The fourth is how we can assess to foster vulnerable road 

networks in flooding areas. We introduce how to valuate dis-benefits of travel time variations and 

disconnected transport networks due to flooding. The fourth case study also represents how to assess the road 

network protection facilities against heavy snowfalls in the benefit and cost analysis. 
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1. INTRODUCTION 
 

Due to climate change various kinds of natural disasters such as floods and tsunamis are becoming increasingly 
diverse and their influence is increasing even worse. Therefore a paradigm shift towards disaster management is 
required. Natural disaster prevention is fundamentally impossible but with secured “Resilience” and disaster 
management techniques, damage to city’s physical environment and community can be minimized. In order to fully 
recover a city’s infrastructure and components after disaster, a comprehensive discussion on concept of Resilience is 
required.  

 

2. CONCEPT OF RESILIENCE 
 

Dictionary definition defines resilience as “a power or ability of a body or system to return to their original state 
after transformation by an external force”. MCEER researchers defined resilience as “the ability of social units 
(e.g., organizations, communities) to mitigate hazards, contain the effects of disasters when they occur, and carry 
out recovery activities in ways that minimize social disruption and mitigate the effects of future disasters”, 
Michel Bruneau1) (2003). This research paper focuses on concepts of resilience and its application in 
transportation planning and operations, thus we can say that infrastructure resilience is the ability of 
infrastructure (roads, highways, lifeline and other structure) to withstand the natural disaster forces. 

Fig.1 represents ‘the resilience triangle’ for a damaged infrastructure system and shows its relationship with 
recovery, Michel Bruneau (2003). Operation disability, damage and confusion are caused by disaster and 
recovered over time. The system of measures undertaken for enhancing resilience in urban infrastructure 
improves the operation of power (vertical axis) and a full recovery will take less time (horizontal axis). 
Resilience-enhanced measures should aim at reducing the size of resilience triangle through strategies that 
improve the infrastructure’s functionality and performance. Infrastructure resilience is influenced by the factors 
and for better understanding a conceptual framework is developed as McDaniels2) (2008).  
 

  
Fig.1 Resilience triangle and effects of decision-making (McDaniels2) (2008)) 

Fig.1 represents ‘the effect of decision making on resilience' and system’s functionality.  
With the proper decision making and resourcefulness, the infrastructure’s durability and rapidity can be 

increased. Resilience cost (RC) is composed of sum of system impact (SI) and total recovery effort (TRE). When 
the resilience cost is bigger than the sum of SI and TRE, system’s resilience shall be interpreted as poor because 
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it takes much recovery effort, Vurgin3) (2010). Also for the same system of disaster resilience, the resilience cost 
can vary depending upon total system recovery evaluation, resourcefulness and ability to diagnose. Thus a 
relative comparison is done by using a weighing and unit conversion factor (α). Total resilience cost (RC) then 
equals sum of system impact (SI) and factored total recovery effort (α x TRE).  
  Existing research methods in resilience evaluation is not considering recovery effort and system impact. But 
currently, importance of recovery effort as well as system impact is emphasized in evaluating resilience cost. 
Also, system impact and recovery time of the same incident are able to change by recovery effort. Accordingly, 
Vugrin (2010) calculated that resilience cost is divided into Recovery Dependent Resilience Cost (RDR) by the 
specific recovery activities and Optimal Resilience Cost (ORC). This resilience concept has been used in a 
variety of disciplines. However, there are few studies on the resilience of transportation planning.  
 

3. RESILIENCE IN EVACUATION NETWORK DESIGN 
 

(1) Motivation 
Evacuation route planning has become a topic of critical importance due to the recent Tsunami in Japan. 

Particularly, the network in an urban area where large number of population is subject to be negatively affected 
from such natural disaster. To minimize the damage of natural disaster such as tsunami, an emergency action 
plan for the vulnerable coast should be developed, and Detour route of the vehicle on the network to support 
fast efficient traffic network plan is needed. 
 

(2) Methodology of hierarchical evacuation network design  
Thomadsen4) (2005) considers the design of two-layered networks, i.e. joint hub location, clustering of nodes, 

and network design. Methodology of hierarchical evacuation network design is divided in four different ways of 
clustering, hub selection, hierarchy network configuration and corridor line generation. This chapter is to apply 
through the above-mentioned methods in Busan, Korea. Assumptions of the study are as follows. First, network 
in Busan is made to simple main path, second each link has a travel cost (time) by BPR function and third 
initial node demand is randomly distributed (total demand: 0.1 million vehicle). Under the assumption, the first 
step is Clustering. A simplified network clustering for evacuation network design is needed. The next step is 
Hub selection, Thomadsen and Stidsen5) (2005). 

    
 Fig.2 Clustering and hub selection  
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The next is Hierarchy Network Configuration step, Hierarchy Network Configuration steps. Corridor line 
generation is performed by four cases. Each corridor line of case is calculated by a mathematical formula in the 
example networks. For each cluster select a hub from the cluster to include in the backbone-network. 

    

Case 1. Minimum 
Distance Rule 

Case 2. Maximal Flow 
Rule 

Case 3. Maximum 
Accessible Rule 

Case 4. Minimum 
Travel Time Rule 

Fig.3 Result of corridor line generation 

3) Application with MATSim 
 

In a multi-agent transportation simulation, each traveler is represented individually. To analyze the 
hierarchical evacuation network design, a rule-based multi-agent simulation is a promising method for 
transportation simulations, Joubert 6) (2010) 

 

4) Evacuation Time  
Evacuation time is analyzed by considering additionally contra flow. Each case, the Analysis result 

considering a contra flow is shown in the following figure. In summary, the analysis of the results, the analysis 
results considering contra flow Case 3 takes the least time to evacuation. 

Classification Minimum 
Distance Rule 

Maximum Flow 
Rule 

Maximum 
Accessible Rule 

Maximum Travel 
Time Rule 

Without 
Contraflow 06:50:30 07:55:00 06:50:30 07:55:30 

With Contraflow 03:30:30 05:05:30 03:30:00 05:15:30 

 
Fig.4 Evacuation histogram 

 
6) Finding 

We could build that methodologies of hierarchical network design Using 4 steps. Structured methodology using 
MATSim is as follows: corridor Line set by Case 3(Maximum Accessible Rule) is best, and people evacuated through 
the evacuation route (Corridor Line by Maximum Accessible Rule) are required for 03:30:00 (including contra flow).  
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4. RESILIENCE IN SEOUL’S HEIRARCHICAL BUS ROUTE DESIGN 
 
1) Introduction 

Seoul's bus system had a lot of problems with increased commuting distance such as increased traffic jam 
and decreased bus passengers. Bus rapid transit is the best to solve the urban traffic congestion problem as an 
alternative to road-building and subway construction is far more economical and efficient. So, the new bus 
system was reorganized.  
 

 2) Action program 
The most obvious action program is route system reorganization. Reorganized route system consists of 

functional route system, altered bus color, trunk line, feeder line, circular, wide-area and reorganized route 
number. Also bus route system is divided in detail into trunk line with Feeder line. Trunk line is that which 
directly connects the suburbs with downtown area. And feeder line is that linking to trunk line stops/subway 
stations for easy transfer, providing public transport for local demand. 
 

 
Fig.5 Reorganized of bus route system 

 

3) Hub & Spoke in Transportation 

Airlines have begun to use in the 'hub-and-spoke' for the first time. It is comprised with some hubs and 
spokes. Most cargo has transportation routes, which is moved via the endpoint associated with the origin hub. If 
you have a variety of different origin and destination, each of them will create the lines connected, and 
Passengers take advantage of move at one time without transfer. But because this kind of route is very diverse 
and if you have a limited number of vehicles then it continues to increase allocation of time eventually. Hub and 
spoke is that traditional network system which departs the traffic volume (spoke) in one concentrated place (Hub) 
and vice versa. Origin-Hub-Destination is the form of a hub and spoke. This approach has disadvantage that you 
need to transfer 1-2 times. But it reduces the kind of routes than in the Point to Point, in same vehicle as the 
dispatcher can reduce the time. 
 

4) Future direction of Hub and Spoke 
Case 1 is that use of integrated national public transport network. Sub-hubs are used as transfer points for 

main hub and spokes for public transportation system to connect the shortest distance. Rail and road 
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transportation (car rental, car sharing, etc.) are aimed to reshape integrated operation network to improve the 
approach. Case 2 is that take the advantage from late night bus service. Ensure minimum bus (Trunk line bus) 
leverage the mobility of passengers in the late-night. Unlike the weekly subway station Hub, the trunk line bus 
station serves as Hub at late night, and from hub to destination point taxi is utilized and serves as spoke. 
 

5) Discussion 
Hierarchical Public Transport Systems are more efficient than the conventional systems in terms of mobility 

management. Reserve capacity on the bus lane can be used in emergency cases. 
 

5. RESILIENCE IN FURNITURE LAYOUT DESIGN ON TRANSIT STATION 
 
1) Background 

Different layout designs for station furniture are needed to minimize conflict in movements using evaluation 
of pedestrian movement modeling, pedestrian simulation on different designs. In this paper we have used 
Cellular Automate Model (CA) to subway station, Lee7) (2009) 
 

2) Cellular Automata 
Cellular Automata is the model that simulates dynamics resulting from local interaction and emulates the 

pedestrian movements. CA model has the following spatial structure. CA model can reflect the characteristics 
of pedestrians. Conventional model is the one which only search left and right sides while moving to the side 
but suggested model is that which counts the diagonal movements as well. 
  

3) Assumption for application 
In this analysis, the assumptions for application of CA model are as follows: Pedestrian characteristics, 

forwarding move model and side moving model. Pedestrian characteristic is that multi class (fast pedestrian, 
ordinary pedestrian and slow pedestrian) exists and when changing the path, rear pedestrians are not considered. 
Forward moving model is that if a pedestrian exists in front of the target pedestrian, the target pedestrian walks 
with the walking speed which is lowered by psychological suppress and random acceleration in walking is 
explained with the probability. Side moving model is that if a pedestrian in front is a counter pedestrian, the 
target pedestrian changes his path to avoid the collision.  
 
4) Survey on site 

The selected site of study for analysis is transfer stair between line 3 and 4 in 'Chung-Mu-Ro' subway station. 
 

5) Pedestrian behavior model  

In study, we analyzed the impact to pedestrians on the side of the fence location and fence design in transfer stair. 
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Fig.6 Transfer stair fence designs 

 

Table 1  Scenario-specific measurement results 

  

 According to the simulation results, the higher the pedestrian rate of flow, the bigger the difference in pedestrian’s 
velocity with regards to the existence of fence. The difference in pedestrian’s velocity between the full fence model 
and the extended one is not as considerable as the one between the full fence model and partial one. 
 

Table 2 Scenario-specific measurement results 

LOS 
Scenarios 

Pedestrian 
Rate of flow 
(ped/min/m) 

No Fence case 
(m/min) 

From Beginning 
to End case 

(m/min 

Downside 
Partially case 

(m/min) 

Upside Partially 
case 

(m/min) 
Down- 
wards 

Up- 
wards 

Down- 
wards 

Up- 
wards 

Down- 
wards 

Up- 
wards 

Down- 
wards 

Up- 
wards 

1 (LOS A) ≤ 43 90 86 87 83 87 82 85 82 
2 (LOS B) ≤ 50 81 74 81 75 81 77 81 78 
3 (LOS C) ≤ 65 69 67 73 71 74 72 73 71 
4 (LOS D) ≤ 69 60 56 70 65 64 62 61 60 
5 (LOS E) ≤ 74 56 50 65 60 59 57 56 54 

 

According to the simulation results, we found that the roles of fence in a stairway decrease the collision 
between people moving upwards and downwards, and increase their walking speed at congested conditions. As 
mentioned, upward pedestrian speed is different from the downward. 
 
6) Discussion 
Fence installation has a huge impact to pedestrians. We analyzed the impact of different cases on pedestrians 
flow in this study. As a result, measures are to be taken to minimize adverse effects to the pedestrians.  

Scenario 
Pedestrian of 

flow 
(men/min/m) 

No Fence 
(m/min) 

Fence 
(m/min) 

Extended 
(m/min) 

Partially 
(m/min) 

1 (LOS A) ≤ 43 88 84 84 88 
2 (LOS B) ≤ 50 78 76 74 78 
3 (LOS C) ≤ 65 68 75 71 75 
4 (LOS D) ≤ 69 58 65 67 60 
5 (LOS E) ≤ 74 53 61 62 55 
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6. RESILIENCE IN ROAD NETWORK FOSTERING FOR CLIMATE CHANGE 
 

1) Introduction 
Other urban infrastructure has a strong relationship with transport infrastructure, both are interdependent. 

After the disaster, transportation logistics are disrupted and the city infrastructure is paralyzed, and the damage 
can last longer. But with secured resilience and proper disaster management, transportation network can be 
made functional even after disaster occurs. 
 
2) The Quantification of disaster impact of climate change 

The impact of climate change is predicted and probability of rainfall and snowfall in South Korea is 
measured by the techniques such as KPCC model and IPCC AR4 model, IPCC8) (2007). We tried to analyze the 
quantification of rainfall frequency. The country’s five-year frequency design rainfall for two hours is 81.4mm 
and marginal rainfall is 81.7mm. From 2011, the frequency of rainfall over marginal rainfall is expected to be 
gradually increased. Therefore, precautionary measures and flood disaster management plan must be enhanced. 
 

3) Case study for flooding considering Climate change 
Disaster prevention facilities in the target area, Gulpacheon (Gulpo creek) were investigated for concentrated 

rainfall. Target area of 14,917m long area of urban drainage system build and apply to Urban Runoff 
Models(XP-model), and after rainfall input for future goals period by impacts of climate change, Flood damage 
is calculated by the multi-dimensional method and economic analysis. 

 

Fig.7 Review case in urban area 

In order to analyze B/C ratio, benefit was set to improvement for convenience, and cost set to using cost for 
improvement. Table 3 lists all cases as a result of the analysis, it can be seen that B/C is higher than 1 

Table 3 B/C analysis 

Goal period Benefit 
Cost 

B/C Jaakjeon-1dong Jakjoen-2dong Jakjeon-seoundong Total 
1 479 212 94 - 306 1.56 
2 1,871 373 421 223 1,019 1.84 
3 2,692 451 516 338 1,303 2.07 
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4) Transportation effect analysis according to snowfalls 
As shown in Fig.8, the green links are expressed as melting snow system installation that reduces the delay 

due to the increased traffic speed of portion. In this case, installation section of Banpo-ro as well as internal 
Seoul overall effect improves traffic speed. 
 

  

Spheres of influence as a result set Traffic volume rate(RV) 

Fig.8 Transportation effect analysis according to snowfall 

 

After setting the target of the study area, VDF function was made for snow traffic analysis. Used as the basis 
of the estimation method to ensure the reliability of the estimated parameter values in enumeration, and 
EMME/2 macro language designed to perform the parameter estimation. If road traffic rating by estimated 
parameter increases, the pass rate was sharply reduced as well. As the impact of snow, pass speed was analyzed 
at 0.4 V/C (traffic volume capacity ratio). 
 

 

Division 
Free 
speed 
(km/h) 

Results 

α β 
Express way 85 1.44 3.95 

National highway 68 1.83 6.80 
Local road 51 0.66 6.65 

Cities and countries 
road 43 0.92 4.55 

Fig.9 Result of VDF function 

For examining the spatial and temporal reduction techniques in this task, Meteorological Administration 
model of KMA-RCM is applied. In the future period, depending on the frequency and probability point of 
snowpack, domestic targets crowded point weather stations at 57 regions can be analyzed. Also, using the VDF 
function snowfall for recurrence period and the probability of snowfall, damage phenomena criteria by snowfall 
and the dis-benefit can be calculated. 

 
5) Discussion 

Results were analyzed using a variety of research methods and we were able to calculate the dis-benefit 
caused by climate change, such as heavy rain and snowfall. Calculation of benefit affordability analysis makes 
it possible to establish prevention measures in future.  



 
 

10
 

7. CONCLUSION 
 

  This paper presented a framework to introduce resilience concepts in infrastructure systems, especially in 
transportation sector. Basic theory related to resilience e.g. resilience cost and quantification of disaster 
resilience has been briefly discussed. It focuses on introducing various disaster management plans for mass 
evacuation in emergency situations like tsunami, introduction of public transport oriented hub & spoke  
systems and contra flow traffic concepts for tackling disaster and mitigate the catastrophe caused by disasters. A 
case study of Busan city against tsunami criticality is set as a target region and using computer models like 
MATSim, least times for evacuation are calculated considering contra flow cases. As alternative solutions to 
avoid pedestrian collisions, pedestrian behavior model was made, fence installation and increasing width of 
sidewalk is proposed. During heavy rainfall and snowfall season, city’s infrastructure is disturbed and if there is 
no disaster management and planning then it may paralyze the city’s infrastructure. So, the concept of resilience 
is to be discussed and insightful contribution is needed to predict future disasters and how to handle the 
situation. In this paper, a case study for Gulpacheon area was investigated for rainfall data over past years and 
using different computer models like KPCC, IPCC AR4 the quantification of rainfall is predicted. It has also 
been proposed that installation of snow melting system reduces the delay due to increased traffic speed of the 
portion. The ultimate objective of this paper is to introduce how we can increase the level of operation of 
critical infrastructure during natural disasters, minimize the loss of life and maximize the recovery effort. 
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It has been predicted that sea level will rise about 0.8 m by 2100.  Consequently, seawater can intrude into 
the coastal aquifers and change the level of groundwater table. A raise in groundwater table due to seawater 
intrusion threats the coastal infrastructure such as road pavements. The mechanical properties of subgrade 
materials will change due to elevated rise of groundwater table, leading to pavement weakening and 
decreasing the subgrade strength and stiffness.  

This paper presents an assessment of the vulnerability of subgrade in coastal areas to change in 
groundwater table due to sea-level rise.  A simple bathtub approach is applied for estimating the groundwater 
level changes according to sea-level rise. Then the effect of groundwater level changes on the soil water 
content (SWC) of a single column of fine-sand soil is simulated using MIKE SHE. The impact of an increase 
in moisture content on subgrade strength/stiffness is assessed for a number of scenarios.  

 

   Key Words: Seawater intrusion, bathtub approach, groundwater, Subgrade performance, resilient        
modulus 

 
 

1. INTRODUCTION 
It has been predicted that the sea-level will rise about 0.8 m by 21001-4). A literature review shows that 

seawater intrusion due to sea-level rise influences the balance of the coastal aquifers by both changing the 
saltwater-freshwater interface and changing the level of groundwater table5-10). 

A change in groundwater table and salinity due to sea-level rise is expected to have substantial impacts on 
coastal infrastructure. A literature review shows that there is a knowledge gap in quantifying these impacts, 
despite the important role of this assessment on government’s management plans11). Many of these assets, 
such as foundation of buildings, roads, underground stormwater and sewer system are vulnerable to change 
in water table. An increase in the elevation of underground water table can result in saturation of road and 
building foundations in low-lying areas, compromising their structural integrity. Also intrusion of saltwater 
into the coastal groundwater basins, due to sea-level rise, can cause erosion of unprotected sections of 
stormwater and sewer network3). For instance, a recent study by Mirfenderesk et al 12) has estimated that 
50cm, 80cm and 110cm sea-level rise can result in an additional 9%, 13% and 16% (correspondingly) 
exposure of stormwater network to saltwater.  

As the water table rises, the dissolved salt and elevated humidity appear closer to the surface. The 
moisture can affect the pavement subgrade strength and reduce the average life of road up to four times13-15). 
IPWEA 16) has shown that life span of a road pavement is significantly reduced if groundwater level rises to 
within 2 meters of the surface. Most studies on the effect of water logging and salinity on road assets show 
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that the problem will escalate in the next 20 years. For instance McRobert & Foley 17) estimated that 230 km 
of the total 740 km main roads of Western Australia was affected in 1999 and has predicted that this length 
will increase to double in the next 10 to 20 years. Therefore, a new approach in assessing the life-cycle of for 
low lying coastal roads appears to be necessary. 

A literature review shows that there is a gap of knowledge on the impact of sea-level rise on groundwater 
table variations. Most studies in this field have had a focus on salinity intrusion. The existing knowledge on 
groundwater table variations has a focus on precipitation and evapotranspiration and is less focused on 
seawater intrusion. 

This paper provides an insight into the groundwater variations due to seawater intrusion through a simple 
bathtub approach. The paper also presents an assessment of the impact of groundwater level rise on 
unsaturated zone water content. The assessments are carried out for a single column of fine-sand soil. Road 
infrastructure vulnerability due to increased soil water content is assessed through assessing the subgrade 
resilient modulus changes. 

2. SEA-LEVEL RISE – EFFECTS ON GROUNDWATER LEVEL 
Even a small change in the sea-level can lead to crucial changes in hydrologic cycle and coastal areas3, 4).  

The latest estimation of rate of rise of sea-level due to climate change (between 1993 and 2003) is about 
3mm/yr. This is two times greater than the rate of rise in early 19th century1-4, 18-20). Current rate of increase in 
green house gas emission fits well with the predictions associated with the IPCC’s A1F1 scenario that results 
in 0.8m increase in mean sea level rise by 2100.  

Increasing sea-levels will cause groundwater levels in coastal areas to rise in order to adjust to the new 
conditions8, 10). The research on the interaction between seawater and coastal aquifers has had a focus mainly 
on seawater intrusion and consequent salinity contamination of coastal aquifers. Ranjan et al 7) studied 
salinity intrusion in coastal aquifers using Hadley Centre climate model (HadCM3) under high and low 
emission scenarios (SRESA2 and B2). Webb & Howard 21) applied a two-dimensional model set-up by 
SEAWAT. Masterson & Garabedian 6) and Werner et al 22) simulated the effects of sea-level rise on the depth 
and position of the fresh water/salt water interface. Masterson & Garabedian 6) used a density-dependent, 
three-dimensional numerical groundwater flow model, while Werner et al 22) devised simple indicators 
presenting the occurrence propensity of seawater intrusion (SWI) in both confined and unconfined aquifers. 
CSIRO 18) assessed sea-level rise impacts on coastal regions with a focus on frequency of extreme events 
such as flooding.  

The physical response and quantitative bounds of groundwater table due to seawater intrusion have not 
been explicitly articulated in previous studies. Most studies implied the mathematical representation of sharp 
interface of saltwater and fresh water. Just recently some researchers have addressed the effects of seawater 
intrusion on depth of water table. In a study by Werner & Simmons 10), the groundwater table changes were 
detected using two conceptual models, a flux-controlled system and a head-controlled system. This study 
provides an assessment of physical effects of seawater intrusion in coastal unconfined aquifers under two 
scenarios, i.e. without any change in recharge and with an increase in recharge of the aquifer. Bjerklie et al 5) 
simulated current and future groundwater level using MODFLOW software platform for a 0.91 meter sea 
level rise scenario in New Haven. He also test a scenario based on 12% increase in groundwater recharge. 
Rotzoll & Fletcher 8) studied the vulnerability of low-lying coastal areas to groundwater inundation due to 
groundwater table rise based on three different scenarios in urban Honolulu, Hawaii. According to all these 
studies, seawater intrusion not only can change the saltwater toe, but it also causes the groundwater table to 
rise. Figure 1 illustrates a conceptual diagram of an unconfined aquifer under sea-level rise conditions. 

In this study the saltwater toe is not the case and a simple bathtub approach is applied to predict the 
groundwater level changes due to sea-level rise in the future. 
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Figure 1.Conceptual illustration of a coastal unconfined 
aquifer under sea-level rise condition considering the 
freshwater-saltwater interface. Adopted from Rotzoll & 
Fletcher 8) 

Table 1.Groundwater level prediction based on bathtub 
approach (sea-level rise predictions are base on 
Bicknell1)) 

Year 2030 2070 2100 

Sea-level rise 

(m) 

0.1 0.4 0.8 

Groundwater 

level rise (m) 

0.1 0.4 0.8 

 

3. BATHTUB APPROACH 
Models used in water resources management can be classified into two categories: (1) Conceptual, and (2) 

physical-based models. Bathtub approach is considered as a simplified conceptual model, suitable for first 
pass assessment and feasibility studies. The hydrologic cycle components in a bathtub model are simulated 
section by section. It means that each component is considered as a compartment that its volume should be 
filled before running over into the next compartment23).  

In this study a simple bathtub approach is applied (as an alternative to physically based modeling) for 
assessing the impact of sea-level rise on change to groundwater table. Bathtub approach can be considered as 
a suitable alternative to numerical modeling for first pass assessment of climate change impacts.  It 
eliminates the need for the development of expensive numerical models, saving time and resources23).   

Based on the bathtub approach if the sea-level rises by 0.8 m, the groundwater level in coastal aquifers 
will experience 0.8 m rise. Figure 1 illustrates a schematic of groundwater level change as a consequence of 
sea-level rise (the interface between fresh and salt water is not the subject). Table 1 shows the prediction of 
groundwater table rise due to sea-level rise for future (based on A1F1scenario) using a simple bathtub 
approach. 

4. ROAD DAMAGE DUE TO HUMIDITY 
It is well established that environmental changes, e.g. change in temperature and humidity, affect the 

pavement performance significantly. Change in temperature and humidity can affect all layers of a 
pavement, i.e. base, sub-base, and subgrade. However, the most negative effect of humidity is on the 
subgrade performance. The principal aim of a road design is to protect materials below the wearing course 
from water penetration. Many studies have identified excess moisture in subgrade as the principal cause of 
pavement failure11, 24). 

The function of subgrade is very important in pavement performance. Like a foundation, it bears all the 
loads on the road and transfers them to the soil. The local materials generated from excavations associated 
with road construction are usually used as subgrade (sometimes after some improvements through mixing 
with coarse-grained soils)25). The high subgrade moisture content leads to pavement weakening and 
decreases the subgrade strength and stiffness.  Reduction in subgrade bearing capacity results in longitudinal 
rutting in the wheel paths and associated cracking, and ultimately pavement failure26, 27). The wetter a 
subgrade is, the thicker, stronger, and more expansive pavement should be designed. 

There are different tests for evaluating mechanical properties of subgrades including: R-V test, triaxial 
coefficient c and φ, Elastic modulus (E), modulus of subgrade reaction (K-value), California Bearing Ratio 
(CBR), and resilient modulus (MR). Based on AASHTO Guide for Design of Pavement structures the 
resilient modulus is the primary parameters for evaluating subgrade properties28). Another factor is CBR 
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Figure 2.Source and movement of water in subgrade 
from saturated zone (due to depth of water table). 
Adopted from Houghton et al 11), and Vorobieff24) 

which is more popular due to its less complexity in calculation. CBR reflects the soil type, its density and 
moisture content. Higher CBR and resilient modulus means higher bearing capacity of subgrade and 
therefore the need for a thinner and less expensive wearing surface.  

As the mechanical properties of subgrade materials are highly dependent on their moisture content, 
predicting future variation of soil moisture content of a subgrade is important. There are many ways that 
water can reach the pavement structure. The infiltrated precipitation through cracks in the pavement, 
shoulders, and side ditches are considered as atmospheric sources. The other sources originate from saturated 
zone and depend on the depth of groundwater (see Figure 2)24, 29, 30).  

Studies addressing how the unexpected moisture in subgrade affects the pavement performance have 
mostly focused on change in precipitation and temperature. Groundwater table as a free-water surface can act 
as a source of capillary water. The range of water movement due to capillary potential mostly depends on the 
soil texture and structure. Both free-water surface and capillary water can be transformed to water vapor due 
to change in temperature and pressure conditions. A water table rise increases capillary rise, increasing the 
subgrade soil water content (SWC), Equilibrium moisture content (EMC) and Field moisture content 
(FMC)11). The effects of high groundwater level on pavement strength have been generally studied in the 
context of seasonal imbalance between recharge (precipitation) and discharge (evapotranspiration or 
abstraction); and to a lesser degree climate change induced change in temperature and precipitation. Daoulas 
et al31) assessed the significant impacts of inadequate drainage of surface and subsurface water on pavement 
performance. Li, Mills, & McNeil 32)applied the Mechanistic‐Empirical Pavement Design Guide (MEPDG) 
software to analyze the deterioration of pavement performance under climate change. The factors considered 
in this study were temperature and precipitation. Heydinger 33) presented the seasonal variation of daily air 
temperature, and variation of temperature and moisture in subgrade base on a case study in Delaware 
country. The LLTPP program was used in this study as the software platform, determining the climatic 
effects on pavement performance. Erlingsson34), Main Roads Department Western Australia35),  McInnes36), 
and McRobert & Foley17) quantified the adverse impact of moisture and salt content of road base on 
pavement performance in the context of change in aquifer recharge and discharge and salinity.  

Groundwater level as a source of subgrade moisture can affect the water content of subgrade due to 
capillary rise, reducing both CBR and MR

11). The depth at which the capillary rise can affect the subgrade 
soil water content depends on soil texture and structure. Al-Samahiji, Houston, & Houston 37)estimated the 
wet soil above groundwater table is at the degree of saturation about 60 percent due to capillary rise. 
Different studies have investigated the effect of groundwater level on subgrade strength due to change in 
SWC for different soil types. Generally the subgrade moisture content will be influence by the water table, if 
its depth from the surface is less than 7 m for heavy clay (plasticity index(Pl) >40%), 6m for clay, 3m for 
sandy clay or silt (with plasticity index <20%), and 1m for sand (non plastic soil)38). Houghton et al 11) 
estimated the effect of groundwater depth on CBR of five different soil types. The soils with CBR< 5 were 
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considered as vulnerable subgrade. Based on this study, the silty clay soil with Pl=30 is vulnerable, if the 
water level rises to less than 2m of the surface, and this depth for sandy clay soils with Pl=20 is 0.5m from 
surface. The recommendations on the depth of free-water surface from a pavement surface vary 
substantially. Zhang 29) reported a range between 3.7m in Saskatchewan to 1.5m in Michigan.    

In this study the soil water content correspondent to the relative depth of groundwater is estimated for a 
fine-sand soil.  

5. ESTIMATING SOIL WATER CONTENT (SWC) IN UNSATURATED ZONE USING 
MIKE SHE 

Detecting the effects of soil moisture content on pavement performance needs an assessment of soil water 
content (SWC) in different depth of unsaturated zone. In this study, water content of unsaturated zone at 
different depths is estimated for a range of groundwater levels associated with the current and future 
climates. The groundwater level for three planning horizons, i.e. 2030, 2070, and 2100 are estimated, using 
the bathtub approach. The SWC is then calculated based on simulation of a single column of unsaturated 
zone, using MIKE SHE software platform. 

MIKE SHE covers the major hydrological processes. Depending on the study goals, available field data 
and modeler’s choice, MIKE SHE can undertake simulations with different levels of spatial distribution and 
complexity. This software can be considered as the first generation of spatial distributed and physically 
based hydrologic model which solves he partial differential equations describing mass flow and momentum 
transfer 39, 40) 

Unsaturated flow, as one of the significant hydrologic processes, can be modeled in MIKE SHE. This zone 
is usually heterogeneous and extends from ground surface to the groundwater table. The soil moisture 
content is characterized and fluctuated by change in rainfall, evapotranspiration and level of groundwater. As 
vertical flow plays the major role in infiltration and capillary rise in this zone, the unsaturated flow is 
calculated only vertically in MIKE SHE40).  

Since the SWC in unsaturated zone is a function of rainfall, evapotranspiration, extraction, and 
groundwater level, if the groundwater level rises due to seawater intrusion, the SWC will increase due to 
capillary rise. As the most coastal aquifers are sandy, a fine-sand soil was selected as a representative sample 
of coastal subgrade. The soil class is specified as A-3 and SP, based on AASHTO soil classification system 
and Unified classification system, correspondingly. The soil was compacted at the optimum moisture content 
(OMC) of 12% with maximum dry density (MDD) of 1.69 g/cc. A single column of this fine-sand soil was 
simulated using MIKE SHE. The depth of groundwater should be specified as the boundary. Generally the 
long-term groundwater level in coastal area is shallow. Considering the shallow water table in coastal 
aquifers and according to the available guidelines on the depth of groundwater in which the sandy subgrades 
are vulnerable (less than 1m), we adopted two different groundwater levels, 3m, and 2 m as the long-term 
groundwater level.  Then the predicted changes in groundwater level based on bathtub approach were 
applied to the model.  The changes in soil water content in different depth of this single column are 
illustrated in Figure 3 and Figure 4. 

The figures show that there is not any significant change in soil water content between present day and 
2030 for both conditions. The soil water content does not change significantly down to the depth of 1.25 m 
from surface when the long-term groundwater level is 3m. In the case of a groundwater depth of 2m, the 
depth of no-change in soil water content reduces to 0.35m. 
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Figure 3.Soil water content in a fine-sand profile based 
on the bathtub approach predictions of groundwater level 
in the future and the long-term level of 2m 
 

 
Figure 4.Soil water content in a fine-sand profile based 
on the bathtub approach predictions of groundwater level 
in the future and the long-term level of 3m 

 

6. SOIL WATER CONTENT – EFFECT ON RESILIENT MODULUS 
Although CBR and k-value are more popular properties among pavement designers (due to ease of their 

calculation in comparison with resilient modulus), the resilient modulus is a more robust indicator the 
subgrade strength/stiffness. Resilient modulus is a measure of the elastic response of a soil (e.g., how well a 
soil is able to return to its original shape and size after being stressed) under repeated loading. It is defined as 
the deviator dynamic stress (due to the moving vehicular traffic) divided by the resilient axial (recoverable) 
strain29). The resilient modulus value will change with loading and change in environmental factors. The 
factors determining the resilient modulus are: soil type, soil properties, dry unit weight, water content, test 
procedures, and size effect29). The moisture content can be considered as a main factor influencing the 
resilient modulus value. 

Zhang 29)presented the results of different studies evaluating the effect of moisture content on resilient 
modulus of different subgrades. The relationship between degree of saturation and change in resilient 
modulus is highly dependent on soil type. Zhang29)  expressed  that the resilient modulus of coarse-grain soils 
are not significantly changed by the amount and manner of saturation (about 20% reduction) whereas this 
reduction is significant for fine-grain soils (50% to 75% reduction), depending on the degree of saturation 
and saturating method.  Based on this study, an increase in the soil moisture content results in resilient 
modulus reduction in base materials and underlying subgrade soils and consequently reducing pavement life 
span.  

There are different models predicting the resilient modulus of various soil types according to the moisture 
content. NCHRP41)summarized models that analytically predict the resilient modulus values due to change in 
moisture content. In all these models the resilient modulus of current situation is determined according to the 
resilient modulus at the optimum moisture content (Reopt). . A brief summary of these models are: 

• Li & Selig model: this model is used for fine-grained subgrade soils and the resilient modulus is 
predicted relative to the maximum dry density and Reopt 

• Drumm et al. Model: this model is for fine-grained subgrade soils and it is based on the linear 
relationship of degree of saturation and resilient modulus 

• Jinet al. Model: this model is for granular subgrades and considers the moisture content, dry density, 
state of stress and temperature in estimating the resilient modulus 

• Jones and Witczak model: this is a simple model with two variables related to moisture content and 
degree of saturation for fine-grained soils  

• Santha’s model: this model is fro Coarse-grained and Fine-grained soils 
• CRREL model: this model is for Frozen Coarse-grained/ Fine-grained subgrade soils 
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Figure 5.Sea-level rise projection through 21st century 
based on Bicknell1) study 

 
Figure 6.Subgrade Water Content projection through 21st 
century when the current groundwater depth is 2m 

 
 

 

Figure 7.Resilient modulus of subgrade relative to resilient 
 modulus at the optimum moisture content base on the subgrade 
 water content projection through 21st century

 

In most of these models, degree of saturation, gravimetric or volumetric moisture content, and suction are 
used to evaluate the effects of moisture on resilient modulus. The Re/ Reopt or log (Re/ Reopt) versus moisture 
content or degree of saturation are presented for most of models. Also the linear relationship between “soil 
water content minus optimum moisture content” (w-wopt) versus log (Re/ Reopt) for different soil classes 
based on AASHTO classification system is presented in the study by NCHRP41) .  

In this study, the subgrade water content for the current and 2030, 2070, and 2100 climates (based on the 
bathtub approach prediction of groundwater level in the future) are estimated using MIKE SHE simulation 
results. Both conditions of current long-term groundwater depth of 2m and 3m are considered in the 
simulations. Considering the optimum moisture content of soil (wopt = 12%), the difference between existing 
water content and optimum moisture content is calculated for all mentioned situations. Then the Re/ Reopt is 
specified through the presented relationship in NCHRP41) for A-3 soils.  

According to the results, when the long-term groundwater is 3m, there will be no change in resilient 
modulus in the future in comparison with the current values. But for the groundwater depth of 2m, the 
resilient modulus of subgrade in 2100 will reduce about 5.1% in comparison with the current value. Figure 5, 
Figure 6 and Figure 7 present the sea-level rise projection, subgrade water content predictions, and reduction 
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in resilient modulus when the current groundwater depth is 2m. 

 7. CONCLUSION AND RECOMMENDATION 

This study investigated the subgrade resilient modulus reduction for a fine-sand soil (AASHTO class A-3) 
due to groundwater table rise projections for three future planning horizons. According to the results of this 
study, if the current long-term groundwater level is more than 3m deep, the groundwater level rise due to 
seawater intrusion will not have significant effect on the subgrade resilient. This result comes from the fact 
that the capillary fringe of coarse-grained soils is small and therefore this type of soils are less sensitive to 
the moisture content. Therefore, this soil type can be considered as a good material for subgrade in high 
groundwater situation. When groundwater is shallow (depth of less than 2m) , the groundwater variations 
due to seawater intrusion can cause up to 5.1% reduction in resilient modulus compared with the current 
climate.  

It is clear that the groundwater table rise due to sea-level rise can reduce the resilient modulus of subgrade. 
However, the magnitude of the impact for different soil types is still unknown. Further research in this field 
is warranted. Such research program needs to address a number of issues such as, the impact of sea level rise 
on the long-term groundwater table, how any change in soil water content can affect the subgrade made of 
different soil type in different regions and various road types.  
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Abstract 
Australia is following international trends in road and rail traffic management by building large 

tunnel systems. These present unique and challenging problems for emergency service responders. 
The effects of heat and smoke release are magnified, travel distances in Breathing Apparatus can 
be extended, and the overall resource requirements can be significantly greater than for a similar 
event above ground. Tunnels under construction present an even greater challenge as many of the 
fire and live safety features will not be operational. Successful intervention in these environments 
may require long duration Breathing Apparatus and other specialist equipment.  

In the space of just a few years, Brisbane has gone from having no tunnels of significance to 
having the two largest operational road tunnels in Australia. A third 4.6 km road tunnel, the 
Legacy Way, is currently under construction with completion scheduled for 2015.   

With even more road and rail tunnels in the planning stages, the QFRS met the challenge by 
dedicating a number of staff to ensuring the design, construction and operation was in line with 
world’s best practice.  

With the support of the QFRS, Acting Inspector Shan Raffel was successful in gaining a 
Churchill Fellowship to study all aspects of planning, preparation and response. His fellowship 
included visits to various authorities in USA, Germany, Austria, Denmark, Sweden, Norway and 
Switzerland.   

This presentation will present key findings in relation to lessons learnt, procedures, training, 
and equipment in use by selected international fire services and how this knowledge is being 
applied by the QFRS on major tunnel projects.  

 
Key Words: Planning, Preparation and Incident Response, Best Practice, Research  

 
1. THE CHALLENGE 

Brisbane’s first experience with a large road tunnel was the Clem7 which was opened on 15 March, 
2010. The 4.8 km twin bore tunnel is part of a 6.7 km state of the art tollway. At the time it was the 
largest road tunnel in Australia and presented emergency responders with a totally new risk 
environment in which to operate. Experience in tunnel environments was extremely limited as prior to 
the opening of Clem7, Brisbane had only a small number of tunnels, the largest of which were only a 
few hundred metres in length.   

 
In the past decade the world has witnessed a number of catastrophic tunnel fires that have resulted 

in significant loss of life as well as having a negative economic impact. It is well recognized that fires 
and other emergencies in tunnels present unique and challenging problems for emergency service 
responders. The effects of heat and smoke release are magnified, travel distances in Breathing 
Apparatus can be extended, and the overall resource requirements can be significantly greater than for 
a similar event above ground. Tunnels under construction present an even greater challenge as many 
of the fire and live safety features will not be operational. Successful intervention in these 
environments may require highly specialized equipment such as long duration Breathing Apparatus.   

 
This paper will outline some of the key principles and discuss how they are currently being applied 

to the road tunnels in Brisbane. 
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2. STRATAGIES AND TACTICS MUST BE SPECIFIC TO EACH TUNNEL COMPLEX 

 
1) Complex Inter-relationships 

It is important to realize that the safety and security of a tunnel system is dependent on more than 
just the design and the installed safety features1). Starting with a modern well engineered design has 
obvious benefits. The true measure of safety and security must be considered in the context of the 
interrelationships between various key factors. The following quote describes this principle.  

 
“System safety and security is the systematic application of engineering, technology, and management tools to 
identify, analyse and control hazards and threats within operational, budget and time constraints. Systems 
encompass all of the integral factors that make up a tunnel, including people, operating procedures, 
engineering and technology systems and controls, and the physical aspects of the tunnel structure. Each of 
these elements independently provides some degree of safety and security. However when combined, they 
significantly improve safety and security2). (Making Transport Tunnels Safe and Secure, 2006). 

 
Research provided the opportunity to investigate a variety of construction styles varying from the 

early 20th century cut and cover style used in the New York Subway system to modern tunnels 
constructed with a Tunnel Boring Machine (TBM). The type of construction dictates the strategies 
and tactics that can be deployed. For example, the type of ventilation system plays a critical role in 
determining the viability of direct fire attack and the direction of approach. Attempting to use the 
tactics commonly used in a twin bore geometry tunnel with transverse ventilation system, on a fire in 
a single bore tunnel with a longitudinal systems could be futile and dangerous. The critical factor here 
is that there is no single way of dealing with every tunnel fire. The strategies and tactics must be 
based on a knowledge of the geometry of each particular tunnel system as well as the fire and life 
safety features available.  This means that the responding agencies must conduct thorough pre-
planning in co-operation with the authority responsible for the safe operation of the tunnel.  

 
2) Co-operation and Definition of Roles and Responsibility 

A serious incident will require close co-operation between all agencies and the facility manager. It 
is therefore essential that all agencies are involved in pre-incident planning and that their roles, 
responsibilities and capabilities are clearly understood and defined.  

 
Tasks that are relatively easily and routinely handled in above ground incidents can become 

extremely challenging in a tunnel environment. A good example of this is the initial treatment and 
transport of casualties. In a fire situation assess to some parts of the tunnel may be limited to 
firefighters wearing Self Contained Breathing Apparatus (SCBA). These initial teams may have to 
carry casualties significant distances to a clear and secure atmosphere that can allow them to be 
handed to Paramedics for initial treatment and transport.  

 
There are many other examples of seemingly routine operational considerations that can become 

points of failure unless they have been identified as part of a joint planning process. So even if all 
parties involved in a major intervention are well equipped and professional in their own right, it is still 
essential that they have conducted joint planning and preparation to ensure that their expectations are 
in harmony with the actual capabilities and operational plans of the other agencies.  
 
3. Case Study- Fire Department New York City, USA  

 
1) A Pro-active “informal” Solution  

The management of road tunnels and the underground system in New York City provides an 
excellent example of a proactive multi-agency approach to risk assessment and emergency response. 
The New York City Subway System has over 1,000 km of track and 468 stations, with approximately 
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60% of these underground. Some parts of the subway system have been in operation for over 100 
years. The weekday daily patronage on this system averages approximately 5.3 million rides3).  

 
The Lincoln Road Tunnel is one of 4 under river road tunnels in NYC. It is 2.4 km long and travels 

under the Hudson River between New Jersey and New York.  With a traffic flow of approximately 
120,000 vehicles/day, it is one of the busiest road tunnels in the world4).   

 
In spite of the magnitude of the risk, the safety record for New York’s road and rail tunnels is 

exceptionally good.  This safety record cannot be attributed to state of the art construction, as a 
significant percentage of the system is very old. It is certainly not because there is a simple political 
structure, or a streamline emergency service structure.   On the contrary it consists of confusing layers 
of government, responsibilities and divisional boundaries.  

  
Up until the early 1960’s it was common for firefighters to respond to fires in the subway system. 

Many of these could have been catastrophic if not for the quality and tenacity of the Fire Department. 
The incidents were contained by rapid and aggressive intervention from a significant number of well-
equipped and experienced firefighters. Fire Commissioner Robert O. Lowery recognized that many of 
these incidents could have been prevented and saw the need to increase the co-operation between the 
Fire Department and the Transit Authority5). He played a leading role in the development of a joint 
program that resulted in a 50% reduction in the number of fires in the subway system in the first 5 
years of operation.  

 
A key element in the success of the initiative was cross training between the authorities that 

provided both groups with the essential elements required for proactive prevention and safe response.    
 

Transit Authority 
• All new personnel were trained in fire prevention principles.  
• A direct telephone connection was installed between the Transit Authority and the Fire 

Department Communications Centre. 
• Fire prevention measures focused on: 

o Progressively flame proofing elevated structure ties and guard timber 
o Removal of obsolete ties and guard timber 
o Vacuum cleaning of subway 
o Continuously removing paper and debris 
o Increased fire protection measures for all new projects 

Fire Department 
• All new Lieutenants received specific training in subway firefighting and emergencies.  The 

Transit Authority provided instruction on train construction. Theory and practical training in 
extrication methods were discussed at the Transit Authority Workshops. 

• Regular subway training was introduced for all Captains 
• Inspection of all subway emergency exits every 6 months to increase familiarization with the 

infrastructure. Written reports of the inspections are forwarded to the Transit Authority. 
• Production of in-house videos on underground firefighting issues, safety precautions, and 

passenger safety. These became a part of the competency maintenance program and are shown 
every 3 months.  

• The current planning process provides incident action plans for each and every station in the 
system. These plans identify the critical considerations such as entry and egress options, 
ventilation options, firefighting facilities and communications options. 
 

2) Fragile Communication Systems 

Detailed analysis by the Fire Department on subway incidents around the world identified 
communications as a fragile link in the emergency management chain. In a number of large incidents 
there was a failure of radio, hard wired and cellular communications. The down side to technically 

http://en.wikipedia.org/wiki/Lincoln_Tunnel
http://en.wikipedia.org/wiki/New_Jersey
http://en.wikipedia.org/wiki/New_York
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complex communications systems is that they can be easily damaged or overwhelmed. The New York 
Fire Department has been very thorough in identifying communication “black spots” in the system. 
Response plans list all available communications including the possibility of using systems designed 
for routine use. Surprisingly their plans included the use of “Sound Powered Phones”. This is old 
technology that provides the ability to rapidly establish a secure and reliable communication system 
by laying a light wire. Clamps can be used to connect a telephone set at any point alone that wire to 
establish a command and communication point. This simple, inexpensive and reliable system 
highlights the need for us to keep an open mind to proven and simple technology rather than having a 
narrow focus on the next ground breaking high tech solution.  

 
3) Breaking Down Administrative Boundaries 

The security of critical transport infrastructure is an area of national interest as well as for the state 
and local authorities.  This can present challenges particularly when the infrastructure crosses between 
local and/or state boundaries. One of the positive changes since the 911 terrorist attacks is a resolve to 
ensure a higher level of co-operation between the various agencies that have an interest in ensuring 
the security of the city and its critical infrastructure.  

 
One of the simplest and apparently most effective methods has been the lead taken by the New 

York Police Department to facilitate a weekly meeting between key stakeholders such as Emergency 
Services, federal and state authorities, and infrastructure managers (e.g. Port Authority and Transit 
Authority).  This serves at a very practical level to provide a forum to share information and to 
encourage co-operation and co-ordination. These discussions enhance awareness and provide an 
opportunity to improve operational response by discussing lesson learnt from recent incidents. 
 
4. A LOCAL EXAMPLE OF BEST PRACTICE 

Specified in the project deeds for the Clem7 and Airport Link was a requirement for operators to 
consult with stakeholders in relation to the management of traffic. This was included to ensure that 
issues that have the potential to have a negative impact on overall traffic flow are dealt with in a 
proactive manner. As a key stakeholder, the Brisbane City Council’s “Brisbane Metropolitan Traffic 
Management Centre” (BMTMC) has taken a lead role in facilitating regular meetings. The Tunnel 
Management Operational Liaison Group (TMOLG) plays a critical role in monitoring and reviewing 
operational performance, major incident activities, as well as desktop and field exercise obligations. 
This forum regularly brings together principal contractors, facility managers, Emergency Services, 
Queensland Police Service, the Department of Main Roads and Transport as well as the Brisbane City 
Council Planned Incident Management Manager and Congestion Reduction Engineer. The direct 
benefits of this forum are obvious. One of the significant indirect benefits is the development of closer 
relationships between the respective stakeholders that facilitates discussions outside of the forum on a 
wide range of issues that may fall outside the charter of the TMOLG.  
 
5. ISSUES DURING CONSTRUCTION 

 
1) Each Project has a Unique Risk Profile 

The difficulties faced in dealing with emergency incidents in fully operational tunnels are generally 
well recognized. However, during the various phases of construction many of the usual fire and life 
safety features are not operational. Temporary ventilation and water supplies are provided but their 
location and functionality can vary significantly at various times. In some ways the hazards associated 
with tunneling can be likened to those found in underground mining. Emergency response to 
underground mines is provided by highly trained specialized mines rescue team that will be equipped 
with essential equipment such as long duration Breathing Apparatus (often closed circuit rebreathers). 
Most urban Fire Services do not carry this type of equipment and do not train their staff to operate in 
such an environment.  
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The 3 major road tunnel projects in Brisbane have all include large sections of twin bore tunnels 

with a very similar finished geometry. However, the actual method of construction varied 
significantly with each project. The risk identification process revealed that each situation required a 
unique approach in many ways. The principle contractor has the duty of care to ensure the safety of 
the workers. There are very few prescriptive regulations that specify exactly how safety is to be 
achieved and it is vital that there is early consultation with the local emergencies services. This 
provides the opportunity to clearly define the level of service that they are capable of providing. This 
in turn allows the principle contractor to identify the measures that they will need to take to minimize 
risk, ensure evacuation of workers and to facilitate rescue in the event of a serious incident. 
Emergency Services need to be aware that if there is a major incident, the majority of the workers on 
the site will most likely have the expectation that they will be trained and equipped to handle any 
situation. This is one of the reasons that the pre-planning must clearly identify the reasonable and 
realistic capabilities of all parties that will be involved in a serious event. This consultative approach 
should form the foundation for a response plan that is based on clearly defined “actual” capabilities. 

 
2) Prevention, Escape and Refuge 

Prevention of fires should be a principle focus of the site health and safety concept. While this is 
good practice on every construction site it is of paramount importance for underground construction. 
On most construction sites workers may not have to travel very far to reach open air or a place of 
safety. On a tunneling project open air could be hundreds of metres away. Areas of refuge need to be 
identified in the plan. Is some cases this could be provided by moving to the non-incident tube via a 
cross passage. How effective the non-incident tube will be in providing an area of safety will depend 
on the ability of the ventilation system to provide a positive pressure. The number and size of cross 
passages must be considered when assessing the suitability of this strategy. In some cases it may be 
necessary to provide Self Rescue Breathing Apparatus and refuge chambers to support movement to a 
place of safety.  

 
3) Ensuring a Clear Understanding of Actual Response Capabilities 

The difficulty of conducting fire and rescue operations underground should not be underestimated. 
Research conducted by the Queensland Fire and Rescue Service concluded that it is likely that they 
would have difficulty supporting operations in tunnels that required the use of Breathing Apparatus 
beyond a distance of 75-100 metres. This takes into account that the first arriving appliances will be 
equipped with the standard single cylinder configuration Self Contained Breathing Apparatus 
(SCBA). Support in the form of twin cylinder SCBA would take additional time to supply. This may 
extend the operation distance but it is highly unlikely that it will be doubled. Factors such as level of 
physical exertion, ambient temperature, physical fitness, psychological influences, obstacles, terrain 
and visibility will all have a major influence on air consumption and therefore the safe distance of 
operations from the entry point.     

 
Long duration Breathing Apparatus are generally of the closed circuit oxygen re-breather type that 

can supply up to 4 hours of oxygen. The additional duration provides a higher level of safety in the 
event of entrapment. The small number of urban Fire Services that are equipped with this type of set 
generally only carry them on special appliances for use by appropriately trained crews. Due to the 
cost, infrequent use and the need for specially training crews, these sets are not commonly found in 
most urban Fire Services.   

 
4) Simple and Logical Response Plan Formats 

The format used for specific operational plans utilized by the QFRS is known as a Local Action Plan 
(LAP).  In the case of large or complex risks, the document format is known as a LAP “Complex”. This 
comprehensive document covers the critical features and risks holistically and includes topics such as: 
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Tactical Summary 
Communications 
Initial Response  
Initial Command and Control 
Tunnel Construction Features 
Fire Safety Systems 
Firefighter Safety and Site Assessment 
Size Up and Arrival Action 
General and Specific Tactical Considerations   
Resource Requirement Guide 
Hazards On-Site 
Contra-flow Access 
Security 
Site Resources Available for Emergencies 
Services and Utilities - availability and location 
Evacuation of Surrounding Exposures 
Environmental Considerations 
Site Visits and/or Exercises 
 

Commonly this detailed overarching document will be supplemented with a simple two page LAPs 
that provides concise information on key sections of the complex in question.  This could be areas 
such as portals, principle entry points (Tag Boards), booster connection etc.   

 
5) Training and Familiarisation 

Once response plans have been developed they must be communicated to all operational staff. 
Ideally key staff should visit the site to gain familiarity with access points and other key facilities such 
as booster connections, equipment caches, Tag Boards etc. With each station having 4 different shift 
crews this can require a large commitment of resources to get all crews familiar with the site. As the 
project develops the location of these key facilities may change and additional visits may be required 
to maintain familiarity with the site and the changing risk profile.   

 
Theoretical training is recurring and is scheduled into the regional training plan. Familiarisation 

visits to the external features is relatively easy to arrange and regular vehicle drive throughs assist in 
gaining familiarity with normal approach routes. Access to the underground construction is more 
difficult to arrange as it may require the crews to be unavailable for emergency calls during the visit. 
Due to the logistical issues underground visits are less frequent and are focused on crews that are 
likely to be part of the initial response as well as teams that will play a critical role in supporting the 
extended operations required for a major incident.  

 
6. CONCLUSION 

One of the critical issues identified during research was the need for all key stakeholders to work 
together in a co-operative manner from construction to operation. Successful outcomes require the 
assistance of many agencies and it is critical that each of these fully understand their various roles, 
responsibilities and capabilities.  

 
The risk during construction can be significant at various stages and while the principle contractor 

has a duty of care to manage this risk, it is essential that the Fire Service and other Emergency 
Services are involved in the identification of risk and the mitigation process from an early stage. This 
forms the basis for integrated response plans that define the roles, responsibilities and capabilities of 
the Emergency Services and the principal contractor. Familiarization visits and joint exercises help to 
foster co-operation, identify deficiencies and to increase general awareness of the project as it 
develops.  
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This paper takes up the case study of Jamnagar district in the sate of Gujarat in India, which has been 

plagued by coastal salinity problems for more than 50 years. The long term chronic disaster has affected a 
large proportion of population, both urban and rural, and had huge bearings on their daily lives. To minimze 
the damage due to salinity, both the urban and rural areas maintain a mutually benefitting symbiotic rela-
tionship. Focusing on this relationship, the paper  tries to identify the links between the slow-onset disaster 
and the components of local livelihood. It also presents the findings of a survey in the form of coping 
strategies adopted by both urban and rural communities and individuals. The authors anticipate that the 
economic recovery of an affected region can be accelerated through a new concept of ‘occupational resil-
ience’. The paper stresses that the methodology for the strategies for occupational resilience should involve 
identifying the ‘vulnerable occupations’, thereby minimizing the impacts. The paper ultimately underlines 
the importance of urban-rural linkage in the wake of increased vulnerability, therefore necessitate a shift 
from recent ‘isolated’ approach to traditional ‘integrated’ development approach of the whole region. The 
paper tries to answer the following questions through the survey conducted in the district: Is the situation in 
urban area and rural area any different regarding livelihood? Does the long term disaster have a role to play 
in determining the recuperating capacity of the residents? Moreover, is the disaster resilient community 
model different in urban and rural cases? 

 
   Key Words : coastal salinity, urban-rural linkages, occupation resilience, vulnerable occupation, com-

munity resilience 
 

 
1. INTRODUCTION  
 
 Salination is a phenomena contributed both by natural reasons and human activities. It charactersitically 
undergoes huge variation in magnitude and impact over a long duration.  Salinity has still not been accepted as 
a disaster, even though its scale has been on a rise with increased number of people getting effected. The 
primary reason for such perception is that it is a “creeping disaster” 1), and its effects are seen only over a long 
term. However, the effects of salinity issue are of maganinmous scale, for example, in Gujarat (India), 
Queensland (Australia)2) and coastal regions of Bangladesh3). The salinity issues in these countries are dif-
ferent from each other, but if the consequent impacts are considered, it is realized that the salinity impacts the 
communities and indiviuals in more ways than one; namely socio economic characteristics, employment op-
portunities, drinking water and health, land and water resources and occupations like agriculture, labourers and 
rural industries. Around 8.5 million hectares of the total cultivated land in India is affected by high salt ac-
cumulation4). Even with such diverse impacts, only few governments or authorities have understood the 
phenomena and tried to tackle it through multi sectoral approach. Increasing salinity of land and water re-
sources in coastal areas is one of the serious environmental and livelihood problems in the state of Gujarat. The 
Gujarat Government report says that the salinity ingress along the state’s coastline is increasing at a massive 
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rate of one kilometre per year. 
 
2. BACKGROUND OF THE COASTAL GUJARAT 
 
 The state of Gujarat, located in western part of India between 20º 6’N to 24º 4’N latitude and 68º 10’E to 72º 
28’E longitude, is blessed with coast measuring 1600 kilometers, the longest coastline of the country. Out of 
twenty five districts in the state 13 districts have coastline on the western boundary of the state. The coastline 
of Gujarat is characterized by rich ground water and mineral deposits of limestone, bauxite and lignite. These 
advantages have resulted in development of ports, industries, pockets of irrigated agriculture in past few 
decades. The coastal plain on an average is about 30 km in width and has an average height of above 76 m 
above mean sea level; at some places rising up to 150 m. Jamnagar is one such district in the region of 
Saurashtra. The entire coastal region adjoining Saurashtra and Kutch is a multi-disasters zone prone to recur-
ring droughts, cyclones and earthquake. The droughts are regular phenomenon which have led to increased 
dependence on limited ground water resources causing over exploitation of valuable natural resource. Also, the 
frequent droughts coupled with the ingress of salinity are turning huge tracts of land along the Gujarat Coast-
line infertile and forcing the inhabitants to migrate. 

Gujarat coast receives low rainfall, ranging from 400 mm to 800 mm annually, which is unevenly distributed 
across the coast. The coast has deep geological formations with salt laden winds of high velocity blowing from 
the sea. The topography of Saurashtra resembles an inverted saucer, with the area being drained by number of 
South- Western flowing rivers. Mud flats and marshy lands are common near the estuaries of the rivers. 
Geo-morphologically, the coastal tracts of Gujarat exhibit vast diversity in terms of landforms and terrain 
characteristics, attributed to various onshore and offshore processes.  The entire coast line on Saurashtra and 
Kutch receive water from numerous rivers that travels a distance less than 200 Km.  The salinity ingress in the 
region was first reported in the 1960s. Since then salinity ingress progressed at an average rate of half a 
Km/year. The salinity ingress was recorded at a distance of 4 Km. from sea coast in 1977  and has reached up 
to 10-12 Km. at present. 
(1) Study site - Jamnagar 

Jamnagar is a western district in the state of Gujarat. According to the 2011 census it had a population of 
2,159,1305). Its population growth rate over the decade 2001-2011 was 13.38%5). Jamnagar exhibits the 
characteristics of Saurashtra region referred earlier. Other specific characteristics of the district which are 
related to salinity are as follows : 

1. Average rainfall varies from 475 mm to 600mm 
2. Geological formations of different types of limestone, laterite with variation in thickness 
3. Rich aquifer thickness in limestone 
4. Most of the drainage flows towards gulf 
5. Presence of a protected forest area designated as Marine National Park 
6. Industrial development – salt, bauxite mining, cement, fisheries and lately oil refinery 
7. Prone to multi-disasters such as droughts, cyclones, earthquakes and salinity. 
8. Multi source based livelihood 

 
(2) Occupational scenario 
The main occupations in farm sector are: small and marginal farmers, pockets of fishing community around 
Okha, Harshad,Jodiya, and agriculture labourers whose  percentage is highest. The non – farm sector includes 
skilled and unskilled jobs around industrial development in Jamnagar, Khambhalia and Okha, and tourism jobs 
based in Okha. Figure 1 shows the distribution of people engaged in major occupations across the various talukas in 
the district. Most of the villagers derive their livelihood from the farming activities and the agriculture based labour. 
A disruption in these activities would not only affect the lives of the rural population but also the population living in 
urban areas, as most of the families in urban area are linked with the rural population through the linkages in the 
form of remittances, food supply, information or social interactions. Therefore safeguarding of rural occupations 
helps to determine the well-being of the urban occupations, and consequently of the urban population. 

http://en.wikipedia.org/wiki/2011_census_of_India
http://en.wikipedia.org/wiki/Demographics_of_India
http://en.wikipedia.org/wiki/Family_planning_in_India
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3. SALINITY IN JAMNAGAR 

 
(1) Extent of salinity 

The villages affected by salinity are at a distance in radius of 0 to 30 Km. Salinity is found both in soil and 
water. The soil salinity has increased rapidly in most villages during the last 15 years. The total geographical 
area affected is approximately 4,45,000 ha (50% is fully saline, 20% is partially saline and 30% is probable 
saline area)4), as shown in Figure 2 and Table 1. At taluka (an admisitrative division of a district in India) level, 
the villages were selected on the basis of Total Dissolved Solids (TDS) level in water samples collected by 

Public Health Department (PHD) during 2004. These villages are divided in three categories as below : 
1. Saline villages- having TDS more than 2000 ppm. 
2. Partial saline villages-having TDS less than 2000 ppm, but greater than 1000 ppm, 
3. Prone to salinity villages-having TDS less than 1000 ppm. 

Figure 1 Livelihood component in different Talukas in Jamnagar district (2009) 

Figure 2 Villages affected by salinity in Jamnagar district, Source : CSPC 2009) 
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Table 1 Number of salinity ingressed villages in Jamnagar 
 

 
(2) Reasons for salinity  

The reasons of salinity are primarily natural, and accelerated by human activities. These can be listed as 
follows:  

1. Increase in Ground water draft for agriculture use after electrification around 1970, 
2. Continuation of water intensive cropping, 
3. Use of conventional flow method for irrigation, 
4. Change in rainfall pattern, 
5. Lack of proper disposal of industrial effluent, 
6. Percolation of sea water stored for various industrial operations, 
7. Bauxite and laterite mining,  
8. Transportation of salt from salt pan increase soil salinity, and 
9. Lack of maintenance of existing structures for sea water intrusion 
 

(3) Impacts of Salinity Ingress 

While evaluating the impacts of the salinity problem, one should consider the intensity and imapcts at the 
local as well as regional level and how the local population is trying to deal with these problems. The most 
crucial determinant for salinity impact is the impact on the livelihood and therefore needs thorough study. 
Additionally, the impact of the policies of the government on the  population can also be evaluated. In the case 
of Jamnagar, the high intensity of industrial and agriculture activity mainly dependent on ground water re-
sources has its negative fallout in terms of rapid salinity ingress. This has adverse impact on the lives and 
livelihoods of coastal communities leading to large scale out-migration from coastal communities, particularly 
of poor and marginalised population. The other impacts include the deterioration of sand quality and the rain 
water run off gets saline causing the deterioration of the fresh water resources. The population also suffers 
from water-borne diseases such as formation of kidney stones, and florosis. These impacts are summarized in 
the Table 2. The occupations related to rural industries, agriculture, fisheries, and animal husbandry can be 
considered as the vulnerable occupations in the rural areas. Similarly, in the urban area, the occupations based 
in service industries may not be directly impacted due to salinity but the urban population might be affected, 
owing to numerous linkages existing between the urban and rural area, and therefore between the urban and 
rural population. Another dimension to these impacts is of spatial nature. The problem originates from the rural 
area but the impacts are felt in the urban domain as well.  For example, the addition of migrant population to 
the urban area due to salinity, would cause pressure on the urban infrastructure. 

  

Taluka Salinity category 

Fully saline Partial saline Probable Total 

Jamnagar 15 10 34 59 
Jodiya 37 4 0 41 
Kalyanpar 22 12 7 41 
Khambhaliya 18 8 15 41 
Lalpur 1 3 18 22 
Okha mandal 34 12 0 46 
Total 127 49 74 250 
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Table 2 Salinity, its considerations and the impacts 

CONSIDERATIONS 
for Salinity prob-

lems 
IMPACTS   

Intensity of problem 
at local and regional 
level for prioritiza-
tion 

Rural Indus-
tries 

Decline in productivity in pottery, weaving and tanning 
businesses 

V
u

l
n

e
r

a
b

l
e

 
O

c
c

u
p

a
t

i
o

n
s 

Local initiative of 
people and other 
civil society organi-
zations  

Agriculture 

Shift from farm to non farm sector, decline of agricul-
tural diversity(e.g. groundnut being replaced by cotton), 
decrease in the number of agricultural labourers, hor-
ticulture crops are fighting for survival, intensification 
of agriculture 

Impact of salinity on 
people’s life and 
their livelihood re-
source 

Fisheries Fishing communities are affected as there is lack of 
drinking water 

Impact of different 
policies and initia-
tives of the Gov-
ernment 

Animal Hus-
bandry Reduction due to shortage of fodder and grasslands 

  
Land and 
Water Re-
sources 

Deterioration of Soil quality, Rain water run-off gets 
saline   

  Drinking Wa-
ter Salinity ingress within potable water sources  

  Health Improper sanitation facilties, water borne diseases like 
kidney stones, Florosis etc  

  Socio-economic  Lifestyle, economic erosion and Migration   
 
4. SURVEY METHODOLOGY 

The survey was carried out to collect village level information by Coastal Salinity Prevention Cell (CSPC) 
in the year 2008-09. The qualitative and quantitative information was collected through recording secondary 
information as well as information surveyed through respondents from respective villages. The responses at 
village level were recorded in a pre-defined questionnaire seeking information regarding village demography, 
livelihood, infrastructure and institutions. The secondary information collected was from the primary sources 
like villagers, records of village and taluka panchayats and village institutions like dairy co-operatives, NGOs, 
and other co-operative structures. 

Apart from recorded information, the survey also aimed at collection of information on affected peoples’ 
perception and history of salinity in villages, trends of major sectors like agriculture, animal husbandry, fish-
eries, and drinking water. The survey process was carried out in two phases where in the first phase the village 
information was collected by the village level field investigators by personal visits to the concerned villages 
and interaction with various stakeholders. On the completion of the collection of the village wise quantitative 
and qualitative information in each taluka, a taluka level consultation was carried out across the study talukas. 
 

The village level qualitative and quantitative information gathered through the village survey, talu-
ka/cluster meetings, interviews with concerned stakeholders and case studies, was analyzed  at taluka level and 
consolidated at district level to understand the type of salinity, area and population affected by salinity, 
changes taking place due to salinity in agriculture, animal husbandry and fisheries, variation in above with 
respect to distance from the coast line, and the peoples initiatives and its success. Table 3 shows the extent of 
people who believe that salinity exists in their villages. This is important to understand to what extent people  
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have accepted that the problem exists and therefore the solutions can have more acceptability. In majority of 
the villages, most of the people (more than 90%) have agreed to the existence of salinity. 

Table 3 People's perception on the presence of salinity 

Taluka 

Salinity existence 

Total study 
villages 

Yes No 

No. of vil-
lage % of total 

No. of vil-
lage % of total 

Jamnagar 53 94.6 3 5.4 56 

Jodiya 42 97.7 1 2.3 43 

Kalyanpar 38 92.7 3 7.3 41 

Lalpur 21 95.5 1 4.5 22 

Okha mandal 36 87.8 5 12.2 41 

Total 190 93.6 13 6.4 203 

 
 
5. DISCUSSION  
The survey highlights certain points related to salinity, which are as follows: 

1. Salinity is a complex disaster related to a lot of factors directly and indirectly. The authors stress on its 
relation to livelihood and try to enumerate the occupations which have become vulnerable. The vulnera-
bility gives rise to a set of other problems as well such as migration and environmental degaradation. 

2. Salinity is a slow disaster and its impact on vulnerable occupations is slow but detrimental to the prosperity 
of the habitants, in the long run. For example, the loss of lands to the farmers may change their occupations 
and force them into an occupation of which they have little knowledge. Similarly, the landless labourers 
may have to work for reduced number of days and may be propelled into chronic poverty. 

3. Salinity is assumed to be predominantly a rural problem, but the stakeholders should refrain from this 
perspective as this ‘rural problem’ gives rise to urban problems such as increased pressure on urban areas 
through increased migration to urban areas from the affected rural areas, or a disturbance to the social 
structure of the urban and rural area both. The authors believe that due to the close knit social structure in 
villages based on the caste system, their community resistant model has a better chance of being successful 
than in the urban area of Jamnagar. However, this needs to be verified by in depth study of the imple-
mented projects.  

4. The solutions for occupational resilience lie in curbing the core issue of salinity first. Since salinity is 
complex in nature, it requires a multi sectoral approach. The approach should be weighted in the favour of 
community solutions rather than individual solutions. Having said that, the solutions adopted by com-
munity or implemented at the community level has a wider acceptance amongst the individuals. The au-
thors experienced a similar positive effect of a roof rain water harvesting project implemented in the 
primary school of a village. The villagers adopted the same methodology to save water for drinking pur-
pose during the dry days, at the household level. Additionally, the strategies must take into account the 
urban rural linkages so that regional development can be achieved, instead of pocket development. 

5. In addition, it can also be added that the long term disaster determines the recuperating capacity of the 
residents, but this capacity is better in occuaptions with a better income such as large land owner farmers, 
or big businessmen or rural industries. However, the population engaged in the occupations which have 
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become vulnerable to salinity with low income have found it hard to recuperate and are thereby migrating 
to newer occupations and newer locations. 

6. CONCLUSION AND WAY FORWARD 
The impact of salinity ingress is seen on socio-economic domain and environment, leading to deteriora-

tion of livelihoods as well as natural resources. This is leading to reduction in productivity of the land, animals 
and human-beings and constrains availability of drinking water causing health problems all along the coast. 
Considering the magnanimous scale of the impact of salinity on a large segment of population, the authors 
strongly advocate that salinity be considered as a disaster instead of just a slow degradaing phenomena. This 
approach of identifying the vulnerable occupations and achieving the occupational resilience can be taken 
forward by forming an index of vulnerable occupation. The index would prioritize the vulnerable occupations 
for each village and the strategies for that village can be developed based on case basis. It also needs to be 
understood that the people who suffer the consequences of the problem should be part of the process of de-
fining the problem and designing the solutions. The validation of the technical process by communities im-
proves their adoption, as envisaged in the study by Paris et al4) . The strategies have little consequence if im-
plemented from top to bottom, instead of a participatory one. The problems like salinity are complex in nature 
and need cooperation and resources of different stakeholders.  
 
 
ACKNOWLEDGMENT: The first author would like to acknowledge the support and the data provided by 
Coastal Salinity Prevention Cell (CSPC), Ahmedabad, working on salinity issues in the state of Gujarat, India. 
The first author also acknowledges support from the Ministry of Education, Culture, Sports, Science, and Tech-
nology (MEXT) of Japan; and the Global Center of Excellence (GCOE) Program entitled "Global Center for Ed-
ucation and Research on Human Security Engineering (HSE) for Asian Megacities" of Kyoto University. 
 
 
 
REFERENCES 
1) Spennemenn, D.H.R. : The Creeping Disaster,Dryland and Urban Salinity and its impact on the heritage, 2001, Available at: 

http://crm.cr.nps.gov/archive/24-08/24-08-8.pdf, Accessed on August 15, 2012. 
2) Department of Environment and Resource Management (DERM). : Salinity in Queensland, 2009, Available at : 

http://www.derm.qld.gov.au/factsheets/pdf/land/l51.pdf, Accessed on February 4, 2013. 
3) Ministry of Environment and Forests (MoEF). : National Adaptation Program of Action (NAPA), Ministry of Environment and 

Forest, Government of People’s Republic of Bangladesh, 2005. 
4) Paris, T. R., Saha, S., Singh, D.P. , Mahata, K.R., Cueno, A.D.R., Zolvinski, S. and Ismail, A.M. : Assessing needs, constraints, 

and livelihood opportunities in coastal saline environments: A case in Orissa, India, 2004, Available at : 
http://dspace.irri.org:8080/dspace/bitstream/10269/1403/1/TParis-EtAL_assessing%20the%20needs,%20constraints,%20and%2
0livelihood.pdf 

5) Census of India (2001). Government of India Census 2001; Retrieved 15 May, 2011, from http://censusindia.gov.in/  
6) Coastal Salinity Prevention Cell (CSPC). : Baseline Study of 8 salinity ingressed districts in Gujarat, (Unpublished), 2009. 
 

 
 
 



 1 

 
Collaboration to improve evacuation centre operations 

in disaster-affected communities 
 
 

Tania Somasundaram1 and Belinda Davies2 
 

1 Tania Somasundaram, Australian Red Cross 
E-mail: tsomasundaram@redcross.org.au 

2 Belinda Davies, Environmental Health Australia (Queensland) Inc. and Queensland University of Technology 
E-mail: b2.davies@qut.edu.au 

 
 
 
 

Emergency sheltering is a temporary source of safety and support for people affected by disasters. People 
access emergency sheltering just prior to or soon after a disaster; therefore they are often scared, stressed, 
and/or experiencing loss/grief. The gathering of people in shelters also increases several environmental health 
risks. Therefore ensuring emergency shelters contain adequate facilities (permanent or temporary) and are well 
managed is essential in providing immediate support to disaster-affected communities and providing a level of 
assurance that the agencies involved are capable of supporting them through the recovery process. 

This paper will be presented by representatives of Australian Red Cross and Environmental Health Australia 
(Queensland), which both have an interest in emergency sheltering in Queensland. The paper will cover the 
development, content and application of the ‘Preferred Sheltering Practices for Emergency Sheltering in 
Australia’ and the roles of various organisations in relation to emergency sheltering. The importance of or-
ganisational collaboration will also be discussed, with a focus on the experience of the two organisations fol-
lowing the 2011 floods in Queensland and how they are collaborating to improve future operations in evacu-
ation centres, which are a common form of emergency sheltering in Queensland. The organisations are con-
tinuing to work together with the ultimate goal of improving services to disaster-affected communities and 
supporting such communities to start the recovery process. 
 

   Key Words: evacuation centre, emergency sheltering, disaster response 
 
 

 
1. INTRODUCTION 
 

Emergency sheltering plays a vital role in disaster response for affected communities. It goes beyond merely 
the provision of a safe building and must meet a variety of complex needs impacting people affected by a 
disaster. Emergency shelters are also the site of multi-agency cooperation, where various organisations and 
agencies with differing mandates and expertise engage, interact and cooperate towards the common goal of 
supporting communities affected by disaster. 

Evacuation centres are a common form of emergency sheltering in Queensland. They provide affected 
people with food, accommodation, information and other services for, generally, a period of days or weeks. 
The congregation of often large numbers of unrelated people in evacuation centres presents a variety of 
challenges to evacuation centre personnel. Increased environmental health risks are one such challenge which 
response agencies must manage in order to provide a truly safe place for people to stay. 

During the widespread and devastating floods in Queensland in early 2011, two organisations –  
Environmental Health Australia (Queensland) Inc. (EHA) and Australian Red Cross (“Red Cross”) – engaged 
closely in evacuation centres with differing levels of success. Following the floods, both organisations  
recognised the need to work together. Once their collaboration commenced, a mutually beneficial relationship 
formed and numerous opportunities for cooperation have been identified. 

This paper explores how the paths of these two organisations crossed during and after the Queensland floods 
in 2011and the collaborative relationship that has since grown. 
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2. WHAT IS EMERGENCY SHELTERING? 
 

In the event of a threatening or real hazard, members of the community may congregate in a public or private 
space to access shelter and safety. Emergency sheltering refers to the process of supporting people accessing 
shelter during an emergency1). 

The primary purpose of an emergency shelter is to provide physical protection from the elements. In reality, 
emergency sheltering goes beyond merely the provision of a roof. People accessing emergency shelters have 
been affected by disasters in a variety of ways and arrive with a range of emotions. Separation from family and 
friends, damage to people’s homes and belongings, concern for pets and uncertainty about the future can result 
in people feeling anxious, vulnerable, powerless or angry. In this context, emergency sheltering involves 
meeting “a combination of needs at the level of the individual themselves”2) which go beyond physical  
protection. Emergency sheltering may involve providing emotional protection or technical, financial or social 
assistance; it may be a place used solely for receipt of service, or a staging point for future action3). It is a 
process rather than a static object which encompasses the political, social and environmental factors that define 
the most suitable type of response4). 

Quarantelli5) articulated phases of emergency sheltering in a typology that has been updated to reflect cur-
rent practices (shown in Fig. 1). 

 

 
 
 
 
 
The phases of emergency sheltering include: 

• Planning and preparedness for the provision of emergency sheltering during disasters. 
• Immediate sheltering which is accessed for up to 18 hours7). Types of immediate sheltering include 

sheltering in place, public cyclone shelters, neighbourhood safer places and assembly points. 
• Temporary sheltering which can be accessed for over 18 hours and up to three weeks8), and requires 

the provision of more comprehensive support such as meals and bedding9). Types of temporary 
sheltering include staying with family or friends, commercial accommodation, evacuation centres 
and relief centres.  

• Temporary housing which is accessed for a duration of months and sometimes years10). The  
temporary housing phase is characterised by the re-establishment of household routines and is ac-
cessed before permanent accommodation is arranged11). Types of temporary housing include public 
housing, rental housing and caravans.  

Planning and 
Preparedness 

Immediate 
sheltering 

Temporary 
housing 

Temporary 
sheltering 

Fig.1  Phases of emergency sheltering6) 
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Affected people can experience these phases in different ways. The phases are non-sequential12) and people 
may skip certain phases before securing permanent accommodation13). 

Emergency sheltering will become an increasingly important aspect of disaster management in the future14). 
Some experts suggest that Australia will experience more and worse disasters15) and society is evolving in 
ways which will make the provision of emergency sheltering more complex16). For example, there is increasing 
variation in household composition including more single parent families and childless households17). Aging 
populations will require more targeted support, and as society becomes increasingly diverse, emergency 
sheltering will need to cater for cultural, linguistic, religious, ethnic and lifestyle differences and needs18). In 
light of these factors, the need for well-planned and adaptable emergency sheltering will become more  
critical. 

 
 

3. EVACUATION CENTRES IN QUEENSLAND  
 

Under the Queensland Disaster Management Act 200319) responsibility for disaster management is devolved 
to the local level of government – local Councils. Councils are supported in all aspects of disaster management 
by Local Disaster Management Groups (LDMGs) comprising local government, emergency services agencies 
such as Queensland Police Services and Queensland Fire and Rescue Services and other support agencies. In 
an emergency, it is the responsibility of the LDMG to identify the most appropriate form of emergency shel-
tering under the given circumstances20). During the last few decades, Queensland has demonstrated its par-
ticular vulnerability to floods and LDMGs have often established evacuation centres in response to flood 
disasters.  

Evacuation centres provide temporary sheltering to disaster-affected people who are forced to evacuate or 
who voluntarily do so. They are intended to meet people’s basic needs including shelter, food, water and  
information. As an evacuation centre remains open for longer periods of time, people’s basic needs evolve. 
During the course of an evacuation centre’s lifespan, this form of emergency sheltering can grow from  
initially providing limited services such as food and accommodation, towards providing a more  
comprehensive range of support including entertainment, children’s activities, counselling and pet manage-
ment facilities.  

 
 (1) Roles and responsibilities within evacuation centres 

As part of pre-season preparedness Councils identify suitable buildings which can be utilised as evacuation 
centres when directed by the LDMGs. During a disaster LDMGs retain responsibility for evacuation centres. 
However, during pre-emergency planning many Councils make arrangements with various agencies, organi-
sations or companies for the provision of certain services. 

Many Councils have arrangements with Red Cross to manage evacuation centres on their behalf. Under 
these arrangements Red Cross is responsible for coordinating agencies onsite, overseeing centre  
operations and serving as a conduit between evacuation centres and LDMGs and other disaster management 
structures. 

An important service provided in evacuation centres is registration. The National Registration and Inquiry 
System (NRIS) is the primary registration system connecting people to their family and friends. NRIS is  
administered by state police services, including Queensland Police Services, and Red Cross supports police 
services by registering people in person and updating the NRIS database.  

There are a range of other important functions within evacuation centres. These include food provision, first 
aid and counselling services and the Salvation Army, St John’s Ambulance Australia and Lifeline are key 
providers of these services respectively.  

Councils will often contract private companies to provide other services including security services, facility 
cleaning and laundry services. 

 
(2) Evacuation centres and environmental health 

Environmental health is defined as “Those aspects of human health determined by physical, chemical, bi-
ological and social factors in the environment” 21). During the disaster response phase local government En-
vironmental Health Officers (EHOs) may be involved in the management of numerous environmental health 
issues including potable water supply, safe food supply, sanitation, waste management (e.g. putrescible waste, 
chemical disposal, asbestos disposal, sharps management), vermin and vector control, control of communi-
cable diseases, clean-up of localised pollution incidents, providing specialist advice (e.g. mould treatment 
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following floods) and the management of environmental health risks in evacuation centres. Consequently, 
whilst managing environmental health risks in evacuation centres is important, it is not the sole focus of en-
vironmental health professionals. Therefore it is important for environmental health professionals to work 
closely with other agencies, such as Red Cross, to collaboratively manage environmental health risks in 
evacuation centres. 

The congregation of people at emergency shelters increases several environmental health risks and  
evacuation centres are susceptible to these risks. Evacuation centres bring together a wide range of people who 
would otherwise rarely congregate together for a period of days or weeks. These include residents within a 
community and tourists and backpackers; people representing a wide age bracket from infants to the elderly; 
people from (usually) lower to middle socio-economic backgrounds; and people from various ethnic and  
religious backgrounds. At an evacuation centre, this diverse population will share amenities, sleeping areas 
and eating space. 

Environmental health issues involved in evacuation centres include sanitation, food safety, preventing the 
spread of communicable diseases, waste management and the storage of hazardous materials. Evacuation 
centres can increase the likelihood and consequences of environmental health risks (e.g. large numbers of 
people in close proximity increase the risk of disease spread to more people which could overwhelm local 
health services). In addition, during periods of high stress people are more susceptible to many environmental 
health risks and may not be as focused on managing these risks as they normally would (e.g. emotional trauma 
may result in a person being less focused on washing their hands before eating). Environmental health risks 
must be adequately managed to ensure the safety of the residents and staff at evacuation centres and to prevent 
a secondary disaster (e.g. food poisoning outbreak, communicable disease outbreak). Ensuring evacuation 
centres contain adequate permanent or temporary facilities is advantageous when trying to manage environ-
mental health risks. Examples of how infrastructure relates to environmental health risks are shown in Table 1. 
 
Table 1: Example environmental health risks and infrastructure needs in evacuation centres. 
 
Example 
environmental 
health issue 

Risks Considerations in evacuation 
centres 

Example infrastructure (permanent or 
temporary) needs in evacuation centres 

Water Water-borne 
disease out-
break. 

Inadequate wa-
ter for drinking, 
bathing and 
cleaning the 
facilities. 

The reticulated water supply may be 
contaminated or unavailable. 

Adequate water storage facilities if the 
reticulated supply is unavailable or unre-
liable. 

The water storage facilities must be clean, 
protected from contamination, mosquito 
proof, easily maintained, accessible to 
water carriers and accessible for water 
treatment (e.g. chlorination on site). 

Communicable 
diseases 

Spread of 
communicable 
diseases. 

Increasing the number of people in 
close proximity to each other in-
creases the risk of communicable 
disease spread. Some illnesses such 
as Norovirus are highly contagious. 

A large outbreak of a disease could 
overwhelm already strained health 
services. 

Depending on the symptoms asso-
ciated with a disease, the number of 
sanitary facilities at an evacuation 
centre may be inadequate. 

Evacuation centres should include areas 
for first aid and isolating people who dis-
play symptoms of communicable diseases 
until cleared by a medical practitioner. 

Adequate ventilation and space between 
occupants are also important in minimis-
ing the spread of communicable diseases. 

 
 
  



 

 5 

4. THE RED CROSS STORY 
 

Under the Royal Charter 1941, Red Cross is granted a role as “auxiliary to the public authorities in the  
humanitarian field”23). This unique position has enabled Red Cross to play a vital role in preparedness, re-
sponse and recovery efforts in disaster management in Australia24) since 1914. 

Prior to Cyclone Larry in 2006, Red Cross in Queensland played an informal role in the disaster  
management sector. Volunteers visited evacuation centres and other places where communities congregated 
and provided tea, coffee, sandwiches and personal support to disaster-affected people. Red Cross also provided 
registration services.  

The magnitude of Cyclone Larry highlighted gaps in the sector’s capability in evacuation centre  
management and operations. Over the next few years, Red Cross Queensland increased its capacity and  
capability and undertook the management role in evacuation centres on behalf of various Councils. 

By 2011 Red Cross had developed formal arrangements with approximately ten Councils to manage and 
operate evacuation centres when activated during times of disaster. This was supplemented by informal ar-
rangements and understandings with numerous other local governments for Red Cross to support evacuation 
centres operations as required. 

Following the devastating floods in 2011 in Queensland, the Queensland Flood Commission of Inquiry 
released its Interim Report25) (“Interim Report”) in August 2011 and made several recommendations in relation 
to evacuation centres. In particular, the Commission recommended:  

 
“5.55 All councils should consider entering a memorandum of understanding for evacuation centres 
with the Australian Red Cross which clearly sets out the roles and responsibilities of the parties in 
planning and responding to evacuation requirements in a disaster”26). 

 
This formal recognition of Red Cross expertise in evacuation centre management marked another turning 

point for the organisation. Red Cross received increased requests from Councils around the State for support in 
evacuation centre planning and operations. Prior to the Interim Report, Red Cross had Memoranda of Under-
standing with approximately 12% of local governments27). The organisation now has Memoranda of Under-
standing either finalised or in negotiation with over 30% of local government authorities28).  

 
 

5. THE EHA STORY 
 

Environmental Health Australia (EHA) is the premier environmental health professional association in 
Australia and represents the professional interests of environmental health practitioners. Although EHA has 
existed since 1936 (under various names including the Australian Institute of Environmental Health (AIEH)), 
the important role of environmental health professionals in disaster management didn’t become apparent until 
the 1983 Ash Wednesday fires in Victoria. Thousands of buildings including 2080 homes were lost in the Ash 
Wednesday fires22) resulting in numerous people needing access to emergency sheltering. Local government 
EHOs played an important role monitoring standards at evacuation centres and protecting affected communi-
ties from various environmental health risks during their recovery. Several EHOs involved in this event de-
veloped training to help prepare other environmental health personnel to manage environmental health risks 
after subsequent disasters. The importance of including environmental health personnel in disaster prepared-
ness activities and the importance of having a public health sub plan in Council’s disaster management plans 
also emerged. For example, during the planning and preparedness phases EHOs can provide specialist advice 
about the suitability of public buildings for use as evacuation centres. 

EHA is committed to the professional development of its members and the enhancement of environmental 
health standards and services to the community. Consequently, EHA continues to update and offer disaster 
management training which includes the identification and management of environmental health risks in 
evacuation centres. 

EHA also plays a key role in disseminating information regarding standards and best practices associated 
with evacuation centres (such as the Preferred Sheltering Practices discussed below) to environmental health 
professionals.  
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6. EVOLUTION OF THE RELATIONSHIP BETWEEN EHA AND RED CROSS 
 

Prior to 2011, Red Cross and EHA had limited interaction. Their paths crossed occasionally in evacuation 
centres managed by Red Cross, when EHOs visited centres to undertake environmental health assessments. 
These interactions increased dramatically within a few months during the response to the Queensland floods in 
2011.  

In its final report, the Queensland Floods Commission of Inquiry described the 2011 floods as  
“unprecedented”29). More than 78% of the state was affected, 33 people died and three people were still 
missing at the time of the report’s release30). Red Cross deployed 1,400 volunteers and staff to support the 
response31) and Red Cross managed 34 evacuation centres which accommodated over 12,000 people32). With a 
high number of EHOs activated to assess environmental health risks in evacuation centres, the two organisa-
tions interacted on more occasions in this single incident than ever before. 

There were varying levels of success across these interactions. On many occasions the assessments under-
taken by EHOs in evacuation centres led to productive collaboration with Red Cross personnel resulting in the 
implementation of practical measures to mitigate or prevent health risks. Other interactions were characterised 
by misunderstandings about the roles and responsibilities of each organisation’s staff/volunteers/members and 
resulted in tension between personnel on the ground. 

Following the response to the floods, at a management level in EHA and Red Cross there was recognition of 
the synergies between the objectives of both organisations in evacuation centres and of the potential to foster a 
culture of collaboration and avoid future misunderstandings during activations. The development of the  
Preferred Sheltering Practices for Emergency Sheltering in Australia was a useful starting point for  
collaboration between the two organisations. 
 
 
7. PREFERRED SHELTERING PRACTICES FOR EMERGENCY SHELTERING IN 

AUSTRALIA 
 

The Preferred Sheltering Practices for Emergency Sheltering in Australia33) (“Preferred Sheltering Prac-
tices”) demonstrates the overlapping and aligned nature of Red Cross and EHA’s goals in the field of  
emergency sheltering. 

The motivation for the development of the Preferred Sheltering Practices was to enhance the quality of 
emergency sheltering in Australia by achieving consistency and articulating best practice. Red Cross sought to 
fill a gap in the emergency services sector by applying international humanitarian best practice in emergency 
sheltering to the Australian context. 

Red Cross identified The Sphere Project: Humanitarian Charter and Minimum Standards in Human  
Response34) (“The Sphere Project”) as a well-recognised articulation of best practice in emergency sheltering. 
Red Cross initiated and led the development of the Preferred Sheltering Practices. First, Red Cross convened a 
multi-agency, collaborative process through which the minimum standards in The Sphere Project were ana-
lysed and adapted to align with expectations within the Australian community. Red Cross drafted the Preferred 
Sheltering Practices and facilitated the multi-agency consultation process.  

EHA was a key stakeholder in the development of the Preferred Sheltering Practices. EHA participated in 
the adaption of The Sphere Project’s minimum standards and was involved in consultations and revisions to 
drafts. EHA provided invaluable contributions during this process and represented a valuable and sometimes 
overlooked perspective of environmental health. 

The scope of the Preferred Sheltering Practices encompasses the essential areas of water supply, sanitation, 
waste management, and shelter and space management. The Preferred Sheltering Practices identify key  
indicators and key actions for emergency sheltering planners and operators in each of these areas. The key 
indicators are illustrated in Fig. 2. to Fig. 5. 
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The development of the Preferred Sheltering Practices benefitted significantly from the input of EHA. The 

organisation’s technical expertise combined with experience in planning for and operating within evacuation 
centres strengthened the content and credibility of the Preferred Sheltering Practices. 

In the opinion of Red Cross, the Preferred Sheltering Practices will enhance pre-disaster planning for 
evacuation centres by informing the selection of suitable evacuation centre buildings and the determination of 
a centre’s capacity and layout. Ultimately this will result in better support for affected people accessing 
evacuation centres. From EHA’s perspective the Preferred Sheltering Practices are a planning tool which 
EHOs can use to help safeguard disaster-affected people from environmental health risks. 

Fig.2  Preferred Sheltering Practices Key Indicators for 

Water Supply 
Fig.3  Preferred Sheltering Practices Key Indicators for 

Sanitation 

Fig.4  Preferred Sheltering Practices Key Indicators for 

Waste Management 
Fig.5  Preferred Sheltering Practices Key Indicators for 

Shelter and Space Management 
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Since their inception, Red Cross has been embarking on a process aimed at educating and raising awareness 
within the emergency services sector about the Preferred Sheltering Practices. EHA has been a supportive 
stakeholder during this process. EHA has provided forums for Red Cross to disseminate this information to the 
environmental health sector including EHOs, a key target audience. 

With the frequency and severity of disaster predicted to increase, combined with growing populations, ad-
ditional evacuation centres will be needed in the future. As many communities only have a limited number of 
community buildings it is important that any new community buildings are designed so they can be used as 
evacuation centres if needed. Consequently, the Preferred Sheltering Practices and other guidelines should be 
considered when designing new community buildings. 

 
  

8. OTHER COLLABORATION OPPORTUNITIES AND THE FUTURE 
 

Following the development of the Preferred Sheltering Practices, the relationship between EHA and  
Red Cross has grown and evolved naturally. EHA has invited Red Cross to present at the National Environ-
mental Health Australia Conferences, Environmental Health Officer training sessions and regional EHA 
meetings. Red Cross has invited EHA to participate in capacity building activities for its personnel and to share  
information via its volunteer newsletter. EHA has also attended Red Cross events. These activities have  
fostered greater understanding and awareness of the objectives, roles and responsibilities of each organisation 
and, by taking advantage of existing opportunities, these activities have been undertaken at minimal cost. 

The success of the relationship’s growth can be attributed to several factors. Red Cross and EHA have both 
adopted a positive and collaborative outcomes-focused approach. From their engagement to date, both  
organisations have identified the benefits of working together and appreciate each other’s expertise, experi-
ence and contribution. Ultimately, EHA and Red Cross have been willing to admit their own areas of devel-
opment and have viewed feedback as an opportunity to grow and improve. 

EHA and Red Cross have agreed on strategies to continue building mutual understanding and collaboration 
including further presentations at training and other events, aligning content in each organisation’s resources 
and supporting the development of relationships between EHA and Red Cross at regional and local levels. 
 
 
9. CONCLUSION 

 
The growing relationship between Red Cross and EHA is an example of how a crisis can lead to opportunity. 

The widespread devastation of the Queensland floods in 2011 and the challenges of providing evacuation 
centres to communities under these difficult circumstances served as a catalyst for EHA and Red Cross to 
develop a mutually beneficial and productive relationship. The relationship is characterised by collaboration, 
willingness to learn, good will and a mutual motivation to provide higher quality evacuation centres for people 
affected by disasters. 

The Preferred Sheltering Practices are a valuable tool that enhances pre-disaster planning for evacuation 
centres by informing the selection of suitable evacuation centre buildings and the determination of a centre’s 
capacity and layout, which will help reduce environmental health risks when the centre is used. The Preferred 
Sheltering Practices also highlight that the objectives of both organisations align in the greater interests of the 
community, and they will provide a steady vehicle for ongoing collaboration in the future. 

The EHA-Red Cross relationship is in its infancy and has significant untapped potential. It is the hope of 
both organisations that this collaboration will continue to grow and evolve in the future. 
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Abstract.  
 
This paper explores potentials for dialogue-based risk communication approach for local residents 
evacuated from areas contaminated by nuclear fallout from the Fukushima nuclear plant. Based on the 
results drawn from group interviews and a food-related communication programme conducted in 
Fukushima, it demonstrates that a two-way communication pathway may be more feasible in order to 
deliver accurate and reliable safety-related information beneficial to local residents in their everyday 
life. Further it shows how such a programme enables them to gain degrees of empowerment in 
controlling and protecting their health by themselves, and regaining a sense of community as 
by-products. 
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Introduction 
The Fukushima Daiichi nuclear power plant accident in March 2011 forced many residents of the 
surrounding municipalities to take shelter outside the area. While a large number of people stated 
that they wished to return to the land, the younger child-rearing generation is wary of long-term 
health effects of radiation to children and is therefore reluctant to go back.1 Several elements such 
as scientific opinion being divided among experts about the effects of radiation on human health 
in the long term and crisis communication practices being insufficient2 may have influenced their 
decision not to return home. 
 

Studies of risk communication in the past show that risk-related controversies where experts differ on 

opinions about safety, or those that are closely bound to differences on values, ethics, religious beliefs, 

or world view, tend to be more intense making consensus-making more difficult compared to the risk 

of dispute where simple factors are to the forefront. Examples of such are disputes over genetically 

modified crops and genetic diagnosis.3  

 

It is suggested that dialogue-based risk communication and participatory measures are more effective 

in complex cases where contention exists regarding issues.4,5 One example is a participatory risk 

communication programme that took place in Belarus ten years after the Chernobyl accident occurred 

in 1986. The ETHOS / CORE project was introduced after a series of trials of one-way risk 

communication. This project enabled local residents to take an initiative and directly participate in the 

management of radioactive contamination, which has eased a sense of helplessness and alienation 

amongst residents exposed to the radiation.6 It was reported to be effective for the residents as a means 

to introduce practical protection measures in their daily life. 
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More recently, there has been more attention to ‘dialogue-based’ risk communication in Japan.  An 

example is health communication practice for residents of a remote island off Tokyo in 2000 during 

the Miyakejima volcanic eruption. A communication programme was carried out by a team of 

university researchers on the health effects of volcanic gas.7 The nature of the risk in this case was 

much less complicated than the ‘Fukushima’ case, yet it demonstrated several key elements that 

should be considered in conducting dialogue-based risk communication. For example, local culture 

and characteristics of villagers were taken into account. Key issues derived from this work included a 

benefit of having Risk exposures explained concretely and briefly. Moreover, it was deemed important 

to explain scientific facts in a friendly manner by using illustrations. Creating an atmosphere in a 

resident meeting where one can easily ask questions and does not feel embarrassed in asking silly or 

basic questions. 

  

Drawn from the results of a communication practice the author initiated in Fukushima, in the months 

following the explosions and the nuclear plant this paper demonstrates how dialogue-based and more 

participatory communication was useful in communicating the nature of related risk and considers 

how to improve emergency communication. The author was involved in an emergency communication 

programme from September 2011 to March 2012 for the residents evacuated from a contaminated 

village where around 6500 people lived before the accident. It is located 25-45 km from the 

Fukushima Daiichi Nuclear Power Plant, but the radiation levels were bordering on serious as a result 

of nuclear fallout blown from the wind.  As of April 2013, radiation levels varied from 

4.5u(micro)Sv/h (in heavily contaminated locations) to 1.4 u Sv/h (in less contaminated areas) .  

 

2. Conducting Group Interviews 

The author selected one particular residential complex (Y) in Fukushima city where approximately 

250 took refuge.  Nearly 40% of refugees at this location were children under the age of twelve and 

therefore, parents and grandparents are particularly concerned about potential health effects from 

exposure to radiation. 

 

Prior to the actual communication programme, the author conducted group interviews by dividing 13 

self-selected interviewees separated into two groups: a group of elderly (average over 60 years old) 

and a group of mothers (average 30-39 years old). The decision to divide the group is that commentary 

provided suggested that the younger generation was reluctant to talk frankly and give honest views in 

front of the older generation.  The interviews took place in September 2011 and January 2012.  

 

2.1. The results of interviews with a group of elderly 
The following are representative opinions drawn from the interviews with the older cohort (N=7). 
 

“We want to know when we can retrieve our ordinary life. We are less interested in information about 

radiation. We care for our health and that of our children, but we are more interested in our daily life. 
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We want to know when we can go home. Yet in many cases, people do not return to the village when 

children and grandchildren do not wish to .  

 

What we wish for scientists and experts are that they come down to the level of the residents and talk. 

Many are worried how our life will be after the emergency shelter is closed in two years time. Where 

do we live? Many have lived on self-sufficient farms but they are gone. We have lost a place to live 

and a farm to live on at the same time.” 

 

The result suggest that this generation is more interested in prospects for rebuilding lives than 
information related to the radiation. Decisions for returning to the village was in the hand of the 
younger generation, and therefore, they showed interest in information about radiation. Yet, their 
primary concern is not on radiation science.  
 

2.2 The results of interviews with a group of mothers 

The following is obtained by a group interview with mothers. (N=4).  The reality seemed that while 

radiation levels remained high, hardly any young people were willing to return to the village. 

 

“We cannot say what we want to know about radiation simply because we are not familiar with the 

science or radioactivity. We do not know about it. Practical advice like what we should be careful in 

eating foods is more reliable than being said to be “safe”.  We avoid vegetables grown in Fukushima. 

Parents drink tap water but children drink bottled water. You can only protect your children by 

yourself.  

 

We do not wish to listen to explanation about caesium or strontium. Instead, we want to know what to 

do and what not to do. To be honest, we do not understand α or β rays. We also do not know and get 

confused which scientist to trust.  

 

Women will welcome talks like giving off a toxin or something easy like foods. We want to hear 

something more concrete like about foods and water. Regulatory levels of cesium contained in foods 

will be tightened from spring (from April 2013), so I also want to know about it. Cooking rice or 

vegetables will get rid of cesium on the surface? We would appreciate that experts will visit us since 

children are still small.” 

 

Interviews with the group of mothers illuminated two things. One is concern about the health 
effects of radiation on children and therefore, a desire to take action to protect them particularly in 
regard to choice of food.  Another is that a divergence occurred between what they actually 
wanted to know what and what they heard from experts. To be more precise, what mothers 
wished to obtain was information that could help them act to protect their children but what they 
gained from scientific experts was more detailed and scientific information.  



 

4 
 

The latter group of mothers had a higher interest in radiation information. In particular, they 
wanted to obtain reliable information on internal dosage/exposure from eating contaminated food 
and measures to avoid and control unnecessary exposure by themselves. Hence, it was thought to 
be necessary to provide food-related information targeted to this group.  
 

3. Implementation of a dialogue-based "food and safety" communication practice  

Based on the results of the group interviews, the author formed a small study group and tried a 
communication programme called “foods and radiation” that was tailored to the group. 
PowerPoint slides were used covering such subjects as "How to deal with radioactive foods” that 
explained radiation effects from eating foods and drinking water of the Fukushima area. In 
addition, the author asked a mother who acted as a leader of the group to bring food products like 
milk and bananas to the group study hour. The programme took place in February 2012.  Four 
mothers volunteered – of them, three already participated in the group interview mentioned earlier.  
 

3.1. Method  

Prior to the explanation, the author asked participants what they wished to know about. Questions 
varied from the safety of eating fish and drinking tap water. The author then started to explain 
with the use of the PowerPoint documents. Not wanting to begin with descriptions of the risk of 
radiation, the author explained that conventional foods had certain carcinogenic and neurotoxic 
characters such as potato, potato fries, coffee, burnt bread, and bracken, hijiki (sort of seaweed) 
and particular soy sauce (Figure 1). 

How safe is the food we eat everyday?

Neurotoxicity
Carcinogenicity

 

Figure 1 Conventional foods and neurotoxicity/carcinogenicity 

 
The author gave an account of the fact that “natural” radioactive potassium 40 was found in many 
foods such as potato chips, milk and banana, and that we consumed radioactive doses up to as 
much as 100Bq per a day (Figure 2). Twenty Bq of potassium 40 can be ingested by eating one 
bag of potato chips, or by eating a banana, 50 Bq by drinking 1L milk, and 5 Bq by drinking a 
large can of beer. 
A particular attention was paid to the fact that there is no difference in cesium released from the 
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Fukushima nuclear power plant and “natural” potassium 40 in terms of the health impacts on 
humans. In order to grasp the reality, these foods were put on the table (Photo 1). 
 

Conventional foods and 
radioactive potassium 40

• In average how much radioactive materials we 
consume everyday?
– Intake by adults 100Bq

• Dried seaweed 2000Bq/kg (20 Bq/10g)
• Dried mushroom 700Bq/kg (7Bq/10g)
• Potato chips 400Bq/kg（20/per serving）
• Milk 50Bq/kg (50/1L)
• Rice 30Bq/ｋｇ (3Bq/100g)

Let’s measure！

 
Figure 2: Radioactive potassium 40 in daily foods 

 

 

Photo 1: Participants learning radioactivity in foods  

 

Results drawn from sample testing of vegetables conducted by the Ministry of Health as well as 
the current and future regulation of radioactive caesium was then explained (Fig. 3 & 4). 
 

Cesium
Regulatory levels in Japan (Feb 2012)

Category Regulatory levels（Bq/Kg）

Drinking water 200
Milk 200

Vegetables 500
Grain 500

Meat, fish and others 500

 
Figure 3: Regulation of caesium in Japan (as of February 2012) 
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Figure 4: Sample tests by the Ministry of Health, Labour and Welfare (MHLW) as of 
January 2012 (http://www.mhlw.go.jp/stf/houdou/2r9852000001m9tl.html) 

 

Radioactive cesium in meals in Jan.2012 
(Study on 27 households in Fukushima)

Quoted from Coop Fukushima

Cesium134
Cesium137

Potassium 40

 
 

Figure 5: Radioactive materials in cooked foods  
(Source: Coop Fukushima) http://www.fukushima.coop/kagezen/2012.html 

 
Finally, the author showed the results of a monitoring test conducted by the Fukushima 
Cooperative Group that measured the actual amount of radioactive materials found in cooked 
meals at home. Based on measurement conducted at 27 households, it demonstrated that where 
detected, radioactivity came predominantly from potassium 40 with only a limited amount of 
caesium detected (Figure 5). Those households where caesium was detected reported as having 
used vegetables not on the market or homegrown which were slipped from the inspection, and 
edible wild sorts (mushrooms and plants).  
 

All the participants said that this dialogue was more helpful and practical than experts’ explanation in 

everyday life. They said that they had over-calculated the risks from radiation and would change the 

way they choose foods and drink water, for example, not buying bottled water anymore.    
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3.2. Discussion 

This communication practice was planned in response to the requests collected in the group interviews 

that they needed to obtain accurate and useful information about the safety of foods. The author 

therefore tried not to deliver scientific information about the nature of radiation or professional 

debates about health impacts of long-term exposure to radiation.  

 

A key issue in risk communication is that explanation is planned so that those engaged in the 
process can easily grasp or image the ‘level of risk’ and decide for themselves.8 There is a 
tendency that when focused on a single risk-source, people tend to perceive the level of risk as 
larger than the actual risk. Therefore, the author tried to explain the extent of risk from radiation 
in comparison to other accepted risk scenarios, particularly everyday exposure to potassium 40. 
Furthermore, in order to appreciate that radiation occurs in everyday life, explanatory material 
was prepared in such as manner that illustrations and photos were used as central means to 
carryout the information sharing and, additionally, familiar foods were used in the process.     
 
Creating an atmosphere where participants can feel comfortable enough to ask what might be 
seen as “stupid” questions is important to build trust between the recipients and the information 
provider.  Participants as well as the author therefore sat on the floor (Tatami) together, and 
allowed wide ranging discussions sometimes away from the planned topic.  
 
The sessions were set in the early afternoon before children came home from school: this helped 
mother’s availability for attending the session.  There was a friendly atmosphere within a group 
of “mother friends (mama tomo)” who shared the same concerns for the present and the future. It 
is known that risk-related information is conveyed mainly through the mass media and 
mouth-to-mouth.5 In fact, the mothers said that the most reliable source of information was from 
their mothers’ friends.  Hence, it was hoped that accurate information about radiation would pass 
on amongst the mothers’ circle and then via ripple effects, into wider social networks.  They said 
that they would pass the information further onto mothers’ friends who were not able to come to 
the session.   The explanation was deliberately slow and took almost two hours. The author 

promised them to answer any question and left an email address for further inquiry.    

 

 

4. Conclusions 

This paper discussed how to provide safety information to the residents who are forced to evacuate 

due to the nuclear accident. In the event of an emergency it is essential to deliver information 

concisely and within a short period of time. However, when a certain amount of time has elapsed, it 

becomes important to consider delivering information tailored to the characteristics or requests from 

each population group. As reported in this paper, demands for information about radiation information 

were divided between child-rearing generation and older generation.  
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This case was also fairly complicated as the local residents felt left-behind and had certain degrees of 

mistrust towards scientists/authorities.  One-way communication practices therefore, did not seem 

effective. Hence, interactive and a dialogue-based communication was thought to be useful in not only 

delivering accurate information but also creating mutual understanding and building trust. This is 

consistent with past studies about the effectiveness of participatory risk communication participation 

in complicated risk disputes, such as local participation in plant sludge treatment and refuse disposal 

from Germany.9, 10 It is further noted that the dialogue-based study session that the author formed 

helped the participants share concerns and anxieties for present and future amongst the small friends’ 

circle.  

 

Drawn from this observation, it should be said that a two-way communication may suit the needs of 

local residents and deliver accurate safety information. It showed that such a programme enabled them 

to gain the feeling of empowerment in learning how to control exposure and thus protect their own 

health, and regaining a sense of community as a by-product. 
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Abstract: 

Civil Defence Emergency procedures provide a structure and system for responding to an emergency in 

New Zealand but planning exercises had not included preparing for an emergency from a psychosocial 

perspective. Consequently when Canterbury experienced two major earthquakes in September 2010 and 

February 2011 we were ill prepared to provide psychological and psychosocial response or recovery ser-

vices. New and innovative ways of working collaboratively across the sector and across agencies needed to 

be found quickly as first responders and also with ongoing psychosocial recovery work.  

Using internationally recognised models for response and recovery a range of programmes and interven-

tions were developed and delivered across the community. A core group of staff – mostly psychologists and 

social workers – were quickly identified and assembled to develop systems, protocols and resources to 

support staff deployment in a range of activities to meet the changing needs arising as the disaster and the 

aftermath unfolded. Political and community leaders soon acknowledged that the need to respond to psy-

cho-social needs is as important as attending to other post disaster work related to buildings, infrastructure 

and economic recovery.  Requests were received to be involved in both direct service provision and to assist 

front line staff in other agencies with supervision, advice and in-service education to inform and support 

response and recovery work across the sectors.  

Work continues to support the next phase of individual and community recovery and build resilience 

through engagement with the Canterbury Earthquake Recovery Authority.  In addition a core team of allied 

health staff have been identified to keep up to date with contemporary best practice and maintain a level of 

preparedness, ready for immediate activation. 

Responding to psycho social needs is essential for recovery in all phases of disaster work – immediate 

response, medium and longer term recovery and in maintaining preparedness and building resilience. 

 

Key words: Psycho-social, Allied health, Earthquake disaster recovery, cross sectoral collaboration 
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BACKGROUND 
 
Within the New Zealand context, disaster responses are managed through a partnership between the Ministry 
of Civil Defence and Emergency Management (MCDEM) and the relevant local territorial authority.  The 
MCDEM corporate office is located in Wellington and is linked across the country through a network of re-
gionally based civil defence, local authorities and emergency personnel. The Canterbury CDEM Group is a 
partnership of local territorial authorities, emergency services and other organisations who are responsible for 
providing effective and comprehensive management of major hazards and their consequences anywhere in 
Canterbury. Depending on the nature and extent of the emergency, the response will be led locally or nation-
ally. Declaring a state of local or national emergency triggers a range of supports to be immediately available 
and enables some business as usual requirements to be suspended or necessary changes to be fast-tracked. 
 
In 2005 the Canterbury CDEM group published its emergency manual1) which included a comprehensive list 
of known hazards ranging from flood plains, pandemics, multiple fatalities, terrorist attacks and of course fault 
lines. Figure 1 shows the known fault lines across the Canterbury region, many radiating from the known 
alpine fault line, but with no known faults within close proximity of Christchurch city and environs. Conse-
quently many of the local emergency plans and exercises were related to pandemic or multiple fatalities such 
as an airline accident. At that time engagement with mental health services to deal with the psycho-social 
consequences on staff or the community was not well developed. 
 

 
Fig.1 Known Fault lines from Canterbury CDEM manual, 2005 

 
When the magnitude 7.1 earthquake struck Canterbury early on the Saturday morning of 4 September 2010, 
many people initially thought we were feeling the effects of a major earthquake on the alpine fault. However it 
soon became apparent that we were dealing with a local event. The resulting property and land damage led to 
the establishment of a number of welfare centres to accommodate several hundreds of displaced and distressed 
citizens. 

Christchurch 
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EMERGENCY RESPONSE 
 
Within a few days requests began coming in to the specialist mental health services (SMHS) seeking help and 
advice to assist in the management of the welfare centres. A core group of SMHS clinical psychologists began 
to develop a resource manual including such topics as psychological first aid, mental status and alcohol and 
other drug screening whilst other staff developed systems and supports to deploy shifts of staff to work in the 
welfare centres. Staff were invited to volunteer for welfare centre duties with about thirty mostly allied health 
staff immediately coming together for some orientation to the role. Topics covered included role clarity, what 
to expect and strategies for dealing with these, the logistics of rosters and support systems for deployed staff.  
Over the following days and including the February quake more than seventy staff became involved in 
providing emergency response services. 
 
Staff had a mandate to respond to whatever psychological or psycho-social needs were identified and included 
providing support to welfare centre staff and distressed residents as well as ensuring any mental health con-
sumers were connected with the necessary supports. They worked alongside other agencies at the centre in-
cluding Red Cross, St John’s ambulance and Victim support personnel. Staff encouraged welfare centre staff 
to have regular breaks and supported individual residents to come to terms with their situation and the ongoing 
stress of multiple aftershocks. Our roster included access to Pukenga Atawhai (Maori cultural advisors), 
Culturally and Linguistically Diverse advice and Peer support workers. Whilst on duty staff were required to 
contact the base at least twice during their shift and to call in with any requests to meet specific needs of the 
centre. One such request included staff skilled in working with the distress of children and young persons, 
especially in the evenings as the aftershocks at night reminded them of the initial night time quake. 
 
Alongside of the welfare centre work, requests for advice to manage people’s anxiety with the ongoing af-
tershocks were being received. A small group from the health services – primary health, secondary services 
and community and public health began meeting to develop some fact and information sheets. It was important 
that key messages were agreed and were consistently promoted across the sector. These key messages included 
affirming people’s anxiety and distress as being a normal response to an abnormal event, providing some tips 
for parents to help their children and young people and where to seek additional help. 
 
Under the civil defence structure, the Ministry of Social Development (MSD) has a key responsibility to meet 
the psychosocial needs of the community but at the time of the first quake there were no linkages between that 
ministry and mental health services to co-ordinate psychosocial and psychological responses. Several days 
after the quake, links were developed and the health and social services began to work together to respond to 
these needs. The establishment of a single 0800 (free) help line and the creation of earthquake support 
co-ordinators were key components of the first response system. Whilst the nature of services behind these 
have evolved as the community moves through different stages of recovery and the level of resourcing has 
flexed with changes in demand, both of these services continue to be well utilized and remain essential 
components in the continuum of support services. 
 
When the devastating 6.3 earthquake stuck at 12.51pm on 22 February 2011 the central city was a bustling 
Tuesday afternoon lunch hour. Tragically 185 people died and many hundreds more were injured mostly from 
falling buildings and structural collapse in the central city. The psychological and psychosocial consequences 
of this event were clearly much more complex and ongoing. Importantly the cross sectoral and cross agency 
relationships that had been formed during the work undertaken five months earlier following the September 
event enabled the response systems including a cross agency committee to be activated almost immediately in 
February. 
 
In addition to the Welfare centre and public messaging work, this event included deployment of SMHS staff to 
the building collapse sites, briefing of volunteers and civil defence personnel engaged in community ‘door 
knocking’ across the city, wrap around support for families of the bereaved and developing strategies to build 
the capability and capacity of front line social and health service staff. 
 
Planning response and recovery activities were based on the Zunin and Meyer (2000) Phases of Disaster dia-
gram from the Centre for Disease control and prevention2).  Many elements of this model were evident across 
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the community as immediately after the major quakes social connections within communities were strong. 
Many heroic rescue and response activities were evident and many people in the community worked above and 
beyond their usual duties. As the many aftershocks continued and the consequences of the secondary stressors 
became apparent the disillusionment phase set in.  
 
Adaptations to the original model are evolving and include an extension to the timeline as a result of the re-
peated earthquakes and major aftershocks in 2010 and 2011 seeming to have prolonged the reconstruction 
period. This has also caused some repeated cycling through the heroic – disillusionment – recovery beginnings 
stages. Further aftershocks may add further to these timelines. 
 
 

 
 
 

Fig.2 Phases of Recovery based on Centre of Disease Control and prevention 
 
Based on the Intervention Pyramid for Mental Health and Psychosocial support in emergencies within the  
Inter Agency Standing Committee of the United Nations guidelines 20073), the pyramid in Figure 3 was de-
veloped to show the layers of the health and social services response system providing front line psychosocial 
and psychological recovery services following the Canterbury earthquakes. This was alongside of the other 
agency specific response strategies such as within the education and justice sectors. In the aftermath of a major 
event involving large communities, it is essential that traditional silos are bridged and new ways of working 
collaboratively are found. It is also important that the response network is well co-ordinated to optimize the 
efficiency and effectiveness of the joint recovery efforts. Utilizing this model assisted in defining the layers of 
response and clarifying the providers of services within these layers. It is recognized that although the diagram 
suggests clear delineation between the layers, in reality these boundaries are more blurred and individuals may 
move up and down between the layers from time to time. 
 
 

‘Heroic’ 

Pre-disaster 

Impact 

‘Honeymoon’ 

Recovery beginnings 

Trigger & Anniversary reactions 

Reconstruction 

1-3 days          Timeline    2 - 8 years 

Disillusionment 
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Fig.3 Layers of the response across the health and social services 
 
RECOVERY 
 
As a result of the devastation of the February quake a new government department – the Canterbury Earth-
quake Recovery Authority (CERA) was established. CERA’s role is to lead and coordinate the ongoing re-
covery effort following the devastating earthquakes of September 2010 and February 2011. Soon after 
CERA’s establishment a briefing by the Prime Ministers chief scientific advisor, Sir Peter Gluckman noted 
“ …it is fair to state that the potential exists for the emotional effects of disaster to cause as great a degree of 
suffering as do the physical effects…they are often inter-related” 4). This was the first public address given to 
government and local leaders stressing the importance of the psycho-social aspects of recovery.  
 
As land decisions were made, community forums were held and targeted door knocking exercises repeated in 
the most severely affected suburbs. The participation of psychological and psycho-social support staff became 
increasingly an accepted component of these events and part of the system of support available. Initially 
community leaders hosting forums barely mentioned the presence of mental health supports but several 
months and many meetings later, community leaders were actively promoting the normalcy of stress and dis-
tress in coping with the realities of disaster recovery and encouraging attendees to talk with mental health staff 
available at the meeting. This sent very powerful messages to the public that it is a normal part of the recovery 
process to feel stressed and distressed and that there are people available to talk these feelings through with if 
that is what was needed. 
 
As part of the social recovery strategy CERA established a Wellbeing planning group. This group then es-
tablished the psycho-social wellbeing sub-committee (sub-committee). This subcommittee has representation 
from government departments and ministries, non-governmental organisations, universities, Maori and health 
services. The main functions of this sub-committee include identifying trends and gaps across the community, 
recommending actions to address these trends and gaps, co-ordinating psycho-social recovery activities, 
co-ordinating public messaging and keeping all parties up to date with the work and issues of the member 
organisations. 
 
To build front line social service and primary health capability and capacity in preparation for the long re-
covery process, an expressions of interest process invited proposals to provide training to four target groups: 
community support workers and volunteers; social work agency staff and mental health professionals; agency 
managers and community leaders. From this a joint proposal from the Mental Health Education and Resource 
Centre (MHERC) and the University of Canterbury (UC) Clinical Psychology department was selected and 
they developed and delivered the first training in 2011, a few months following the quake. The sub-committee 
has been involved in reviewing the evaluations of the education forums and as a result supported the devel-
opment of a further round of training to be provided to the four target groups in 2012.  Although identifying 
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community leaders proved difficult in the first cycle and at the start of the second, word of mouth commen-
dations saw an increased uptake and attendance at all layers of the planned training are expected to be high. A 
third cycle is planned to commence in April 2013. Providing skilled interventions at the earliest point of 
contact ensures appropriate help is accessible as early as possible to the public thereby reducing the need for 
referral into specialist mental health services, apart from the most complex and or severely affected. 
 
A referral pathway, Figure 4, has been developed by the Psychosocial Wellbeing sub-committee as a resource 
to assist agencies and call centres streamline their triaging and referral processes. This shows the co-ordinated 
system of response across the health and welfare sectors to meet both practical and psycho-social needs. 
 

 
Fig.4 Referral pathways 

 
Following on from the initial messaging immediately after the quakes affirming feelings of stress and anxiety 
as being a normal response to an abnormal event and encouraging individuals to take care of themselves and 
each other, the sub-committee endorsed the next phase of messaging being based on the Winning ways to 
Wellbeing5). This included encouraging social connectedness, staying active and trying new things. These 
messages were available as a postcard (below), posters, banners and bookmarks and were widely distributed 
throughout the community. 
 

 
 

Fig.5 Winning Ways to Wellbeing 
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More recently a social marketing research project resulted in an adaptation of the previous messaging to ensure 
relevance to the stage of recovery. This campaign has been designed to be rolled out in phases and was 
launched at the time of the second anniversary of the February 2011 quake. The first phase is aimed at nor-
malising experiences e.g. ‘it’s all right to feel frustrated at times’,  and includes postcards, street posters, bus 
shelter and newspaper advertising. The second phase will encourage people to stop and consider their well-
being and will convey key ideas such as social connections in a light hearted way e.g. ‘when was the last time 
you had a ‘mate’ date?’. The final phase will provide opportunities and resources to help people improve their 
wellbeing. The campaign will be evaluated and it is envisaged that the results of this evaluation will inform the 
potential development of future messaging campaigns. 
 
Reviewing reports from the free Canterbury support line and the earthquake support co-ordinators informs the 
sub-committee of any trends and potential gaps or issues that may need to be addressed. When necessary plans 
are developed or recommendations made to the appropriate agency. The sub-committee also co-ordinates 
responses to key events such as land decision announcements, changes to the education sector and memorials. 
 
The current work involves the development of a psycho-social strategy and action plan for the next period 
being two to five years post event. The focus of the group is also evolving from recovery activities to building 
community resiliency as we move into this next period.  Whilst most of the effects of the primary stressors - the 
major earthquakes - have passed for most people who did not lose someone close or experience serious injury 
or other significant loss, the many secondary stressors continue to impact on most people’s daily lives. For 
many, accommodation is the major secondary stressor for many different and often complex reasons. This 
could include dealing with the ongoing negotiations between the New Zealand Earthquake Commission 
(EQC) and the insurance company for resolving home repairs. In New Zealand home insurance attracts a 
compulsory levy for the EQC which is a government agency providing insurance cover for repairs following a 
natural disaster area. EQC cover up to $100,000 for home and up to $20,000 for contents per event, with the 
insurance company covering above that amount. There is considerable negotiation about damage per event and 
about whether damage will be covered by EQC or insurance in the many instances where there are variable 
opinions about the assessments of damage. Similarly assessments of land damage are complex and often 
disputed. 
 
The availability of alternative housing stock is extremely limited driving up costs and suitable land to rebuild 
has taken some time to become available. Some temporary villages have been developed and are used mostly 
by people needing to temporarily leave their homes whilst repairs take place. An influx of rebuild construction 
workers and related professionals places further pressure on housing and other infrastructure. Social housing 
stock has been significantly impacted both with damage needing to be repaired and with the construction 
industry seeking cheap accommodation for their workers. This has resulted in the waiting time to access social 
housing for some vulnerable groups to go from two weeks prior to the earthquakes to now being more than four 
months in some instances. Many families are accommodating displaced relatives with resultant changes in 
lifestyles and increased stresses. This issue is not one that can easily or quickly be resolved but there are a 
variety of responses including prioritization mechanisms for EQC for repairs for vulnerable people, campaigns 
to repair central and local government social housing and additional government funding for new social 
housing. It is expected that this will ease over the coming months. 
 
The Education sector has been significantly impacted with a period of time after the earthquakes seeing many 
school facilities hosting two schools in ‘shifts’. School hours were changed with one school using facilities 
from early morning with the second school starting in the afternoon and finishing in the evening. Students 
needed to be bussed from their previous location to the new location and after-school arrangements for many 
families became more complicated. Despite these impacts students, teachers and communities worked together 
to establish ‘normal’ routines as quickly as possible. More recently following a period of consultation, the 
government has announced their interim decisions related to the future of schools in the region. This has 
brought relief for some and further distress for others. The psycho-social needs of school communities are 
being met by a range of education, social service and health workers. This is being regularly reported to the 
psychosocial sub-committee to ensure needs continue to be identified and met. 
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Many hundreds of kilometres of underground infrastructure – including fresh, storm and waste water pipes – 
were damaged in the quakes. Much of this is located under roadways resulting in major road works, diversions 
and delays to the transport network as these are repaired. In addition to adding time to most commutes, it adds 
to general uncertainties as usual routes across the city are unpredictable. It is likely to remain this way for some 
considerable time to come. With much of the central city area remaining a demolition and reconstruction site, 
agencies and services previously located in the city continue to operate from temporary or reconfigured 
premises. In these ways most people’s lives are disrupted in some way as the recovery and rebuild work con-
tinues.  
 
Health impacts are being measured and early data – as yet unpublished – suggests that smoking prevalence has 
increased and anti-depressant prescriptions have increased since the February 2011 earthquakes. Anecdotal 
reports from social services of increased alcohol consumption and increased relationship breakdowns would 
be in keeping with expected consequences of ongoing stress but have yet to be confirmed by official data. 
 
All of this is in the context of ongoing aftershocks – as of early 2013 there were about 4,500 of 3.0 magnitude 
and above and many thousands more below 3.0 magnitude since the September quake. For many people the 
continuing aftershocks are an ongoing stress. Psychological and psycho-social recovery against this backdrop 
can be challenging.  Recovery is a delicate balance between ensuring individual’s needs are being met at the 
same time as community buildings and infrastructure of significance are being repaired and rebuilt. Whilst the 
city cannot – and should not – return to how it was, ensuring that positive elements of the past are repaired or 
replaced as quickly as possible enable people to re-connect with those links and look forward the future. The 
return of many cultural, sporting and recreational events - albeit that they are in different locations has been an 
important part of the recovery. Many creative ways of temporarily beautifying and utilizing vacant spaces have 
seen outdoor concerts, films, community gardens, mobile coffee vendors, neighbourhood libraries ‘pop up’.  
These help the community to come together, resume social connections and leisure interests and to contribute 
positively to the community’s sense of identity and pride. 
 
RESILIENCE 
 
The International Red Cross defines resilience6) as: 
“The ability of individuals, communities, organisations, or countries exposed to disasters and crises and un-
derlying vulnerabilities to: 

• anticipate, 
• reduce the impact of, 
• cope with, and 
• recover from the effects of adversity without compromising their long-term prospects.” 

 
Civil defence and local territorial authorities maintain a current list of identified hazards and regularly update 
plans to manage known threats. Co-ordinated exercises help maintain connections with key personnel and 
build confidence and competence in anticipation of future deployment. Nationwide messaging urging the 
public to be prepared and make plans to be self-sufficient for several days is regularly published.  
 
Within the Specialist Mental Health Services (SMHS) a small group of staff have been identified to form the 
core of an emergency response team to be better prepared for another event. At present this core group is made 
up of allied health staff – clinical psychologists, social workers and occupational therapists. However it is 
envisaged that this will expand to include other disciplines as well as advisors and peer support representatives. 
Currently the group is developing a framework for psycho-social response and recovery which outlines pro-
cesses, resource templates and timeframes for response. Processes related to recruitment, orientation and 
maintenance of competence are being developed. The two main components of the work are community de-
ployment in the range of frontline services as required and providing expertise into building frontline capacity 
and capability across front line health and social services. 
 
The health system has many detailed emergency plans for various identified risks and this group is developing 
an emergency psycho-social plan which other emergency plans will link in to. In the past the psycho-social 
elements have not been a recognized component of emergency plans related to pandemic or multiple casualties 
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but experience of the past two years has led to a revision of this with the recognition that ensuring psychosocial 
needs are met is essential for recovery. 
 
Another piece of work before this group is consideration of establishing a framework for evaluating offers of 
help from psycho-social service providers. Soon after the earthquakes a myriad of offers to come to Christ-
church to provide psychological or pyscho-social support began to be made. Several experienced clinicians 
spent a great deal of time and effort researching, reviewing and considering these and in the absence of rec-
ognized criteria were often left to make a decision with the best available information at the time. As time has 
passed these offers have continued to be made and considerations such as the evidence base related to the offer, 
the willingness and ability to link with local social and health services and the degree of additional stress on 
fragile infrastructure have emerged as factors to be considered. A checklist of information needed to accom-
pany offers of help may also be developed to assist in the evaluation of these. 
 
The public health messaging supporting wellbeing is expected to continue and evolve over the coming years. 
The earthquakes have provided the opportunity for messaging such as the Winning Ways to Wellbeing5) to be 
promoted and it is hoped that maintaining this into the new ‘business as usual’ will help build psycho-social 
resilience across the community. 
 
A more recent adaptation of building community resilience and awareness is the ‘community forum’ where 
someone with credible expertise facilitates a community discussion aimed at building psycho-social wellbe-
ing. This is not a presentation by the expert but rather a conversation with a community group focusing on the 
issues raised within that group. Dr Rob Gordon, clinical psychologist from Australia has facilitated two series 
of such fora with significant success. Ways of building the capacity and sustainability for this type of work are 
being considered. As psychosocial activities continue to evolve to meet the needs, they will be added to the re-
sources and plans already developed for future preparedness and resilience.   
 
STAFF WELLBEING  
 
The focus of this paper has been on the psycho-social aspects of the community rather than on those aspects for 
staff. However it is important to briefly acknowledge the dimension of psycho-social recovery related to staff 
welfare and wellbeing, noting that to fully address this area would require a separate paper. Response, recovery 
and resilience are key phases also requiring attention from a staff wellbeing perspective. To date we have 
supported mental health staff during the initial response phase with access to psycho-social and practical 
supports ranging from special leave and collegial support to enabling staff and their families access to show-
ering and laundry facilities when water in some parts of the city was unavailable. Recent wellbeing surveys 
across large employers have indicated increased levels of fatigue and decreased levels of tolerance in the 
workplace. Detailed analysis and strategies to respond to this are continuing to be worked through.  
 
CONCLUSION 
 
Emergency management systems have long been in place across our country as we have been subject to var-
ious natural disasters over the years. New Zealand is sited on what is known as the Pacific Ring of Fire with 
volcanic and seismic activity being a relatively common occurrence. Most of the plans in the past have focused 
primarily on the physical aspects of response and recovery. The Christchurch experience has enabled the 
emerging psychosocial and psychological aspects of disaster response to further develop to a point where this 
is now becoming embedded into local ongoing preparedness planning. Through international links and con-
ferences these experiences are contributing to the growing body of knowledge around this important dimen-
sion of disaster response, recovery and resilience building. 
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Abstract:  

Introduction: Building healthcare resilience is an important step towards creating more resilient communities 
to better cope with future disasters. To date, however, there appears to be little literature on how the concept of 
healthcare resilience should be defined and operationalized with a conceptual framework. This article aims to 
build a comprehensive healthcare disaster management approach guided by the concept of resilience. Methods: 
Google and major health electronic databases were searched to retrieve critical relevant publications. A total of 
61 related publications were included, to provide a comprehensive overview of theories and definitions relevant 
to disaster resilience. Results and Discussions: Resilience is an inherent and adaptive capacity to cope with 
future uncertainty, through multiple strategies with all hazards approaches, in an attempt to achieve a positive 
outcome with linkage and cooperation. Healthcare resilience can be defined as the capability of healthcare 
organisations to resist, absorb, and respond to the shock of disasters while maintaining the most essential 
functions, then recover to their original state or adapt to a new state. It can be assessed by criteria, namely: 
robustness, redundancy, resourcefulness; and a complex of key dimensions, namely: vulnerability and safety, 
disaster resources and preparedness, continuity of essential health services, recovery and adaptation. 
Conclusions: This new concept places healthcare organisations’ disaster capabilities, management tasks, 
activities and disaster outcomes together into a comprehensive whole view, using an integrated approach and 
establishing achievable goals.  
 

Keywords:  Conceptual framework, emergency management, healthcare resilience, hospital resilience, disaster 

management 

 
INTRODUCTION  
The term resilience was introduced into the English language in the early 17th Century from the Latin 
verb “resilire”, meaning to rebound or recoil. Over time, the concept of resilience has been examined 
in a number of disciplines, including materials science, psychology, economics, and environmental 
studies. When it is applied to people and their environments, ‘resilience’ is basically a metaphor used 
to describe the ability of materials to return to their original form after deformation.1) It is not 
regarding how large the initial displacement is or even how severe the oscillations are, but  rather the 
speed with which stability is achieved.1-3) There are two foremost concepts of resilience for the 
ecological system, namely ‘engineering resilience’ and ‘ecological resilience’.4) These types of 
resilience are measures of the size or magnitude of disturbance that a system can absorb before it 
restructures itself and moves into its original state or another state of behaviour.5, 6) The distinction 
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between the two concepts are: (1) the underlying conceptualization of ‘engineering resilience’ is 
stability and speed of its return; and (2) the underlying conceptualization of ‘ecological resilience’ is 
instability and the tendency to evolve to new or better states.7, 8)  
 
Recent research has focused on the ‘ecological resilience’ of critical organisations which can supply 
‘lifeline’ services (e.g., electric power, water, and healthcare sectors) as they are crucial for 
minimizing the impact of disasters.9) Disasters include environmental incidents, terrorism and 
pandemics of infectious diseases which continue to have a significant impact on human health and 
wellbeing. It is only more recently that the concept of ‘healthcare resilience’ has been added as an 
important concept into the disaster management lexicon, reflecting the critical role of healthcare in the 
face of disasters.10-12) Improving healthcare resilience, particularly hospital resilience, is considered as 
an important step for enhancing the health system’s capability to cope with disasters effectively, 
minimise the damage to health service provision, and thus to reduce the impact that disasters may 
have on the society.13, 14)  
 
The effectiveness of health system responses has been found to considerably influence the community 
response to and recovery from disasters, ultimately influencing health outcomes.13-15) Hospitals are 
especially essential, as they provide a ‘lifeline’ service to their community, with a key function of 
minimizing the impact of disasters.12, 14, 16) However, hospitals are arguably more vulnerable than 
other facilities during disasters, as they have a complex combination of utilities, surgical and 
diagnostic equipment, and hazardous materials, along with ever-changing visitors and patients in 
various conditions of physical and mental health.17, 18).  
 
In this context, building resilience into healthcare organizations, especially hospitals can be used to 
build their capabilities to resist, respond to and recover from disasters rapidly and thus decrease the 
lives lost or injured. It is also seen as an essential element of resilient communities which can better 
cope with future change and unknown risks.19) Understanding and developing healthcare resilience, 
especially hospital resilience, is a pressing public health policy issue with local, national and 
international application. In 2005, the World Conference on Disaster Reduction promoted the model 
of ‘safe and resilient hospitals’ as an integral component of disaster risk reduction planning in the 
healthcare sector. The conference also endorsed policies that ensure “all new hospitals are built with a 
level of resilience that strengthens their capacity to remain functional in disaster situations”.20, 21)  
 
Despite its importance, there is still no clear and consistent definition and framework identifying the 
key components of healthcare resilience. Through reviewing the extant literature, this article builds a 
comprehensive healthcare disaster management approach guided by the concept of resilience. There 
are three objectives: (1) define disaster healthcare resilience; (2) propose a conceptual framework for 
healthcare resilience with criteria and the key components which underpin it; and (3) develop a 
framework for operationalization and proposing the critical issues, which can enhance hospital 
resilience to cope with future disasters. This article mainly focuses on health care facilities rather than 
other components of the healthcare system, as recently the critical role of healthcare organisations in 
disasters has become more widely recognised.14, 22, 23) 
 
MATETIALS AND METHODS  
Google and major health electronic databases from PubMed, Web of Science, EBSCO, ProQuest, 
Scopus, and ScienceDirect were searched. Additional references were identified through examination 
of the references from most recent publications (snowballing) and through scrutiny of the contents 
pages of highly relevant journals for the last two years. These resources were searched so as to 
identify contributions to the definition, criteria, components and conceptual framework of ‘disaster 
resilience’. The key search words used were “resilience OR health management OR hospital 
management” AND “disaster OR emergency OR mass casualty”. In order to retrieve the history of 
resilience theory, there was no limitation to the publication date and format.  
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Titles were scanned by the principal researcher (SZ) for relevance to the aims of the study and then 
abstracts reviewed for relevance, significance and utility. The remaining publications were retrieved 
in full text format and analyzed for their contribution to the definition of resilience, the underpinning 
concepts and key components. A total of 61 related publications, including public report, grey 
literature, and journal articles written in English were included in this article, spanning the years from 
1973 to March 2013. The included publications were used to provide a comprehensive and critical 
review on theories and definitions relevant to disaster healthcare resilience. And then through a 
thematic analysis of resilience common characteristics and its underpinning key components were 
extracted, to propose and develop the definition and conceptual framework of healthcare resilience.  
 
RESUTLS  
Key characteristics of healthcare resilience 
Recently, the notion of resilience has had more broad applications than before. For example, the term 
resilience has been used to describe the core capabilities of individuals, critical infrastructure, 
organisations, systems, and human communities, to resist, respond to and recover from disasters 
effectively.1, 12, 13) The specific elements of the resilience definition are operationalized differently 
depending upon the level of analysis. 
 
To develop a definition of healthcare resilience, it is important to firstly examine these more generic 
resilience literatures. Key resilience definitions (illustrated in Table 1), especially from an 
organisational or system level (ecological or engineering) are essential for the understanding of 
healthcare resilience. Definitions that only focused on individual resilience or staff resilience, which 
cannot supply any key elements or criteria to hospital disaster resilience are not discussed in this 
article. The common characteristics for resilience can be transposed to the healthcare context to 
develop a definition for healthcare resilience. 
 
Table 1. An overview of definitions of resilience  

Author Level of 
analysis Definitions 

Holling et 
al.,1995 Ecological 

The buffer capacity or ability to absorb perturbation, or the magnitude of the 
disturbance that can be absorbed before a system changes its structure by 
changing the variables and processes that control behaviour.24)  

Gunderson et 
al., 2002 

Ecological 
 

The capacity of a system to undergo disturbance and maintain its functions 
and controls.5)  

Bruneau et al., 
2003 Engineering  The ability of a system to reduce the chances of a shock, to absorb such a 

shock if it occurs and to recover quickly after a shock.13) 

Longstaff, 
2005 

Ecological 
 

The ability by an individual, group, or organisation to continue its existence 
in the face of some sort of surprise. Resilience is found in systems that are 
highly adaptable and have diverse resources.25) 

Cumming et 
al., 2005 

Ecological 
 

(1) The amount of change that a system can undergo while still maintaining 
the same control on structure and function; (2) The system’s ability to self-
organize; (3) The degree to which the system is capable of learning and 
adaptation.26) 

Renn et al., 
2005 

Ecological 
  

(1) The capacity of a system potentially exposed to hazards to adapt, by 
resisting or changing in order to reach and maintain an acceptable level of 
functioning; (2) The capability to return after deflection or perturbation to a 
stable overall or local state of equilibrium.27) 

Resilience 
Alliance, 2006 

Ecological 
 

The capacity of a system to absorb disturbance and reorganize while 
undergoing change so as to still retain essentially the same function, 
structure and feedbacks.28) 

Seville et al., 
2006 Organisation  Able to achieve its core objectives in the face of adversity. This means not 

only reducing the vulnerability, but also improving the adaptive capacity.29) 

United Nations, 
2007 

System or 
community  

The capacity of a system/community potentially exposed to hazards to 
adapt, by resisting or changing in order to reach and maintain an acceptable 
level of functioning and structure. It is determined by the degree to which 
the system is capable of organising itself to increase this capacity for 
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learning from past disasters for better future protection and to improve risk 
reduction measures.30) 

Bruneau et al., 
2007 

Organisation 
/Community 

The ability of social units to mitigate hazards, and carry out recovery 
activities in ways that minimize social disruption and mitigate the effects of 
future hazards.31) 

The Stockholm 
Resilience 
Centre, 2009 

Ecological 
 

The capacity of a social-ecological system both to withstand perturbations 
from for instance climate or economic shocks and to rebuild and renew itself 
afterwards.32) 

Madni and 
Jackson, 2009 Engineering  A multi-faceted capability of a complex system that encompasses avoiding, 

absorbing, adapting to, and recovering from disruptions.33) 
Kahan et al., 
2010 Infrastructure  An outcome measure with an end goal of limiting damage to infrastructure; 

mitigating the consequences; and recovery to the pre-event state.34)  

Australian 
Government, 
2010 

Infrastructure  

(1) Coordinated planning across sectors and networks; (2) Responsive, 
flexible and timely recovery measures; (3) Develop an organisation culture 
that has the ability to provide a minimum level of service during disasters, 
and return to full operations quickly; (4) Achieved by undertaking risk 
management, business continuity management and organisational resilience 
initiatives.35) 

Rogers, 2011 Organisation  
(1) Adaptive capacity of an organisation is a complex and changing 
environment; (2) It is a relative expression describing one outcome of the 
organisation’s risk management activity.36) 
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(1) Uncertainty. All these resilience definitions refer to threats, adverse events, disturbance and 
perturbations, which interrupt or hinder normal operations by causing confusion, disorder, 
discontinuity or displacement5, 24, 28, 37). Resilience is seen as the ability to accommodate abnormal 
conditions and extreme events, such as floods, droughts, heat waves, 32) natural disasters,13) or 
economic shocks38). Resilience is forward looking and helps explore policy options for dealing with 
these uncertainties and changes in the future. 
 
(2) Inherent and adaptive capacity. Resilience is commonly understood to entail both strength and 
flexibility.12) A balance of both inherent and adaptive resiliency is necessary to be able to resist, 
respond to, and recover from disasters in an effective manner.39) Inherent resiliency indicates an 
organization’s infrastructural resistance or internal safety for resisting, or absorbing the impacts of 
adverse events. Adaptive resiliency implies short term response capability and long term recovery 
capacity, building deliberately by adequate disaster preparedness, such as disaster plans, stockpiles, 
operational procedures and staff capability.33, 40)  
 
(3) Positive outcome. All resilience definitions refer to positive outcomes when coping with adverse 
events, which could be an adaptation in response to the adversity of an ecological system,41) or the 
ability of an engineering system to absorb a shock and recover quickly,13) or the ability of an 
organisation to reduce its vulnerability and improve its crisis management ability.29, 30) Moreover, 
‘Engineering resilience’’ makes a system return to an original structural or functional status following 
a disturbance; whereas ‘ecological resilience’ allows for many possible desirable states emerging that 
can match the environment.42) Thus ‘ecological resilience’ is arguably the more relevant one for 
human communities, organisations, and societies.  
 
(4) Multiple strategies with all hazards approaches .It would appear wise to use an all-hazards 
approach rather than only focus on one kind of hazard in an increasingly volatile, uncertain and 
complex world. Thus, resilient thinking may be assisted for organisations, communities and societies 
to better cope with whatever event may unfold in the future.19) Resilience is also required for multiple 
strategies before, during and after disasters.19)  
 
(5) Interdependency. People and organisations are more vulnerable as society becomes more complex, 
and the impact of global factors becomes more immediate and apparent.43) In facing such 
interconnected threats, organisations, communities and even nations which are well coordinated and 
share common values and beliefs tend to be more resilient.35, 43) 
 
Definition and concept of healthcare resilience 
Resilience is an inherent and adaptive capacity to cope with future uncertainty, through multiple 
strategies with an all hazards approaches, in an attempt to achieve a positive outcome with linkage 
and cooperation. Health care facilities need to withstand the consequences of the event, with both 
inherent strength (ability to resist and respond to an external shock) and adaptive flexibility (ability to 
bounce back and adapt), yet at the same time are expected to be able to maintain continuity of 
operations, and surge their healthcare capability to respond to sudden increases in disaster healthcare 
demand.39, 44, 45) Thus, healthcare resilience is a comprehensive concept which includes structural 
components (e.g., facility infrastructural safety), non-structural components (e.g., staff, equipment, 
medication), emergency healthcare service components (e.g., medical response and treatment, surge 
capacity, continuity of medical service) and hospital disaster management capabilities (e.g., plan and 
procedure, crisis communication).46) It should also be achieved through a comprehensive continuous 
approach, including disaster mitigation and preparation before an event, responsiveness during the 
event and recovery and adaptation after the event. 
 
The definition of healthcare disaster resilience should be comprehensive, and thus needs to be in 
accordance with resilience characteristics. Also it needs to be formulated with reference to the 
illustrated comprehensive definitions from other sectors (e.g. engineering resilience, ecological 
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resilience, organisation resilience, community resilience), in this article, healthcare resilience can be 
defined by the authors as “the capability of healthcare organisations to resist, absorb, and respond to 
the shock of disasters while maintaining the most essential functions (e.g., on-site rescue, pre-hospital 
care, emergency medical treatment, critical care, decontamination and isolation), then recover to its 
original state or adapt to a new state.”13, 16, 47-49)  More specifically, it is a capacity to limit the damage 
to critical infrastructure and functions (termed resistance); mitigate the consequences by maintaining 
the most critical functions with valuable resources and management (called absorption and 
responsiveness); and speed the time for recovery to the pre-event state (termed recovery) or a new 
state of function (termed adaptation).  
 
There are several basic functions and requirements providing for safe and resilient healthcare 
organisations: urgently needed medical care remains accessible and critical services are still 
functioning; provision of the medical leadership needed by the general public in times of crisis; an 
interface among regional entities is provided and integration within a community-wide disaster plan is 
maximised.16) There are some practical principles that are put forward as being essential to achieving 
healthcare resilience: the need for healthcare organisation managers to identify the healthcare 
organisation environment and the most critical functions; the completeness and suitability of the 
healthcare organisation policy and plans; the healthcare organisation’s capacity to implement and 
adapt its disaster policy and plans.50) 
 
The concept of disaster resilience has been described and illustrated by a general resilience theoretical 
framework on community or organisations. Using seismic risks as the exemplar, Bruneau et al. 
proposed the MCEER's framework (Multidisciplinary Center of Earthquake Engineering to Extreme 
Event). In this framework, disaster resilience is characterized by four criteria, including robustness, 
redundancy, resourcefulness and rapidity. It can be adapted slightly for healthcare resilience and 
facilitate a better understanding for its conception. 13) Figure 1 illustrates these healthcare resilience 
characteristics, using a hospital as an example. Resilience is measured with reference to some level of 
hospital function such as the number or percentage of patients assessed and treated. The horizontal 
line showing full hospital operation is fixed, implying a single optimum. The occurrence of a disaster 
leads to a rapid decrease in functional performance. The extent to which function is maintained 
reflects the hospital’s robustness to a given external shock. Over time, following the disaster, the 
hospital regains some level of equilibrium, in which different full hospital operation level is 
experienced due to the changing nature of the external environment (from an ecological view of 
resilience). The speed with which this recovery of function is achieved reflects the hospital’s 
responsiveness (rapidity). The diagram illustrates that robustness and rapidity can be improved by 
both hospital preparedness and responsiveness. In addition, the other characteristics including 
redundancy and resourcefulness are imbedded in each management stage, which can also influence 
robustness and rapid response and recovery.51) 

 
 
Figure 1. Conceptual definition of hospital resilience to disasters (adapted by  the authors, 
from Bruneau et al. 2003) 
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Conceptual framework for healthcare resilience 
The challenge facing researchers, policy makers and health leaders is how to best develop and 
promote healthcare resilience in a way that assists governments to develop public health policy and 
enables managers to build resilient healthcare organisations for future disasters. Therefore, a 
conceptual framework is urgently needed for the identification of key components of healthcare 
resilience.  
 
At present, several researchers have developed more general models and frameworks related to 
community disaster resilience 1, 13, 52, 53) and organisational disaster resilience. 15, 51, 54) A recent pubic 
report sponsored by the Australian government designed a community disaster resilience model with 
four dimensions after a thematic analysis of the existing community resilience literature. The four 
dimensions are: community connectedness, risk and vulnerability, planning and procedures, available 
resources. They overlap and interact, making relatively equal contributions to building community 
resilience.53) Similar to this model, another paper focused on healthcare organisations illustrated that 
healthcare resiliency sits at the centre of an integrated approach of several dimensions including 
emergency management, risk management, safety/security, business continuity, disaster recovery, and 
crisis communications.55) To some extent, the frameworks and key components can be adapted to the 
concept of healthcare resilience. Thus, the authors have identified four major dimensions of 
maintaining a high level of resilience. They are: vulnerability and safety (e.g., surveillance, 
organization internal safety, crisis communication, disaster leadership); disaster resources and 
preparedness (e.g., disaster plan, disaster resource and medication stockpiles, human resource, 
trainings and drills); continuity of essential medical service (e.g.,  emergency surge capacity, 
emergency medical response and treatment); disaster recovery and adaptation (e.g.,  healthcare facility 
recovery, healthcare capability assisting community recovery, adaptation strategies). 
 
 In addition, the classic risk management cycle model includes continuous disaster management 
activities, ranging from preparedness, response to recovery and adaptation. All these management 
activities are applicable for enhancing disaster resilience.56-59) 
 
The above models and frameworks influenced the approach towards a higher-order interpretation. A 
valued conceptual framework of healthcare resilience (Figure 2) was developed as an interpretation to 
depict our understanding of healthcare resilience. The management cycle, major dimensions and 
performance criteria could form the conceptual basis of this healthcare resilience framework. 
Within this conceptual framework, healthcare resilience can be assessed by robustness, 
redundancy, resourcefulness, and rapidity. It is also contributed to by preparedness, 
responsiveness, recovery and adaptation, and which is in turn a complex of key components, 
including hospital safety, crisis communication, disaster leadership, disaster plan, stockpiles, 
staff, trainings and drills, emergency surge capacity, response and medical treatment, as well 
as disaster recovery and adaptation.  
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Figure 2. Conceptual framework of healthcare resilience (developed by the authors) 
 

In this context, the key components of ‘healthcare resilience’ can be adapted into this conceptual 
matrix for further operationalization and evaluation. Illustrative key components of hospital resilience 
are used as an example, which are depicted in Table 2. It can be used as a matrix guiding the 
operationalization of the concept of hospital resilience, and proposing critical issues for enhancing 
hospital resilience to cope with future disasters. In this matrix, disaster resilience is characterized by 
four criteria, including robustness; redundancy; resourcefulness and rapidity. All the potential key 
components should be in accordance with one of these criteria for healthcare resilience. 
 
Table 2. Hospital disaster resilience matrix: illustrated critical issues for enhancing hospital 
resilience  

Dimensions Performance criteria 
Robustness   Redundancy Resourcefulness Rapidity  

Vulnerability and 
safety 
(Surveillance, safety, 
communication system) 

• Building and 
infrastructure disaster 
resistant code 

• Incident command 
and communication 
system 

• Alternative 
emergency energy, 
space and facilities 

• Surveillance policy 
and system  

• lab diagnosis 
diversity 

• The time for 
risk assessment 

• The time for 
hospital 
evacuation 

Disaster preparedness 
and resources 
(plans, resource 
stockpiles, staff,  
training and drills)  

• Specific disaster 
plans 

• Emergency resource 
stockpiles 

• Staff emergency 
knowledge and skills 

• Staff training  

• Training non-ED 
personnel and 
volunteers as 
emergency backup 

•  Emergency 
resource backups 

• Hospital mutual 
memorandum and 
pharmaceutical 
companies contracts 

• Staff protection and 
incentive strategies 

• The time for 
revising the plan 

• The period of 
training/drill  

Continuity of essential 
service 
(surge capacity, 
emergency medical 
treatment)  

• Ambulance; 
• Equipment for 

rescue; 
• Capacity of intensive 

care; 
• Experts treatment 

group 

• Surge capacity of 
emergency beds, 
equipment, 
medication, and key 
staff 

• Strategies for surging 
• strategies for triage 
•  strategies to identify, 

prioritize, and 
maintain essential 
functions  

• The rapidity for 
surging beds, 
resources and 
staff 

• The rapidity for 
on-site rescue 
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Recovery and 
adaptation 

• Evaluation report 
• Vulnerability analysis 
•  Risk reassessment 

• Extra staff for 
population 
requiring long term 
rehabilitation and 
mental health 

• Strategies for 
community recovery 
and hospital 
adaptation 

• The rapidity for 
hospital 
recovery and 
adaptation  

 
DISCUSSION 
The literature regarding resilience theories and definitions were reviewed to develop the definition of 
healthcare resilience, through extracting key resilience characteristics. In addition, a comprehensive 
disaster management approach is built guided by the concept of resilience. To date, without a specific 
healthcare resilience framework, the conceptual framework has to be adapted by reviewing and 
extracting key components from relevant resilience frameworks from other sectors. It is hoped that the 
concept of healthcare resilience can be incorporated into an approach for improving all agencies 
resilience, and promote integration of healthcare facilities within the community resilience. The useful 
frameworks should be in accordance with hospital disaster resilience concept with a description of 
key themes or with valid criteria, which enable a new framework of hospital resilience to be adapted.  
 
As in the MCEER framework, robustness and rapidity are ‘ends’ while resourcefulness and 
redundancy are ‘means’ to the concept of disaster resilience.51) Therefore, healthcare resilience is an 
essential concept, with an aim to improve healthcare inherent robustness to resist disasters as well as 
the rapidity to recover and adapt to disasters, with the means of redundant resources, resourceful 
procedures and strategies.34, 36, 50, 60) As the hospital disaster resilience matrix (Table 2) illustrated, the 
conceptualization of healthcare resilience is essential to put healthcare organisations’ disaster 
capabilities, management tasks, activities and disaster outcomes together into a comprehensive and 
whole view, using an integrated approach and with an achievable goal. This matrix can be used for 
further proposing potential key components under the main dimensions of hospital resilience based on 
its criteria. It needs to be developed continuously in further studies for the operationalization or 
evaluation of healthcare resilience through identifying critical issues.  
 
In addition, most recent studies have focused on the capability of healthcare organisations to cope 
with disasters from different perspectives by using various concepts, including disaster management, 
disaster preparedness, organisation safety, business continuity, healthcare surge capacity and other 
specific healthcare capabilities. However, these studies and concepts occur in isolation and  provide 
limited perspectives relevant to disaster capability, resulting in gaps and, at times, duplication.61) For 
example, most disaster preparedness studies have aspects related to surge capacity, responsiveness 
and recovery capability. The preparedness concept in most studies includes a full range of prevention, 
mitigation, and recovery activities, not just those designed to enable responses to events.61) Healthcare 
resilience sits at the centre of these concepts for improving hospital capability to cope with disasters. 
Thus, it is hoped that these studies and perspectives may be consistent with the ethos of healthcare 
resilience, and may have a contribution to build the concept of healthcare resilience.55) Developing the 
concept of ‘healthcare resilience’ would provide a starting point for broad agreement about what it 
comprises and would also assist in integrating this broad range of approaches together into a single 
process with an achievable goal. 
 
Healthcare resilience should be distinguished from disaster management. Healthcare resilience is 
composed of healthcare facilities’ structural components, non-structural components, emergency 
healthcare service and disaster management.46) It should be seen as a comprehensive concept, which 
links these key components with the achievable goal of improving healthcare pre-event robustness 
and promoting response and rapid recovery, using redundant resources and resourceful strategies. 
Thus, it is important to note that healthcare resilience does not replace disaster management or 
continuity planning, while risk management and continuity planning are management tools using a 
comprehensive continuous management approach.  
 
This article is an initial attempt to propose concepts, basic criteria and conceptual frameworks for 
healthcare resilience. It also highlighted the priorities and guidelines for future research on healthcare 
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disaster resilience, which should include (1) a consensus on how the concept of healthcare resilience 
is defined; (2) a further discussion and validation of its key components and criteria; (3) further 
investigation of healthcare resilience, including  comparisons with extant resilience from other sectors; 
(4) an incorporation of  the concept of healthcare resilience into an approach for improving all 
agencies’ resilience, which promotes integration of healthcare facilities within community resilience; 
(5) further investigation of healthcare resilience, with identification of contributions from relevant 
healthcare disaster studies; (6) the development of a user friendly evaluation tool with key measurable 
indicators. These indicators should be devised and aggregated into several dimensions, such as 
structural components, non-structural components, emergency health care components and emergency 
management components, all of which may be linked with resilience criteria or resilience outcomes. 
 
CONCLUSION 
 ‘Healthcare resilience’ has been raised by the authors as an important concept in the context of 
disasters, and been used to integrate several perspectives together (e.g., disaster management and 
preparedness, organisation safety, business continuity, healthcare surge capacity and other specific 
healthcare capabilities). This new concept pulls healthcare organisations’ disaster capabilities, 
management tasks, activities and disaster outcomes together into a comprehensive whole view, using 
an integrated approach and with an achievable goal.  
 
Disaster resilience research is still in the nascent stage in the context of healthcare systems. It is a 
multi-faceted concept that as yet has not been clearly defined and directly operationalized with its key 
components. The concept of healthcare resilience is expected to be incorporated into an all-agencies 
resilience approach, and thus promote overall community resilience. In the future, more research is 
needed to identify its key elements and potential key indicators, with an attempt to further establish 
and validate an instrument for measuring healthcare disaster resilience.  
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Abstract 
 

Background: The aim of this study is to examine the flood fatality with a view to identifying 
risks which may inform public policy responses to future flood.  

On July 21st, 2012, Beijing suffered the heaviest rain since 1963. The average rainfall was 215 
mm over a 24 hour period in the central city (301mm in Fangshan District). The rain resulted in a 
flood that caused severe health, social and financial impact. 

Results: This flood caused 79 deaths. Of the 71 deaths for which a specific cause could be 
identified, 5 were rescue team members, 42 were killed by drowning (11 in the car), and the 
others by electricity shock, fallen house, falling items and lightning. The total financial cost was 
estimated to be US$ 1.7 billion. The causations of the deaths inform the risks associated with the 
flood.  

Discussion: This flood had a catastrophic impact on Beijing, mainly due to the intensity of the 
rain (the rain was the heaviest in the modern Beijing history; possibly due to global warming and 
urban heat island effect), the vulnerability of the infrastructure (poor standards of drainage, 
disorganized water management systems and decreased permeability of the earth as a result of the 
city’s rapid development), and the capacity of the response system (mainly dependent on the 
awareness of the citizens, warning systems and the capacity of the emergency rescue). 

Implication: Many risk management measures have been implemented as a result of this flood, 
including water level warning marks, flood safety education and warnings sent to mobile phones, 
a project to move about 74,500 farmers away from the flood-prone areas within 5 years. However, 
further measures targeted at the fundamental issues identified by this analysis are necessary, 
especially those targeting at health issues. These may include better planning, improved drainage 
systems and ecological development to increase permeability etc.. 
Keywords: flood, fatality, risk management, capacity, policy, health-oriented 
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1. INTRODUCTION 
 

Beijing is the capital of China, has a population of 19.6 million1), and ranks 14 in the 
Global Cities Index (ranks the current global influence) in 20122). It consists of 6 central city 
districts and 10 suburb districts. The total area of Beijing is 16,410 square kilometers, and 
woody plant coverage is 54%3). The modern disaster management system in Beijing consists 
of new policies and regulations which were established as a result of major disasters such as 
Severe Acute Respiratory Syndrome (SARS) epidemic, earthquakes and flooding along with 
the preparation of the 2008 Olympic Games in Beijing4).  

On July 21st, 2012, Beijing suffered the heaviest rain since 1963. The average rainfall was 
170mm over a 24 hour period in the whole city; 215 mm in the central city; and 301mm in 
Fangshan District (a suburb in Beijing with a population of about 950 thousand)5),6). The 
highest rainfall was in the Hebei Town of Fangshan District, which was 460mm over a 24 
hour period and made a historical high6). The rainfall during the period of 10:00 am, July 21st 
to 6:00am, July 22nd, 2012 is shown in Figure 1 5). 

The rain resulted in a flood that caused severe health, social and financial impact. The 
health impacts include 79 deaths, 1.9 million people affected, and 57,000 people evacuated. 
In regard to the transportation, Beijing Capital Airport cancelled more than 500 flights, and 
left 80,000 people in the airport; many sections of subways and highways were flooded and 
resulted in severe traffic congestion. The total financial cost was estimated to be US$ 1.7 
billion. 

Exploration the causes of the flood deaths can not only help to identify the potential flood 
risks, but also to find the underlying principles in managing flood risks. The aim of this study 
is to examine the flood fatality with a view to identifying flood risks and its reduction 
measures, which may inform public policy responses to future flood. 
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Fig. 1 Rainfall in Beijing (mm, 10:00am, July 21st to 6:00am, July 22nd, 2012) and 

distribution of deaths (5)and Author).  
 
 

2. METHODOLOGY 
 

A case study of the Beijing July 2012 Flood is considered due to its scale and the enormous 
effect of the flood. Flood risks is the “expected losses from given flood events over a 
specified time period”7). Flood risk may consist of magnitude of flood hazards, exposure of 
the human activities to flooding, and the vulnerability of the society at risk according to 
Associated Programme on Flood Management (APFM) as shown in Figure 27). This study 
analyzed the causations of flood fatalities under the APFM framework of flood risks, 
stressing the measures to reduce the risks, including flood hazards reduction, infrastructure 
improvements to reduce exposure, and flood risk management measures to decrease 
vulnerability.  
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Fig. 2 Construct of flood risk and its reduction7). 
 
 
The data and information source of this study includes comprehensive review of publicly 

available information (including government reports, official websites, academic publications 
and newspapers); site visitations; government meeting transcripts (including meetings 
conducted by Beijing Headquarter of Flood and Drought, Beijing Municipal Emergency 
Committee etc.) 
 
 
3. FLOOD FATALITY RESULTS 
 

Of the total 79 deaths, this study identified the specific causes of 71 cases. The number of 
deaths by its causation is shown in Fig. 3.  
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Fig. 3 Classification of deaths by causes 
 
As shown in Fig. 3, most fatalities (52 cases) were due to drowning, which accounts for 

73% of the total deaths with causations identified.  
It is noteworthy that 5 people were killed in conducting rescues. All of them were rescue 

team members, among them, 1 was drowned in his rescue car, 1 was killed by electricity 
shock, 1 was drowned in evacuating citizens, and 2 were killed by overtime work and heart 
failure.  

Of all the cases, only 6 happened within the 5th ring road of Beijing (considered as the city 
area), only 1 died within the second ring road (the very center of the city). The other deaths 
occurred mostly in the suburbs, especially in the mountain areas. The distribution of the flood 
fatalities is shown in Fig. 1.  

Of the 71 identified deaths, 46 were males (all the 5 rescue team members died in the flood 
were male), and 25 were females; 34 were Beijing local residents, 37 were temporary 
residents from places other than Beijing.  

 
 

4. ANALYSIS 
 

As shown in Fig. 2, the reason for such a large number of flood fatalities may include the 
intensity of the rain (magnitude of flood hazards), exposure of the human activities to 
flooding (improvements in infrastructure may reduce the exposure), and the vulnerability of 
the society at risk (citizens in Beijing at this case, capacity of the response system may reduce 
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the vulnerability).  
 
(1) Flood hazards reduction 

The high intensity and prolonged duration of the rain accounts for the severity of the flood 
hazard, which in turn caused the cases of drowning. The intensity and duration of the rain 
may depend on many factors, the most important of which include global warming and urban 
heat island effect. 

The rain was the heaviest in Beijing in recent 67 years. The intensity and frequency of rains 
have increased all over the world in recent years, possibly due to global warming8), 9). Urban 
heat island effect might be another reason for the rain. The Beijing municipal government 
actually established strict policies on increasing the woody plant coverage; and Beijing 
Municipal Bureau of Landscape and Forestry is a specialized organization established to 
implement related policies and manage the green lands. There are also projects such as 
“Forestation Project in Beijing Plain Area”. However, Beijing is such a big city and the 
population is so large that such effort is not of evident effect. Continuous effort in forestation 
not only in Beijing, but also nationally is desirable.  

Tornado and lightening are phenomena that usually come along with heavy raining. In this 
case, tornado caused two fatalities and three injuries in Tongzhou District when the tornado 
raised the roof of a shed that later hit people on the ground; and lightening caused one fatality. 
Tornado and lightening cannot be reduced, but the risk associated with it may be reduced 
through minimizing exposure and vulnerability. 

 
(2) Infrastructure improvement to reduce human exposure to flood risks 

Infrastructure failure can increase human exposure to flood risks; in this case infrastructure 
failures are due to factors such as poor standards of drainage, disorganized water management 
systems, and decreased permeability of the earth as a result of the city’s rapid development. 

The drainage system in Beijing is designed for a once in 5 years in key areas and once in 
every 1-3 years in most areas. However, the scale of the Beijing July 2012 Flood was the 
largest in recent 61 years; in some areas, the rain level even reached once in 500 years6). The 
imbalance between the flood scale and the drainage system has caused many problems that 
resulted in fatalities. For example, a section about 17.5 kilometers away from Beijing in the 
Beijing-Hong Kong-Macao Expressway (one of the main expressways that connect Beijing to 
the cities in its south) was flooded: the flood water was more than 5 meters deep in some 
sections, about 100 cars were submerged, 200 people were stuck in the water, and 3 people 
were drowned. The only deaths occurred in the very center of the city was in a crossing where 
the road goes under the railway. When the drainage system failed, the water came up so 
quickly that the driver in the car was not able to escape. In total, about 30 sections of roads in 
the city had water level over 30 cm, which exposed citizens to the danger.  

After the flood, the incapable drainage system and the ponding at the sink-style overpass 
were identified by the government as infrastructural risks. The corresponding plans to solve 
this problem include: building underground reservoirs to store water during flood peaks; 
reflective warning marks to show flood water levels in the areas that are easily flooded, 
Yellow Mark at 20 cm high for precaution and Red Mark at 27cm high for no driving. 

The other problem is that the water management system is disorganized in some areas of 
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Beijing. One example is the flooding of the airport on July 21st, 2012. On that day, the airport 
was pumping the water to Xiaozhong River which was on its west. However, the river was 
only capable of 170 cubic meters per second, which was equal to the volume the airport was 
pumping. This resulted in two problems: the flood water in the public area of the airport was 
about 30 cm deep even though the pumps were working in its full capacity; the water from 
upstream needed a way to go. Later on, the government had to close the floodgate upstream 
and arranged another 12 pumps to release the water in the airport. The flood of the airport did 
not result in any fatality, but many people were affected upstream, about 500 flights were 
cancelled, and about 80,000 were people left in the airport, which became another disaster: 
passengers were not able to make phone calls as the telecom infrastructure couldn’t handle 
the volume; it was difficult for them to leave the airport as it was raining heavily and so many 
people wanted to leave. 

Decreased permeability of the earth is another factor that accounts for the severity of the 
flood. The paved area increased 15% in the old city area (Beijing East District, Beijing west 
District) and 61% in the planned city area during the period of 1983 to 20056). The high 
percentage of paved area in the city has increased the speed of afflux, and thus the scale of the 
flood.  

Lack of protective railing is another factor that contributed to some fatalities during this 
flood. At least two people could have been saved had the protective railing was in place, 
including a case in a road construction site with very low railing and a case over a small 
bridge without railing.  

Due to concerns of resources availability during flood time, the Beijing Municipal 
Government has also been making stockpiles of levees and sandbags in key infrastructures 
such as the subways and underground shopping centers. 

Mud-rock flow and other similar risks had also caused some fatalities. As shown in Fig. 3, 
one of the fatalities was due to mud-rock flow. The cases of fallen houses were also due to 
mud-rock flow: there were a couple trying to save their goods from the flood water when their 
house was submerged by the mud-rock flow. In response to such risks that normal citizens 
were unable to identify, the government initiated a project to examine all the potential risks in 
the parks, including mud-rock flow, landslide and land collapse; and moved many tourist 
activities away from risk-prone areas. The government also initiated a new project to move 
about 74,500 farmers (35,000 households) away from the hazardous area. This relocation 
project was firstly introduced in 2004, and the government has already moved about 62,600 
people (24,500 households) away from the hazardous area.  

 
(3) Response system to decrease community vulnerability 

The capacity of the city’s response system is a very important factor in decreasing 
vulnerability, and thus determining the flood fatality. This is mainly dependent on the 
awareness of the citizens, warning systems and the capacity of the emergency rescue.  

The local people are always the first to respond to disasters, and the awareness of risks by 
local citizens is one of the fundamental factors that may reduce their vulnerability10), 11). Lack 
of awareness led to fatal results for some people in the Beijing 2012 flood. A young woman 
and her brother lived in a basement in Fengtai District of Beijing. They closed the door of 
their room to prevent water came in when flood water started leaking into the basement. They 
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then realized the problem when they couldn’t open the door due to the pressure from outside. 
The woman was later drowned while her brother survived only by clinging to the roof and 
waited for rescue. There had also been 5 cases that people were killed by electricity shock, 
which could have been prevented had they been aware of the potential risks.  

Weather prediction and flood warning is another important measure to decrease community 
vulnerability. This includes two aspects: the accuracy of the prediction and how the warnings 
were received.  

The accuracy of weather prediction is a challenge in most countries. In this case, the 
estimated rain level was lower than what it was. The emergency plan was activated according 
to the weather warning level, and a low level warning resulted in low or late motivation of 
available resources.  

Nevertheless, Beijing Meteorological Bureau issued 4 warnings on July 21st, Blue (50mm 
within 12 hours) at 9:00am, Yellow (50mm within 6 hours) at 2:00pm, Orange (50mm within 
3 hours) at 6:00pm, and Orange (50mm within 3 hours) at 10:00pm. The warnings were sent 
to government agencies and the public through the media, including radio, TV, websites and 
newspaper etc.. However, many citizens said they did not get the warnings, nor understand 
the meaning of the warnings even though they heard it was going to rain. There was a 
5-year-old boy got drowned in this flood: his parents never watched TV and did not get the 
warning, and he was drowned when his parents tried a late evacuation. Lack of public 
education is one thing to be blamed. The way warnings were sent is another. The best way 
may be to tell the citizens not only what the warning level is, but also what Yellow and 
Orange means and what they are supposed to do under such warnings. In some poorer and 
isolated areas, warnings should also be sent through local government to ensure no one is 
missed.  

Tourist warning and big event warning should also be enhanced. Some of the tourist parks 
were still open despite flood warning. For example, in a tourist resort called Shidu in 
Fangshan District, about 15,000 people were still in this resort on that day despite heavy rain 
forecast. Only when “Blue Warning” were received at 9:00am on July 21st, the local 
government launched the emergency response plan, stopped selling enter tickets and started 
evacuation. This did help in some degree, but about 70 cars and 200 people were still trapped 
by the flood in the evening of July 21st.  

Regarding the response capacity, all the 5 emergency phone numbers, including 110 
(police), 120 (ambulance), 999 (ambulance), 122 (traffic accidents) and 119 (fire and rescue) 
were overwhelmed on that day, and all the available staffs were sent out. The hotline for 
drainage and sewer blockage (96159) managed by Beijing Drainage Group Co., Ltd was also 
overwhelmed. The Beijing government simply wasn’t ready to cope with a flood of such a 
scale. Many of the fatalities could have been prevented had rescue were made in time, 
including the person drowned in his car in the very center of the city: he called the emergency 
numbers and his wife for help when he realized he was trapped his car but no one provided 
professional assistance in time. The overtime work of the rescue teams had resulted in two 
fatalities of rescue team members, while the other 3 rescue team fatalities might have been 
prevented through professional training. Additionally, a centralized hotline may help to 
integrate the resources, and thus enhance efficiency.  

It is worth noticing that some volunteer groups and the army had actively assisted the 
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rescue. Some of the volunteer groups were well organized and fully equipped. One example is 
the Blue Sky Rescue Team, who conducted rescue in alliance with Beijing Red Cross and 
based on the guidance of 119 (fire and rescue) control center. This volunteer group was 
self-sufficient, equipped with rescue professional rescue tools, and was even able to attract 
rescue team members from neighboring provinces (Tianjin and Shandong Provinces) within a 
very short timeframe.  

Beijing municipal government conducted risk analysis in more than 50 areas in the 
preparation of the Beijing 2008 Olympics and made corresponding emergency plans. 
However, the effect and efficacy of these plans need to be examined in real cases or scenarios 
like the Beijing 2012 Flood. “Safe Community” is a concept firstly introduced in 1989 by 
WHO for injury prevention. In Beijing, 22 communities have been recognized as “Safe 
Community”, and the concept is getting recognized by the government and citizens 12). 
Continuous development of safe community may enhance the risk management locally.  

 
 

5. CONCLUSIONS 
 

Many risk management measures have been implemented during the management of this 
flood, including water level warning marks, flood safety education and warnings sent to 
mobile phones, and a project to move about 74,500 farmers away from the flood-prone areas 
within 5 years. However, further measures targeted at the fundamental issues identified by 
this analysis are necessary. Elements that were not dealt with properly in this case include the 
following:  
 
a. On the perspectives of hazards, lack of ecological development and planning is one of the 

reasons for low permeability as well as urban heat island effect, which in turn increased 
the intensity of the rain and the scale of the flood; 

b. Lack of updated comprehensive identification and reduction of potential risks, such as risks 
associated with construction sites and sink style over-passes;  

c. Low infrastructural standard, including standards for drainage system and key 
infrastructures such as the airport and the highways. This might be constrained by the 
current economic development level in China.  

d. Lack of general public education, including knowledge regarding driving behavior, 
potential risks of flood water at home and on the street, as well as other risks associated 
with flood such as electricity, lightening and rock-mud flow; 

e. Lack of education and plans targeted at people working in flood-prone areas; 
f. Lack of emergency response resources and training of the rescue teams; 
g. Lack of a plan for complete closure of endangered sites.  
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Introduction 

 
This paper will identify and discuss the major occupational health and safety (OHS) hazards 
and risks for clean-up and recovery workers.  The lessons learned from previous disasters 
including; the Exxon Valdez oil spill, World Trade Centre (WTC) terrorist attack, Hurricane 
Katrina and the Deepwater Horizon Gulf of Mexico oil spill will be discussed.  The case for 
an increased level of preparation and planning to mitigate the health risks for clean-up and 
recovery workers will be presented, based on recurring themes identified in the peer reviewed 
literature.  

There are a number of important issues pertaining to the occupational health and safety of 
workers who are engaged in clean-up and recovery operations following natural and 
technological disasters.  These workers are often exposed to a wide range of occupational 
health and safety hazards, some of which may be unknown at the time.  It is well established 
that clean-up and recovery operations involve risks of physical injury, for example, from 
manual handling, mechanical equipment, extreme temperatures, slips, trips and falls.  

In addition to these well established physical injury risks there are now an increasing number 
of studies which highlight the risks of longer term or chronic health effects arising from clean-
up and recovery work.  In particular, follow up studies from the Exxon Valdez oil spill, 
Hurricane Katrina and the World Trade Centre (WTC) terrorism attack have documented the 
longer term health consequences of these events. These health effects include respiratory 
symptoms and musculoskeletal disorders, as well as post traumatic stress disorder (PTSD).   
 
In large scale operations many of those workers and supervisors involved have not had any 
specific occupational health and safety (OHS) training and may not have access to the 
necessary instruction, personal protective equipment or other appropriate equipment, this is 
especially true when volunteers are used to form part of the clean-up and recovery workforce.  
In general, first responders are better equipped and trained than clean-up and recovery 
workers and some of the training approaches used for the traditional first responders would 
be relevant for clean-up and recovery workers.   
 
Likely increase in the severity and frequency of disasters 
 
Globally the scale and complexity of clean-up operations following natural and industrial 
disasters has increased over the last few decades and is likely to increase in the coming 
decades.  There are a number of factors which are likely to contribute to an extended role for 
clean-up and recovery workers, these factors include; 
 

• Increased severity and intensity of extreme weather events 
• Increased number of large scale and technically complex major hazard facilities 
• Increased urbanization, especially in countries like China and India which hitherto 

have had predominantly rural populations 
• Possibility of large scale terrorist attacks  
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Anticipated need for increased numbers of clean-up and recovery workers 
 
The occurrence of more large scale disaster events means that the need for clean-up and 
recovery workers will be protracted and in all likelihood exceed the capacity for clean-up and 
recovery available in the first responder workforce.  Recent experience of large scale 
disasters demonstrated that trained emergency service workers were fully deployed and 
authorities were reliant on supplementing professional emergency service personnel with 
volunteers and workers from other industrial sectors to undertake clean-up and recovery 
work.  For example, in the 2011 Brisbane flood a large volunteer force of about 25,000 
people was assembled, the ‘Mud Army’, to assist with the clean-up, (Moore 2011). The ‘Mud 
Army’ volunteers were registered with Brisbane City Council but they had no particular 
preparation or training for the work required.  There is every reason to believe that 
governments will continue to be reliant on a large volunteer workforce in the future.   
 

Unlike first responders, workers from other industrial sectors or volunteers will often be 
relatively untrained in clean-up and recovery work, (Howard 2009), (Miller & Garrett 2009). 
These volunteer workers and their supervisors may be unaware of the full range of 
occupational health and safety risks associated with clean-up and recovery work following 
disasters. In the USA, Struttman (2005) found that between 1993 and 2002 over 500 
volunteers died from work-related injuries. Miller & Garratt (2009) concluded that the rate of 
fatal injury for volunteers was comparable with the average for the USA paid workforce. No 
comparable studies exist for Australia, however it is likely that volunteers in Australia would 
face similar risks and volunteers are a significant component of the disaster recovery 
workforce. 

 

Expanded responsibilities for disaster management authorities 
 
In Australia there are new legal provisions which apply to the OHS responsibilities of disaster 
managers, especially in relation to the use of volunteers for clean-up and recovery work.  In 
2011 most Australian states /territories and the Commonwealth government adopted 
harmonised work health and safety legislation.  For the most part the harmonised legislation 
is similar to the previous legislation.  However, there has been one very significant change: 
the new harmonised legislation has clarified and extended the scope of the work health and 
safety legislation well beyond the duties of employers and employees. Previously work 
health and safety legislation provided some coverage for volunteers, as did the common law. 
Now the harmonised legislation has clarified the obligations of duty holders towards 
volunteers, (Eburn 2011)  
 
The key legal concept in the harmonised legislation is that the prime duty holder is the Person 
in Control of a Business or Undertaking (PCBU).  A PCBU has significant duties in relation 
to all those who may be affected by the business or undertaking that the PCBU is controlling.  
Therefore authorities in charge of clean-up and recovery work have a range of important 
duties in relation to the health and safety of clean-up and recovery work, even to those clean-
up and recovery workers who are unpaid volunteers or work for contractors who have been 
employed by the clean-up/recovery authorities.  
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Main duties of the PCBU. 
 
As the primary duty holder the PCBU is expected to undertake due diligence which is 
defined in the harmonised legislation, see for example Section 27 of the Work Health & 
Safety Act 2011 (Qld), see Box 1 below. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Examples of PCBU Duties 
 
These responsibilities of the PCBU are far reaching and extend well beyond what has 
normally been seen as part of the coordination role of the emergency management site 
control.  The OHS responsibilities of the PCBU may include:  

• recording incidents and reporting notifiable incidents  
• consulting with workers (which includes volunteers) 
• ensuring compliance with notices issued under the Act 
• ensuring the provision of training and instruction to workers (including volunteers) 

about work health and safety 
• ensuring that health and safety representatives receive their entitlements to training 
• providing information about risks and hazards 
• providing appropriate supervision and equipment to minimise the OHS risks 

 
At a disaster site, the OHS obligations of the disaster manager could extend to a very wide 
range of occupations and workers, for example Box 2 below provides an extensive list of jobs 
that were involved in the World Trade Centre recovery and clean-up.   
 
 
 
 
 

BOX 1. Due diligence for a Person in control of a business or undertaking (PCBU) 
A PCBU is required to take reasonable steps:  

 

  ‘(a) to acquire and keep up-to-date knowledge of work health and safety matters; and 
 (b) to gain an understanding of the nature of the operations of the business or 
 undertaking of the person conducting the business or undertaking and generally of the 
 hazards and risks associated with those operations; and 
 (c) to ensure that the person conducting the business or undertaking has available for 
 use, and uses, appropriate resources and processes to eliminate or minimise risks to 
 health and safety from work carried out as part of the conduct of the business or 
 undertaking; and 
 (d) to ensure that the person conducting the business or undertaking has appropriate 
 processes for receiving and considering information regarding incidents, hazards and 
 risks and responding in a timely way to that information; and 
  (e) to ensure that the person conducting the business or undertaking has, and 
 implements, processes for complying with any duty or obligation of the person 
 conducting the business or undertaking under this Act.’ 
 
Source: S27 Work Health & Safety Act 2011 (Qld) 
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OHS risks for clean-up and recovery workers 
 
The OHS risks for clean-up and recovery workers can be divided into acute and chronic 
health effects.  In many cases the acute risks are recognised and controls are available and 
used, especially in the case of first responder professional emergency service personnel.  For 
example, well known safety hazards include; exposure to; electricity, extreme weather, rough 
terrain, structural collapse, hazardous atmospheres, work at heights and working on or near 
water.  In recent years there has been increasing attention being paid to the chronic health 
effects from exposure to physical and psychological hazards.  In particular, a number of 
studies have highlighted the chronic health effects for the WTC clean-up and recovery 
workers.  Well documented chronic health effects from the WTC attack include respiratory 
symptoms and musculoskeletal disorders, as well as post traumatic stress disorder, (Johnson 
et al 2005), (Perlman et al. 2011), (Torres 2006). 
 
In large scale operations many workers and supervisors have not had any specific 
occupational health and safety (OHS) training and may not have access to the appropriate 
personal protective equipment or other appropriate equipment, this is especially true when 
volunteers are used to for the clean-up and recovery workforce.  In general, first responders 
are better equipped and trained than clean-up and recovery workers.  The training approaches 
used for the traditional first responders would be relevant for clean-up and recovery workers. 

BOX 2. Job functions of World Trade Centre Responders 
 
Traditional workers 
Emergency service workers 
Federal disaster responders 
Firefighters 
Law enforcement personnel 
Urban search and rescue 
 
Non-traditional   
Building cleaners 
Building trades workers 
Civil service workers 
Counselors 
Engineers 
Environmental assessment workers 
Media representatives  
Mortuary workers 
Nonemergency health care workers 
Pastoral care workers 
Public officials 
Sanitation workers 
Transport workers 
Veterinarians 
Volunteers 
 
Source: Reissman & Piacentino (2011) 
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Oil Spills 
 
Globally oil spills are a relatively rare occurrence considering the amount of oil which is 
transported and stored. Nevertheless, in the 37 years between 1967 and 2004, 119 ‘major 
spills’ have been documented, (Mariner Group 2005).  The health consequences for workers 
engaged in clean-up and recovery of oil spills has not been well researched, (Moore & Burns, 
2011). 
 
Crude oil and refined fractions are toxic, although the level of toxicity and toxic end points 
depend on the chemical composition of the crude oil which can vary considerably depending 
on the source. Volatile fractions can be absorbed via the respiratory route and solid/liquid 
hydrocarbon fractions can be dermally absorbed, (Feuston et al. 2007).  The volatile fractions, 
mainly benzene, toluene, and xylene, will evaporate within hours of the crude oil being 
exposed to the air.  Therefore it is at the early stages of a spill where these compounds are 
thought to present the main health risk.  Oil also contains higher molecular weight toxic 
compounds which are less volatile, such as polycyclic aromatic hydrocarbons (PAHs) and 
naphthalene, (CDC 2010) 
 
In some cases crude oil is set on fire as a way removing from the water surface. If this 
method is used then adjacent workers can be exposed to smoke and other combustion 
products, (CDC 2010)  
 
Dispersants are also commonly used to disperse oil from the surface waters.  Dispersants are 
either applied from boats or from the air.  According to the CDC (2010) the BP Gulf of 
Mexico oil spill was;  
 
 ‘…unique because of the large-scale use of dispersants to break up the oil slick. By 
 late  July, more than 1.8 million gallons of dispersant had been applied in the Gulf. 
 Dispersants contain detergents, surfactants, and petroleum distillates, including 
 respiratory irritants such as 2-butoxyethanol, propylene glycol, and sulfonic acid 
 salts.’ 
 
Workers can be exposed when applying dispersants with hand held sprays from boats and 
when loading spray tank for boats or aircraft.  A range of health effects have been reported 
from the use of dispersants including skin and eye irritation, skin rash/redness, skin dryness, 
nausea, respiratory distress, headaches and dizziness, (CDC 2010). 
 
Exxon Valdez oil spill 
 
In March 1989 the Exxon Valdez ran aground in the Prince William Sound in Alaska and 
released about 11 million gallons of crude oil into the sea.  Although approximately 11,000 
workers were involved in the clean-up and recovery operation there have not been any large 
scale follow up studies on the health effects of working on this operation.  Nevertheless the 
studies that have been conducted give cause for concern about the health effects.  Gorman et 
al (1991) analysed the Alaska Workers Compensation database and found that there were 
1,812 claims made in 1989 arising from work related to the clean-up.  Of the accepted 
claims, 44% were related to sprains and strains, cuts, lacerations and contusions, 14% for 
respiratory illness and 2.4% dermatitis, (Gorman et al 1991).  Typically the workers 
compensation claims largely reflect the acute health effects.  
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For chronic health effects a number of follow up health surveys conducted on clean-up and 
recovery workers suggested elevated rates of respiratory disease, depression, anxiety, 
substance abuse, post traumatic stress symptoms and social conflict.  Notably these effects 
were still being reported in the most recent 2009 survey: 20 years after the oil spill, (Moore & 
Burns 2011, Osofsky et al 2010, and Solomon & Janssen 2010).  Although it is possible that 
some of the chronic health effects reported were caused or exacerbated by other related 
factors, in particular the loss of jobs and income in the fishing industry, there is enough 
evidence to show that the risks for clean-up workers must be considered as part of recovery 
planning. 
 
Gorman et al (1991) conducted a health hazard assessment towards the end of the Exxon 
Valdez clean-up.  In their assessment they found that the authorities and Exxon had developed 
and generally implemented OHS plans for the recovery workers.  However in their review of 
the OHS arrangements they identified a number of areas for improvement and consequent 
recommendations in the event of future oil spills which are summarised below in Box 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

BOX 3. RECOMMENDATIONS FROM EXXON VALDEZ OIL SPILL 
 
Conduct chemical resistance tests for crude oil and "weathered" crude oil on a variety 
of chemical protective clothing (CPC) in order to select the best type based on need, 
availability and environmental conditions.  
 
Conduct tests to determine the effect that repeated decontamination has on the 
effectiveness of the protective clothing and the develop criteria for when to discard 
protective clothing. 
 
Ensure that a core of key safety and health personnel remain available at the operations 
headquarters and in the field during the clean-up process rather than rotating personnel 
in and out. This would promote more consistent training and enforcement of safety and 
health procedures from work site to work site. 
 
Ensure that emergency response plans provide for the assessment of exposures to 
volatile organics in the very early stages of clean-up when exposures would be the 
greatest. 
 
Exposures to diesel fumes should be minimized though strategic positioning of the 
sources downwind of the workers where possible or through the use of temporary, 
vertical exhaust or stack extensions. 
 
Implement a surveillance system for tracking injuries and illness so that injuries and 
illness incidence can be tracked in real time to enable monitoring and the development 
of prevention strategies during the clean-up and recovery operation.  
 
Source: Gorman et al (2011) 
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Gulf of Mexico oil spill – Deepwater Horizon 
 
On 20 April 2010 the BP Deepwater Horizon oil well in the Gulf of Mexico blew out killing 
eleven men and injuring thirteen.  The resultant discharge from the well released millions of 
barrels of crude oil into the Gulf of Mexico.  This was one of the worst ecological disasters 
experienced in the USA. Extensive clean-up and containment operations were conducted on 
the shoreline and on the sea. Solomon & Janssen (2010) summarised the possible health 
effects for workers and residents exposed to the Gulf Oil spill based on previous studies and 
concluded that it was too early to assess the longer term health effects.  However, these 
authors observed the pattern of reports for acute health effects.  
 
 “In Louisiana in the early months of the oil spill, more than 300 individuals, three-
 fourths of whom were clean-up workers, sought medical care for constitutional 
 symptoms such as headaches, dizziness, nausea, vomiting, cough, respiratory distress, 
 and chest pain. These symptoms are typical of acute exposure to hydrocarbons or 
 hydrogen sulfide, but it is difficult to clinically distinguish toxic symptoms from other 
 common illnesses.”  (Solomon & Janssen 2010) 
 
In May 2010 BP requested National Institute of Occupational Safety & Health (NIOSH)  to 
evaluate the health hazards for the offshore clean-up workers and subsequently the health 
hazard valuation was extended to onshore workers, (King & Gibbons 2011).  NIOSH 
monitored levels of chemicals, measured noise levels and conducted health surveys and focus 
groups in a range of locations.  The NIOSH investigation was significant because it measured 
potential exposures while clean-up work was being undertaken and has provided very useful 
information about exposure levels in an oil spill clean-up.  

King & Gibbons (2011), the NIOSH investigators, concluded that although there was a 
potential for exposure to toxic substances the results of air monitoring indicated that 
exposures were generally well below the occupational exposure levels for individual 
chemicals.  However, in symptom surveys workers reported a range of symptoms and the 
NIOSH (p12-2011) report concluded that:  

 “… mixed low‐level exposures to crude oil, dispersant, and other chemicals; heat 
 stress, psychosocial strains, ergonomic and other injury hazards; and pre‐existing 
 personal health risk factors all may have contributed to health symptoms reported by 
 response workers. An additional potential contributing factor for the acute respiratory 
 symptoms reported by some response workers is the formation of reactive aldehydes 
 and ozone from the environmental photochemical activity on volatile hydrocarbons 
 [Goldstein et al. 2011]. Nonspecific symptoms such as headache, eye and respiratory 
 irritation, and fatigue were more commonly reported by responders who self‐reported 
 exposures to oil, dispersants, or other chemicals compared to workers who 
 self‐reported no such exposures. While no one hazard or exposure can explain the 
 increased reporting of such symptoms among this group of workers, eliminating or 
 reducing all such hazards in as comprehensive a manner as possible will decrease the 
 likelihood of health effects during future responses such as this”  

Based on their findings of their health hazard evaluation King & Gibbons (2011) made a 
number of recommendations to improve OHS in future large scale disasters.  Their 
recommendations are summarised below.  
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• Record occupational history in the injury and illness surveillance system. A record of 
occupational exposure history would enable information on chemical exposure could 
to be collected and related to the onset of symptoms, use of PPE or other protective 
measures. This information could assist in diagnosis of illness and provide 
information for further studies.  

• Use pre-placement medicals. Pre-placement medicals can help identify workers 
whose health concerns need to be addressed and workers who may need to have 
restrictions on the type of work they do. (NB In their study of volunteers, Miller & 
Garrett (2009) also supported more thorough selection and skill matching for 
volunteer workers).  

• Improve health risk communication.  Risk communication needs to be relevant, 
timely and specific.  It is also needs to be easily understood. The NIOSH investigators 
received reports from a range of people about instances of poor health risk 
communication.  

 
World Trade Centre (WTC) Terrorist attack September 11 2001 (9/11) 
 
Following the attack and the collapse of the buildings many thousands of people were 
exposed to dust, smoke and combustion products.  People were exposed to novel mixtures of 
toxic substances of varying composition.  The collapse of the two World Trade Centre 
buildings produced complex mixtures of pulverised material, unlike that which may normally 
be encountered in industrial or community settings.  Despite high levels of airborne dust and 
smoke there have been a number of well documented cases where rescue and recovery 
workers were not supplied with the appropriate respiratory protection.  This was particularly 
true for clean-up and workers like truck drivers, (Torres 2006). 
 
The sheer scale this event on New York City residents and workers and the fact that the attack 
was targeted to strike at the largest city in the USA has resulted in an unprecedented number 
of studies on the health and safety of first responders and recovery workers.  The National 
Institute for Occupational Health and Safety (NIOSH) has funded four studies as shown in the 
Table 1. below.  
 
Table 1. WTC Health effects studies funded by NIOSH 

 
Source: Perlman et al 2011 
 
Perlman and colleagues have reviewed the results from these studies and concluded that after 
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10 years the findings across the four studies are generally consistent.  They found there was 
strong evidence for elevated rates of PTSD and respiratory illness, including irreversible loss 
of pulmonary function, (Perlman et al 2011).   
Figure 1 below shows results for the prevalence of PTSD in four different cohorts of people 
who were exposed to the event and/or its aftermath.    Figure 2 below shows the relationship 
between exposure and reduced lung function firefighters and emergency medical workers.  
 
Figure 1. Course of PTSD symptoms in exposed groups.  

 
Source: Perlman et al (2011) 
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Figure 2. Lung function in exposed workers

 
Source: Perlman et al (2011).  
 
In their review of the four NIOSH funded studies Pearlman et al (2011) identified two lessons 
for the future.  Firstly, reliable and accurate measures of exposure are essential to control 
exposures and for the appropriate treatment of exposed people.  The authors note that current 
studies have relied on exposure estimates based on questionnaires completed by study 
participants.  Secondly, it is possible that the incidence rate of disaster related health effects, 
in particular respiratory illness could be reduced by early reporting of symptoms, screening, 
outreach and treatment.   
 
Currently emergency service personnel often have access to hand held gas detectors which 
can give read outs of concentrations of atmospheric contaminants but these gas detectors 
typically measure a small number of commonly encountered toxic gases. Exposure 
monitoring conducted by emergency services is generally not going to provide sufficient 
information about exposure to a wide range of complex gas/dust mixtures as was found in the 
aftermath of the WTC attack.   
 
Fixed air pollution monitors are found in many cities and these can provide information of  
airborne contaminants but similarly to the personal gas detectors these monitors are 
programmed to measure for a fixed range of ‘normal’ pollutants.  In 9/11 the US EPA made 
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announcements that the air was safe to breath, presumably based on results from static air 
quality monitors in NYC, (Torres 2006).   
 
The best way to give accurate and reliable estimates of exposure is use the methods normally 
employed by occupational hygienists.  These methods include the active collection of gases 
and dusts in the breathing zone of the worker then analysing the collected 
substances/mixtures or using passive diffusion badges which can be obtained for a wide 
range of substances. Bongers et al (2008) have reviewed a number of approaches to exposure 
assessment following chemical disasters.  These authors made the point that ‘In an ideal 
situation, every member of the potentially exposed population would be carrying personal 
samplers during a chemical incident to provide data on individual exposure’ however they 
acknowledge that this situation would be impossible in practice, (Bongers et al 2008).  
 
Real time exposure monitoring is also essential to provide information on which to base 
future health studies and to clarify entitlements to compensation.  It should be noted that 
legal actions arising from the Bhopal disaster are still continuing and one of the factors 
accounting for this extraordinary delay is the lack of clarity about who was exposed and to 
what chemicals.  
 
Hurricane Katrina 
 
On 29 August 2005 Hurricane Katrina struck the US Gulf coast.  New Orleans was the major 
city affected and the effects of Katrina were exacerbated by the breaking of levee banks and a 
subsequent storm Hurricane Rita.  An active injury and surveillance system was established 
by the Centres for Disease Control and Prevention (CDC).  In an analysis of non-fatal injuries 
following Hurricane Katrina, Sullivent et al (2006) found that over 7,543 non-fatal injuries 
were reported among residents and relief workers in the two months following the hurricane. 
Clean-up was the most common activity being undertaken at the time of injury for both 
residents and workers and the main mechanisms of injury were falls and cuts.   
 
Real time analysis of the reported injury enabled the timely development of injury prevention 
strategies, including the use of flyers, radio and television to communicate prevention 
information residents and recovery workers, (Sullivent et al 2006). 
 
In reviewing the results of their study Sullivent et al (2006) concluded that the injury 
surveillance and prevention activities are essential during the recovery and clean-up phase of 
disasters.  These authors also recommended that the system of surveillance could be 
improved by: 

• Implementing a standardised data set of data elements for collecting injury 
information,  

• Integrating injury prevention into operational plans 
• Including an injury prevention expert in operational planning meetings 
• Develop clear lines of communication and allocate responsibilities for injury 

prevention among all health service providers.  
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Conclusions 
 
There a number of recurring themes which have emerged from the examples discussed in this 
paper.  The principal theme is that much more could be and should be done to plan for the 
OHS of clean-up and recovery workers.  In Australia there is now a legal framework which 
requires the OHS arrangements for workers and volunteers (paid and unpaid) to be included 
in operational and strategic emergency plans.  Emergency managers (PCBUs) must be aware 
of the OHS hazards and risks and must have arrangements in place for controlling and 
minimising those OHS risks. 
 
A continuing theme in the published studies is that it always difficult to estimate the level and 
type of exposure to hazardous chemicals.  Most studies have relied on reconstructing 
exposure scenarios from modeling and qualitative surveys of people who were exposed. At 
the time of a disaster exposure measurement may seem like an unnecessary activity, given the 
political and economic imperatives to re-establish services and critical infrastructure.  
However exposure assessment is essential to provide information on which to base preventive 
actions aimed at minimising the risk of adverse health effects.  Information gained from 
exposure assessment is also essential to provide appropriate treatment for those affected. 
 
Emergency management authorities need to ensure that in the event of a disaster which 
involves hazardous chemicals they have access to appropriately qualified personnel and 
equipment suitable for monitoring exposure and analysing collected samples in real time.  
Plans also need to include triggers for when biological monitoring is essential for evaluating 
exposure of workers and the public. 
 
Monitoring and surveillance systems for injury and illness need to be established from the 
beginning of the recovery and clean-up phase.  Occupational exposure history should also be 
collected when recording details of any injury or illness.  Real time information about the 
occurrence of injury, illness and near misses can be used to develop and implement 
prevention strategies which can be implemented during the clean-up and recovery phase. 
 
Disaster management plans at the strategic and operational levels need to include the clear 
allocation of responsibilities for OHS. Those in control of the clean-up and recovery 
operations must establish and communicate OHS risk assessments and establish clear lines of 
communication from the frontline workers (including volunteers) to the PCBU 
 
Emergency management authorities must ensure that there are adequate stocks of PPE to 
meet any conceivable disaster and that there are adequate numbers of people available to 
instruct clean-up and recovery workers in its use.  Emergency management plans should 
include arrangements for monitoring and reviewing the effectiveness of PPE and other safety 
equipment.  
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