GIS for Urban Disaster Management

Facing the Unexpected

Urban areas are particularly vulnerable not only because of the concentration of population, but also
due to the interplay that exists between people, buildings, and technological systems.

 LORENA MONTOYA and AN MASSER

vulnerable community resulting in disruption, damage and

casualties that cannot be relieved by the unaided capacity of
locally-mobilised resources (United Nations Disaster Relief Co-
ordinator 1991). In addition to their direct social and economic
impact, natural disasters affect employment, the balance of trade,
and foreign indebtedness for years after their occuirence, and funds
intended for development are often diverted into costly relief efforts
(Organization of American States, 1990). Unfortunately, as pointed
out by Mitchell (1999), until very recently, disaster management and
long term development tended to be seen as distinct entities instead
of inextricably linked and part of the same ongoing process.

It has been estimated that per capita losses of the GNP in developing
countries are 20 times greater than in the developed countries (Clarke
and Munasinghe, 1994). The greater losses to natural disasters in
the developing world highlight differences in terms of the weakness
of the econornies, the perception of people towards natural disasters
and inadequate disaster management.

Hdtural disasters are the impact of a natural hazard upon a

By concentrating into small areas, the bigger interplay between the

different urban elements that exists creates higher damage indices
compared with the same elements widely spread in a rural
environment. For this reason, more than ever before, the issues of
planning and disaster management are high on urban agendas.

Methodological Issues

Disaster management should consist of an organised effort to mitigate
against, prepare for, respond to, and recover from a disaster (Federal
Emergency Management Agency, Mational Emergency Training Center
et al., 1998). Mitigation is two-fold: it aims to prevent losses from
occurring in undeveloped land (prevention) and te lower the expected
losses in existing buildings and other structures (reduction). Examples
of mitigation mechanisms include land-use regulations, engineering
works, building codes, and insurance programs. Preparedness consists
of planning how to respond in case an emergency or disaster occurs
and working to increase resources available to respond effectively.
Preparedness activities include contingency planning, resource
management, mutual aid and cooperative agreements with other
jurisdictions and response agencies, public information, and the
training of response personnel. Response refers activities that occur
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curing and immediately following a disaster. It is designed to provide
=mergency assistance to victims of the event and reduce the likelihood
of secondary damage, Response activities include search and rescue,
=vacuation, emergency medical services, fire-fighting as well as
reduction of the likelihood of secondary damage such as to the
contents of damaged buildings. Recovery constitutes the final phase
of the disaster management cycle and it continues until all systems
return to normal or near normal. Recovery activities include temparary
Sousing, restoration of basic services (i.e. water, electricity), food and
clothing, debris clearance, psychological counselling, job assistance,
and loans to restart small businesses.

To some extent, the task of scientists, geo-information technicians
and urban planners relates to the gathering of data, its processing
and presentation to allow a series of successive guestions to be
answered. [t therefore involves an understanding of the processes
that lead to the disaster, both in terms of the phenomenon itself, and
its impact on a community and to the production of relevant
information to assist decision-makers,

The first question in this sequence is: what is the risk? In other
words, what would be the expected in terms of human, property and
production losses if the hazard scenario or scenarios presented by
=arth and atmospheric scientists would take place? Box | presents a
set of definitions of the key elements of risk assessment, (such
zssessment involves complex multi-disciplinary work). In terms of
the specific methodologies for the determination of damage losses,
there are many organisations that have carried out such disaster loss
modelling work. Unfortunately, the access tends to be highly restricted
=s these methodologies and related software have a high commercial
value in the insurance and real-estate markets.

&'hen such risk has been determined, planners need to decide whether
st within acceptable limils. The United Mations Disaster Relief
Co-ordinator (United Nations Disaster Relief
Co-ordinator 1984) considers risk to be unacceptable when a
community undergoes severe damage and incurs such losses to its
members and physical appurtenances that the social structure is
disrupted and the fulfilment of all or some of the essential functions
of the society is prevented.

Ahen the risk is not acceptable, urban planners are faced with the
need to know hatw can risk be reduced? Choosing the right strategy:
“owever, can be difficult since there are many available options, The
“ree-dimensional matrix in Figure 1 allows an insight into the range
= options: levels of government (who will Implement the strategy?),

s Koy Defininogns ee— e m—— —

Natural hazard (H) determination involves the estimation of the probability
of occurrence (within a specific period of time in a given area) of a potentially
2amaging natural phenomenon,

Vulnerability (V) determination involves the estimation of the degree of
2ss to a given element al risk or a set of such elements resulting from the
zceurrence of a natural phenomenon of a given magnitude and expressed
2 a scale from O (no damage) {o 1 {total damage).

The elements at risk (E) include the population, the buildings, the civil
engineering works, economic activities, public services, utilities and
~frastructure, efc., at risk at a given area.

Specific risk (Rs) determination involves the estimation of the expected
c=gree of loss due to a particular natural phenomenon and as a function of
20th natural hazard and vulnerability (Rs=H"V).

Risk (Rt} determination invelves the estimation of the expected damage or
223 of property and human lives and disruption of economic activity due to
2 parficular natural phenomenon (Rt=E*Rs).

Source: United Nations Disaster Relief Co-ordinatar, 1991
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Figure 1. Range of Implementation Strategles (Montoya, 2002)

management phase (when will the strategy be implemented?) and
implementation measure (how will it be implemented?). In establishing
possible implementation measures such as educational campaigns,
another question must be answered: what or who do people blame
for disasters? The degree of perceived risk varies greatly between
individuals of the same age and sex according to education, location,
occupation and lifestyle,

If the risk is not within "tolerable limits”, what are the costs of the
various prevention and mitigation measures? Inthe light of the scarce
economic resources that developing countries possess, the cost of
structural measures to prevent or mitigate disasters must be carefully
investigated through cost-benefit analyses. One of the difficulties in
such an analysis relates to the trade-off between life safety and
construction costs, as putting a price tag on the life of human beings
is a difficult ethical issue.

Geographic Information Systems in Disaster Management

Bridging gaps in disaster management does not only involve advances
in technical aspects but also in the more pragmatic aspects of
knowledge transfer in a manner that enables the final user, (the
decision-making community), to understand and use it..."the right
information, in the right format, in time to make the right decision”
(Global Disaster Information Network, 2002).

Unfortunately, in developing countries, weak disaster management is
partly rooted in the lack of integrative (i.e. risk scenario) information
products. Tucker et al (1994) illustrate the problem clearly by
indicating that the 1988 Spitak earthquake in Armenia (former USSR)
and the 1989 Loma Prieta earthquake in California were of similar
size and affected comparably-sized populations. However, the
Armenian event killed 25,000 people while the Californian earthquake
killed 63. In this case the difference in the casualty figures does not
result from the hazard but from vulnerability of the buildings.

In summary, for ensuring successful urban disaster management,
four different types of information must be made available to decision
makers:

1. Self "coping” capacity refers to the degree to which the different
income groups can either cover the economic losses themselves
or through disaster insurance.

2. Hazard assessment and risk assessment of likely scenarios
(i.e. property damage, human casualties) summed up as annual
losses (or in any other interval required by decisiori-makers) for
each type of natural phenomena.

3. Triggering effects of natural phenomena.
4. Mitigation options (types and costs).

All four types of information requirements necessary for disaster
mitigation planning have a geographic component. The greatest
advantage of geographic information systems (GIS) for disaster
management is their speed. Following the input of basic data, GIS
systems facilitate the rapid generation of the various information
products that are necessary for decision-makers during emergency
situations. During the response and recovery phases, GIS is a very
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Disciplines Output

Earth & atmospheric scientists Hazardscenanos

nd mrraq[mf{,rp nventory

Urban planners

Real time display of progress in the
response and recovery activities

Table 1: Disciplines Involved and Outputs Developed

Emergency planners

valuable tool as it enables real-time display of disaster events.
Examples of useful applications include the tracking of progress in
the assessment of damage, the clearing of rubble and the rehabilitation
of basic services (primarily water, electricity and transport).

Using GIS, the different groups involved in geo-information production
can generate a wide range of valuable information for disaster
management. Table 1 illustrates the products that can be developed
by the various disciplines involved.

GIS is a useful and efficient tool that integrates data from many
different sources to carry out a complex chain of dataset integration
in a speedy and methodical manner. Since natural disasters do not
respect administrative or political boundaries, the establishment of
disaster information networks could lead to a considerable
improvement in disaster management. Setting up successful disaster
data/information infrastructure networks is one of the greatest
challenges faced by the geo-information community.

The Case of Cartago

The city of Cartago in Costa Rica was selected as case study due to
its high susceptibility to hazards as it represents a typical example of
a city with very limited geographic data and information products.
The city is medium-sized (150,000 inhabitants) and is located
downstream from rivers originating near the lrazu volcano's crater
and it has therefore been washed away by lahars (mudflows of volcanic
origin) several times throughout its history. On the path of one of
these rivers lies the San Blas landslide, considered the biggest landslide
in Central America in terms of volume. Two active seismic faults,
located a few hundred metres from built-up areas, have been
responsible for earthquakes which devastated the city in 1841 and
1910. This city therefore requires not only an appropriate disaster
management plan but one which should be of a multi-hazard nature,
as a volcanic eruption can trigger a lahar or an earthquake can trigger
a landslide. The city is very diverse in terms of the building materials
and drastic changes in population densities that occur throughout
the day due to its condition as “dormitory city” since many of its
inhabitants work in San José and commute on a daily basis.

Information Products

To illustrate the possible scope of GIS application to disaster
management, a few relevant earthquake-mitigation information
products generated using GIS are presented.

The identification of essential facilities is particularly important since
they must remain fully operational during a catastrophic event. Using

| [ ienin 100 metees s ;e
| e 100 13 243 maters i " & > -
| = &y r
500 te 3 masery LS .. g o
= 1408 1 1999 meters r P -
B 900 lo 2000 meters .
| ! i

N ‘ s . e ’

-
)1 :
¥
: " A
| & ¥ -
|| . §
' i l.‘ 2 e
[, A
| ;
| Figure 2: Proximity 1o temg
L B

a detailed land-use map as input.
can be applied to group essential f
for rescue and relief (“first order
temporary accommadation ( second or
uses into another class

pixels classified as
oximity to potential
2). T zllows emergency
where tent camps might need

A simple buffer operation was the

“essential facilities - second order
temporary accommodation (Fig
planners to identify -
to be set up.

un-serviced areas

In Cartago. a ban on the constr
issued in 1840 and another one w
buildings in 1910. Since these |
it can therefore be concluded t
found within the "1945 or earl s. A
development with an associated table (Figure 3a

k buildings was
inforced masonry
rved and enforced,
g types can only be
orical map of urban
and 3b) was therefore

er

= SR T T L LS|
12
3
35 s
o y

Fr'u'ff.'.“i' Aftribute lable contaming the buling type percenia £s per development penod

. 1848 or sarfier E 1875 tp 1991 —
1 1540 to 1974 1883 to 1980 _*_ &

} Frgure 3b H:s:orrca! development period map

14 oL July-August 2003 m Geospatial Today


http:rec~s.si
http:medium-si7.ed

I T

Figure 4: Building specific nisk (percentage of damaged building’s floor area)

used to identify the areas with highly vulnerable buildings. Such an
centification is important for disaster managers as it allows them to
-oncentrate their efforts in a particular area rather than conducting
“ty-wide studies.

Tzble calculations and overlaying procedures such as the ‘crossing’
of maps enabled the generation of a final building damage map which
nas been aggregated to the census tract level in order to conduct
“urther data integration (Figure 4). This map highlights the areas
«here more economic damage is expected and permits the
crioritisation of further damage reduction studies. Aggregation is not
only important from the point of view of linking up with lower resolution
“ztasets but it Is also an important tool to avoid the representation of
~dividual area objects. By this technique it is possible to keep the
_ncertainties related to data accuracy and precision under control.

The risk scenarios were annualized to identify the most damaging
one. Finally, a cost-benefit analysis was carried out for two
mplementation measures (Table 2). This constitutes a mitigation
analysis of a reduction nature. In terms of a mitigation analysis of a
orevention nature, the environmentally constraint areas were identified,
ndividual data layers were created for each of the hazards (fault
“upture, river flood and lahar) as well as for nature protected areas.
The fault rupture and river flood maps were produced using buffering
‘=chniques as regulations and recommendations indicate that no
“evelopment should occur at given distance from these features. All
‘=ur maps were overlaid to produce one single map.

1.00

0.95

0.00
9.94 1.25 3.76 087 0.62
9.39 5.68 852 0.40 0.09
8.07 5.30 7.46 0.34 0.08
555 375 5.16 0.33 0.07
4.46 3.08 416 0.31 0.07
336 237 3.14 0.30 0.07
234 167 2.19 0.29 0.06
1.67 1.20 1.56 0.28 0.06

Table 2 : Cost-benefit analysis of reduction measures
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Final Remarks

The role of GIS in disaster management should focus on the
integration of information from many diverse sources to produce
interactive products for decision-makers rather being used as a tool
for mapping and visualizing raw data. The illustrations in the previous
section have demonstrated the need for data integration. In cases
when there is no attempt to integrate datasets, the implications of
the information are not immediately visible, causing confusion and
in the worst cases, the formulation of inadequate strategies. It may
also be argued that the lack of integrative products hampers the
transparency and accountability of the decision-making process.

Note

This is based on Ph.D. research carried out at the International Institute
for Geo-Information Science and Earth Observation (ITC) and the
University of Utrecht (UU) =
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