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ABSTRACT

As per the UKCIP 09 climate change projections the United Kingdom is very likely to
experience increased sea level rise, increasetlewrainfall, heat waves and an increase in
frequency and severity of ertne weather events. Such inevitable impacts of climate change
will require adaptation measures to be impletadrior the managemeat existing commercial

built assets if they are to continue falfil their primary function and support every
organisation’s business operations. However, it isctezr as to how faadaptation solutions are

effectively integrated into faciliteeor built-asset management planning?

While seeking the answers to abapeestions, this thesis develogrs approach for facilities and
built-asset management, which will improve thsilrence of existing commercial built assets to
future physical climate-change impacts. Thedgtundertakes a participatory study with a large
commercial organisation and a queshaire survey of UK facilitiesnanagers. The participatory
study involved selective team &dcilities management and opgonal (FM&O) professionals
from a commercial organisation that managealind 3,400 built assets valued at £370 billion in
200305 in the United Kingdom. By working closelitwthe organisation, aapproach to built-
asset management was developed whichgiated the existing UKI® decision-making
framework and UKCIPO02 climate-change projectidnsdeveloping this @proach, the strategic
risk perception and managerial attitude tamelte change were identified and included as

important factors affecting the decision-making process.

To test the wider applicabilitypf the decision-making framework that was developed in the
participatory study, a questionnaire surveytlod wider facilities management community was
undertaken. It was deduced from the survey ltesinat the intent rad process of decision
making remains constant amongst FM professmoimatommercial settings — for example:

(a) The experience of a financial loss due to an existing climate-related extreme event is the
initiation point for strategic stakeholders fansidering future action regarding climate change;
and (b) The operational adaptation measuresrastricted to secumy insurance deals and
making renewed disaster-recovery and business-continuity plans. Additional outcomes from
participatory and survey study covered logistiodels describing the adaptation and mitigation
approaches within a commercial setting.

Taken as a whole, the findings from this stgthpw that mitigation efforts which are supported
by legislation and have well defined targedshieve a strategic importance within an
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organisation, while an absence of such targeid external drivers means that adaptation is
viewed as an operationattivity and, , as short-term activity thabas to compete for funds

within annual budgets.

To raise the profile of adaptation within commercial organisations requires a shift in the
perception of climate change as risks ambngsl&O professionals and ability to better
recognize climate change impacts on the businesbuhdasset functions. . This requires action

to be initiated at both governmi&l and organisational level. However, such action needs to
consider other constraints, such as the time sp#éme climate change projections. In particular,

as FM&O professionals consider adaptationaasoperational issue for which the planning
period is normally short term (3-5 years), whtlee long-term projections associated with
climate change are for 20—30 years as a minimumorder to supportlecision making, this
‘temporal scale’ discrepagiceeds to be addressed.

The study has demonstrated ttathough decision-making fraworks and projections are
useful tools to the adaptation exkisting commercial built assethey need to be synchronised
with the short-term business planning and ojp@nal time line. The mitigation approach due to
legislative and market-performance forces gsantified and gains a strategic importance,
securing substantial financial support. In contrast to this, the adaptation agenda is taken int
account only in the presence of eartreme event-related finantiand functional loss. In this
case, adaptation to climate change remains a reactive rather than a planned process and la
legislative drivers. In the absence of legisle impetus and a standardised quantitative
assessment method, it is difficult to derive sherim or long-term targets according to which
maintenance management interventions can bepthand strategic support can be achieved. In
addition, the perception of built-asset managers about climate change risk is also found to b
affecting the adaptation and mitigation agefatauilt-asset maintenance and management.
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Chapter 1 — Introduction

This chapter presents, in sections 1.1 to &.8rief introduction to the research study, which
considers the importance of built-asset lifeley performance for business along with the
climate change debate and its impact on business and built-asset performance. Existin
approaches to mitigation and adaptation are exainand the need to integrate these into an
effective long-term asset management strateggvgewed. Section 1.4 focuses on the principal
drive of this study. Finally, # research methodology and primary aims and objectives of the

research are defined in section 1.5 vatimclusions presented in section 1.6.

1.1 The built environment

The built environment’s primaryufiction is to mediate between timernal and external climate

to provide comfortable functional space for various activities. Buildings are designed to provide
the essential elements of an enclosed wagspwhich affords physical security (Warren 2010).
This functional space differs inftérent building stock — residentiahfrastructural, recreational,
industrial and commercial, etc. Foommercial organigens, this mediatioimcludes the ability

of built assets to serve core business needs and give an optimum performance such that the bt

assets are not an excessive overtweakpense to thorganisation.

For any built asset, there exists a building @f&le which starts at inception, continues through
design and construction, on to refurbishmanti maintenance and decommissioning at later
stage. Amongst these the ntamance activities arundertaken at set points (depending upon a
stock condition survey) throughout the operational phase of the buildirgy’$\Hilst the design
and construction phase of the building life €/blas a short duration, the operational phase can

last for many years and it is this phase thatase susceptible to the pacts of climate change.

The focus of this thesis is on the requirementinaintenance and refurbishment interventions to
address the climate change mitigation and adaptation agenda in order to ensure that th

commercial built assets continue to bable in supporting required business needs.



1.2 Commercial built-asset performance

Built-asset performance in commercial prdpes is ensured through maintenance and
refurbishment, which form a part of the buiidi life cycle (Finch. E, as cited in Alexander
1998). The British Standard BS 3811: 1964 defines ‘maintenanc& asmbination of any
actions carried out to retain an item,ior restore it to, an acceptable conditior(as cited in
Wordsworth 2001). Although this is referred & a standardised definition, maintenance
invariably seeks restore the actage condition in accordance to budget constraints. In order to
emphasise this aspect of improvement, the Chartered Institute of Building (CIOB) defines
maintenance as work undertaken in order to kesgiore or improve eveffacility, to an agreed
standard, determined by the bada between need aadailable resources (OB 1990). In light

of these definitions, it could begared that maintenance is critical to provide an appropriate level
of performance. However, ireality most built-asset owners taltee view of ‘don’'t mend what
isn't broke’ because asset fabric maintenanc@erceived as primarily a technical activity,
which continues to be highly resource-consugn(Atkin and Brooks 2005; Barrett and Baldry
2003).

This maintenance perspective which separates maintenance interactions from the strateg
consumer drivers does not help organisationsvdok towards buildings with improved built-
asset performance in order to achieve tadgebusiness performance fuelled by changing
markets and demands. In such a scenario, what is needed is for built-asset maintenance to
aligned with the strategic goals of the orgation (Then 2000; Pitand Hinks 2001). Such
alignment is the responsibility of the fatids management (FM) function which helps the
business organisation to effectively maintainitibeiildings (hard FM) sucthat they support the
other core services ofetbusiness. In other words, facilitie&nagement is the process by which
organisations ensures that binigls, systems and servicegpport and achieve the strategic
objectives of the organisation to changiranditions (Atkin and Bwoks 2005). FM focuses on
reducing risks, and its policies lay out an organisation’paese to changing environment
control and protection. Barrett afghldry (2003) further define FMs an integral approach to
operating, maintaining, improving and adapting thuildings to suppothe primary objectives

of that organisation.

Elaborating on the above definitions Fincm (Alexander 1998) identifies the role of the
maintenance manager as one to work towardigetie property to its prior condition where it

can fulfil its basic function in line with legigige compliance, while the facilities manager’s role
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is to address the constantlycieasing gap in present propergndition and future demands
placed on it in response to constant technologidaancement, user demands and market forces.
This gap increases with time and other finahciagislative and climatic factors, putting
additional demands on the built asset. Thusassessing future demands it should be possible
for facilities and asset managersdevise strategies to save existing commercial stock from

reaching obsolescence.

1.3 Climate change and its impacts on buildings and business

Climate change is a significant factor that \aiffect how people live and work in the future. The
Intergovernmental Panel on Climate Char(¢feCC 2001), in its Third Assessment Report
(TAR) has established that mosttbé observed warming over the |&§t years is likely to have
been due to the increase in greenhouse gas doaitens and the atmphleric concentration of
carbon dioxide C®has increased by 31% since 1750, wiith rate of increasof atmospheric
COz concentration being about 1.5 ppm (0.4%) yesar over the past two decades (IPCC 2001).
This has been reiterated by the IPCC in its BoAssessment Report (FARvhereby continued
greenhouse gas (GHG) emissions at or aboveermurates would cause further warming and
include many changes in the glolséimate system during the 21st century that would very likely
be larger than those observedidgrthe 20th centyr(IPCC 2007a).

The IPCC has identified two pathways forspending to future climate change, namely
adaptation and mitigation. Mitigatm of climate change dealgth a reduction in GHG in the
atmosphere, while adaptation deals with takawion to reduce the impacts due to climate
change and to generate ben&bm the opportunities offered. The IPCC TAR (2001) defines
‘mitigation’ as “an anthropogenic intervention to redugbe sources or enhance the sinks of
greenhouse gasesind ‘adaptation’ asan adjustment in natural ohuman systems in response
to actual or expected climatic stimuli or theeffects, which modetas harm or exploits
beneficial opportunities”Therefore, in the context of built-asset management, mitigation would
be perceived as an intervention that reduceduture GHG emissions associated with a building
whilst adaptation could be viewed as aligrior changing the operational elements or

characteristics of a building.



1.3.1 Climate change projections

Climate as per the IPCC is defined as avenagather or statistical na@ and variability of
different variables such as temperature, winelesl precipitation etc. over a period of time that
can range from months to years. The clasgieaiod for averaging thesweather variables to
portray climate is 30 years, which is used byldioneteorological organisations. Climate change
is thus a change in the state of the climatentified through changes in statistical mean and
variability over the 30-gar time frame or longer which are ohst due to internalariability or
external anthropogenic chang#8CC 2007b glossary pg. 942,943).

‘Climate change projection’ is defined by the IPCC"asprojection of response of climate
system to external forcing or radiativerdng based on simulatioby climate models”On the
basis of various model runs, the IPCC FAR(Q2a-AR4) presents projections which include
changes to temperature rise, ppéation, sea level rise; ice cavand certain levels of regional
wind patterns and weather extremes. The gmtipns suggest thahe global surface air
temperature is likely to risébetween 1.8°C and 6.4°C and tpgmbal average sea level is
expected to rise between 0.18m and 0.59mthd year 2100. With regard to temperature
extremes and cyclones, the fourth assessment report projectst tisavery likely that hot
extremes, heat waves and heavy precipitationteweill continue to become more frequent”,
while storms, typhoons and hurricanare likely to become moiatense, with increased peak
wind speeds and more heavy ppa&ation (IPCC 2007a,-AR4, SPM).

These projections are also reflected ia thnited Kingdom, where the UKCIP02 and UKCIP09
projections published by UKCIP fJClimate Impacts Programme) project that over the next 50
years the UK can expect to seds® in annual average temperatua rise in sea levels around
the UK with increased flooding of low-lying eas, higher average summer temperatures with
more days reaching mid-30°C, and extreme wira@rfall with frequent storms and associated

flooding.
1.3.2 Impacts on business
These future changes will impact businessessacrarious sectors for example, disrupted supply

chains during extreme weathevents, changing customer demand, and increasing business
running costs and insurance costs (Fritar@ Colley 2006; and Mealf et al 2010).



IPCC AR4 2007a highlights thabusiness adaptations will be in response to both direct
impacts (involving direct olesvations of risks and opportui@s) and indirect impacts
(including changing regulatory pssures and consumer demandjurther on, citing Hertin et

al. (2003) and Berkhout et al. (2004), the sanfRFreport suggests thatlaptations can take a
wide variety of forms and may include change®usiness processes, technologies or business
models, or changes in the location of actigitil;h the case of thdnited Kingdom, Markandya
(2004) has outlined impacts such as increased heat stress for workers, increased cooling ener
requirements, changes in patterns of demandyé@ds and services, iased flood risks and
water supply constraints, and the impact on the insurance industry. Outlining these impacts ol
business, Markandya (2004) has further urged baseteto take a long-terstrategic view that

is both flexible and resilient enough to accomatedextreme conditions in its planning for the
impacts of climate change, whikith and Colley (2006) have dravattention to the higher cost

and longer-term business obsolescence if adaptation were not to be undertaken.

1.3.3 Impacts on built assets

The impact of climate change as outlined abowecommercial organisation will in turn be felt
across the business premises. This impact will be in two broad areas: first, the impact of
increasing cooling energy load, legislation aratbon reduction initiaties on business energy

use and its management in built assets; and, sgcdhdl risk to the physical state of the built
assets due to flood, erosion water penetration from driving rain, resulting in increased
maintenance costs due to raauy repair work (Graves ahPhillipson 2000). The following
paragraphs outline both of these impacts — matigation initiatives and the physical impacts

arising from changing climatic conditions.

The impacts due to mitigation initiatives and reguans are related to éhenergy efficiency of
buildings and their redting carbon emissions. In the pubBector the United Kingdom already
has in place the Decent Home Standards 06Zamnd Carbon Buildings ihatives (till 2016),
while the private sector faces legislation sashBuilding Regulations 2005 (Part L and energy
consumption), Climate Change Agreemeatsl Carbon Reduction Commitments 2008, which
will affect the long-term viabilityof an organisation’s built assets. This increasing legislative
requirement will be difficult to meet, with éneased cooling energy required in commercial
buildings as a dact effect of overheating (Graves andlligison 2000). In addition to the impact
of increasing legislation, there will also bénet physical impacts felt on the built assets due to

climate change, which are to daéss highlighted and less resdad topics. The few examples
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of these includes impacts across the constnuandustry, including refurbishment and the
maintenance of domestic as well as non-ddimestock, and across the insurance industry
(Graves and Phillipson 2000) .

The important impacts outlined for existing buildings centre on high-speed wind impact, which
can erode buildings as theyeadesigned using haical wind speed data, while increases in
driving and heavy rain will affect the fabrigindows, cladding systemspof and guttering of
buildings. (Graves and Phillipson 2000).

Considering the above impacts due to floggi overheating, high precipitation, change in
legislation etc., the maintenance cost of properitelikely to see a sharp increase. Graves and
Phillpson (2000) concludes that climate chamgk increase the gofing and PVC-U window
maintenance cost by around £2.5 billion a yeath wdditional degradation of other building

components.

Due to the increasing mitigation initiatives ategjislation, much research is carried out in
addressing C&reduction from existing and newly builssets through energy efficiency for e.g.
evaluating technical and policy options and @lmission reduction tbugh energy efficiency

at national level (e.g. UK —dat and MacKenzie 2005 and 20125 — Brown et al 2005; New
Zealand — Hargreaves 2003, \WBD 2009). Furthermore, wolky Wilkinson and Reed (2006)

has particularly focused on commercial stock energy efficiency and GHG emission reduction,
while Urge-Vorsatz et al (2007have identified the technolagil and retrofitting measures

applicable to buildings around the world with £€&hd cost savings.

As a result of on-going research and legis&atpushes, the mitigation agenda has found an
increasing strategic importance in commercedter built-asset managent and operations as
increasing targets of emission reduction are roftéed within organisations’ sustainability
strategies or corporate responstpilstrategies as an extensitm energy efficiency and cost
saving initiatives. As a result ttis legislatively driven straggc importance given to mitigation,
facilities managers receive emission reductiargets, planned and budgeted for in the overall
FM strategy. These targgt reductions are readid through implementation of a mix of technical
and behavioural change measures. The measamgs from changing to more energy-efficient
lighting and IT equipment, to training staff o@levant topics, to inating SMART meters for
measuring energy outgoings and to installingegr technology when successfully receiving

government or other funding.



The mitigation agenda in commercial-sector bagset thus follows a top-down approach and is

set for the future business plangitime period of 3 to 5 years.

In contrast to this, the loss projected as altesfuthe physical impacts of climate change on

commercial built-asset elements is difficult tamplfor in any existing FM strategic approach

because no set targets or long-term risks aesegmtly assessed or budgeted for in relation to
these physical impacts at a stratelgivel. Thus, in the absencearfy push factarthe approach

to address such impacts remains ad hoc andiveawhere the action is not initiated unless a

functional or financial loss is registered.

Planned mitigation and reactive adaptation approaciiele less effective in the future as most
of the existing office buildings will by then békeer historic buildings or stock built since 1991,
which are not designed to performthe predicted future climatwonditions with regard to their
energy requirements or their ability contain the increasing physigalpacts. In such a scenario
the option for this commercial stock is digh adapting the propertiirough maintenance and
refurbishment in order to avoid obsolesceaoel to serve the organisation’s ongoing business

needs (Jones and Desai 2006).

1.4 Formulating a new approach to built assets

In light of the literature on climate change iagps on businesses and thairlt assets, it is noted
that both approaches — mitigation and adaptatibrommercial built assets — are of equal
importance to the businesses. The existing comaidrailt assets will hae to respond to the
increasing mitigation initiatives for emissiordrection from building operations and also to the
physical impact of changingiciate and extreme events.

Since facilities managers are thie forefront of poviding and maintaining the built assets to
support business functions, they will need dolress both mitigation and adaptation agendas in
maintaining their organisation’s commercial built asse the future. In doig so, they will have

to translate climate change iagds into built-asset risks.

Addressing these impacts will require a ste@nge in thinking (in line with the renewed
approach explained in Chapt2) with regard to built-assehaintenance and management in
comparison with the one prevailing at presemhtich uses stock coittbn surveys combined

with strategic asset management policy andn@dnasset maintenance — a model that presents
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many gaps (Chapman 1999; Shen 1997). Fiitling the above andsupporting the facilities
managers’ decisions for adaptation and mitigasiotion, the application of an existing decision-
making framework and climate change projectiosuggested. This is a step change from the
previous ways of decision-making framework implementation as, up till now, these frameworks
has been implemented at regional or sector level, and very few examples exist for implementing
them at the level of individual private-secbarsiness built assets invahg maintenance and FM

professionals.

1.4.1 Research question and objectives

In light of above, the followingesearch question was formulatéHow can an existing risk
assessment framework and climate change projection (UKCIP02) be applied to translate climat:
change impacts into built-asset-level riskarder to support maintenance and business-level

decision making in a private-sector business?

The primary aim of the study was to develop approach for a long-term climate-adaptive
facilities management strategy, using existing tools (UKCIP uncertainty and decision-making
framework in the face of climate change) atichate change projection (UKCIP02) that ensures
the existing built-asset dity can continue to support theiprary business functions in a cost-

effective and sustainable manner.

The objectives of the study were:
(1) Identifying present FM approaches to &¥@&duction (mitigation) and making building
stock resilient (adaptation);
(2) Identifying issues related to the implerntagion of existing tools and climate change
projections by facilities managers; and
(3) Identifying facilities managers’ peeption of mitigation and adaptation.

1.5 Approach taken in the thesis (methodology)

In order to achieve its aims and objectives, tesearch has adopted a mixed-method approach
(Maxwell 2005) consisting of bothualitative and quantitative assenents (outlined in Chapter
3). The fulfilment of the fist two objectives given in subsection 1.4.1 above and for

implementing a decision-making framework, cualitative approach was taken where a



commercial banking organisation aitslfacilities management staffas chosen as the subject of

a participatory study.

A small number of informal discussions andterviews, and an atysis of secondary
organisational strategic documentgere carried out to asses® thxisting measures taken for
mitigation and adaptation of climate changéj@tive 1). The implementation of the framework
was undertaken through participative study, wh#énis procedure identified the assessment
process adopted by FM and tmerging issues related to tineplementation of the framework
(Objective 2). To validate results from the guihar participatory studyand to fulfil the third
objective of establishing FM opinion on mitigation and adaptation, a questionnaire survey was
undertaken within the wider Fidommunity. A quantitative analysef the results obtained was
used to formulate a model for an adaptatiorcess which was found to be in accordance with

past research findings and primary adaptation concepts.

1.6 Summary of conclusions

The major conclusions drawn frotime research study are as follows:

(1) Mitigation and adaptation measures areated differently within FM. Mitigation,
because of legislative drivers, has foundtstyec importance and thus financial support.

On the other hand, adaptationcisnsidered as part of busgs continuity and disaster
recovery planning, where the wider strategase is not made and thus always lacks
financial resources.

(2) The existing decision-making tools implementation to the built-asset maintenance and
management scenario requires facilities managers to be more familiar with climate
change data and projections while usiggantitative risk assessment tools (e.g.
Bayesian methods, ManCarlo techniques).

(3) Facilities managers are abledarry out initial rek screening but at the same time there
is a need for tools or guidelines for FM to be able to translate climate change impacts
into built-asset risk and make the busecase to procure additional funding. In
addition, more behavioural drivers need to be introduced to stimulate adaptation action
in the private sector in order to pect businesses and their built assets from

obsolescence induced through thegming impacts of climate change.

In light of these findings it is suggested that RMnagers in the future will need to gain further

understanding of climate change projections aneld@ an ability to trasiate projected changes
9



into their building opert#on risks. In cases of existingrited understanding of the projections,
an objective risk assessment using existingdopsed methods in collaboration with operational

FM staff should be promoted in the commercaictor. The risks thuassessed should be

translated and documented in terms péficial loss to make a strategic case.
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Chapter 2: Literature review

This chapter presents theadkground and rationale for undamking the research study. It
formulates an overall picturef existing knowledge pertaimg to different subject areas
encompassed by this thesis. In doing so it also@étthe interdisciplinary nature of this work
and tries to highlight interrelatl issues; it looks for knowledgepga On this basis, research

proposals are outlined and raseh questions identified.

In order to address the variousbfacts associated with this reseh, the literature review is
divided into seven sections. Section 2.1 examihegssue of climate change as faced today the
world over (including in the United Kingdom) witts relevance to the present research. The
facilities’ management context and the reskaproposal are outlineth section 2.2, while
section 2.3 identifies the contextual aspedtscting facilities manageent (FM) action for
mitigation and adaptation, namely organisatiostsategic intentions, resource availability and
their approach to climate change. Section 24dlsiwith the concepts of adaptation and existing
research in the area where different adaptaipproaches are usedn introduction to the
UKCIP framework forms section 2.5. Since thisaarch has adopted a commercial context, the
associated theories are outlined for further idmatiion of the influencing organisational factors

in section 2.6. Final section 2.7 summarises the review and outlines the key knowledge gaps.

2.1 Climate change and pproaches to address it

This section outlines the issue of climate chamgéaced today. It spe@t the projections made

in accordance to climate change models, changes observed until now and the two approach:
suggested for dealing with climate change, namatigation and adaptatioim light of this, the

UK approach to mitigation and adaptation is idésdifspecifically in the context of commercial

built assets. This background is used to aixpihe rationale for the present research.

2.1.1 Climate change

The overall warming of our climate is attributemthe increase in greenhouse gases (GHGS) —
e.g. methane, carbon dioxide, ozone, pBut hexafluoride, hydrofluorocarbons and
perfluorocarbons — arising fronthe industrial development othe past 250 years. The

Intergovernmental Panel on Climate Change (IPCC), in its Fourth Assessment Report (FAR;
11



IPCC 2007a), has established tHabost of the observed inease in global average
temperatures since the mid-BOtentury is very likely due tthe observed increase in
anthropogenic GHG concentrationIPCC 2007a, p5) antiGlobal GHG emissions due to
human activities have grown sinpee-industrial times, with amcrease of 70% between 1970
and 2004 and annual emissions of Z@ew by about 80% between 1970 and 2004PCC
2007a, pb).

Successive IPCC assessments have furtheeedntlerstanding of anthropogenic warming and
the IPCC 2007 FAR concludes that there is now improved understanding leading to 90%
confidence that the global aagre net effect of human actie$ since 1750 has been one of
warming, with an observed total temperat increase from the 1850-99 period being 0.76°C
(range: 0.57°C to 0.95°C) up to 2001-05.

The increase in emissions geverned by the dynamics of fact such as population, socio-
economics and technical improvements, all ofclvhare not completely understood. A In order
to address these fragmented aspects the gmertmmunity has adopted a scenario building
approach and has formulated various scenarioaddressing future development. Nakicenovic
et al in IPCC (2000) presents four familiessath scenarios, each dependent upon developments
described in terms of different social, ecomontechnological, and environmental and policy
aspects. Among the many scenamawsilable, three have beehasen to present low, high and
medium emission levels (refer to IPCC 2007b p7533afdetailed explanation). These in turn are

used to drive climate simulatiofer the period up to the year 2100.

2.1.2 Climate change projections and observed impacts

In accordance with the climate change simulation model given in IPCC 2007a and 2007b, the
projection includes changes to temperature risegipitation, sea level rise and reduction in ice

cover, together with certain levelsragional wind patterns and weather extremes.

The projections suggest the global surface air temperature is likely to rise between 1.8°C an
6.4°C. The global average sea level is expetieatise between 0.18m to 0.59m, which (in the
high emission scenario) can possibly inceedy 0.1-0.2m due to ice sheet shrinkage in
Greenland and Antarctica. Snow cover is predittetbe contracting witlsea ice shrinkage in

both the Arctic and Antarctic undelt amission scenarios (IPCC 2007a).
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According to the expert judgement from tpeojections about precigition there is a 90%
probability of an expected increase in precimta in high-latitude areas. With regard to
temperature extremes and cyclones,Rbarth Assessment Report projects thiais very likely

that hot extremes, heat waves and heavy pitatign events will contiue to become more
frequent”, while storms, typhoons and hurricanes Bkely to become more intense, with

increased peak wind speeds and nt@avy precipitatin (IPCC 2007a, p15).

The impacts of already occurring climate cparare visible on manyhgsical, biological and
human systems. These changes are obdebye IPCC Working Group Il in the FAR as
“enlargement and increased numbers of gladsdes, increased runoff and earlier spring peak
discharge in many glacier- anshow-fed rivers, and range charsgend earlier migrations of
fish in rivers” as well as earlier timing of spring evemsisch as leaf unfding, bird migration,
bird egg laying, and a pole-wamhd upward shift in the rangén which plant and animal
species are found (IPCC 2007a, pg. 8).

2.1.3 Responses to climate change

The scientific community has noted the obsdremd predicted impacts of climate change on
human systems (IPCC 2007a). These impacts comprise flooding, drought and adverse effects ¢
human health, food security (due to the a&wuip on fisheries and &gulture), and human
settlements near coastal and Itying areas around the world (dtee sea level rise) and energy
demands (for cooling). The recently produd®dC SREX (2012) report has highlighted that
there is a medium confidence that impacts of &vench as heat waves have been found to be
increasing over the 30century for central Europe and apeojected to be increasing in the
future, while there is low confidence that events such as hurricanes in the United States and th
Caribbean resulting in economic losdeave increased andist likely that tlke frequency of such

events may remain unchanged (IPCC 2012).

The UK projections outlined ithe UKCIP02 and UKCP09 modellimgsults are consistent with
observed global-level changes. Central Engleamperatures were found to have risen by 1°C
through the 28 century, while winters across the UKveabeen getting wetter, with major
precipitation falling in the heaviest downpoursdasummers getting drier. The sea level rise
across the UK coastline has been 1mm peripethie last century (Hulme et al 2002).
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The projected changes noted in UKCIP0O2 fanperature, precipitation and sea level rise
indicates a rise in UK annual average temapure between 2°C and 3.5°C by 2080, with the
South East of the UK becoming warmer thaa torth West in the summer and autumn. A
decrease in UK precipitation 615 % by 2080 is also predictetith substantial regional and
seasonal differences, and a decrease in fatioly 30-90% by 2080 (Hole et al 2002). As
Hulme et al state ithe same report (pagg:Vextremes in the weather will be experienced as
the average temperature of 3.4°C above normal occur as a one in 5-year event by 2050
considering the medium-high emissions scenarasid they further notéextreme winter
precipitation becoming more frequent by 208@ avith 20% heavier rainfall experienced every
2 years on averagetvhile the"UK sea level may be betwe@6 and 86cm above current level

in southeast, causing increasesk of flooding in the area”.

The record-breaking temperatures of 385at Brogdale near Fargham (Kent) in August 2003
(see www.metoffice.gov.uk/climate/uk/extremes)treme rainfall (200mm in 24 hours) around
Boscastle in August 2004 causing large-sciboding (see_http:/Bws.bbc.co.uk/go/pr/ir/-

/1/hi/england/cornwall/3571844.stm) and recent floods in the United Kingdom during the
summers of 2007 and 2009 resulting in economic and social damage (see

http://news.bbc.co.uk/go/pr/fr/-/1/hi/uk/6971370.5trare examples of the likely impacts of

climate change on human systems and indicateatigatiment with projected climate change is

already occurring.

The impacts of future climate change on adtize, buildings, health, forestry, biodiversity,
transport, planning, finance and other sectomuld be widespread and negative in nature.
Reduced yields in the absence of irrigatiosréased drought and flood damage, increased urban
flood and overwhelmed drainage systems, sidnee danger and cooling energy demands in

summer are some of the impacts alyeaentified (West and Gawith 2005).

2.1.4 Approaches to climate change nigation and adaptation in the UK

The two pathways for responding to climate change are adaptation and mitigation. Mitigation of
climate change dealsitlv reduction in Green House Gas@GHGS) in the atmosphere while
adaptation deals with taking amti to reduce the impacts frooimate change and generating
benefit from the opportunities offered. The IPCC Third Assessment Report (IPCC 2001, pgs.
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365, 379) defines ‘adaptation’ &djustment in natural or human sgems in response to actual
or expected climatic stimuli otheir effects, which moderatdsarm or exploits beneficial
opportunities” and ‘mitigation’ as “an anthropogenic intervemn to reduce the sources or

enhance the sinks of greenhouse gases”.

The initiatives and mechanism for mitigation is well established through the United Nations
Framework Convention on Climate Change (UNF@@9l the associated Kyoto Protocol, which
sets binding targets for CCemissions for the parties toetfConvention (i.e. the contributing
governments). As per the Kyotod®ocol, an average 5% reduwarti in the amount of emissions
was to be achieved by the peipating countries (37 indusalised countries and the
European Union) through the years 2008 to 2@bMpared with the baseline level of 1990,
using policy measures and mechanisms retfe by the Protocol, namely emissions
trading, the clean development mechanisfGDM) and joint implementation (see
http://unfccc.int/kydo_protocol/items/2830.php

Many of the countries have fulfilled their targetnd have now set renewed targets for further
reductions, but the collective agreement on these efforts remains low in present times. The recel
convention of the parties to the UNFCC egtdidd the Durban Agreement in 2011, where the
parties to the convéion (the developedountries) agreed tadopt a universal legal agreement in
CO2 reduction. As per the UK’s Department Bhergy and Climate Change (DECC), the
Durban Agreement has been successful in:

¢ Achieving a global agreement on a roadmap to a legally binding deal,

e Agreement for a second commitment periodhaf Kyoto Protocol to be agreed in
2012; and

e Consensus in setting up a ‘green’ climate fund.
These targets are set to be dedi upon in Bonn. Germany, in May 2012.
In light of this international progress the Hids agreed on a 20% reduction for 2020 levels

relative to 1990 levels, while tHdK has set the new target 88% reduction in emissions by
2050 in comparison with 1990 levels through @limate Change Act 2008 (DECC 2009, 2011).
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In order to deliver on the committed emission targets, the UK Government has promoted policy,
regulation and awareness measures outlingts i€limate Change Programmes 2000 and 2006
and in DECC (2009) for energy supply, businesmdport, domestic, agulture, forestry, land

use management and the public sector. Thasmes presently implemented include renewable
Obligations, climate change levy, the emissiwading scheme, the Gaon Trust initiatives, the
Building Regulations 2005, climate change emgnents, energy efficiency commitments and
recently designed carbon reduction commitm¢bBtsCC 2009). In addition to the foregoing the
newly formulated Climate Change Act 2008 plies a regular accountability to the UK
Parliament and devolved legislatures for acbarclimate change mitigation and adaptation.

In the United Kingdom, attempts for adaptateor included in the Climate Change Programmes

of 2000 and 2006, yielding an adaptation policy famrk. In recent years, under the Climate
Change Act 2008 and the Committee on Climate Change, an Adaptation Subcommittee has be¢
formed. This subcommittee has identified fivéogty areas for preparing a national adaptation

programme, namely:

e Land use planning;

o National infrastructure;

¢ Designing and renovating buildings;
e Managing natural resources; and

e Effective emergency planning.

In addition, the subcommittee has identifiedethmajor components, namely outcomes, action
and decision making, for measugithe progress made in each eedt has reported on progress
in ASC (2010); ASC (2011 on adaptation in thleove sectors. The DEFRA (2012) report
provides additional evidence for climate change risk assessment in the United Kingdom.

In 1997, i.e. prior toestablishment of the Climate Gige Act 2008 and the Adaptation
Subcommittee, UKCIP had the sole intentiorpadviding essential inforation to stakeholders
for planning for a changing climate. The pragrme has subsequently successfully undertaken
numerous research activities different sectors for formulating adaptation tools, such as the
UKCIP Business Areas Climate jpacts Assessment Tool (BACAT) and its risk, uncertainty

and decision-making framework (Willows and Connell 2003) which has been recognised by the
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UNFCC compendium for methods and tools taleate the impacts of, and vulnerability and
adaptation to, climate change.

Although UKCIP has been actively involved progress towards adaptation, Demeritt and
Langdon (2004) suggest that the communication of UKCIP to &adhbrities in the UK and its

role in conjunction with DEFRA remains ambiguous and needs alteration in getting the
adaptation communication and information throdghuse by public and private sector alike.
From 2011, DEFRA transferreddlresponsibility of climate @mnge adaptation delivery from
UKCIP to the Environment Agencyith a £2 million annual budget (DEFRA 2011).

Although the UK Government has been proactive on the adaptation and mitigation fronts, many
adaptation and mitigation measures and policyunsénts have been developed separately when
they need to be complementary in their natures ireflected in theommercial setting, where
mitigation is already being addressed by marsirnmsses but adaptation measures and decisions
still have to find firm ground#n organisations’ future planmg (Firth and Colley 2006). Since

the emergence of the Climate Change Act 2808 Committee on Climate Change (CCC) and

its Adaptation Subcommittee haweorked in collaboration to assess future climate change
impacts in terms of achieving the UK emission targets and to adapt to the future impacts of
climate change. This work is reflected in sessive carbon budget remoend the measuring of
progress towards adafiten (CCC 2010; ASC 2011).

The IPCC (2007b, p748) has also emphasised this point, by statingttlsaino longer a
question of whether to mitigate climate changdéo adapt to it. Both adaptation and mitigation
are now essential in reduwy the expected impacts oinchte change on humans and their

environment.”

2.1.5 Significance for this research and rational for adaptation for commercial built assets

In light of the literature on approaches to mitigation and adaptation of climate change, it is notec
that both these approaches are of equal impoetdo businesses ancethexisting and future

built assets, since existing commercial busisets will have to respond to the increasing
mitigation initiatives for emission reductions framuilding operations and also to the physical

impact of a changing climate and extreme events.
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This is emphasised by Camilleri et al (2001), @i@m and Jaques (2001), Liso (2001), Liso et al
(2003) and Salagnac (2007), each of whom haweed the impacts of climate changes
specifically in the building inddgy which have risen as a rdswof recurring extreme-event
damage repairs and insurance costs, carbon taxation, expense®léoinge less-efficient
equipment with more energy efficient ones, amtteased outgoings due bigher energy bills.
They further suggests that addressing theseessawuld require policy formation for reducing
GHG emissions from buildings and also prepatimgm for future climate changes through site-
specific and regional impact reseh. The failure to addressethbove would possibly render the
existing property portfolios obsolete as they vaond longer be able to serve their organisation’s

business needs (Jones and Desai 2006).

2.2 The facilities management contextpresent practices and the research

proposal

In order to address climate change mitigatiod adaptation approaches for existing commercial
built assets, it is necessary to understand the present maintenance and facilities manageme
practices. This section presents current maimeaanodels and facilittemanagement practices.

In doing so it points towards the gap which requite be addressed order to accommodate
present and future climate-change mitigation addptation options. It does so by outlining the

research proposal and its aims and objectives.

2.2.1 Need for facilities management

Today’s businesses are not rigted by geographic boundariesd their corporate identity
cannot be fully defined by only core activitickhe maintenance and management of the non-
core services — which includes their built-assetfplio, is also a high pority and ignoring this
could affect an organisation’s overall corperdamage and result in financial loss through

obsolescence of the libasset portfolio.

FM helps a business organisation to effectively maanits buildings such that they enhance the
non-core services in support of the primary bess objectives. In other words, facilities
management is a process by which an organisation ensures that buildings, systems and servic

support and achieve their strategic objectiveshanging conditions. FM focuses on reducing
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risks, and its policy lays out arganisation’s response to vitalsues such as space allocation

and changing environment corltemd protectior{Alexander 1998).

In today’s scenario of increased environmentgidation — especially with regard to climate
change mitigation and energy efficiency — theme increasing demands placed on built assets for
reducing emissions in accordance with maintajrthe required service delivery standards. This
demand will also be coupled with the need fokim@ the built assets habitable and resilient to
the extreme events and future climate charagegrojected by climate change science, which
will need to be responded to by the maintenaarue facilities management personnel within all

commercial organisations.

2.2.2 Existing maintenance models and related issues

Maintenance routines in facilitisranagement are required in arde keep propey functioning

to a required standard and to serve the omgditin’s business objectiveBritish Standard BS
3811:1993 defines maintenance*ascombination of any actions carried out to retain an item

in, or restore it to, an acceptable conditionThe actions here are those of initiation,
organisation and implementation. Maintenance also seeks an improved performance compare
with what previously existed atasonable budget level. In order to emphasise this aspect of
improvement and budget, the Chartered Ingtitat Building (1990) defines maintenance as
“work undertaken in order to keep, restore wnprove every facilityj.e. every part of the
building, its services and surrounds, to an eapt standard and legislation determined by the

balance between need and available resources”.

In light of these definitions it could be said timadintenance is important in order to achieve the
necessary standards of perforro@nyet in reality such maintenance continues to be a highly
resource-consuming activity (Alexander 1998;rBt# and Baldry 2003). In accordance with
these perspectives, the present maintenancelsegist in two major prevailing maintenance
approaches, namely as planned preventive maimtenand as reactive (corrective) maintenance.
BS 3811 defines ‘planned maintenance’ “agintenance organised and carried out with
forethought, control andthe use of records to a predetermined plaahd ‘preventive
maintenance’ asmaintenance carried out at predetemed intervals or other prescribed
criteria and intended to rede the likelihood of an item noteeting acceptable conditions”.
Thus preventive maintenance which is normglgnned is defined a®lanned preventive
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maintenance’ (Wordsworth 2001). Planned prewe maintenance is divided into schedule-

based and condition-based maintenance, as shown in Figure 1.

Maintenance
|
| ) ]

Unplanned

Planned

. Maintenance
Maintenance

| Corrective
Preventive

maintenance

Maintenance

Scheduled Condition based
Maintenance Maintenance

Corrective Maintenance

(including emergency)

Figure 1: Types of maintenance (Source: Chanter and Swallow 2007)

The present practices and decision-makingc@sses of planned preventive maintenance are
largely based on a stock condition survey. Thereaarember of issues associated with the stock

condition survey approach, which informeg thasis of the present research proposal.

2.2.3 Issues with current maintenance approaches

As mentioned in the preceding subsection, thesting planned preventive maintenance
approach in facilities management is ded from a stock conditiosurvey and a decision-
making process where the condition survey is dostbwith organisaticsl needs and budgetary
requirements. The alternative lotgrm maintenance strategie® dnen assessed for deciding on
short-term targets. The issuestinis current approach with ing a stock conditin survey and a
certain lack of objectivity with prioritisig maintenance activity are emphasised by both
Chapman (1999) and Shen (1997). The other gafiisrapproach — both in the public and the
private sector, especially with regard to addmreg wider parameters (sustainability or climate
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change) — have been highlighted by Jones (RQ@ihes and Sharp (2007) and Cooper and Jones
(2008).

In the private sector an orgaation’s long-term business plandacorporate strategy are rarely

well defined and are not predicted more than three to five years into the future. This restricts the
inclusion of an organisation’s demands forptesent maintenance approach (Jones and Desai
2006; and Jones and Sharp 2007). The presentsdags of sustainabilitgnd climate change

also play a part in placing an additiordggmand on the business needs, which the present
maintenance model will not be able to suppweith use of the current approach mentioned
above. This will lead to propertié®ing obsolete with future changes. This is explained with the
help of a framework put forward by Jones ands&g2006), adapted from Finch as cited in
Alexander (1998).

Highlighting the role of facilities managertie framework proposes that while maintenance
managers update a property to a predefined level till the time of the next refurbishment activity,
the facilities managers should eresuhe property remains at leagst the required standard in
order to keep up with the technical andyamisational demands which are already on the
increment path from the time the building came into the portfolio. Thus property and facilities
managers are always playing catch-up withdkisting and required standards of the property
(Figure 2). When demands due to the sustairalahd climate change agenda are added to the
portfolio, then the already constrained finanod anaintenance planning could well render all or

part of the portfolio obsolete (Figure 3).
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Figure 2: Maintenance and refurbishment cyes — 1 (adapted from Finch as cited in

Alexander 1998)
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Figure 3: Maintenance and refurbishment cies — 2 (adapted from Finch as cited in

Alexander 1998)
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Recognising these newly imposed needs fromexisting built-asset ptolio has led to a
renewed approach to maintenance and faalitbanagement being ggested by Jones (2005),

and this is adopted for the pase of the present research.

2.2.4 Basis for the research proposal

Jones (2005) suggests that since climate chaiibaffect most of the existing buildings in the
United Kingdom, if organisationand facilities managers coupoject their building demands
imposed due to climate change (the refurbishment cycle for existing buildings) forward for the
next 25 years then, with a clearer view agheir long-term needsf would be possible to
develop a maintenance-and-refurbishmenttetia by looking back. This will inform the
changes that will be required for the building’s operation, which are different from today, and
thereby enable properties to be adaptesngdterm changes over 20-88ars instead of being

rendered obsolete.

In this scenario, maintenance and refurbishmembrag are planned because they are integral to
achieving long-term building performance goals ia tace of climate change rather than as ad-
hoc responses to short-term problems and dysfumcaused by climatic changes. Furthermore,
because this approach would integrate maintenance-and-refurbishment planning into an overa
asset management strategy, it should improvedh&édence of building ownes in the ability of

their built assets to perform in changing dimc conditions over the long term, ultimately

proving more cost-effective.

Taking as a basis the above theoretical modahatuld be possible foma€ilities managers to
construct a climate change atlap strategy (for a 20—25-year tiframe) for their properties by
assessing the projected impacts of clangtange and its effect on buildings.

In order to realise the aforementioned corgapframework, UKCIPO2lata for 2020 (i.e. the

next 30-year time frame, fror2011 to 2030) was intended to beed in the present study for
assessing the impacts of climate change on existing built assets. These projections an
assessments were intended to be used in conjunction with the UKCIP risk, uncertainty anc
decision-making framework (described in detal section 2.5) usinga participatory study

approach.
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The participatory study included a sample of a kasket portfolio and a small team of facilities
and operational managers with whom the UK@HR and uncertainty framework was applied
(details of the chosen organisation and ith@lementation of the UKCIP framework can be

found in Chapters 4 and 5 respectively).

The primary aim of the study was to develop approach for a long-term climate-adaptive
facilities management strategy, using existiogls (e.g. the UKCIP wertainty and decision-

making framework in the face of climate changed climate change projections (UKCIP02),
which ensures the ability of etiisg built assets to support tipgimary business functions in a
cost-effective and sustainable manner. This was realised through following the research

guestion and objectives.

The research question for the study was fornedlats ‘How can an existing risk assessment
framework and climate change projection (UKQ2p be applied to tratate climate change
impacts into built-asset-level risk in order to support maintenance and business-level decisior

making in a private-sector businesafid the three primary objectives were:

¢ |dentifying the present FM approaches to,@&€duction (mitigation) and making
building stock resilient (adaptation);

¢ |dentifying issues related to the implenteion of existing tools and climate change
projections by facilities managers; and

¢ |dentifying facilities managers’ opinions on mitigation and adaptation.

As a result of achieving theakmentioned objectives and amsing the research question, the
study would be able to establish an assessmpertess developed by the team of facilities
managers from the participating organisatiand an adaptation process which would be
observed through the participatory study and sgset questionnaire survey (see Chapters 6
and 7). In addition, the contextualctors for businesses and FMadapt to and mitigate against
climate change would also lestablished. The future direati in terms of UK Government
drive, knowledge awareness and suggested wayiifong adaptation codlthen be set out (see
Chapter 9).
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2.2.5 Climate change impacts on buildings

Although the climate change projexts for the United Kingdom ka been described in great
detail by Hulme et al (2002) for UKCIP02, and nm@ecently UKCPO9 sabeen constructed,
there exists very little literature on their impacin built assets. (This also points at the need for
research on the topic.) However, Graves and ipbidh (2000) notes the impacts will be felt in
the construction, refurbishment and maintenasicdomestic as well as non-domestic stock, in

the building regulations, and in the construction andrarste industries.

The important impacts outlined by Graves and Phillipson (2000) for existing buildings are
impacts due to high-speed wind — which cander many existing buildings, driving rain
affecting the fabric of the building, leading gweater weathering action than experienced at
present and the impact that mitigation legiskatwill have on the energy use of commercial
buildings, which will in future require more confj energy as a direct effect of overheating from
increased ambient temperaturesatidition, overheating will also result in failure of critical IT
systems (e.g. air traffic control, computers, fietection systems, liftomtrollers), compromising

both safety and commercial profitability

Among all the impacts mentioned due to climate change, the loss due to flooding is the greatest
The damage to the building fabric and the effectservices result in gh insurance claims in
mainland Europe and the United Kingdom, asoperaccounted for US$16 billion of damage for

the floods which occurred in 2002, and durthg 1998-2003 period the claims for storm and

flood damage in the UK doubled compared with the previous five yearsv(seeabi.org.ul.

As per the ABI anniversary report in Octot®05, in spite of the UK Government’s increased
spending of £570 million per year by 2005 and dhier commitment of the same spend till
2008, at least 180,000 homes and 60,000 business peemi€ngland and Wales were still

deemed to be at significant risk of floodingz@08. These figures continue to rise since then..

Considering these impacts due to flooding, overhgatiigh precipitation, awell as changes in
legislation, the maintenance cadtproperties would see a sharp increase. Graves and Phillipson
(2000) conclude that climate change wilcri@ase roofing and F8+U window maintenance
costs in the UK by around £2.5 billion a year, without counting the degradation of other building

components.
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2.2.6 Existing private-sector builtasset stocks within the UK

In the UK, the total floor space of commiafcand industrial stock in 2008 was 596 million
square metres, with an average national pestsquare metre &65 and London commercial
and industrial premises costiagmost double that at £128/m2QDG 2009). DCLG statistics for
2004 on the age of commercial properties stataisatmost 50% of stock was built before 1940;
another 40% dates from 1940 to 1990; andy &% was added between 1991 and 2003 (DCLG
2005). This implies that very little is addedttee commercial stock in the UK and most of the
commercial assets present today will be theité ws in coming 50 years. This stock will need

maintenance and refurbishment measure to address legislativargéls. .

A considerable amount of research has baadertaken on the sustability and energy
efficiency of the aforementioned commercial &ae order to fulfil the set mitigation targets
through technical and policy drivei(ACE 2003; Carbon Trust 2009n addition to technical
measures Wilkinson and Ree2D(06) highlights th role of perceptions of building owners and
managers play in reducing targeted 2C@nd addressing sustainability issues through
refurbishment. , as It is argued that theremmic argument for any improvement in commercial
stock takes precedence over any other factorgs iBhasserted in the RICS report by Cook
(1997), which mentions the rare importanceegi to thermal improvements in commercial

properties and the low incentives tandlords due to gsing all running coston to occupiers.

Focusing on the economic argument, the DCRGOQ) property advisory group’s annual report
sets out concerns regard the higher priority given to e for money over &ical issues in

addressing sustainabilif commercial stock — stock thatasly altered after external pressures
from customers, environmental audits and the existmgmatches between the delivery of

sustainable development and the enjoyment of its benefits”.

The climate change agenda has historically given more precedence to mitigation and energ
efficiency in the building sector, with verittle work undertaken to adapting/increasing
resilience of the present commercial stock to future climate. The need for such work could be
emphasised by the loss suffered by businesseseasilfof the flooding wich occurred in 20086,
which was £401 million, while in 2007 the insoc& industry paid out on 35,000 commercial
claims (ABI 2007; Environment Agency 2008).dwing on the issue of property damage and
insurance cost, Miln€2004) has stated that as extreme Wweaevents increase in the future due
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to climate change, so more savings incomedbel diverted towards the high maintenance and
repair cost of buildings, and a property pditfocould become less attractive, resulting in
insurers adopting a safety net approachiteahousehold and commercial property owners to
absorb significant parts of the risk. In gpiof these findings, the 2006 survey of SMEs by
insurance company AXA (Crichton 2006) reported that 76% of busimestrviewed did not

think of flood or fire as a major risk and 89%ere of an opinion that they were covered by
insurance for such risks. In order to be resilient to future climate change, it is clear that

businesses will need to&at their properties.

In spite of the urgent need to make the conumaébuilt-asset stock and businesses resilient to
future climate change, very little researchs Haeen carried out in the area of commercial
property adaptation. This is been confirmedthe study carried out by Kenny et al (2006),
suggesting that so far the litéuee into the physical impacts @bod on the fabric of buildings
has been concentrated on the housing sector and nothing specificddgehamentioned relating

to commercial sites and buildings.

The studies carried out on the topic of adaptatoiuture climate changes point towards aspects
of regional-level hazard assessment, suggesfamnssk assessment, flood risk assessment and
technical fixes and repairs (Shamin et al 2007; Huq et al 200Garvin et al 2005 for CIRIA;
McBain et al 2010 for CIRIA). Itould be concluded that theillings and infrastructure can
offer the highest opportunity to adapt to ihereasing number and magnitude of flood events
(Stern 2006). But as mentioned before, theret®xasgap in present-day research of studies
undertaken for addressing the issues of adiaptan commercial-seot building stock. By
addressing this wider gap, this current researaijgests a new approach in the management of

properties by taking a long-termew of maintenance and facié8 management strategies.

2.2.7 The existing research gap

The ever-increasing research in the topic ef bloilt environment and climate change currently
focuses on evaluating technical and policyiaps for GHG emission reduction through energy
efficiency at a national level (e.g. UK — BRIBD05; US — Brown eal 2005; New Zealand —
Branz 2003 , WBCSD 2009). In particular, thestralian cases examined by Wilkinson and
Reed (2006) emphasise energy efficieremyd GHG emission reduott with regard to

commercial stock. The measures for emissioaductions include using energy-efficient
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appliances, facade retrofitting, insulation, maodacarbon labelling schemes and energy from
renewable sources. Amongst these, the casetdohnological and retrofitting measures
applicable to buildings around the world with £@nd cost savings is documented by Urge-
Vorsatz et al (2007). In the UK much of theeasch till now has concentrated in making the
housing stock sustainable. This is evident standards such as the Decent Homes and
Sustainable Homes standards thg DCLG and in extensive research by Boardman (2007),
Lowe and Oreszczyn (2008) and Reeves et2@09), while the sustaibdity and emission
reductions from existing built-asset stock tgh maintenance has been addressed by Cooper
and Jones (2009).

The non-domestic stock in the UK has been ada@ through legislation and initiatives taken
by the Carbon Trust, BRE and the Energy 8gvirust. The DCLG (2007) report on carbon
reduction from new non-domestic buildingbe policy consultation (DCLG 2010) on zero-
carbon new non-domestic buildings and the CRC scheme launched in Aug 2010 are recer

additions from UK Government.

In spite of such extensive research on theeissome limitations to emission reductions from
commercial built-asset stkg remain. There is also thea need to consa new technical
solutions and construction methofimgmentation of the constri@n industry, the linear design
process, cost-based competitive tendering, rosgéional and institutiomanertia, poor quality
information and professional conservatism.(Let al. 2007; Scras#001 and Sorrell 2003).
Compared with mitigation-oriented researdhe research on adaptation has not been as
prominent over the years. The comments highlighin adaptation dealith new build, where
Steemers (2003) argues for the adaptation of malds through design dnoccupant behaviour,
while adaptation to ovedating is highlighted bidacker et al (2005), Coley and Kershaw (2010)
and Levermore et al (2004). An overarchimgk-assessment approach for adapting the
infrastructure and built environment to the ofag climate effects in Victoria, Australia is
outlined by the CSIRO project (Jones andimhes 2007) whilst a rating methodology derived
from a simulation scenario where flooding, owsating and other climate change effects for
housing and office blocks has besarived by Jacques et al (2000).

A few research topics have been suggestedhi® adaptation of exisg building stock where
technical measures for adaptattorflooding and the need to firmynergies between policies and
the regulatory framework at the national and ldegel are emphasised lyso et al (2007).. A
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long-term approach to built-emenment adaptation through theidy of its past behaviour and
understanding the interrelationphbetween the behaviour of budksets and the organisation
using it, is promoted by Kohler and Yang007) who along with White (2004) highlight the
limitation asan existing gap irdealing with monitoring, projections, and addressing uncertainty

along with institutional and behavioural aspects.

The current research initiagg within the UK, reviewedy Lowe (2001) emphasise the
increasing research undertaken by the instgaand academic sectors on risk assessment,
technical adaptation options, and argues the faekbcally viable demonstrated technologies,
comprehensive building regulations integratethwocal and regionapolicies and need for

reliable regional climate projectionseeessary to plan for future actions.

The aforementioned research places its emphasis on future mitigation targets and adaptation
the built environment for new stock. The strategiad measures to deal with the existing stock

of properties has comparatively achieved less @bt@nin particular, the role that maintenance
and facilities managemermian play in achieving COreduction and preping the stock for
impacts such as flooding and oleating are less well understoadd discussed. The recent
contribution by Warren (2010) in itharea highlights the lack @aftegrating increasing extreme
events and climate change in disaster riskvery planning within orgaisations, but once again

an attempt to find a solution taking a long-terrew of an organisation’s FM and maintenance
practices to address climatkange impact remains absent.

2.3 Contextual aspects affecting FM action for climate change

Historically, facilities managenmé has taken a major role in the maintenance and management
of an organisation’s built assets. In the recest gastainability, corporate social responsibility
(CSR) and the environmental agenda have together made a strong case for FM importance |
achieving an efficient bottom line, staff wélking and a good corporate image. The present
focus on mitigation, and mitigatiopractices are incorporated within the sustainability agenda
and have given rise to many performance-basegineering and maintemee standards (Price

and Putnam for the Northwest Energy Efficiency Council-
http://www.putnamprice.com/pdf/IFMA_Paper_Final.pdf).
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In a present scenario of legislatively implieenergy efficiency and mitigation initiatives,
facilities managers are regarded as front runiredelivering built assets that support business

need fulfilling the required leglation standards and producieffective bottom-line savings.

While delivering sustainability within a climathange agenda, facilities managers are faced
with many barriers. In These are highlighted in ¢iesting literature as time constraints, lack of
knowledge and lack of senior management comenitt (EImualim et al. 2010). In light of this,
the remainder of this section discusses enviemal aspects at the operation and maintenance
level, finance and resource availgdy, an organisatin’s approach to the ‘green’ and climate

change agenda, and existing perceptions about climate change.

2.3.1 FM in the context of an organisation’s strategy, structure and culture

Facilities managers are associated with tmwajor activities in any organisation: providing
appropriate functional building space, and neimng and managing the built assets (Then
2000). The built space required byeey business will differ in nata as will its maintenance,
management and FM practices which in turn is affected by differing strategic, cultural and

environmental contexts.

Much of an organisation’s strafg is derived from the sector antarketplace it operates in e.g
an organisation’s strategy in the food and beyesasector will differ from that of one in the IT
sector. Giving an example from the banking seckrumm (1998) mentions that in present
times there are different demand placed on bankinly assets and their management, and that
the difference in working practice, organisatiostlicture and strategy will influence the future

trends in facilities management of banking sector.

In addition to being influenced by an organisatsostrategic and structurakpects, it has been
suggested that cost saving teen the prime strategy for opeoatl effectiveness and that FM
budgets are modest compared with an overaligany budget, but yet account for almost 90 %
of the cost sheet. Owing to this, FM actions largely cost-constrained and thus tend to fulfil
the minimum required standards set by the oggian, instead of best practice. (Krumm 1998,
and Junnila 2004 citing Leibowi2001). Dwelling on interconnectns between strategic goals
and facilities management folevels of relationship are dekd by Jensen (2008) based on
Barrett and Baldry (2003):
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Fully integrated strategic FM;

Proactive strategic FM,;

Reactive strategic FM; and

Passive non-strategic FM.

However, much of FM practice presently lieglwe domain of reactive drpassive strategic FM
(Alexander 1998). In order to achietlee best value, FM practicese required to be aligned to
the organisational goals. In ord® achieve this, alignment tweeen organisational structure,
work processes and physical environment musitekor rendering praaive facilities, Then
(1999) suggests a clearly defined intent forlfies management in strategic output, a clear
strategic direction from senior managementl apecific measurableesults from operational

management.

The barriers to this gjnment of strategic inte and FM practices, defined by Then (1999) and
Pitt and Hinks (2001), include a lack of clemmmunication links between the horizontal and
vertical hierarchy and overall structure oktlrganisation. By ideifying minimal input and
feedback from facilities and property managers to board-level decision making and thus the
strategic agenda, Pitt and Hinks (2001) as4bdt existing organisational structures tends to
repress the need for integration of the fumecal and strategic dimensions of FM, through
physically separating respondity and that these organisational structures should be

constructed in an enabling raghthan a disabling form”.

In recent years, even though sustainability elmdate change mitigation have found a strategic
importance (at CSR level), progress on theirgragion remains hindered by non-participation of
facilities managers at the strategic decisiorkimg level and by a lackf clear communications
on specific measurable resultElaborating on these, thBRE (2006) highlighted time
constraints, lack of understanding of the busimes®, lack of information and training, and non-

affordability as key impediments to delivering CSR across an organisation.

Since the performance of the built asset is high on any organisation’s agenda, in order to promot

the sustainability agenda, the concept ofgrdaéng environmental performance along with the
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already existing agenda of coshance, quality, time and service has been suggested by Jimenez
and Lorente (2001). They along with Jullina (2004) argue that since operational functions are
responsible for much of COemissions, environmental performance should be included in
operational management of the argation on the basis that it wpkovide benefits of a social

fit for the organisation and a competitive advantage.

In order to promote environmental performarased address the recent climate change agenda
under a wider umbrella of the sustainability argunt,, organisations construct various scenarios
of operational and strategic optionkhis in turn shapes their ol approach towards climate
change and is important as a factor for dexjdrM action for climate change mitigation and

adaptation.

2.3.2 Approach to sustainability and climate change

The sustainability agenda has been affecting the commercial sector since the emergence of tt
Brundtland report in 1987; This turn gave rise to the WorlBusiness Council for Sustainable
Development (WBCSD) in 1995 and sustainabilitgtices such as that maintained by the Dow
Jones. The communication of the human, environatesocial and economic impacts of climate
change on businesses and their reduction umesshas led to a program of corporate

environmental and social responsibility (also wnacas corporate social responsibility (CSR).

The formulation of a CSR policy, an environrtarpolicy and environment impact management
have become of prime importance to the busireeasd industry which in the beginning took on
voluntary reporting () in ordeto manage their corporate age with their customers and
stakeholders, gain competitive advantage arideaby ever-increasing legislation (Arora and
Cason 1996; Hussein 1999, Sharma and Vredenburg 1998, and Stoeckl 2004,;). Thus for ar
company, giving a high priorityo CSR is no longer seen topresent an unproductive cost or
resource burden but, increasingly, a mearsenhancing the company’s reputation and
credibility among stakeholders — somethiron which success or even survival may
depend.(Holme and Watt2q00), WBCSD report),

This development in the CSR and environme@inagement approach by businesses in recent
years has been influenced by ‘exgital modernisatio (Utting 2000),the origin of which
could be traced to Germany in 1980 due to cdoserved state-led legislative approach to
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environment policy and related measures. In ggars it progressed to UK, the Netherlands and
the rest of Europe (Mol 1999). The theory of legical modernisation ats heart addresses the
environmental reform observed widely in northétaropean countrieslt is referred by Mol
(1999) as an analytical framework that Iselp understand contemporary environmental reform
dynamics. It remains a theory of social cha(iger further explanatin see Mol 1999 and Mol
2000).

The principle of ecological modernisation shdater found its place in many countries’

environmental policies and measures, on premise that environmental protection and
sustainability does not have to be built upon,eronomic slow—down — e.g. Europe, the UK,
China, Norway and South Africa (as indied in Andersen 2002, Revell 2005, Mol 2006, and
Oelofse et al. 2006). The influence of ecologicaldernisation is very much evident at present
in the UK climate change programme and th€ Emissions Trading Scheme (Malmborg and
Strachan 2005) ahe principle of mutual gain for botbusiness and government. The win—win
situation associated with the ecological modetiugas able to facilitate governments with their

intended policy implementation (Christoff 1996).

In spite of largely favourable concepts of egptal modernisation in sustainable development
and CSR/environment strategy goalicy, caution is suggested by rger et al (2001), York and
Rosa (2003) and Pataki (2009), who argue #tthibugh adaptation of the theory of ecological
modernisation to CSR, sustalil@ development and environmental policy is useful, it does not
fully address aspects associated with toddy&rarchical power-and-influence structures (in
organisations, institutionsnd society generally)and nor does it ddress the economic

marketplace for individual sectors.

2.3.3 The organisational agenda for mitigation and adaptation

The overall organisational approach to the clindt@nge agenda can beided into actions for
mitigation and adaptation. Because of the impaagiven to mitigation aspects internationally
and at national levels, much of the literature deals with organisations’ strategic approaches ftc
mitigation. These approaches in turn give shape to micro-level FM strategy and action within

organisations.
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Mitigation

In light of the international initiative forlimate change mitigation (Kyoto Summit 1997 and the
more recent 2009 Johannesburg Summit), governnmawvis set international mitigation targets.
These targets have given rise to mitigatidfores promoting legislation and carbon market
mechanisms in countries worldwide, and gartly responsible forshaping organisations’

strategic approach to climate change.

In the UK, following the fulfilment of the Kyot targets, the Governmehas set up renewed
targets of a reduction to 804 1990 emissions by 2050 the UK’s Low Carbon Transition
Plan 2009. The Government intertdsachieve this by implemé&ng a mix of policy, regulation

and awareness measures.

The measure presently implemented in terms of legislation includes Renewable Obligations, ¢
climate change levy, a UK emissions tradsaheme, the Building Regulations 2005, energy
performance certificates, climate changeeagients and carbon reduction commitments. In
recent times the Government has also sétafives for carbon capture and storage and
renewable energy plant systems. Moreovee @limate change Act 2008 implies a regular

accountability to the UK Parliament for action@dimimate change mitigation and adaptation.

The approach to mitigation outlined above haspelled the public and private sectors to set
emission reduction targets and mste them through a mix of strategic options. The exact
composition of such an integrated strategy company-specific, depending also on the
(perceived) risks and opportunities related to atienchange and the type of regulation relevant
for the industry and the countries in whiehcompany operates (Kolk and Pinske 2005). As
Dunn (2002) explains, the financial and serviasas see relatively littleegislative and policy

risk compared with the industrial and energy sextaather, they see thgotential for gain by

providing services or products to mitigate climate change.

For many commercial organisations the strateg)lances with climate change institutions,
along with voluntary disclosure measures, areceigly favoured as this helps them to keep
abreast with new policy developments and meetsned to be seen as a ‘green’ organisation,
thereby ensuring market standing and custosaisfaction. This is feected in the carbon
disclosure project for the FTSEDO and FTSE 100 which has segnincrease in the number of
new entrants to the projectsn a year-by-year basis. Thmarticipation of UK FTSE 350
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companies since 2006 has risen to 67%, with 47 new entrants, compared with a 49% response
the beginning of the pregt (CDP 2006; CDP 2008).

These strategic approaches of organisationde involved in voluntary and CSR reporting,
combined with the legislative requirements, requires facilities managers to implement a mix of
strategic and operational measures. Thiadkieved for e.g. through making their operational
and property portfolioenergy-efficient, through a sugtable supply chain and emission
reductions from business trav@lhe mix of measures as pé&kereke (2007) is achieved by
implementing non-fundamental technological dmehavioural change, investment in a low-
carbon portfolio, and pariigation in emission trading and oéfising. By carefully selecting from
available options, facilities managers can gairtompetitive advantage for their companies

within their sector and marketplace (Schultz and Williamson 2005).

In spite of the wide array of measures auaéa barriers exist for implementing mitigation
measures in commercial organisations. Thesedgclow returns on capital for energy efficiency
measures, the time and resources required tarels and implement appropriate measures as
highlighted by O’Malley et al2003) and issues relating to theresship of properties (leased or
tenanted) and behavioural and tatlinal aspects ofatilities users and ganisations (Scrase
2001; Callender and Key 1997, cited in Wilkinson and Reed 2007).

Adaptation

It has been suggested by the IPCC (2001 &@¥&) that adaptation to and mitigation against
climate change are complementary and goventsnehould plan for impacts across various
sectors. Although initiatives with adaptation haaeked the same impetus given to mitigation,

the recent extreme events around the world e.g. Hurricane Katrina in the USA and 2007 UK
floods (although not being correldtelirectly with climate chage) have prompted adaptation

initiatives by a number of governments.

In the UK, attempts for adaptation are citadthe Climate Change Programmes of 2000 and
2006, the Adaptation Policy Framework and theypithg to Climate Change Programme 2008.
The establishment of UKCIP in 1997 was witie sole intention of providing essential
information to stakeholdergor planning for the changing climate. The programme has
successfully undertaken numerouseaarch activities since then different sectors, for example
formulating adaptation tools such as The @R Business Areas Climate Impacts Assessment
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Tool (BACLIAT) and its risk, uncertaintyand decision-making framework (Willows and
Connell, 2003) which has been recognised bydNECC compendium for ntleods and tools to

evaluate the impacts of, and vulnerabiind adaptation to, climate change.

Further initiatives on adaptation include the Namtham Declaration signéoly local authorities

to address adaptation in partnership with local communities and business, the London Climat
Change Partnership, and the BKCC and ARCSgaiech projects for addressing climate impacts
and adaptation for the built environment.eTUK’s Climate Change Act 2008, Planning Policy
Statements 1 and 25, and Natibimadicator 188 (2008pn climate change adaptation are more
recent adaptation initiatives, amongst which the reporting requirements of N1188 are now being
withdrawn (only establishing theisk assessments of climathange impacts within local
authorities). The Adapting to Climate Changedg?amme under the aegis of DEFRA, as well as
the formulation of a Regional Climate ChanBartnership (RCCP)nd Local and Regional
Adaptation Partnership (LRAP) have been esthbligo help the integration of adaptation action

at local and regional levels. Under ti@&imate Change Act 2008 the CCC’s Adaptation
Subcommittee is responsible fguiding the national ad#gion plan by gatherg evidence from

key sectors and local authorities. These initegihave increased the av@ness and practice of
adaptation at local authority level, in publgector and in major infrastructure-managing

organisations.

Much of the aforementioned legislation and regulatory framework has been derived for setting
public-sector adaptation measurethea than the private sector, and for impacts felt in terms of

extreme events such as heat waves or flooding due to heavy rain.

The existing guidance and initiative for howgs and SMEs by the UK Government and other
institutions for addressing such impacts derivesifdisaster recovery drbusiness continuity or

flood preparation planning, and from flood resite or resistance measures (EA1, EC1, ABI
and NFF 1; no dates). As a result, much of ddaptation action in the private sector is still

addressed through businesstinuity planning.

It has been argued that disaster risk managearghbusiness continuipgtanning are reactive in
nature, poorly developed and amet prioritisedwithin an organisatiofGissing 2003; Jones and
Ingirige 2008). Drawing on orgasational adaptation, Linnenluec&ad Griffiths (2010) suggest
that adaptation to climate change impacts and related extreme events will require new
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approaches to be adopted by the affected osgaans. In line with tis and citing the case die
commercial sector, Jones and Ingirige (20@8yue that although contingency and disaster
planning are not new to facilisemanagers, a much more robapproach to extreme weather
events is needed which will takete of the wider supply-chaimpact faced by organisations

and will improve overall continuouss#ience and adaptive capacity.

Furthermore barriers such as a lack of forward planning, access to expertise, individual anc
organisational attitude, and perceived exposarerisk for developing successful BCP are
identified by Jones and Ingirige (2008) aftdRunyan (2006), Petts (1998) and Yoshida and
Deyle (2005), , who also questioned the effestass of such instruments in dealing with long-

term climate change impacts by facilities managers.

In light of these suggestions it could be sHidt although measures to address the extreme
events exists, they will not be sufficient to address long-term changes and recurring extreme
events as a result oficlate change because these will diffenature and intensity from the past
historical events experience. Faddressing long-term adaptati facilities managers and their
organisations will need to think proactively ashelvelop resilience and adaptation capacities.

2.3.4 Beliefs and perceptions about climate change

Although related to social science and psychology, the study of beliefs, attitudes and perception
has found relevance in sustaif@piand environmental action search. There has been much
research carried out in the area of public pption on climatehange [e.g. the Foresight Report
(2010) for the UK Government Office for Science] while the role of individual attitudes and
beliefs in addressing climate change and hoimftaence them has been investigated by Patchen
(2006), Grothmann and Patt (2005), Anabel 28D6), O’Connor et &1999) and Brody et al
(2007). Among these, the work of Grothmaand Patt (2005) has been recognised by the
UNFCC as offering distinct valuas it puts forward a socio-cognié Model of Private Proactive
Adaptation to Climate Change (MPPACC) ialh draws from psychology and behavioural
economics in coordination with primacyimate-change adaptation concepts.

As facilities managers are individuals set incgiganisation encompassiagsocial environment,
the study of their attitudes and perceptionsaasidered important, @hg with various factors
responsible for their actions melation to the environment and climate change. The managers’
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awareness of the importance of the environnehighlighted by Brio and Junquera (2002) and
Strandholm et al (2004) suggest that environmental awareness is one of the factors
determining the environmental decisions of thaiganisation, and that managers in different

organisations perceive and interpret diffahg how the environment will impact them.

Although much research has been carried oith wegard to organisational and managerial
environmental attitudes followed by societal petmeys of climate changdhere has been little
evidence pointing towards managerial perceptions and beliefs specifically in relation to climate
change occurrences which could be respondiietheir actions along with legislative and
market forces. However, this is found to beratig in recent years. For example, Wittheben and
Kiyar (2009) point out an increed awareness of climate charnggues in the managerial world

and the promotion of climate change ediorain different academic settings.

Drawing on general risk perceptis and a willingness @ddress climate change, O’Connor et al
(1999) suggested that risk peption matters in précting behavioural intetion and that the
behavioural intentions aboalimate change are complefieople are neither non-believers nor
complete believers’lt has also been suggested thabgeising the causes of global warming is
a powerful predictor of behaviouraitentions, independent of I in climate change. Further
more risk perception and knowledge are suggestethare common ground with environmental
beliefs and the presence of a ‘weak sigmeld uncertainty aboutimate change, knowledge
should promote action.

O’Connor (1999) supports Dunlagnd Scarce (1991) suggesting thiaat the attitude to the
environment forms the basis of a favourablehostile approach torneironmental risk. Risk
perception of climate change and knowledge of its causes will predmadigitdual’s preferences

for an approach to climate change. In spite of such suggestions existing research into climat
change has focused on how people think aboutatéirohange (Brostrom at 1994, citing Read

et al 1994) and not linking rigkerception to behavioural intention. Thus from the amalgamation
of the existing literature in the field, it could Baggested that rigkerception and knowledge
together increase people’s willingness to take steps that address environmental problems.

Although managers till now have gathered alkbaf knowledge for dealing with environmental
aspects, much of the action taken by, and itepaon managers is due to environmental
legislation, which assumes that a manager'sudt# to take proactes action is negative.
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Fernandez et al (2006) citing #erd (1993) suggests that thisstricts a manager’s approach
towards fulfilment of the regulation instead taking a motivated pwentive environmental

approach which will benefit the organisation.

Dwelling on motivational and commitment aspeitteas been argued thatanagers attitudes
towards openness to change versus conservatisesonsible for their fitrinsic environmental
motivation’ in turn triggering the manageggpanded environmental efforts., while an altered
values-and-belief system are identified as keyors of the organisation necessary to drive
environmental efforts. (Fernandez et2006, Collier and Esteban 2007 citing Fineman 1997).

Finally, Strandholm et al (2004) and Fernandeal ¢2006) conclude thamhanagerial perception,
attitude and personal characteristics, alonghwheir organisation’s strategic response and
characteristics, will be decisive in any onggational response to environmental aspects.
Managers take action for enwirmental issues depending upon hthey relate to them, the
external pressures, and how much time andwe®s the action would attract. In relation to
adaptation highlighting a similar contention, Rujliet al (2008) points out that the adaptive
behaviour that an organisatiomnifests emerges from the individual behaviours of its members
and the emergence of group behaviour arises fitoeninstitutionalisation of the interactions

between organisational members.

Highlighting senior managers’ beliefs about @i® change in the cangction industry, a recent
survey by Morton et al (2011) explains that @i change was an important issue for managers
and that innovative ways are regpd for addressing climate change, but at the same time senior
managers were of a beliefaihclimate change was a naluphenomenon and current practices

were sufficient and mitigation measuresr&vef more importance than adaptation.

Based on the literature regarding beliefs and perception about climate change, this stud
established that facilities manager’s attitudesatas the environment and their perceptions of
climate change would be two important factors s#sessing their respongar climate change
adaptation and mitigation. For this purpose theaesh has adopted the REcale by Dunlap et

al (2000)to assess attitudes to the environment arsddsen a set of Likert-scale items to

assess the facilities managgrerceptions of climate chge in the questionnaire study.
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2.4 Adaptation concepts

Although the case for adaptation dope with a changing climate has been made by the IPCC,
which viewed adaptation as “sery powerful option”, little attention has been paid to any
possible trade-off between adaptation and raitan (Pielke 1998, citing IPCC 1996). It is only

in recent years that adaptation has started twhbeed as a complementary and crucial approach
to climate change (Pielke 1998; Tol et al 199&)it et al 2000; Adger et al 2005; Yohe and
Strzepek 2007).

The so-called ‘domain of adapitan’ of human systems could kexplained in the context of
vulnerability, adaptive capacityesilience and coping capacity. Band Wandel (2006) refer to
these as interrelated, and adaptationsmasifestations of adaptive capacitysesilience and
coping capacity, which together representysveof reducing vulnerability. The following
subsection defines each of these three concefitaiad in the literature, and are further related

to organisational adatan in particular.

2.4.1 Vulnerability

The IPCC (2007b) defines ‘vulnerability’ as “thegdee to which a system is susceptible to, and
unable to cope with, adversdfezts of climate change, indling climate variability and
extremes. Vulnerability is a function of the caeter, magnitude, and rate of climate change and
variation to which a system is exposed, itas#évity, and its adaptive capacity.”(Glossary of
Terms IPCC 2007b). Adger et al (200&¢scribe vulnerability as ‘state of suseptibility to
harm from exposure to stresses associatetl emvironmental and social change and from
absence of capacity to adapt”. Thus theescdladaptation of a system would depend upon the
sensitivity and exposure of its elements to chag@giimatic condition or extreme weather. In an
organisational context the vulnerability could dagressed as the exposwf an organisation’s
business functions and asset$otmy- and short-term climate vahility. As O’Brien et al (2004)
describe, an organization’s vulnerability to climatange and natural dssars is a measure of
how susceptible the asset is to damage reguliiom disaster eventand is a function of

exposure, sensitivity and adaptive capacity.

Vulnerability assessment has been part of theapgkoach in many orgéations in the private

sector; but since climate change will exposelthsiness assets within the supply chain, as well
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as the organisation’s own business functions, fieréint external agents and factors that have
been previously experienced, a different approach is required than the one in existence to asse
vulnerabilities This is emphasised by suggesttbas in spite of a considerable scholarship in a
climate change context on calculating indicesvaliherability and adaptive capacities, and on
evaluating hypothetical adaptations; the practiegplications of this work (in reducing
vulnerability) are not yet readily apparent and vieny researchers have combined all the factors
contributing to vulnerability. (Sménd Wandel 2006, Cutter et al (2008)

The advantage of accounting for contributing facean®oss all levels and strategies as per (Smit
and Wandel (2006) appears to be more effedgtiveeducing the vulnerability. From this it is
deduced that while assessing climate-change-induced vulnerability within a commercial setting.
it would be beneficial if these are assessedsactioe entire spectrum of business activities and

strategies.

2.4.2 Resilience

The origin of the corept of resilience can be traced ttee field of ecology, where Holling
(1973) and Walker and Salt (2Q06tudied the resilience of dogical systems to external
disturbance. In order teal with external or ternal vulnerabilities, the concept of resilience has
been promoted in various pieces of literatdealing with businessnd ecology (Gallopin 2006).
The IPCC (2007b) defines ‘resilience’ ‘dse ability of a social orecological system to absorb
disturbances while retaining the same basrodture and ways of futioning, the capacity for
self-organization, and the capacity to adapt to stress and chakgn et al (2003), referring

to system-specific attributes, describes resiliencéiathe amount of disturbance a system can
absorb and still remain within threame state or domain of attramti and (ii) the degree to which
the system is capable of self-organisatioResilience expands on welrability and can be
viewed as the quality that enables an individaalmunity or organisain to cope with, adapt
to and recover from a disaster event (Ddlaed McManus 2004). Pointing towards resilience
in context of organization, Linnenluecke andffghs (2010) suggest #t although the concept
of organizational resilience is not new, there & underlining conceptualisation or frames of
reference exist in this field faunderstanding resilience in the face of climate change and weather

pattern shifts.
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In terms of organisational response to climatenglearesilience could be sigibed as the ability

of an organisation to absorb or respond t@agts in a way that will minimise damage and
maximise opportunities. Streagi this, O’'Brien et al (2004)uggest that an organisation can
reduce its vulnerability by enhang its ability to recover fronstress through robust systems.
This enhanced ability of organisations tepend effectively will depend, to a large degree, on
their organisational structure,eélmanagement and operational systems they have in place, and

their resilience (Dalziell and McManus 2004).

Stressing organisational and FM responsdsécclimate—change-induced vulnerability, Warren
(2010) points out that organisatial resilience can be achieved through risk assessment and the
preparation of risk minimisation approaches, vhéce often, termed disaster recovery planning,
crisis management, business impact assessorebtisiness continuitynanagement (BCM).
Although these present tools help organisatidasrecover to a ear—to-original (or a
predetermined) place, they may be ineffective in combating climate change where return period:
of the event are significantly longthan the business planning tzan, whereas per Dalziell and
McManus (2004) the development of simple moelblogies to evaluate organisational resilience

would pave the path forward.

2.4.3 Adaptive capacity

In order to increase the resilience of a egst coping mechanisms are required to ensure
successful adaptation. This capaaityd ability of a system to plan for coping mechanisms is

known as ‘adajive capacity’.

In cases of the increased vulnerability causecalbgpate change impacts, the level to which a
system is capable of surviving will be reliaon its adaptive capacity, defined in IPCC (2007b)

as the“ability of a system to adjust to climate change (including climate variability and
extremes) to moderate potential damages, to aak@ntage of opportunities, or to cope with the
consequences’Adaptive capacity will differ by sector, region and nation. As O’Brien et al
(2004) put it, in order to achieve climate change adaptation it will be necessary to take accoun
of the vulnerabilities of differensectors and their adaptive ea&jties in accordare with their

location and their change in adaptive capacity over time.

42



Much of the research related &dlaptive capacity has been cagriout specifically looking at
various indicators and determinants of adaptiveactyp at local, regionadnd national level in
relation to ecological and socio-economisteyns (Yohe and Tol 2002; Adger 2006; Smit and
Wandel 2006; Aalst et al 2008). melittle has been writterabout organisational adaptive
capacity specifically in relation to climate ctige. The existing literature points towards adaptive
capacity as core to business continuity plan@ing defines adaptive capacity as the ability of
an enterprise to alter itstrategy, operations, managemesystems, governance structure and
decision-support capabilitiesto withstand perturbations and diptions (Starr et al 2004, cited
by Dalziell and McManus 2004).

The IPCC’s Third Assessment Report (2001) deiseohthat the abilityand capacity of human
systems to adapt to and cope with clienahange was dependent on such factorsvaalth,
technology, education, inforrtian, skills, infrastructure, aess to resources, and management
capabilities”. Since organisations are socio-economitities, similar factors would also be
determinant of an organisation’s adaptive capadityus in order to mitigate against actual or
potential climate variability, it will be necessdryr organisations to develop sufficient technical
adaptive capabilities and to have the humanfarahcial resources (Les2006). The constraint
to developing these capacitiesdefined by Brooks and Adger (2005 a refusal of key actors
to accept the responsibility of risks associatéith wlimate change, where large-scale structural

economic factors and prevailing idegies play a vital role in dermining feasible adaptations.

In order to determine the adaptation option tigto vulnerability assessment and to determine its
existing resilience and adaptive capacity, various approaches have been formulated. Thes
assessment approaches are outlined in theimeeraof this section and the reasoning for

selecting a risk-based approachtfoe research project is explained.

2.4.4 Existing approaches

The assessment approaches include approdohasilated initially by the IPCC in 1995, the

later vulnerability and resilience approach, the-bslsed approach applied in the recent past and
the present use of explanatory modelling daksiown as robustness analysis). This section
intends to highlight each of these approached present a case for selecting the risk-based

approach for this thesis.
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IPCC assessment and guidelines
The first set of guidelines and impact assesgnmethodology were developed by the IPCC in
1994 (Carter et al 1994; ParmgchCarter 1998). The approactvolved a seven step process:

(1) Defining the problem;

(2) Selecting a mhbd of assessment;

(3) Testing methods;

(4) Selecting climate change scenarios;

(5) Assessing biophysical and socio-economic impacts;
(6) Assessing autonomous adjustments; and

(7) Evaluating adaptation strategies.

The IPCC approach is widely known as anstard’ approach or top-down approach, where
scenarios and global circulation model (GClpjections are considered and regionalised
through downscaling methods to assess the imgphisical vulnerability) As cited in Burton

et al (2002), this approach has generated langeunts of literature in lation to assessment of
biophysical impacts being repodtén IPCC Assessment Reports.

Since the approach suggested by the IPCC rékgawily on scenario ktion (both climate
change and socio-economic scenarios), etheas been much work done on methods and
guidelines for developing and selecting approprsaenarios. The extensive research carried out
in area of impact assessment using the IP@@raach, includes studies done for agriculture,
land management, and hydrology and water ressu(Menzel 2003 and Yurplin et al 2007,

as cited in IPCC 2007b). Recent studies in tlka @amphasise the development and use of socio-
economic scenarios for impact assessment @rngell 2004) and asssment of uncertainty
associated with scenarios and downsecainodel use (Katz 2002; Dessai 2003).

In spite of the wider use of IPCC guidelindss use has not generated enough information for
decision makers to make sound adaptation decisibims shortcomings of this approach arise
primarily from choosing from a wide range of potial impacts of future climate and associated
cascading uncertainty from climate scenarios and socio-economic scenarios, the accuracy issu
arising from the application d8CM scenarios to regional atwtal-level ground conditions and
projections for changes in mean and extreraesegional level (Budn et al 2002) Other

(secondary) factors mentioned by Burton et al (20fhprise i) scarcity of consideration of
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adaptation options other than that suggestednijyact assessment; ii) no consideration of
obstacles to the adaptation presalue to social and behaviouaslpect; and, finally, a missing
context to the policy for adaptation and vulnerabildguction. As a result of these shortcomings
a successive approach with vulnerability redurtisensitivity and resilience as core elements
was considered as forwarding the policy context for adaptation.

Vulnerability and social resilience approach

In contrast to the IPCC quantitative approatthis approach takes dew of community and
social capacity to cope with the changirignate or extremes by studying and assessing the
vulnerability on the basis of inhent social variables. Contribog to this is the study of the
current adaptation to events and climatic changes, considered as a primary point for

understanding the process for giviogtions for future adaptation.

The approach at its heart considers socidhemability, resilience and options to increase
adaptive and coping capacity as a means phiitating adaptation policy (Kelly and Adger
2000; Downing et al 2003).The iration of the vulnerability resean and the effect of available
monetary and social resourcesitglividuals and to society haslated largely to work first
published by Sen in 19814nssen et al 2006),.

The argument put forward in these stud@®poses a bottom-up approach involving the
stakeholder. Here the assessment pointers fexability, responsesna capacity to absorb
losses or multiply profitability to the present day, or recent historical changes and extreme
events, are regarded as the best gauge to understand how society and individuals might respo
to future climate change. The added dimensiomstftutional structure, resource-base, political
scenario and societal and individleapacity are noted to impre adaptation policy. This is in
contrast to impact assessment studies, which adered with inherent uncertainty related to the
modelling and projection duture climate change, making it difficult to conjecture responses for

adaptation policy with respect totfwe changes and extreme events.
The extensive research to date with regardhie approach is diveesand has concentrated

largely on vulnerability and agbtive capacity and has only recently been found overlapping and

merging with the resilience knowledge base (Janssen et al 2006).
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The disadvantage with this approach is that in spite of being based on the rich data of experienc
and measures taken in response to presenegagme events and changing conditions, it is
restricted in its application ith future climate changes and extreme events as these may pose
different kinds of risk as opposed to today andy or may not result in similar damage or
opportunities. Thus the vulnerabyl approach —although it offe perfect guide to understand

the inherent response mechanism to changesdgtg@nd individualsit cannot completely be

taken as a guide to future responsesaoaiety to unknown climate change risks.

Risk approach

Throughout the first- and second-generation apphes mentioned above, it was evident that
addressing uncertainty related to the climate projection scenario and the sensitivity of the
decision made to future changes in climateéhis key to appropriate adaptation policies and
project-based decisions. Rislssessment and analysis give @pportunity to address such

uncertainty and sensitivitelated to decision making.

The application of a risk assessment framevem#t methods to climate change is emphasised by
Jones (2001) and Willows and Connell (2003) wh#nes (2001) identifies ‘environmental risk
management’ (or ‘environmental risk assessMead the process afdentifying, evaluating,
selecting, and implementing actions to reduce letd human health anid ecosystems. On the
basis of the IPCC impact assessment approacies)2001) sets out thalowing seven stages

of risk assessment (see also Figure 4):

1. Identify the key climatic variablesfa€ting the exposure units being assessed.

2. Create scenarios and/or projected ranges for key climatic variables.

3. Carry out a sensitivity analysis to assehe relationship between climate changes
and impacts.

Identify the impact thresholds to Aealysed for risk with stakeholders.

Carry out a risk analysis.

Evaluate risk and identify feedbackselk to result in autonomous adaptations.

N oo g A

Consult with stakeholders, analysegwsed adaptationsn@ recommend planned

adaptation options.

The importance of the stakeholder’s participatet Stage 4 is spemtl by Jones (2001) for
identifying the impact thresholds, as stakeholders are the best source of information relating tc
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impacts experienced. The key climatic variablesidentified in consecutive steps. Based on this
the probabilities of variables crossing the shaitder-defined thresholds the context of the

projected climate-change rangee analysed to get the maxim@and minimum impact levels.

KEY
CLIMATE
VARIABLES

PLANNED
ADAPTATION

AUTONOMOUS .

ADAPTATION STAKEHOLDERS

SENSITIVITY
ANALYSIS

THRESHOLDS

Figure 4: Risk assessment framework for assessing climate change impacts
(Source: Jones 2001)

In spite of being stakeholder-foad; this approach is still a&enarios-oriented approach (see
step 2), which once again brings forth the diffig associated with uncertainty in scenario
selection and modelling as evident in the previousentioned approaches. As a step forward in
assessment approaches a more generic risk-assessment framework, suggesting minimu
exclusive use of the climate change scenfotouse of organizational adaptation options and

decision making, is proposed by UKCIP.

2.4.5 Approach considered in tis thesis and the reasoning

The use of assessment approaches mentionedre@ab been found in diverse studies, ranging
from impact studies for water and biodiversipglicy studies (the land management, farming
and agriculture sectors) and cost and investnte strategic decision implementations for
climate change adaptation. tBless has been achieved in assessment and adaptation at the
commercial/corporate organisation level. The majority of approaches in this area currently
address corporate climate strategy for mitigatpproaches and adaptation in terms of how do

business in response to increasing lediish and stakeholders’ expectations.
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Although much research has beemdertaken for climate changmpacts and adaptation in the
building sector, a considerable amount of this is in relation to residential and new developments
Enquiries on adaptation of existing commer@ad corporate built assets, and management
buildings (either commercial or ref@ntial) have remained unaddressed.

This thesis thus has atteteg to study the adaptation abrporate built assets through
formulating facilities management strategy witblp of available adaptation approaches, tools
and climate change data. The study is based oprémise that with the help of available tools
and climate change projectiontdait would be possible to @dict future impacts and risk
associated for a corporateoperty portfolio and its managemgmicess. Based on above, the
facilities managers would be ahteshortlist impacts for indidual properties and outline related
measures (adaptation options) to be includednaintenance and management strategies to

ensure adequate performance of built agsetsuccessful survival of the business.

In order to fulfil the research agenda a piad participatory-stugrbased approach was
considered to be most appropriate, as it waffdr a reasonable level of interaction with the
organisational staff and the fatiis management personnel reweglthe intricacies associated
with using adaptation tools and climate ange projections by faciliies management

professionals.

A proposal was made to a commercial orgation (henceforth theoarticipatory study
organisation) and its facilities management departras a result of organisation’s early interest

in participation with the research project. Based on the review of available adaptation
frameworks, tools and techniquesggented in section 2.4.4) tkelection of appropriate tools

for future risk assessment was made, based on which adaptation measures could be included

future FM strategies.

The following aspects were consideredle/iselecting the appropriate tools: :

¢ The limited knowledge of facilities managewsd organisations about climate change

science, its projectionsnodels and uncertainty;

e The adaptation framework and decisionkimg tools which are easily understood and

implemented by FM and within the conteftthe organisation and marketplace; and
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e The availability of the data relating to both the organisation’s built assets and climate

change projections.

Keeping these in mind and frometladaptation approachesviewed in the literature, the UKCIP
framework for risk assessment and decision mgkn the face of future climate change was
found appropriate for implementation with tHacilities managementepartment of the

participatory study organisan. The reasons for selarg the framework were:

¢ Its wider use in businesswtinuity planning decisiongroject management health—
and-safety issues, disaster managensmnironmental management and insurance.
(Salter 1997; Carreno et al 2007).

e Easy access to the UKCIP framework and gutga due to its national context and its

application it's use UK based studies.

¢ The ability of the framework to considelimate change in thcontext of business

risk. (considering climate change as rakditional to othemarket risks).

2.5 The UKCIP decision-making tool

The UKCIP technical repbon climate adaptation and particlyarisk, uncertainty and decision
making puts forward a framework to support goedidion making in the face of climate change
(Willows and Connell 2003). The framework and related guidance is intended to help decision
makers consider climate adaptation and climafleenced decisions by identifying risk factors

and uncertainty. The stages of the framewoekmesented as follows (see also Figure 5):

e Structuring the problem:
o Stage 1: Identify problem and objectives.

0 Stage 2: Establish decision-making cidgereceptors, exposure units and risk-

assessment end points.
¢ Analysing the problem (tiered stages):
0 Stage 3: Assess risk.

0 Stage 4: Identify options.
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0 Stage 5: Appraise options.
e Decision making:
0 Stage 6: Make decision.
e Post-decision actions:
o Stage 7: Implement decision.

o Stage 8: Monitor, evaluate and review.

Although the framework does not include the desijacenarios and projections exclusively in
any of the stages, it's use promoted as a tool at the stageisk assessment {&e 3) which is

a tiered stage.

EB ldentify problem
and objectives

H Establish decision-
making criteria,

E Maonitor receptors, exposure units and
risk azsessment endpoints

El Assess risk

Implement
decision

B Appraise lcdentify
options options

A Make decision

Figure 5: A framework to support good decisionaking in the face of climate change risk
(Source: Willows and Connell 2003)

The tiered stage of the risk assessment afje&S8 involves identifying the climate variables
(temperature, precipitation etc.) which repent potential impacts and is followed by a
qualitative screening of risk and uncertainty associated waimti® more quantitative analysis

is proposed (higher-level uncertainty and sensitivity analysis) for quantifying the risk. The
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framework thus implies the use of scenariod projections relative tand in accordance with
the decision makers’ and stakeholders’ knowtedgd the level of decision making (i.e. policy,

programme, and project).

The UKCIP framework is unique its approach as it considers climate change as an addition to
the risk posed by external and market forces éod@cision maker, and moing so itprovides
flexibility of use of climate change scenai@nd projections as pehe decision makers’
requirements. The suggestion for uncertainty ymsalin quantifying riskhelps the decision
makers in reaching a robust decision in the lightlimate change. This is emphasised by the
UNFCC compendium that identifies the framelwas being distinctive in casting the assessment

process in risk and decisi under uncertainty terms.

2.6 Organisational contextual theories used for deriving conclusions

Since the present research waslertaken with a commercialganisation, in order to draw on

the results and make conclusions, organisatideaision making and orgesational learning
theories were referred to as contextuatates. Organisational decision making, which is
described in subsection 2.6.1, has been usedderstand the decision-making process adopted
by the facilities management team while ierpenting the UKCIP decision-making framework
while the organisational learning concept is outlined in sulmse2ti6.2. This concept has helped

in understanding the process and aspects which the participatory study organisation has adopt:

for considering future adaptation to climate change impacts.

2.6.1 Organisational decision making

Since decision making is an integral part & tHJKCIP risk and decision-making framework, it
was decided that a conceptual understandindeafsion making and its ffierent perspectives
would help forward the discussis arising from the implementation process and consolidate
overall conclusions. The following paragraphs defdecision making, togethwith its various

approaches and models, in brief.

Decision making is the process of making cheirem among two or more alternatives, which

is influenced by political processes, the power exercised by the individual making the decision,
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and the tactics used to gain advantage @Ktsi and Willmott 2007; Buchanan and Huczynski
2010).

The decision making within an organisationdescribed by Buchanan and Huczynski (2010)
can be undertaken at three levels, as indiVjdgraup and organisational. Within these groups
mainly two types of decision process occnamely structured and unstructured (McKenna
2006). The structured approach uses petspgeoormative models where linear statistical
methods are used (e.g. Bayesian theory) ardnbthod is more concerned with the process
followed by the individual or a group (M@fina 2006). Buchanan and Huczynski (2010)
associate this approach with the classicalwiwvhere empiricism and positivism is supported
through logical reasoning and argument. The logieasoning and methoftsrmulate part of an

organisation’s structured way sblving routine decisions.

The structured approach has a limitation iasloes not account for individual cognitive
influences, information procesg abilities, attitudes andehaviours. These aspects are
considered in cognitive, bounded rationalitydagescriptive models (McKenna 2006). These
descriptive modelplay an important role in unstructarelecision making, which in essence is a
type of decision making where the decisions haviee made in the presence of uncertainty and
risk — i.e. where there is a lack of infornmatito estimate likelihood of outcome and associated
payoffs (McKenna 2006). Descriptive models takto consideration indiduals’ ability to
process information and the way they make slens is influenced by following six factors
(Buchanan and Huczynski 2010):

¢ Individual personality;

Group relationship;

Organisational power relatiohips and political behaviour;

External pressures;

Organisational strategy; and

Information availability.

The approach also recognise that for a partiagaision (a) the definition & situation is likely

to be incomplete; (b) it is impossible to generate all alternatives and predict all outcomes; and (c
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final decisions is likely to be influenced by personal and political factors. As a result of these
aspects the descriptiveaakels as per McKenna (2006) useséhmain processes to arrive at a

decision:

¢ It considers alternatives in sequential fashion;
e It uses heuristics to identify the most promising alternatives; and

e [t assumes that decision makers consmier alternative at a time and choose the

option which satisfies the maximunumber of criteria set.

Noting the use of heuristics in descriptive modél$as been argued thase of heuristics in
some cases cause users to be biased towah#sent human intuition which in spite of
complementing systematic analysis are virtually undetectable. Tdrusdaptive decisions
attention should be given rfoa balanced use of heurts and quantitative decision
tools.(Buchanan (2010and McKenna (2006)

In addition to heuristics the unstructured aamhptive decisions are also influenced by the
decision maker’'s approach — for instance whethernrhividual is ‘divegent’ or ‘convergent’,
what their decision style is, and the culturetio¢ organisation. The fivetages of decision
making to be considered in the context of oigational culture, refeed by McKenna 2006 are:

1) Problem recognition — problem solving is proactive in some cultures;

2) Information search — some cultures painmore fact gathering then others;

3) Construction of alternatives — future-oried cultures will seek more alternatives;

4) Choice — organisational culture dictates tbvel and speed at which decisions are

taken; and
5) Implementation — The structure and cultofeghe organisation will determine the

speed and accuracy at which the implementation is made.

While, a divergent individual isxpressed as individual who is able to explore more avenues to
problem solving and thus will be involveddneative and innovative decision making, where a
novel way of doing things is sought. Amongst thghedifferent style oflecision-making i.e.
Sensation thinking; Sensation fegjjrintuition thinking;Intuition feeling; Analytical; Directive;

Conceptual; and Behavioural, the divergemtividual is likely to @opt sensation feeling,
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analytical and conceptual style as these aretaldedress uncertainty, collect more information

and seek a long-term view with more al&imes and creative solutions (McKenna 2006).

The aspects of decision making outlined above i.e. the type of decision (structured or
unstructured, with the possigieesence of uncertainty) and theripheral conditions (individual
style, and the cultural and strucal setting of the individual'®rganisation) were referred to,

while observing the participatory ongigation’s decision making process.

2.6.2 Organisational learning

Amongst the limited literature found in the areapoifvate sector adaptati attempts to relate
private-sector adaptation to orgsational learning. It claims that the adaptation process in an
individual organisation is closgkelated to the concepts ofgamisational learning, and that the
culture and behavioural aspectsttoé organisation has a considéeaibput into the process (see,
for example, Berkhout et al 2006; Pelling at2008; Wilby and Vaughan 2011; Boyd and
Osbahr 2010).

In light of this limited literature, the basic concepts of organisational learning were referred to
for the purposes of final discussions and dasions (see Chapters 9 and 10). The following
paragraphs attempt to set out organisational learning based on definitions from various pieces c
literature and its assation with other aspects of the organisation.

Organisational learning concegiave been cited in literatusence 1980 and itapplication as
per Wang and Ahmed (2003) should be lookednathe context of ayanisational strategy,
culture, absorptive capacity, and structure and employee participation where different
perspectives has been provided on the sulljedtevitt and March (288), Senge (1990) and
Argryis and Schon (1996). From amongst thesespgestives the view by Argryis and Schon
(1996) and Levitt and March (1988) are citad the organisationabdaptation literature.
According to Argyris and Schon 996), organisational learning oegsuwhen individuals in an
organisation experience a problemadiation and enquire into @n their organisation’s behalf
Learning involves the encodinig organisational routines ,tHessons learnt from problematic
situations, . This process altering routine, k&ol changes in organitganal behaviour and is
referred to as adaptati@erkhout et al (2004).
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Kloot (1997) after Senge (1990) and ArgyrigigBchon (1996), relates aotation occurrence at

two levels of learning?l) Related to the learning enough to allow the organisational survival
(single loop learning) which does not requirejor change and 2) generative or fundamental
learning (double loop learning) which enhandbs capacity to create new paradigm#loot

(1997) insists that organisational learningjuiges double-loop learning practices, which is
associated with the four major construaté organisational learning, namely knowledge
acquisition, information distribution, inforrtian interpretation and organisational memory.
With a similar emphasis Berkhout &k (2004), after Winter (2002)jescribe the stages of the
organisational learning cycle as signal recognition and interpretation, experimentation and searc
(likened to knowledge acquisiti, information distribution rad information interpretation),

knowledge articulation, and codificatiomibedded as organisational memory).

It has been suggested that thenstructs and stages of argational learningare in turn
affected by management control systems aggrasational culture and strategy. Organisations
are considered as social systems where streietod culture shape the learning within them and
management structures influence the constmictsganisational learng, especially knowledge
acquisition and distribution. (Pelly et al (2008), and Kloot (1998 mphasis has been made on
collaborative cultures, which encourage dedfdeuble-loop) learning in the organisation. Lopez
et al (2004), Pelling et al (2008) after Elwyn et al (2001), The four ways in which culture
influences the behaviours central to theowkiedge creation and distribution aspect of
organisational learning defined by Delonglad=ahey (2000) are presented in Figure 6.

Shapes the knowledge worth keeping

L | Defines relationship between individual and organisation

Culture

Creates context of social interaction that determines how
knowledge will be used in practical situation

Shapes the processes, by which new knowlwdge are created and

used.

Figure 6: Culture influencing knowledge creation
(derived from an explanation based in Delong and Fahey (2000))

The perspective of organisaial learning mentioned abovieelps to see organisational
adaptation as a process of orgational learning. This distinctm, along with &ctors identified
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by Berkhout et al (2004), areeferred to while drawing cohgsions in Chapter 9 and the
emerging application of concepts of informal l@ag, shadow networks arscial interaction to
adaptation and adaptive capadityilding, as highlighted by Wilby and Vaughan (2011), Pelling
et al (2008), and Boyd and Osb#&2010), are also acknowledged.

2.7 Chapter summary

This chapter has assimilated various subject @areedation to the present research. In doing so
it identifies the associations and gaps, whioclm the basis of theesearch questions and
objectives. The six significant asyie identified are as follows:

1) Climate change will have physical aogerational impacts on businesses and their
built assets, which represent future risks to business function. A facilities manager, as
a manager of business requirements, bu#tets, would be reqed to respond to

these risks.

2) The present maintenance and FM strategy models do not predict demands more tha
five years into the future and thus aret responsive to the risks posed by future
climate changes to existing ilitassets over gonger time frame (20 to 30 years). In
light of this a new approadbk required, which can allow facilities managers to assess
future risk on their organisation’s existing bassets arising from climate change, and

integrate adaptation options intethFM and maintenance strategy.

3) Many approaches exist that assess theaatgp of climate change but in the UK
context, at the time of study the clirmathange projections (UKCIP02) and the
UKCIP risk and decision-making framework readentified as useful tools to assess
the risk and evaluate adaptation optidns businesses and public-sector entities.
Adoption of these tools to support the nevpraach for facilitiesmanagers to assess

risk to their existing built assetsgsents a valuable research avenue.

4) The understanding that an orgsation’s approach to climatdange is influenced by
legislation and financial and market forcdfers an insight into existing FM action for
climate change. The distinction of wideragtiation concepts such as adaptive capacity
and resilience in an organisational contafkér the basis for FM adaptation choices.
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5) The contextual theories from managemseiences, especially organisational learning
and decision making, offer valid refems as to how the businesses address
adaptation. They also provide an outlinehofv the cultural and structural aspects of

an organisation affect thedming and adaptation process.

6) The wider literature on addressing climatergy@ also identifies individual perception
and knowledge as a contributing factmr addressing mitigation and adaptation

actions.
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Chapter 3 Research methodology

This chapter introduces the philosophical premaslopted for the research study in section 3.1
and outlines the selected easch method design in sewmti 3.2. Section 3.3 presents the
qualitative approach for participatory study dgsidata collection, and analysis and validation
aspects. The section is divideto two parts: the first dealwith the participant observation
study where the UKCIP decision-making framewoarkmplemented; and the other deals with
the limited number of interviews and the analysis of strategic documents for setting the
contextual factors. Subsequen8gction 3.4 details the quantite approach for questionnaire

design and analysis and Seati3.5 summarises the chapter.

3.1 Philosophical premise

Every research methodology has its underlying séietiefs or ontological and epistemological
bases that guide the research (Creswell 2009sdlare also often known as paradigms. These
paradigms are based on many aspects such asst#aak area, researcher’s and adviser’s belief
etc. The different paradigms described randesn positivism to post-positivism, social

construction and pragmatism.

The positivist stance is attached scientific research, which is more likely to adopt a
guantitative methodology while the post-positivistdsothe belief that atudy of actions and
behaviour cannot be purely scientific. Thus tbsults from a post-posie approach provide a
measurement of the objective reality. The soadstructionist takes a stea that the individual
develops subjective meaning foetivorld and situation in which ¢y live and te study of this
complex view of an individual or their experiences is essential. fHvisurs the qualitative

methods and open-ended questiand interactions (Creswell 2009).

The philosophical stances mentioned above sseaated with distinanethodology (qualitative

or quantitative) and are anchoratlopposite ends @f spectrum. In contrast, a definitive middle
position is assumed by pragmatism, which agrees with the positivists’ and post-positivists’ belief
in an objective reality but at the same timisagree with an absolute truth. The pragmatic
position asserts that the reseamphestion is fundamental artle various research methods
should be used to answer the research quesiibagrees that the remeh questions in much

research are combinations of questions anddcbe best answered by adopting a mixed-method
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approach. The logical inquiry in pragmatisnclides the use of induction (or discovery of
patterns), deduction (testing thfeories and hypotheses) armtaction (uncovering and relying

on the best of a set of explanatidoasunderstanding the results) (Maxwell 2005).

The pragmatic paradigm allows the use of quantitative and qualitative methods in social anc
behavioural research. As the built environment draws from disciplines of engineering, social and
management sciences and business resébattows and Liu 1997, cited in Amaratunga and
Baldry 2002), and since businessearch is a form cfocial and behavioural research (Easterby-
Smith et al 1991, cited in Creslv€2009) there is every reasda believe that pragmatism is
applicable as a paradigm to business and boilirenment research. Since the present research
deals with research in the business and comaietontext and requireanswering a mix of
research questions, a pragmatic approacdapted. A sequential mixed-method strategy was
cited as appropriate whereby findings of onghuod (a qualitative partipatory-study approach)

is expanded and supported by the findings bkEpimethod (quantitative questionnaire survey)
(Creswell 2009).

3.2 Research design and methods

The overall research design and methods haemn lberived with reference to Maxwell (2005)
and Johnson an@nwuegbuzie (2004). The basic compatisepresented by Maxwell (2005) for
gualitative design refer to goals, the concepfrteiework, the researafuestion and methods

and validity.. The research method is adapted from the mixed research process model (see Figu
7) after Johnson and Onwuegbu@2€04) as a pragmatic stancela mixed-method approach is
favoured for the study. The validity aspects are chggparately for both qlitive participatory

study and the quantitaBwjuestionnaire survey.

| Mixed Methal |
Research Purpose of Select Data Data Data _ Conclgsion
Questions Mixed Research Collection Analysis Inte:)pnretatl Drawing
—P Research Metht;dology ™ @) — (5 — ©) and Report
@) @) ®) @
| Mixed Model |

Fig 7: Thematic mixed research process (adapted frdmmnson and Onwuegbuzie 2004)
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As mentioned earlier, the present study hdevieed a sequential mixed-method strategy. The
qualitative participatory study ahe commercial organisation wacarried out to answer the
primary research question of “How can an existing risk assessment framework and climate
change projection (UKCIP02) kapplied to translate climatehange impacts into built-asset-
level risk in order to support maintenance andifess-level decision maidg in a private-sector
business? This required studying the UKCH&sk-based decision-making framework

implementation with a fagtles management team.

The study made observations on (a) the overglbsure assessment of the built assets to the
extreme and changing climate and (b) the resulting adaptation process. The observed adaptati
process was seen to be influenced by organisalticontextual factors and also by the opinions
and perceptions of the participgy team members. Both of these aspects were studied through
observations and informal interviews, which gare insight into the subjective and situation-

based views and percemti of the participants.

The participatory study also outlingde barriers and facilitators it@rms of contextual factors

and from the participants’ subjective responsescesfindings were in this instance confined to
one organisation, in order to gain a broademspective on the issue and confirmation of the
findings, a quantitative questionnaire survey efwhder facilities management population in the

UK was undertaken. In addition to confirming tlesults, the questionnaiseipported the initial
objectives of (a) identifying curreM strategic approaches for €@&duction and for inducing
resilience into the commercial built-asset stackl (b) identifying influencing factors affecting

COr reduction and resilience measures in commercial built assets. The research method mod

developed for the study is illustrated in Figure 8.
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FM Interviews Any barriers or Resources and | | Structured or unstructured
facilitators data required process /tools for assessing
climate change impacts

Questionnaire Determinants for Actions for Awareness and knowledge
mitigation and mitigation and for climate change actions
adaptation actions|| adaptation perception about climate

change and government
action.
Participatory study —
Implementing UKCIP frame Assessment process
accommodating a - - .
changing climate .
ging Observations

Adaptation process

Questionnaire —validity of
observation in wider FM
community

Fig 8: Research method model

3.2.1 Applicability and validity

The research deals with one papatory study and attempts &hieve the objectives mentioned
in Chapter 1. Although the quesgtimaire survey helps to confir the results achieved through
the participatory study in wider facilities managent population, it cannot be considered as a
generalised finding for all commercial organisati@sseach organisation differs in terms of its

business sector, behaviour and culture.

Since there is very little research carried ontthe subject of making commercial built assets
resilient to climate change through adaptivelfies management, it was necessary to test the
suggested concepts of this resbaon a single entity. Alus in an attempt tanswer the research
question, this study has takea singular approach (MaxWwe2005) and has undertaken a

participatory study of one commeatiorganisation from the serdcector. The dbor’s hope is
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that the findings will lead to wider researom commercial built-asset adaptation to climate

change.

Findings from a singular study always face theasstiexternal validity (knowing the extent to
which results could be generalised) but at the same time such a study has an advantage over |
survey method and multiple study cases where theareher is able to access unique and most
relevant information (Yin 2009). This is the case in present study. The findings from the singular
participatory study could also be applicablecases with a similar context — leading, for an
example, to a generalisation that legislation, riceanand corporate social responsibility factors
will always be the deciding factors in takimgtion for either mitigation or adaption. These
generalisations are assistedrotigh the study of contextudhctors affecting commercial

facilities managers.

3.2.2 Ethics

Ethical issues in research could arise in dpeg research questions, or in collecting and
analysing the data (Creswell 2009). Within presesearch, these issues arise on the part of the
researcher while engaging withcommercial organisation in esgifying the research question
and in data collection. Thiwas resolved by developing a coogtéve relationship between the

key representative of the omgjaation and the researchers. The central research question was
derived from the initial reseeln proposal in collaboratn with these key personnel.

For resolving issues with datallection, a reciprocastructure was crealewhereby the data
pertaining to the organisational strategy and targets collected after consultation with the key
organisational representative. This responsive aggir was also maintained with the facilities
management team members participating in tise study whereby, at the end of every stage of
the risk-based framework implementation procélss,observations and conversations noted for

the purpose of the research were sent batke participants for confirmation.
Anonymity for participants and the source of strategic documents wiasamad throughout the

analysis and reporting stages of this reseaitso, no findings have been made public without

prior permission from either the participant or the organisational authorities.
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3.3 Qualitative studies: Patrticipative study observation and interviews

outlining contextual factors

The aim of the qualitative study was twofold. Thstfivas to observe and identify the process of
implementation of the risk-based UKCIP tool with the team of facilities managers. This helped
in answering the primary research questiorhofv to generate a long-term climate adaptive
facilities management strategy using availabdé& assessment frameworks and climate change
projections. The second objectivetbé study was to identify the internal and external contextual
factors affecting the mitigation and adaptatiantions of facilities managers within the

commercial organisation.

The observations made while implementing theQUK decision-making tool are presented in
Chapter 5 while the identification of the contexttedtors is reported in detail in Chapter 4,

which also give background inforiti@n on the participating organisation.

3.3.1 Methods

Yin (2009) mentions six sourcesgi methods) of evidence (i.e.tdpcollection used in the study
of individual cases, namelgocumentation, archival recordsterviews, direct observation,
participant observation and phgal artefacts. Among thesdhe two methods of direct
observation and participation asation have long been useéd the social sciences and

organisational research &€sell and Symon 1994).

In order to answer the resebrquestions and gather thequ&ed data, the present study has
collected data from organisatial strategic documents, informal interviews and participant
observation study. The strategdocuments and the informal interviews have helped in
identifying the organisation’s ovall environmental approach aedntextual factors responsible

for the organisation’s advancement over time in addressing mitigation and adaptation issues. Th
informal semi-structured interviews were admaptto encourage the discussion of relevant

contextual factors other than the omdentified from the literature review.

The participating organisatios’'facilities and workplace operations department was involved
with the research from AprR006 to April 2007. Later involveméemvas not possible due to the

emergence of the worldwide financial turmoil and especially because the participating
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organisation belonged to the banking sector. Theachof such turmoil on the research could
have been explored in detallit this would have taken extéves time and resources, which were
not possible during the period. Theeint is discussed in more tdéd in concludng Chapter 9,

where suggestions are made for such studiesake the form of further research.

During the period of the orgasation’s close involvement in é¢hresearch, there were four
meetings involving six workplacéfacilities) management staff for the implementation of a
UKCIP framework and for introducing UKCIPO2 clte change projections. This arrangement
generated the observations and informal disoassihat form part of Chapters 4 and 5. The
organisation’s internal and external contewds examined through four semi-structured and
phone-based conversations. In addition, six strategic and three external proposal documents we
examined — these were not publicly avakaldnd were only provided because of the
organisation’s involvement in the research projés a result of this study, the research team
also had an opportunity to re@ent the organisation in onetexal event and generated two

intermediate reports to the organisation.

At the beginning of the study, the actions famelte change mitigation and adaptation planned

by the participating organisatiotggether with the reasons fandertaking such actions, were
established through an analysis the strategic documents atitfough interviews with four
facilities and operational maintemge personnel (see Appendix The questions for the semi-
structured initial interviews were based on the concepts identified from the organisational theory
base literature addressing internal and extezoatextual factors, as outlined in Chapter 2. The
semi-structured interviewsnd the phone-based comsations were documented immediately
after each event. A recording device was nsed in these interviews to ensure the

confidentiality of all organisational strategic disclosures.

3.3.2 Analysis

Analysis was carried out of ¢hdata gathered thugh interviews and strategic documents. The
strategic documents were referred to fornpled and past measures and targets. Three time
periods were identified:

1) An initial phase, where the organisation haattetl to take actiontowards climate change
and sustainability as whole;

2) The action undertaken durittge research period; and

66



3) Targets as well as actions planned for theré&s This approach was used to determine the
pattern followed by the organisation..(A chartatang to these time series can be found in
Appendix 2). The data drawn frothe strategic documents alsdgel in triangulation of data
received from organisationataff in interviews and th&JKCIP framework implementation
process.

The study has taken the template analysisagubr suggested by Kind498), cited in Cassell

and Symon (1994) for analysingténview data. This approach places itself in between content
analysis (where the codes for interview analysis are predefined) and the grounded theory
approach (where the codes aerived from the data (King 1998, cited in Cassell and Symon
1994). As per the approach, a seaqdriori codes are identified from the theoretical background
and are further developed through the interviemtent. The contextudhctors in the present
study were thus identified by the researchderreng to the literature outlined in Chapter 2.
These factors were set aspriori codes. The interview data was added to this identification
during the analysis stage, givinge to a hierarchicalet of coding templase Since no recording
device was used during the interview proced® notes taken during the interview were

transcribed at a later stage.

The data analysis went throudbllowing stages, as adaptedin King (1998) (, as cited in
Cassell and Symon (1994) andoStrd and Jupp (2006) :

e Data familiarization and transcription — This involves familiarising oneself with the
interview notes and expanding or transcribiing same. The procelslps in identifying

overall interview content and correctiagy errors during &mscribing phase.

e Primary coding — During this stage the content related toahwiori codes are
identified and coded accordiyglThere were in total eiglat priori codes identified from

the literature.

¢ Identifying new themes/factors— At this stage the interview notes are referred to for
identifying any emerging factors additionalgoory codes There were two additional

(post priori) codes identified from this phase.

e Verifying the factors (codes)- For this stage the tgmiori codes were discussed with a

member of the facilities teamho was involved in the interview. This was to ensure that
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no additional factors remained unidentifiedaBiammatic charts of these codes were

discussed with the researghide to ensure validity.

e Developing a template- A template is developed after identifying thpriori andpost
priori codes. The interview notes were referre@dnce again and new codes were added
wherever necessary. Thus at the end ofdtage there were a tot sixty three codes
identified, which were then arrandjén a hierarchical array. The t@niori codes were
placed at the top of the hierarchy and the wese arranged in clusters as per their
associations, fitting to the priori code categories. This produced a three-tiered coding
cluster where each priori code included two or three sabdes, which in turn included

other explanatory coding terms. The finatlow template can be seen in Appendix 3.

e Writing up the findings — The findings of this analysee presented in Chapter 4
where the participating orgasation is being introducedith help of the contextual
internal and external factoesd each factor is elaboeatwith help of interview

conversation notes.

3.3.3 UKCIP framework implementation —participation observation study

The observations in the research study wereiethrout to gain an understanding of the
significance that specific activisehave for participants, or sitypto see ‘how things happen’
(Blumer 1969, as cited in Gibson and Brown 20@¥servation studies as per Sapsford and
Jupp (2006) can be undertaken to collect quam&atata on incidencecourrence, to obtain a
qualitative description of behavioand the culture of group or institution oto test particular
theories and situations. In the present aede the participatgr observation study was
undertaken to test the applicatyilof the suggested concept génerating a long-term climate-
adaptive FM strategy, and to identify barriers and facilitators for FM teams when generating
such strategies. In this context the obskowa study tests the alipation of the UKCIP
framework with the participatg organisation, understanding aeadong with the influence of

the contextual aspects oppication of the framework.

The two distinct types of observational research defined by Gibson and Brown (2009) are knowr
as ‘structured’ and ‘unstructuteobservational research. Struced research has a well-defined
observation schedule where the mster is looking for evidence confirming predefined aspects
and practices. The aim of struadrobservation is to produce quattve data in examination of

relationships, behaviours and patterns (Saplsfand Jupp 2006). In contrast, unstructured
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research works in an iterative way to find @liout particular practices and aspects. In the
unstructured approach the intstrés worked through the cat (Gibson and Brown 2009). The
main technique used in such a study is paditippbservation, where thesgarcher participates
in the study to a certain exteto understand the contextualctors and makes observations.
These observations are combineithwnterviews, conversationd are recorded in field notes
(Sapsford and Jupp 2006).

Since the UKCIP framework implementation pregevithin the participating organisation was a
newly introduced practice during the reseampdriod, it had no predefed behavioural or
contextual aspects for which confirming @pposing observationsould be made. The
unstructured observation was therefore found approgriatas situation ad could contribute to
understanding the way in which the implemewtatprocess was carried ooy the participants
and the nature of partgants’ responses during the entire process.

The approach helped further in answeringo tprimary research questions: ‘How can the
organisation achieve a climate-adaptive FM styg?eand ‘What are the ba@ers and facilitators
that help an FM team use the projections #mel tools to generate such a strategy?’ The
participant observation technique was adopted, vhieant that the researcher became a part of
the process whereby the UKCIP framework staayess UKCIPO2 projectionwere explained by
the researchers and theopess was facilitated by regular inptitequired or requested by the
participants — thus confirming éhrole of the researcher with minimum disruption to the actual

process. The informal conversation during the study also added to the observation made.

During the participation observation study o&tbKCIP framework implementation with the
team of workplace (facilities) management staffservations were made on the team members’
responses to individual stagestbé framework. The outcomes for each stage were given to the
team members in the consecutive stages arttieaend of the entir@rocess. This process
identified the limiting and promoting aspectstioé UKCIP framework implementation in use of
the UKCIPO2 projection, and observed the badtet exposure assessment and resulting
adaptation process. It also helped in genagga#in overall agreement within the participating
organisation to address adaptation and mitigaéind formulate an initial strategic adaptation
response for the built-asset portfolio. The interoahtextual factors feecting the adaptation

approach were revealed thg the informal conversatns with team members.
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All the observations during the UKCIP framework implementation process were documented in

note form as each stage progressed and fulyetranscribed at a later stage.

3.3.4 Analysis

In an observation study, researchaeed to make a practicastinction between what happened
(description) and what they ttk about what happened (analysisinterpretation) (Gibson and
Brown 2009). Following this distinction, implementation of a studyudet two distinct
sections: (a) a summary of the result of eaelgest(description); and (b) the observations made

about each stage by the researcher (analysis).

Since field notes are a way for researchers itiktthrough the setting and its analysis (Gibson

and Brown 2009), the research under disarsselied on the field notes taken during the

implementation process, which were a mix ofainquotes, conversations and the researchers’
own thought processes. All the notes were trdiped as soon as possbtiuring and after the

implementation process.

The analysis of the data thus ealled followed the following steps:

e Step one — Written field notes, questionand answers and concerns (if any) of the
participant. During the initial introduction and subguent application of each of the
UKCIP framework stages, brief descriinotes were made pertaining to what
happened and the questions raisedebated. These were latesed as a feedback to the

team before embarking on the new stage.

e Step two — Writing observaton notes after each stagesShort observational notes were
formulated after each stage, which included the researcher’s reflection on the

participant’s response to the parti@ustage and their concerns if any.

e Step three — Familiarisation with the notesThe descriptive notes and observation
notes were read through to familiarise thee@cher with the overall content and the
emerging themes. This step also helped mection of any errorsnade in recording the

notes.
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e Step four — Identifying the issuesBy comparing descriptey and observation notes on
the emerging concerns of the particifsawith the UKCIP framework and UKCIP02
projection, an overall approach for adaptation was identified.

3.3.5 Validity

The issue of validity in research data deals vaiticuracy and reliability of the data gathered.
With observational studies, Sapsford and Jupp06) report threats to validity arising from
the possibility of reactivity, inadequacies @heasuring instruments, observer bias and
misconception, and misinterpretation of the @ noted. These threats are addressed through

triangulation and respondents’ validation.

The threat from reactivity was kept to a minimum because the involvement of the researcher
though intensive, was only for a short period of temne during this period the researcher did not
attempt to change the organisational situmatiut, rather, observethe changes which had
occurred and study the implications of introthg a new process within the facilities and
operational environment. In addition, the issugesdearcher bias wasldressed by discussing

the overall observations with a seniosearch guide and a research colleague.

Other methods of replication of the study andtuelg were not applied due time restrictions
with the participating organisatn. Also, comparison with similssettings was not possible to
gain as no such study was ditduring the period of researatithin the literature or by the

participating organisation.

Triangulation involves cross-chenlg the data from the obseion study with other sources
such as documentary evidence, interviearsd conversations. The observations and data
collected from the implementation process welateel to the data gathered from the initial

interviews and informal conversatiotes agreed with the participants.

Respondents’ validation involvesroparing data gathered by the ebger with the data received
from the participants involved. This was achigéwe the current study bgresenting observation
notes to the participant at tiséart of each new stage in the immpentation process and also at
the end of the study. The observations made werrsised with the participants during informal
conversations to establish their agreement or disagreement on the same.
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In addition to the validity aspg Sapsford and Jupp (200Bighlight many advantages and
disadvantages of the observation study. The advantages of an observation study include dire
involvement, resulting in data accuracy whichtumn permits insightand supporting data for

other findings.

In contrast, the disadvantages include limictess to sites and participants, changes in
participant behaviour becauseth& observation being made, obssrbias and observation of a
restricted range of subjects. The mitigaticstrategies adopted for overcoming these

disadvantages are as follows:

e Limited access to sites and participants This was not the case in the present research
project as complete access and familiarity with the participants and the FM team was

gained both before and during the study period.

e Change in participants behaviour due to observation being made This situation
was a very rare occurrence in the implementation study as the researcher became a part
of the process from the beginning of eatdge, which made the process open for

discussion and input, thereby reducing tihances of any ‘conscious’ behaviour.

e Observers’ bias— to minimise this aspect, the obssigons and the results of each stage
were provided for the participant’s referenBming this avoided any misinterpretation

in observation description.

e Observation of restricted range of subjects- Since the observation was made during a
single case, the representativeness of theysisalas restricted. To support the findings
of the single-case observations, the latagstof research involved a questionnaire
survey to confirm the findings from thparticipatory study witlihe wider facilities

management community.

3.3.6 Methods not employed

The avenue of so-called ‘actiorsearch’ could have been admptinstead othe participant
observation study in implementation of the UKGi&@mework, but it was notonsidered fitting

to the study because carrying out an action research which followed a continuous cycle o
response and feedback was deemed time-canguand also would have required additional

dedicated resources on thart of both the reseaner and the organisation.
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The contextual factors derived from the literatared consecutive interviews had the potential
for adopting a focus group approach, but once again the time constraints presented by th

participating organisation vgaa restricting factor.

In spite of these methods not being implementeel study was able to gaththe data required
to answer the primary research question andatives. The organisation participation achieved
was short but intensive, revealiagpects relevant to a facilitiss|anagement approach to climate

change in a commercial setting.

3.4 Quantitative study: Questionnaire survey

The qualitative study had identified influentictors and aspects (mentioned in Chapter 5)
which were important in forwarding the dialogue for a climate change adaptive facilities
management strategy in a comugial setting. To ascertain thegsence of these factors in not
only the participating orgasation but also in the wideadilities management population, a

guestionnaire survey was undertaken.

A questionnaire survey method was chosen tueonstraints on resources available to the
research study. Also, the purpose of the survey was not to establighoanded theory; instead
it was used to confirm results obtained frtime qualitative study (as mentioned in the mixed-

method approach outlined above).

Oppenheim (1992) suggests twosioatype of questionnaire sy design: ‘descriptive’ and
‘analytical’. The dscriptive design generatémsic counts of certain ahacteristics (as in, for
instance, census or public-opinion polls) while the analytical survey design looks for differences
in the representative groups or relationships betwvariables. This study adopts an analytical
survey design as it seeks to find out the retethips between the amtis taken by facilities

managers and related aspects.

3.4.1 Questionnaire survey design method

On the basis of the conclusions made throughgtialitative study, the questionnaire survey was
designed keeping in mind three key questions:
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e What are the facilities manager’'s perceptions of climate change mitigation and
adaptation?

¢ What action has been taken by the faciline@nager for climate change adaptation and
mitigation (and are these actions strategic or operational)?

e What aspects affect their adaptation and mitigation actions?

These questions determined the variables texiaenined. As Oppenheim (1992) described, these
can be divided into experimait dependent and uncontrolled adolies. The overall design

of the survey was derived from the strategy put forward by Oppenheim (1992), as shown in
Table 1.

Table 1: Strategy for survey design (Source: Oppenheim 1992)

Little known Well-researched domain

No control over events Cross-sectional designs, | Factorial design, multivariate

U

natural experiments, panel | analysis including multiple

studies. regressions.
Power to control events &ined prospective follow- | Before—and-after design
up with control sample. (matched groups), effects and

intervention studies.

In spite of best efforts to formulate an appraf questionnaire, the searcher did not have
control over the situation in whicthe questions would be answered by the respondents. In order
to overcome this obstacle, a factorial design was adopted whereby the result of correlatior
amongst the questionnaire variables and logisgeession would together help substantiate the
findings from the qualitative study. The quesmaire was divided into five sections (or
modules), each dealing with a specific topldhie questions followed a funnelling approach
whereby each section opened with a genexhligaestion and led on to more specific and
attitudinal questions towards the end of the syrfhe questionnaire used a mix of open, closed

and ordinal-scale questions, making e#or the participants to navigate.

The survey thus designed was sent to alliBritinstitute of Facilities Management (BIFM)
members across the United Kingdom. It shouldhbeed that although thetudy wanted to find
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the private-sector FM perception and action alotiotate change, it was not possible to consider
a sample only consisting of pate organisations aswas found difficult toget in touch with
facilities managers, particularly in large prigatrganisations. Thus the BIFM member’s online
database was considered as a sample populdor the questionnaire and a web-based
questionnaire was constructed. Further explanabn the choice of th&IFM database as a
targeted sample population and the ratiorfale a web-based questionnaire is provided in
Chapter 6 (section 6.1).

The questionnaire was designed using SNAPwso# for questionnaire design and analysis.
Couper (2008) describes a web-based survey in terms of two types of tasks, the first of whict
deals with answering the questions while tleeos\d addresses the fiation of navigation
through the survey. Couper (2008) further suggeststtie user should be able to complete the
primary task but at the same time the seeopdask should be available when required.
Emphasis is also made on the legibility adidtinction between instruction and questions
through colour coding. In order to fulfil thespresentation criteria, the questionnaire had

included a balance of secondargkta with distinctive} colour-coded instruction and questions.

Before making the survey available for use by the chosen sample, a pilot questionnaire wa
distributed within a group of cahgues known to the researchEhis was to ensure the
presentation criteria requirefbr a web-based survey. The pilsurvey was carried out to
ascertain the appropriateness of the questmsied (i.e., whether the questions generated
answers which could be used for further ana)ydis find out whether a likely response rate
would be obtained that was suféait to make validated claimsjagto avoid misinterpretation of

any question. On successful completion of thetpi#orevised final survey was sent out as
individual e-mails to 4,827 BIFM membengsulting in 479 responses representing a 10.8%

response rate.
3.4.2 Analysis
A workable hypothesis and variablevere set for the questionnagarvey, A table representing

the relationships amongst the variables andyaislto confirm or reject the hypothesis is

presented in Chapter 6
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The online responses of the quasnaire were imported throughgtSNAP questionnaire survey
software. In order to perform an in-dephalysis the use of thetatistical package SPSS
(Statistical Package for Social Science) wasnded necessary as a result of which, the following
data preparation was undertaken. The overaltgse of data preparation and analysis is one
adopted from Oppenheim (1992) and R&li@005), including following stages:

e Preparing a code book- In order to analyse the datea statistical package it is
necessary to convert the datatained from the survey ineonumeric form which can be
interpreted by the statisticahckage. This process of conteg the data obtained from
the survey into set of varilds and assigning numeric valueshe answers obtained is
called ‘coding’. The data obtained fromethuestionnaire was coded using a simple
numerical method — for example, the nonhid@a was coded 1= public sector, 2=
private sector etc.; and the ‘yes’ and ‘moid ‘don’t know’ answers were coded 2, 1 and
0 respectively. A codebook was formulateadoord the coded items and any further

changes made to the codingdaheir respective variables.

e Creating a database- For generating a SPSS datalthseresponses gathered through
the SNAP software was first exportedebeceL and then to SPSS to generate a database.

The variables were assigned names and definitions within SPSS.

e Screening the database This stage involves chdaok the SPSS database for any
possible errors and converting the codingasthe requirements of SPSS. (For instance,
the ordinal scale (e.g. 1=ashgly agree and 5= strongly dggae) used in the original
questionnaire was reversed where requiretid@e it easier to calculate a total score on
some of the scales used and alsovtmdcaany confusion which could occur while

performing the coelation tests.

e Treating missing values— The missing values were raided into the variables as it
was decided to eliminate those cases witksing values while carrying out statistical

tests.

e Preliminary analysis — For the purpose of the preliminary analysis, a basic frequency
test on the nominal data atite calculation of mean, median (average score) and
standard deviation (distance between two gaiats) for ordinal data was carried out,
which was found to be within a satisfactormga. The distribution s#¢s carried out to

gain an insight in the nature of the data reedirevealed that a majority of the data did
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not achieve normal distribution, which offdrewvo options for further analysis: (a)
Transformation of datato be able to cavot a factor analysis suggesting a cause-and-
effect model, followed by the positive celation testsesults or (b) Use of non-
parametric tests , which would restrict ana&ye establishing the relationship model on
the basis of the correlationsts.. It was decided to addpe latter option, as this would

represent a more accurate eggntation of data gathered.

e The analysis plan— This consisted of three compaoite calculating bsic frequencies,
generating associations amongariables (correlations) and logistic regression. The
basic frequency was calculated for generahpeeters, such as responses from public
and private sectors, and also for the variBlysposts and the size of the organisation
(e.g. multinational or SME). For ordinal dat& tliequency generated was in the form of
mean, median and the standard deviatior ddrrelations were calculated using the
Spearman’s and chi-squared goodness-of-fit tests. The correlations confirmed the
associations highlighted in the qualitatistudy and presented their strength in
guantitative form. The logistic regressioodel was worked out for identifying the
interrelation of variables sponsible for mitigation approaches, and adaptation process

as observed in the participatory study.

3.4.3 Theoretical limitation

The theoretical limitations to regression analysis are:

e Inference of a causal relationship beem the associated variables; and
e The selection of dependemdiindependent variables.

On the issue of inference of a causal relatigmst has been arguedatha high correlation
should be expected because areh variability amongst the varials and not due to the causal
relationship between them.. The stwwariability can occur asrasult of the influence of many
other variables that are not measured. On therdtand, the concernsanbserved pertaining to
the selection of the subset of dependent addpendent variables forgeession, such that the
highest multiple correlation and significant \abie with predictive power are included.

As a remedy to these argumentapachnic and Fidell (1983) sugted that, statistics should be
used to quantify the relationshjpshich are initiallysupported through logicaind experimental
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exploitations. This was done in the presentigton the basis of observation made through the

participatory study and &nliterature review.

3.4.4 Practical issues

The practical issues on regression analysis da¢ereto (a) the number of cases and variables
included in the analysis, (b) so-called ‘outliesind (c) multicollinearity and normality. The issue

of normality did not affect the analysis as tfesen standard logistic regression method does
not follow the assumption concerning the distribntiof the score for the predictors (Pallant
2005). Although there is no rule of thumb for deteimg the sample size for logistic regression,
Harrell (2001) suggests more than 10 cases peigboedariable in logistal regression and this
was adhered to in the logistic analysis. T&msitivity to multicollinearity was resolved by
undertaking collinearity tests iBPSS, where the tolerance values were checked. As per Pallant
(2005) tolerances that are lower than 0.1 areindication of multiollinearity. Since no
tolerance values in the analysis were foundbe less than 0.1, it was concluded that no

multicollinearity existed between independent variables.

3.4.5 Validity / reliability of the survey

Validity in a questionnaire survey deals with position of the reliabili, i.e. the variable in
question should both be externadipd internally reliable (Bmpan and Cramer 1994). External
reliability ensures the consistency of the measurement scale over a reasonable period of time
External validity is esured through test-retestiability whereby the sumy is administered in
different time frames. Since it wanot possible for the present seywvto be subject to such an
exercise, the consistency of responses of tlo¢ purvey and the main survey were taken as
fulfilling the external reliability of the survey. Ehinternal reliability of the survey scale deals
with multiple-scale questions where different items within the scale are set to measure one
underlying construct. The only such scale ugsedhe survey was the ‘new environmental

paradigm’ scale, which is an establishedatality scale devised bunlap et al (2000).

The validity of a questionnaire can be ensured through checking for face validity, , construct

validity and convergent Vidity. The questionnaire survey wakecked for all thee validities.
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Face validity is the most common validity check,endby it is ensured that the content of the
question addresses the underlyinga&pt to be checked. For examplvithin the present survey
the questions dealing with enquiry about mitigatactions were classifiad a separate module
dealing only with mitigation and enquired sg@ally about the measures undertaken, thus
directly addressing the underlying concept ofyotile mitigation approach used within the

organisation.

The construct validity check is undertakbg hypothesising from a theory or concept and
investigating the deduction dhe hypothesis by examining tmelationship between two set
variables. The present study had derived theepts from the qualitatesstudy and had set the
hypothesis based on these concepts. For insténags conceptualised from the qualitative
study that the approach to adaptation of thdt lmgsets will be operational in nature, unlike
mitigation (which will be strategic in naturdjhis was checked through the questionnaire survey
by inquiring about the adaptation and mitigatiaction taken and relating it to the overall

approach taken by the organisation.

Convergent validity is established by reachigsingular result through different measures.
These measures could be takieom one or more methods. For instance, the present study
establishes convergence of theuks from two different mébds — i.e. converging findings
from the participatory study and the questionnainevey where the observations made during
the participatory study are examined antheged upon through theuestionnaire survey.

3.5 Chapter summary

This chapter has presented the philosoplasalmption and the research methodology adopted
in the research project. It outlines the nuixmaethod approach undertaken, whereby qualitative
(participative study) and quatative (questionnaire surveynethods are combined towards

fulfilment of the research questions. Each adsién methods, as well as the data analysis and

validity criteria, is addressed.

The qualitative study (interviews)as established the contextdattors, which influence the
formulation of the climate-adaptive facilities neement strategy within a commercial context.
Participatory observation outlined the important aspects observed while implementing the

UKCIP decision-making framework and the UKOPclimate change projection data with a
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team of facilities managers; the built-assqiasure assessment and resulting adaptation process
were noted. The validation dhese findings was achieved dhgh an online questionnaire
survey administered within the wider community of the British Institute of Facilities Managers
(BIFM).

The following chapters will explain the intervievesid participatory observation study results,
followed by chapters on the results of the demaire survey and their related statistical
analysis. The remainder of the thesis will discuss the conclusions and future research agenc
arising from the study.
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Chapter 4: The UKCIP framework and the participating
organisation’s FM team

This chapter presents the participating organisation and contextual factors within which the
strategic and operatiohaspects of the organisationeaunderstood. The sy was undertaken
between April 2006 to April 2007.

The overall organisational conteist discussed in Section 4kl drawing on the organisation’s
historical approach towards sastability and climate change, noting the shift to present-day
strategies and its im@on to be involved inthe present researctudy. The organisation’s
facilities and operational strategi are outlined in Section 4.2 mcluding a description of its
operational structure and thactions taken to address €@eduction (mitigation) and the
physical impacts of climate change (e.g. floodangl overheating responses towards adaptation).
The internal and external factors determiningtsigic response, attitude, perception and action
are addressed in Sections 4.3 and 4.4. This insledternal factors determining organisational
attitudes and strategic responsasards climate change. Facilitismam perceptions and actions
for climate change, influenced by the internattbrs such as financiaiability and resource
availability, are presented. TheaBtknowledge, skills and internalapacity toaddress climate
change impacts are mentioned in Section e summary in Section 4.6 outlines the key

aspects of the chapter.

The participation in informal discussion amaterviews is quoted, where necessary, with
reference to date and typef discussion — i.e., informal discussion (ID) and interview

participation (IP). The identity dhe participant is not disclosed.

4.1 Organisation context

The participatory organisation is a commerdiahking organisation with much of its operational
activity and built asets in the United Kingdom. The total btakset portfolio of the organisation
was valued in 2003-05 at £370 billion, but there has beencaease in value since 2005

through the acquisition of new businesses alone.

The organisation’s historical approach to the environmental and sustainability debate has bee

studied to establish the overall context. The inoluf climate change issues at strategic level
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and the present shift to address the issue in grdatail is noted so as to gather the complete
picture of the organisationapproach to climate change.

4.1.1 The organisation’s historical @proach to environmental issues

The historical approach of é¢horganisation was determined through a study of its strategic and
environment policy documentation supported bfoiimal discussion with the organisation’s
managerial staff. The period covered for tkisquiry spans from 1992 to 2003. During this
period, and being a service s@ctbusiness, the organisatiahd not counter much of the

environmental impacts other than its offibase energy use, waste and travel.

As a result of the Rio summit and the UK Gowraent’s sustainable policy, the business had
formulated an environmental policy in 1983, which has been pedically updated. The
environment policy included an energy marmagat programme in 1988, saving the organisation
£1 million per annum in energy costs. The objexi¥ the policy was thaif “stewardship and
responsibility, compliance, environmental ripkllution prevention, and product and business
development”. Environmental reporting has bawiuded in the corporatresponsibility report
since 2002-03, which followed the global repuy guidelines andAA1000 Accountability
Principles Standard (AA1000 APS) for repogi The organisation has been a signatory to
UNEP (the United Nations Environment Programme) and an international commerce charter for
sustainable development; it has also followedirdarnal environmental management system
based on ISO 14000.

Subsequent to this, the organisation had la@esrded accreditation for achievements in energy
efficiency by the Institute for Energy and had been involved in procuring renewable energy
contracts since 2003 in its variooianches across the UK. It had s target of a 5% reduction

in its CQ emissions in 2005, down to the 2000 level20D5 a new target was set of a further
5% reduction from the 2005 baseline for the @erio 2010. This was ned as the initial

strategic move towards reducing £€émissions as gathered from the response:

“We had to address the Cagenda in our offices ... energy use was becoming

increasingly importat.” (April 2006-1D)

The responsibility for policy planning lay witthe executive management committee, while
implementation has been a responsibility of all the managers as evident from the quote below
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“Our managerial staff is very much respaive to the environmental aspects of the

company and do accomplish almost #tle targeted results.” (April 06-ID)

The historical responsaf the organisation to wider interimahal and national debate on energy
efficiency and business environmental impacts was noted by the research team to be reasonal

and reactive in nature.

The business has been measuring and reportmgiironmental impacts consistently in its
corporate responsibility repogince 2002, which increases transparency and guides further
action for overall impact reducin specifically in energy efficiency. The majority of business
action has been towards minimising office wasté gaining high standards of energy efficiency

and management.

Overall, the environmental policy and initia#tv indicated an awararganisation that, while
addressing the impacts and giviaggention to the environmentdebate, has regarded business

reputation and business developmerkesenvironmental policy objectives.

Compared with other similar orgeations in the sector (primbrthe other three large banking
entities within the UK), the orgasation participating irthis study has placed itself at moderate
level with regard to its environemtal policy formation, action andperting. As a result of this,

and in spite of being considerate towardwimnmental issues, the organisation remains a
laggard rather than in the forefront. This results in reactive and moderate emissions reductior
targets which are aligneditlv overall business needspreation and development.

4.1.2 The organisation’s Approach from 2005 to 2009

By the end of 2003 the organisation had developédarge property pdudlio through business
development and acquiring new businesses in tb®rserhis led to research involvement for
innovative processes for built-asset maintenammkmanagement. The present research was part
of this drive, initiated in 2005 iparticipation with the Univeity of Greenwich, for addressing
climate change impacts on the organisation’s built-asset portfolio and its future capacity to

contain the business operations.

From 2005 and during the extended research peaichift in strategic and targeted action for
climate change was observed — partly in respaogée increasing climate change debate and
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related planned legislation, andrihadue to business loss occurriag a result of climate-related
impacts (e.g. flooding). The follang responses are relevant:

“We are holding on right now...with presentcenario (regulation) but a lot is going to
change for our buildings with Part. and EU directive.” (June 2006-1D)

“We have just been hit by a heavy flood...atite loss has made us to look at this
extreme weather issue. ...Don’t know ifig due to [climate] change.” (July 2006-ID)

The organisation has been participatorytie carbon disclosure project and CDP 3 (2005).
CDP 4 (2006) has been found to be more geimgnsive, leading to a reduction of 78,000 tonnes
of COz reported by the organisatian 2006 from a 2000 baselinand the inclusion of an

improved emission target of 20% per emplopge2011. The partnership with the Carbon Trust
and the Energy Saving Trust seems to haweroved the emission reduction awareness and

clarified the impact ofovernment policy.

The CQ reduction had been achieved by implementing energy and building management
initiatives which have been included in theiliies and operations ttegy, but the issue of
extreme-event-induced losses has not been addressadlity and was considered to be a risk

to the extended built agseof the organisation.

4.2 Facilities management and operational (FM&O) strategy

The facilities management strategy of theganisation (see Figure 93 planned based on
objectives of cost, service delivery and cust@rand staff satisfaction for a time span of every
three years. From this, criit success factors (CSFs) aré¢ w&thin the annual strategy, and
targets for achieving the CSEge derived to be fulfilled thorough maintenance processes. These
are monitored on monthly basis. The strategy takes account of sengeeand existing project
work, supplier management, space nggmaent and strategic performance.
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Figure 9: Organisational FM&O strategy framework

The facilities and operational stegy integrates targets set in the organisation’s sustainability
strategy. For achievement of these targetsefarssion reduction, energy efficiency and water
consumption, the FM and logissicdepartment was restructuned2003 and give responsibility

for energy management and utility strategy.

The organisation operates across the United Kingdond the Republic of Ireland and at the time
of the organisation’s involvement in this rasgh had six regionadectors each headed by a
senior FM who reported to the strategic FM memét board level. A junior FM team member
in turn assisted the senior F&t each regional level. The-lrouse and externally contracted

technical support team suppexd the office functions.

4.2.1 Measures taken and strategic actions

As a result of increased external debate amgulations, the orgasation had established
executive-led subgroups to focus on specifsués of product and service innovation, climate
risk, employee engagement and the organisaticarbon footprint. This has led to increased
engagement of facilities and operational management staff in climate change mitigation

measures.
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At the time of the study, thadilities and operational strategycinded the delivery of agreed
reduction targets across its property portfolio,i@gimg environmental management certification
(ISO 14000) across key sites and energy perfocmarertification for 50% of its entire built-
asset portfolio. A senior FM team memberswgiven the responsibiitof achieving energy

efficiency targets and related activities witl@ach regional sectarf the organisation.

The prime strategy adopted for achieving theggted emissions reductions was to procure
energy via a renewable-energy supplier contraatiakk deduced from tHellowing participants
responses that this was aasily implemented measure a® timcreasing property portfolio
under various acquisitions had different managemagiimes and it was nailways possible to
implement other technical ergy efficiency measures.

“This is the most effectivevay to reduce our emissions sidering the complexity of

management of new buildings ware acquiring now.” (Aug 2006-IP)

“In 2005 UK (and Ireland) Energy emissions per £ million of income was 8.5 tonnes of
COz compared to 14.5 tonnes in 2004 and theewable electricity consumed, measured
as a proportion of total electricitywas 66.9% (28.5 % in(D4, 14% in 2003.” (CDP
response 2006)

This strategy was given priority above all atmeeasures for emissions reduction even in later
years (2005 to 2009), with 92% of total energynggprocured from renewable energy suppliers
in 2009.

In order to engage the business in ongoing ckntdiange and policy detiea the organisation
takes part in the environmental steering group of the ConfederatiortishBndustry (CBI) and
is an active member of the UK steering group of the UN Global Compact and the UNEP

programme for financial institutes.
4.2.2 Technical measures
Since 2005 to 2007, the organisation has inve&&&s million in programmes for achieving

energy efficiency across its property politfoand has since achieved ISO 14000 certification

and Energy Performance Certdies across various sites.
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The investment programme includes the instaltatf a wide selection of improvement options
such as enhanced building controls, additiomeetering, low-energy consumable (DALI)

lighting, low-emission high-effigincy boilers, plant efficiency improvements, wind power
generation (on a small scale) and enhancedatisn and glazing initiatives for solar reduction
and heat recovery (CDP 2007). The new andrbe$hment projects attempt to include heat
reclamation, enhanced building managementesys} internal lightig control systems and

centralised utility metering technology as minimum addition to other fabric and/or services
improvement options. In 2005—-06 these improvemevire undertaken in 10 major sites, and
another 150 sites with 15 high-rise buildingsreveeing surveyed for implementing additional
energy-efficiency measures. (Source: Partidpabrganisation’s workplace strategy and CDP

response.)

4.2.3 Behavioural measures

As a part of encouraging behavioural changejtth off’ reminders were set on every PC and
on lighting controls. Also, employeegere encouraged to use videand audio-conferencing and
rail travel links to reduce per employee emissiohs in-house sustainability management team
and an internet portal for providing guidancereducing the organisational and personal carbon
footprint for staff were launched in June 2006.

Although instigating behavioural chge for energy efficiency and @Qeduction has shown
reasonable results, a significant change igchoh waste reduction amongst employees, with
increased employee demand for recycling facilities in and around office locations — a demanc
that was fulfilled in July 2006.

4.2.4 Section summary

The historical approaches of climate changéeforganisation had been reasonable, keeping in
mind the reputational and legalpagsts. It was obserdethat the organisi@n, through a mix of
strategic and technical measures, had addressed the mitigatianré@@tion) agenda. The

staff's behavioural change walso attempted through infoation and incentive provision.

In contrast to this, the riskrising from the physical ingets of climate change on the

organisation’s business in geneaal its built assets in particulaias not adequately addressed:
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“We have and are doing a lot for CO... but | am worried about the heavy flooding and
overheating issues ... and | think [whether] waelieve it or not (it is due to climate
change or otherwise) looking at the predewutine (weather changes), we might face
more of them in future.” (Aug 2006-1P)

The FM team had shown concern for such impast there were many key deliverables within
the FM&O strategy which were likely to get affedtas a result of physical impacts of climate

change — for example:

Achieving 100% of operational risk minimisation for critical buildings;

Minimising operational downtime after a major event;

Reducing the number of building failures; and

Management of poor-performance buildings.

In order to achieve the aforemtioned deliverables and redute physical impacts of climate
change, the present reseasthdy was undertaken in collabodat with the selective FM&O

team.

4.3 External factors affecting the organisation’s strategic response

The external factors influengy the participatingorganisation’s stratgc response towards
climate change are discussed here, which adapth fnom the literatureeview outlined earlier

on possible organisational strateggproaches to climate change. The external factors identified
that were found to influence tistrategic response are legistetj corporate sociaksponsibility
(stakeholder relationships) and finance.

4.3.1 Legislation
Much of the participating orgasation’s response to climate dgg was driven by government

legislation. Operational measuregre taken to fulfil the legiative requirements in the most

cost-effective way. This was evidenbiin the informal discussions held:
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“We have to take care of the minimum required by the government... the management is
only concern with meeting the requiremehy spending a bare minimum.” (Oct 2006-
ID)

Legislation such as the climathange levy had already startedimpact building energy use,
and the strategic cost-effective response towhis to procure renewable energy contracts across

the entire portfolio.

“This was the best option, | think, that veaavailable to us considering the way the
[climate change] levy has been struced...We have a large portfolio and rolling

individual measures wouldake a long time.” (Oct 2006- ID)

There was also a view presented that withegislative drive it wou be very difficult for
individual staff members to implement €@&duction measures and that the senior management

agreement to any action will only cortteough legislative requirements:

“We could have managed these [renewabletracts] a bit earlier but I think the
general feel is that if weare not really required to do it then why worry too much about
it?"(Oct 2006-1D)

“I think legislation is the only way tanove the commercial sector. Like everyone, we
[the commercial sector] do something only if there is something in it for us or we are
plainly required to do so.” (Oct 2006-1P)

There remained a strong opinion amongst the senamagement that they will see increased
legislation for CQ reduction. At the time of the studyart L of the national building
regulations, energy performance certificatesd the WEEE directive were going to be

implemented in the near future:

“We are already seeing a big wave of cdmpce (Part L and EPC) and | won'’t be
surprised if in the next 5-10 yea we will be required by law to be carbon neutral.” (Oct
2006-IP)

Furthermore, there was a strong perception intemce suggesting that the increased legislation

will alter operational and built-asset management:
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“We will now see a fundamental change in tnowe operate our buildings. It would not
be business as usual any more ...especiallih energy use and refurbishment.” (OCT
2006-IP)

In summary, existing and future compliance lesto a perception foratation that any action
for COz reduction will have its driver from legiglan, that these legislative drivers will increase
in the future with more stringent reductiomgats requirements, andetttommercial sector will

need to alter the way it manages its buildings.

Although legislation was a prime driver for emissions reduction, the same could not be said for
adaptation to the physical impact of extremeather. At the time of the study, improving
resilience against physicalimate change impact was low prigrin the organisation because of

a lack of any drive and support from managementhénabsence of this, the reason to take any
action was solely emphasised as the risk ofnitie loss faced by the organisation due to an
extreme event. It was evident from the discussions that, just as in the case redG€ions, a
strong driver was required (in addition to immindimiancial loss) to adapt the built-assets and
business operations to the increased extreraativer events being experienced. There also
remained disbelief about the occurrence of ex¢reveather events in rélan to climate change.
Thus:

“We are achieving the reduction [in C&targeted emissions] but loss due to the actual
extreme effects is also an important aspd&8cientists] are saying that we can’t connect
them both [climate change and extremngather] ... but the fact is that, COor no CQ,
we will bear the full brunt of this.” (Oct 2006-1D)

“Why is no one specifying a minimum [regation] for flood protection for our coastal

properties? ... We are talkingacurring losses here.” (Nov 2006-1D)

“Someone has to drive this [making buildingssilient to extreme events] from the top.
We can see it on the ground and [clime}iconditions are different than before.
...Something needs to be done albdlie [built] stock.” (Nov 2006-1D)

“We can work with insurance till so long. Iithe occurrence of etxeme weather events]
continues, | think even [the insurance compes] will put their foot down at some
point.”(Nov 2006-1D)
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Loss occurring due to an extreme event hadtéeé perception of physical climate change
impacts as a potential risk amongst the opemnali maintenance team. Even so, uncertainty
prevailed about the accuracy asphtially detailed climate changeojection and especially with
regard to extreme weather evernitsthis case the team looked for a structured way to assess the
risk and derive options to deal with such amfs within the remit of available climate change
data. This study thus formed a part of tmgention to develop an FM&O strategy, which

integrates increased built-asset portfolio resilience.

4.3.2 Corporate social responsibility (stakeholder relationships)

In the competitive market scenario, stakeholdettirlahips (so as to eeen as doing the right
thing) have been key for every commercial migation. Corporate social responsibility (CSR) is
seen as a vital tool to inform various stakeleo$ about environmental and financial success.
Much of the action on the ground within the papatory organisation was deemed necessary

towards the fulfilment of the strategic targéd be published in the CSR annual report:

“[Whether] 5% or 10%, we neetb be seen as doing the right stuff. We can’t afford to
miss targets.” (Nov 2006-I1P)

The organisation at a later stage had beenicpatory to the carbon disclosure project,
FTSE4Good and the Dow Jonestinability index. These haglven added importance to the
achievement of targets and performance above the minimum action required. This was seen as
key to organisational reputation chialso to staff perception dfeing associated with climate-

aware and active business:

“We need to keep our records in order fal [CDP] reporting. In a way it is good as it

gives us an incentive to move further our environmental agenda.” (Nov 2006-ID)

4.3.3 Finance

The financial issues affecting the participatonmganisation’s strategic response dealt with both
the long-term viability of any strategic deacsi (business sense) and investment in new
technology where there is a reasonable paylperiod. Indeed, a prailing view amongst the
senior management of theganisation for taking any CQOeduction measure was that it should

make business sense and be financially viable:
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“There is no point in investing millions i,something that will give us minimum returns

on energy bills. The budget consint does not allow it.” (Nov 2006-1D)

“Spending on any measure has to be in acdance with overall bginess expansion plan

... otherwise there is no point to any of it.” (Nov 2006-1D)

There was a strong view that any investmentienshould be over a long period of time and
should ensure adequate returns for investmeade (for example by phasing out inefficient air
chillier to avoid one big outgoing expense). Alsanor repair and adjustment over installing a

complete new system was preferreédatordance with achievable efficiency.

The other important financial béer was that of investment new technology and the risk
associated with the payback:

“Even today microgen tech [micro generandechnology] like solar is expensive and
has operational and maintenance issues. .eWan probably install them across all the
buildings but justifying the upfront cosand payback would demand effort.” (Nov 2006-
IP)

“There is no issue with the capital cost bittshould be at least a safe bet.” (Nov 2006-
IP)

Considering these barriers, the staff members interviewed were in agreement that procuring
renewable energy was the best option to redueethissions from the organisation’s increasing
property portfolio at the lowest cost possibigth guaranteed returns through a reduction in
climate change levy charges.

The view in terms of making builigs resilient to physical ingzts of climate change differed
from the aforementioned opinion. A perceptionsotch impacts being a rigk the built-asset
stock already prevailed in FM&O staff. Thus itsva common consensus that this risk should be
mitigated in the key sites at any cost, while aitvand watch’ approach should be applied to the
rest of the stock. The reason for this view wase again the financial gstraints on the overall

maintenance spend and uncertainty associatidfuture climate change projections:
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“We can go out and do work on fabric and [[dding] services provided we are certain

[of reoccurring extreme events] @hcan make a case.” (Nov 2006-ID)

It was also observed that making a financiadec#o carry out major refurbishment work for

making the building resilient was difficult fothe maintenance management staff unless
recurring events had caused substdrtamage to the site and it is of business importance. The
staff called on unstructured assessment, ladubstantial evidence and support, and constraints
on time and other resources required for carryng such processes as reasons for failing to

make a case to senior management:

“The problem is, however well you know theaymd situation ...it takes a long time to
put this on paper in a strucired manner which can win regued support from the guys
on top.” (Nov 2006-1D)

“It takes long to convince the guys on top...itsasier to deal with such situations as and
when they occur.” (Nov 2006-ID)

Although a common consensus existed amortlgese interviewed for long-term planned
maintenance and refurbishment, especially camsig the future adaptatn of the built portfolio
against physical climate change impacts, themxe very few attempts made within the

organisation to achieve this.

4.4 Strategic priorities, internal processes and FM&O staff perception

In addition to the external factors identified influencing the participating organisation’s strategic
response, there were many interpabcesses, staff perceptioasd strategic priorities which
were noted to be decisive in action for £@duction and adaptation of the building stock. The
following sections outline some of the internabgesses, barriers andftperceptions observed

during the study period.
4.4.1 Strategic priorities

In terms of built-asset strategies the primeeobye of the organisatn’'s FM&O strategy was,
first, cost effectiveness — to achieve minimum maintenance and refurbishment downtime anc

space efficiency in order to reduce the overall “Efmaintenance cost. 8endly, it was to

93



achieve a reduction of accidents and complathissly, the strategy needed to be regulation—
compliant; and last but not the least it needeactueve excellent service delivery for customers.

Although the sustainability and environmentalgets had, by the time of the study, been
integrated into the FM&O strategy, they havemeompeting with the aforementioned priorities
and objectives. For example, the cost imperatheant that short-term technical fixes were
adopted in the first instance instead of investmdpng-term fixes. Theost consideration had

also been one of the decisive factors for pguditton in the present study because the financial
loss sustained as a result of extreme weathentsvoccurring in key organisational sites had

been perceived to be increasing:

“We now have a big portfolio, and energy regement is higher. ...The cost implication

of this will be enormous for us if theaix and energy prices keep rising.” (Dec 2006-IP)

“Our main priority is to reduce cost and achieve the tats within the budget, be it

service delivery or C@reduction.” (Dec 2006-1P)

In recent years, wasteduction, recycling and COeduction have gained if not a higher priority
then an equal priority to other goals andealives with the FM&O team, owing to many

regulatory and external factors.

4.4.2 Internal procedural aspects

During the study period, internal procedural aspavere brought forward which had impacted
the agenda for COreduction and the adaptation of builsess. Prime amongst those procedures
were management integration, lack of awassna bottom-up approach, financial performance
and a focus on short-term benefits.

The bottom-up approach and lack of awarenessngst staff at multiple sites were noted to be
significant aspects prior to the study period asiynad-hoc measures had been undertaken at
various properties but communigan of their success and furthstrategic support had been
difficult to achieve for the facilities team. iBhcommunication gap and the prioritisation of
short-term gain was seen as a major obstracto achieving integratl strategic planning

towards addressing issues surrounding @duction and long-teriouilt-asset adaptation:
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“I can account for [take reluction measures for] C®reduction at my site because |
have control over certain things...but to achietl@s across all sites you need to have a

coherent and continuous dialogue.” (Dec 2006-I1P)

“I don’t think anyone knows exactly how @& we going to [be resilient against extreme
weather events]...every one of {ia the site’s FM team] havesome idea or the other but

there is no definite structure to the whole thing.” (Dec 2006-1D)

Some of these aspects had been addreasddter years and during the study period by
establishing a senior-executive-led group faldr@ssing the climate change agenda, while

individual site managers were given the catisuccess factor of fulfilling their targets.

In the recent period the internpfocedures were beginning tet aligned to long-term CO
reduction due to the formulation of specific mitigation targets, but the adaptation of business
operations and built assets to physical clinatange impacts lacked any specific targets and
top-level agreement. This led to an ad-lagproach towards making individual built assets

resilient to future climate change impacts.

4.4.3 Perception and attitudes of FM

With regard to the action for future climateacige and its impact on the business operations and
built assets, the FM team had prevailing petiogg and attitudes. Bse were based on the
existing stock condition and ownership patternsa devailability both of built-asset and climate
change projections, possible long- and short-ter@asures (with strategic alignment), belief in
actual human-induced climate change, and tkel lef action the organisation can undertake.

These aspects are discussed below.

Also, being a commercial organigm meant that much of the staff's attitude showed extrinsic

value consideration.

4.4.4 Existing stock conditbn, ownership patterns

The organisation in 2005/06 retained a tatfR,963 commercially opetiag properties out of
which 777 properties (26.2%) were multi-occupancyere retained on a lease. Also, within the
rest of the approximately 80% sfock almost 5% were heritappeiilt assets and a further 10—
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15% of stock was old or preged barriers in carrying out major refurbishment work. The FM
team was of an opinion that it would be velifficult to carry out any alteration works on these
property stocks due to varyingccupancy patterns, heritageilding regulations and age of

stock:

“We can think in terms of the future and plaas much as we like but we won’t be able
to do anything to, | think, almost half obur stock — the opportunity is limited.” (Dec
2006-IP)

The team’s attitude about the intervention torde of the stock was dh any alteration carried
out couldn’t be on a major scale (e.g. major facad fabric alterations, or replacing major
structural or building components). This was duen opinion that such measures will be more
disruptive to existing service delivery to userarttsmaller works, and further on it may not be
financially viable:

“I think we should take up small-scale whs for the key buildimgs first ... the budget

will not allow the major works.” (Dec 2006-1P)

The issue of ownership was also one which was put forward as a concern by the team. Since tt
organisation had acquired many smaller busiresgéhin the United Kagdom, its property
portfolio now included varied ownership patis and disintegrated property management
practices. Although in time the newly acquireportfolio would have its management
amalgamated with present practieg, the time of the study this was perceived as barrier to

putting forward a coherent plan:
“The new properties are taking time to &t up as per our own stock.” (Dec 2006-IP)
4.4.5 Data availability
Before the introduction to the UKCIP framewotlke organisation’s FM team expressed concern
about data availability on any past damage liaak occurred due to climate-related events from

which a damage scenario could be constdicand, secondlypn their understting of the

availability of climate chage projections and data.
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There was much data available @mergy use in buildings and tsportation, but very little was
known about the past damage thaid occurred due to climatelated events, such as heavy
rains or storms. This was important to know beeasisch events were peajted to be increasing

in the future due to climate change, and damage that had occurred in the past was the on

reference to guide future actions.

The unavailability of such damage data was tuthe acquisition and disposal of new and old

built assets and unkempt record-kegpielated to that, especially @ases of damage scenarios:

“If I had past data for my property, it woultbe much easier for me to conduct future

enquiries, | guess.” (Dec 2006-ID)

In addition to this, the FM team showeodncern about understamdj the UKCIP02 projection
data. Since the team did not have access toatdrdata on a regular basis within their work
arena, it was difficult to gathen overall understanding of such data. Also, the data produced by
UKCIP02 was on the basis of long time seststching to 2020, 2050 and 2080 (each a 30-year
time series), which the teanound to be unhelpful for the shos—10-year spans they were

dealing with for business chargyand the FM strategy cycle.

4.4.6 Belief in human induced climate change

Before the study period, the belief in huriaduced climate change was not found to be
prominent in the team. This was evident whilkkiteg with the team on the subject of climate
change and its impacts of the organisation’s built as3éere was a general belief that the
environment should be taken care of and the a@s/ghould be sustainable, but eliciting all the

changes due to COncrease was not well groundedthe FM team’s thinking:

“You say it is only now that we are experiencing this weather but | say we have had
many cycles in the life of Earth, withce ages and heat waves. What about them?” (Jan
2007-1D).

“We have all joined this bandwagon of Cncrease. | bet 10 more years and we will

join the other bandwagon with some other elent or gas...It is all very much political.”
(Jan 2007-1P)
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It was a common perception that some charagesoccurring but the reason for them being
human-induced or a Cencrease-based change was not belieto be completely agreed on by
the scientists. Also, there vee many misinterpretationscourring between ‘weather’ and
‘climate’ because use of these terms was vesjhyemisplaced — both weather and climate were
regarded as one and same. Theas very less concern, at thené of the study, for long-term
changes than for something that woulgen in the coming three or four years.

4.4.7 Organisational role in taking action

There was also a common perception in existéimaenot much can be achieved, in terms both
of mitigation and of adaptation, by privateesor action alone. Instead, the overall government

action could be supportdyy the private sector:

“They [the Government] can’t expect us to bear the maximum brunt just because we

make more profit. There is a limit to hofar we can take some action.” (Jan 2007-1P)

“We can do something to our [drainage] sereis but can’t replace the old system [of

local-level drainage] if it continues toain heavily every winter.” (Jan 2007-ID)

Where the organisation did not hapast data on climate relatesents in a specific region, it
had expected the local authorities to have gister for such events, which was not always
possible to obtain easily as thaestionnaire with the local autligrlater in the research study

will show.

In such a scenario the team was of an opitiat the organisation could do only so much to
reduce its impact on the environmemd also not get severely affedtby it in return if climate

change projections were not realised:

“Our aim is to survive and survive successfully the midst of allthe regulation and the

[extreme event] impacts.”(Jan 2007-ID)
4.5 Knowledge skills and resource availability to the FM team
The knowledge and skills of FM teamembers, in addition to other internal issues, was a topic

that was equally important in managing the climate change mitigation and adaptation agend
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within the organisation. These particular dealt wittknowledge of the physical future impacts
of climate change on built assets and the technical solutions for adaptation.

4.5.1 Knowledge and skills

The existing knowledge of team mbers regarding mitigation and E@duction were regarded
as adequate given that many attempts were rogdbe team to look foadditional information
on how to implement technicalxés to reduce energy consumptidimese were in the form of
acquiring knowledge from external experts anstitntional publications, and attending seminars

and conferences on the issue.

In contrast, the knowledge on the future phylsiogact of climate change on organisational
built assets was found to be at minimum, thelyikeason for this beig the lack of detailed
knowledge of climate change projections and fusgenarios and alsoahFM professional are

not accustomed to work with climategather data on a daily basis. Thus:

“There are three time [series] projections am@ch with a different scenario. This is very

confusing for a building person like me.” (Jan 2007-1D)

Although the team was given a brief introductamnclimate projectionKCIP02), the efficient

use of climate change projection data by team was not groundetiiring the study period

as FM personnel generally have minimal familiarity with such data in their daily work schedule.
Also, an attempt to spread it across the restebthff was not seen apaority among the team
members because much of the importance was still given taé€dl0ction measures rather than

improving the built-asset resilience agsti climate change impacts. Thus:

“A 2°C rise in temperature or 5%ise in precipitation is relgant information but | need

to know what risk it will rai® for my building.” (Jan 2007-ID)

The existing skills and capacity of the FM stafre predominant in mitigation aspects, with
knowledge being apparent oéchnical interventionsuch as energy-efficient lighting and
SMART energy meter installatioMuch of this knowledge was s found to be in area of
setting renewable-energy caatts and the mixed use of rendleaand non-renewable energy in
various operations. Skills with gards to translatinglimate projections intahe physical impact

on built assets, as well as risk assessmehnigaes, were found to be lacking in the team.
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In spite of some external consultation in #rea of flood risk, further action was not followed
because understanding and operation of floogukition modelling for flooding scenarios and
also for overheating scenariogere not thought to be withithe remit of the team. The

constraints were also highlighted due to intetimited capacities in terms of finance and skills

to generate such data.

4.5.2 Partnership

There was a general view prevailing among #ent that an external (possibly Government)
partnership was required to adslsehe area of climate changaptition, as many of the actions
and data were not easily accessible and also itlonvthe remit of the organisation (for example
before the Climate Change Act 2008):

“If the [local authority] do not have requied data on their territory, then it is very
difficult for individual sites to have ay such historical records.” (Jan 2007-1D)

“In a major [extreme] event, we rely on [thiecal authority] to handle bigger aspects

(emergency relief and tempary services).” (Jan 2007-1D)

As a result, the final adaptation option selecfimm the participating organisation’s FM team
also included partnership working with a lo@althority as a potential route for improving the

organisation’s built-asset resilience.

4.6 Chapter summary

In summary, it could be said that climateanohe-related issues hawempeted with other
organisational priorities, namefynance and resource availabilityetter staff productivity, better
space management, and staff retention. Table 2thisterganisational contextual factors within
which the strategic and operational aspects efdiganisational action for climate change are

understood.
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Table 2: Organisational contextual factongfluencing the action on climate change

Headline contextual factors Subsidiary factors
External factors responsible for organisational a) Legislation
strategic response b) CSR (stakeholder relationships)
c) Finance
Strategic priorities and internal processes a) Strategic priorities — cost , target fulfilmgnt,

maintenance and refurbishment downtime
b) Internal procedural aspects — management
integration, lack of awareness, bottom-up
approach, short-term benefit focus
c¢) Perception of FM:
* Stock condition and ownership pattern
* Data availability
* Belief in human induced climate change
* Organisational role in taking action.

Knowledge, skills and resource availability to the | a) Knowledge and skills
FM team b) Partnership

It was also noted that even where the climate change agenda took precedenmedu€tidn and

the mitigation agenda took priority over anyapthtion to the physical impacts of climate
change. This prioritising was observed to fiealised as a result ohcreasing Government
legislation on mitigation and other external tastsuch as stakeholders’ perception and market
standing. On the other hand, adaptation was only raguerity as a result of the impact of an

extreme event on the organisation, and tharfcial loss occurring as a consequence.

While addressing the issue of physical impattslimate change, the FM&O staff's knowledge,
skills, perception and bér internal factors plyed a major part. Thieelief in human-induced
climate change also played an important elele undertaking the implementation exercise for

the UKCIP decision-making framework, as viié explained in #& next chapter.
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Chapter 5: UKCIP Framework stagesand discussion of outcome

This chapter reports in section 5.1 on the facilities team involved and the protocol agreed for
UKCIP decision-making framework implementation. Sections 5.2 to 5.4 present discussion on
the outcome of the first three stages of the UKCIP framework implementation exercise, while
section 5.5 summarises the overall result of the implementation. Section 5.6 presents conclusions

and highlights the need for further validation of the observations.

5.1 The UKCIP framework and theterms agreed for its application

The UKCIP decision-making framework presented in Figure 10 was implemented with the FM
team of the participating organisation. The team had total a total of six members: one member
from strategic FM (a senior regional facilities manager), two members from the facilities

managers’ team and three onsite junior managers.

1. Identify problem

~

/7 N

8. Monitor / 2. Establish decision

/ making criteria

3. Assess risk

7. Implemént decision ‘ / \

5. Appraise 4. ldentify
options options

Yes

6. Make decision

Figure 10: A framework to support good decision makimg the face of imate change risk
(Source: Willows and Connell 2003)
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At the beginning of the UKCIP implementation exercise a protocol was set with the FM team to

ensure a cohesive process. As per that protocol, the following guidelines were established:

1

2)

3)

4)

5)

6)

7)

The exercise would make use of UKCIP risk—uncertainty and the decision-making
framework in the face of climate change (Willows and Connell 2003), along with the
UKIPO2 projections and scientific information.

The participating team members would remain the same throughout the process and this
team would include senior and junior members from three regional set-ups in the
organisation.

At the beginning of each stage, a short presentation would be given by the researcher on
the importance of the stage and the questions to be answered during the stage. The
method adopted for answering the questions was dependent upon a choice made by the
FM team themselves. A brainstorming group exercise was to be adopted at every stage
due to unfamiliarity of the subject matter to the FM team (particularly in the areas of
climate change projections and a new decision-making tool).

The answers at the end of each stage would be recorded and distributed amongst the team
for any further verification. Only after the final verification would a move to the next
stage is considered.

Any concerns within the team would be addressed at the completion of each stage, before
embarking on next stage of the framework.

The compilation of any documentation on the organisation’s built-asset adaptation
options would be within the remit of the FM team, where the researcher would put in any
input only on demand from the team.

The documentation generated from this exercise would be the property of the
participating organisation and its only use by the researcher would be for purely

academic purposes while respecting anonymity.

During the implementation exercise minimum intervention was sought from the researcher. The

researcher’s role was to make observations while the FM team sought a practical, structured

solution.

The description of each of the stages presents details of the stage, the importance of the stage,

and the key questions and answers to support an understanding of the stage. Completions of the

stages are provided in the Appendices to this thesis, as referred to in each stage description

below. The selection of the methodology adopted by the FM team to answer the appropriate
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questions is also mentioned below, followed by a summary of the stage along with the

researcher’s observations.

5.2 UKCIP Stage 1 — Identifyproblem and objectives

As described in Chapter 3 and as shown in Figure 10 above, the UKCIP decision-making
framework is made up of eight iterative stages. The first amongst them is ‘Identify problem and

objectives’.

Figure 10/1: Stage 1 othe UKCIP framework

5.2.1 Importance of the stage

The importance of Stage 1 lies in understanding why the decision has been made and to identify
the decision maker’s broad objectives (Willows and Connell 2003). Also, this stage helps in
identification of climate-sensitive, climate-influenced or climate adaptation decisions.
Considering that the FM team was undertaking this exercise as a response to existing extreme
events and that in future there was likely to be an increase in the same, the decision was

considered to be a climate adaptation decision.

5.2.2 Key considerations

The problem question thus identified was stated as ‘How to manage the risk of future flooding
and overheating in the organisation’s properties?’ The related outline objectives were:
1) To achieve resilience in at-risk properties by causing minimum disruption to the
organisation’s operations; and
2) To implement resilience measure keeping in line with available organisational

maintenance budget.
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5.2.3 Stage description

In this stage the level of decision making is identified — i.e., whether the decision making is at
policy, programme or project level. Since the prior decision making was at strategic level, the
first decision making was considered to be a macro-level policy decision followed by micro-
level (project level) decisions considering individual at-risk properties. The time span for the
decision as agreed by the team was of 10—15 years, and this was a reflection of an FM strategy

implementation every 3-5 years.

Only a limited number of FM team members were involved in decision making. This was due to
regular involvement of the FM team in the built-asset maintenance and management aspects.

Also, time and resources involved in higher-level involvement was not found to be conducive.

The wider group of stakeholders considered being the beneficiary of the decision were the

decision makers in the organisation, the customers and the organisational staff.

The adopted methodology by the team was brainstorming (chosen from among many techniques
available to the FM team — e.g. problem mapping, external consultation, focus groups etc. This
choice was due to the low familiarity of the team with the future flooding and climate change

issues.
A set of questions as provided within the UKCIP framework guidance were considered before
deciding on a particular technique to be implemented for answering questions at each stage of

the framework. Appendix 4 provides the description table for these general questions.

The key questions to be answered at stage 1 of the framework are presented in tabulated form in

Table 3, along with corresponding answers formulated by the FM team.
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Table 3: Key questions and answeaosvards fulfilment of stage 1 ahe UKCIP decision-making framework

Key Questions for stage 1 of framework

Answers formulated by FM team

1. Where does the need to make the decision come from? What are the main
drivers behind the decision? What beneficial objectives are intended?

The experiencing of a flood event at properties and the main drivers being the financial
and functional loss experienced due to such event. The objective is to use the framework
to manage the flood risk as efficiently as possible.

2. Is the problem explicitly one of managing present-day climate or
adapting to future climate change i.e. Is the problem perceived to be a
climate adaptation decision problem?

The problem is both managing the increase in flooding experienced now and the
possibility of increased precipitation and sea level rise and occurrence of extreme events
as put forward by climate change predictions. The problem is one of adapting to future
increased flood risk, which may or may not be directly related to climate change.

3. If the main driver is not related to climate or climate change, is climate
change believed to be a factor in the problem?

a) If so, how important is climate change believed to be, relative to other
factors? Is the problem perceived to be a climate-influenced decision
problem?

Although scientifically climate change could not be associated to present flooding events
in the UK, it is believed that these will increase and become a regular occurrence in future.
Keeping this in mind, it was considered at this stage that climate change, reduced future
cost and disruption to business activities were drivers for decision making. Climate change
projections about increased precipitation and sea level rise would play a considerable part
in decision making, in which case the problem was largely perceived as one of adapting to
future climate change. Climate change is considered to be an important factor in
maintenance management in relation to budget availability.

4. Is it a policy-, programme- or project-level decision?

Considering the number of properties at risk, it would be appropriate to call it a policy/-
project-level decision.

5. Who or what will benefit or suffer as a consequence of the problem being
addressed?
Who are the key stakeholders representing those interests?

The beneficiary would be the business owners, facilities managers, the staff and customers
in use of the properties at risk. There are no potential non-beneficiaries identified.

6. Have timescales been established for making and/or implementing a
decision?
Do these timescales constrain the time available for the decision
appraisal, or vice versa?

The initial time frame for purposes of this study is 1 year. The decision/recommendation
will be implemented at the end of the year and would be appraised at a later stage, the
reason being the maintenance management strategy for 5 years could be constructed
(depending upon changes required for the long term) and implemented in order to see the
result, because the properties are faced with risk of flooding as each year passes.

7. Is the decision expected to provide benefits in the longer term (>10 years)
or have other long-term consequences?
Describe what they are, the likely time period, and to whom they may be
important.
(Decisions with long-term consequences are likely to be more sensitive to
climate change.)

The decision made needs to be implemented and monitored to assess its long-term
benefits.

Reduced insurance premiums, recovery budget and effective business continuity (at the
end of 5 years), increased value of the property (>10 years) and marginal or no loss due to
climate-related disruption are all important benefits for the organisation.
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5.2.4 Summary — stage 1

The completion of this stage was achieved through identification of the decision as one of
adaptation to climate change and was considered at both policy level (strategic-level decision)
and project level (decision with regard to individual property). The time span for the decision
implementation was considered to be short term (<10 years); this was due to annual and
quarterly upgrades of the routine FM&O strategy within the organisation. The stakeholders’
group consisted of organisational staff, customers, shareholders, higher-level (strategic) decision
makers and the FM&O staff. While the involvement of the entire stakeholder grouping in the
process was not possible, a team of FM&O staff was closely involved in decision-making

framework implementation.

5.2.5 Researcher observation — stage 1

Owing to familiarity of the participant and use of a common language and terminology, the
brainstorming exercise was completed with a series of informal discussions with the researcher

noting down the answers to key question asked in stage 1.

Although participants were presented with the requirement to complete stage 1, as a result of
unfamiliarity of the subject matter (UKCIP projection and decision making with climate change)
an easily implemented brainstorming exercise was undertaken. This opened up many
discussions, such as clarity on the resources required and their availability, and consideration of
a sample of the commercial stock instead for the whole stock (with use of initial assessment).

This in turn was formulating part of consecutive stages.

5.3 UKCIP Stage 2 — Establis decision-making criteria

As the stage title describes, this stage facilitates the decision-making process by establishing the
criteria against which the final adaptation options are appraised. The various systems and
operational built assets (receptors) under likely future impacts are scrutinised. The higher-level

and lower-level risk points for the receptors are established for formal risk assessment.

NS ~
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Figure 10/2: Stage 2 othe UKCIP framework
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It is noted that the criteria for decision making will differ for different organisations, depending

upon the attitude to risk and the culture of both the organisation and the decision maker.

The key questions and answers determining the decision and organisational criteria are presented

in Table 4 below
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Table 4: Key questions and answeaosvards fulfilment of stage 2 ahe UKCIP decision-making framework

Key Question for stage 2 of framework

Answers formulated by FM team

1) What makes the correct decision? In other words, what are the criteria against
which your options will be appraised in Stage 5?

Criteria might include the risk of the option not succeeding, ease of
implementation, cost, equity, public approval, public acceptability, etc.

The important criteria would be the
a) Cost budget
b) Ease of implementation
¢) Legislative boundaries
d) Business need of the property.

2. What are the legislative requirements or constraints?

For Government agencies, does the decision require an appraisal that explicitly
considers both costs and benefits (as, for example, required by the Environment
Act 1995)?

Do guidelines exist that set out the approach that should be taken to the appraisal
(e.g. DTLR, 2001b, HM Treasury, 2001 & 2003)?

There are no legislative requirements as far as addressing the risk aspects of
the properties is concerned. The Health and Safety and fire safety
requirements should not be compromised. Although any major catastrophe
and its treatment will have to be reported in the CSR annual report and a
feedback to BCP [Business Continuity Planning] and FM strategy, there are
no legislatively binding guidelines adopted for assessment but the BCP
appraisal needs to be carried out.

3. What are the rules for making the decision, given the uncertainty in climate
change?

For instance, is your organisation risk-averse, focused on maximising benefit, or
focused on minimising cost?

If risk averse, minimum (no or low) regret and precautionary approaches to
decision rules should be considered.

The organisation is focused on minimising cost yet regenerating itself
quickly in cases of extreme event impacts experienced. The initial
investment in measures taken for minimising risk would need to accept the
existing budget constraint till the time that any external financial resourcing
is procured.

The existing CO2 reduction measures are taken as a result of CSR targets by
procuring renewable energy contracts. This has not involved any initial
investment. Consultation with the Carbon Trust is ongoing for implementing
new measures and any funding avenues.

4. What is the decision-making culture of your organisation?
Is the culture one of open and explicit decision making?

Do different stakeholders need to be involved in the decision-making process? If
so, how?

Is the goal one of consensus or, if not, the creation of a demonstrably rational
choice?

The majority of decisions are taken at board level, depending upon the
business plan and market scenario. Different departments are given targets
and budgets, which are achieved thorough different long- and short-term
strategy implementations. A feedback loop from operational and middle
management exists for the achievement of benchmarks. The involvement of
strategic FM personnel (responsible for achieving targets) from various
regions is necessary for a coherent implementation. Subsequent group
meetings or workshops could be arranged at the end of this exercise to
disseminate experience and findings.

109




5. Could the decision being considered possibly constrain other decision makers’
ability to adapt to climate change (i.e. contribute to climate maladaptation)?

Options or decisions that may constrain climate adaptation can be difficult to
identify at this stage. They may be only apparent after Stage 5.

If it is believed that the decision being considered may adversely affect the
ability of other decision makers or stakeholders to manage climate change risks
in the future, their interests and involvement in the decision-making

process should be considered.

At present there is no department recognised whose ability to address the impacts
would be affected, because the FM team is in the first instance responsible for
addressing these impacts. If any department is recognised to be affected by the
decision made by the FM team, it will be considered at a later stage.

6. Who is the ultimate decision maker?

Suggested solutions would be communicated to the head of workplace
management, who in accordance with the budget constraints and other strategic
consideration (taken at board level) would approve the measures.

7. Has climate change already been accounted for at a strategic level? If so, was
consideration of climate change at the strategic level adequate? Does the strategy
take account of all possible climate change outcomes?

The CO2 reduction targets are already addressed in the CSR policy. The annual
and quarterly workplace and energy strategies have put forward the measures to
achieve the targets. At the moment the targets are within achievable bounds
through procurement of the renewable energy contracts. Any further reduction
targets will need additional measures in case future energy contracts are not
procured. There is no long-term strategy or budget in existence for addressing the
physical impacts of climate changes and increasing extreme events. At present,
BCP exists as a measure to address the recovery from such impacts. Contingency
budgets are used in some instances for repairs.

8. What resources are available to help you make the decision?

This will help determine how in-depth your decision-making process can be, and
what tools are appropriate to assist in the process.

Participation from FM professionals of the workplace team.

Support from the present study and guidance.

Existing and past property data.

Any external support and guidance available from Government or other
institutions. No financial resources are available to undertake additional technical
consultation work.
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5.3.1 Stage description

It was observed during this stage that there already exists and overarching organisational and
facilities management strategy, together with allied contracts, which would act as boundary

constraints for any decision made in later stages:

“We already have the strategy for investment[refurbishment] in our new asset and we
are tied for at least the next three ymain certain maintenance contracts.” (FM

manager comment)

Recognising this constraint through consecutive brainstorming sessions, the FM team identified
the receptors and exposure units and establish the risk end-points (the degree of risk posed to

exposure units).

Since the organisation is from the banking sector, all retail banking branches, important
corporate buildings and call centres were classified as receptors. As per the count there were a
total of 90 properties which were classified as receptors. This was as a result of these properties
having a recent history of climate-related flooding/overheating on the organization’s

maintenance database.

Since it would be difficult to undertake a risk assessment of all of the receptors, the team decided
to take a sample of the built assets for doing that assessment. The Environmental Agency (EA)
flood maps were referred to, as the prime concern to be addressed through this exercise was to

make properties resilient to increasing future flood events:

"I think we should refer to the [Environmat] Agency to look for sample properties as

we need flooding to be addressestiand foremost.” (fM manager comment)

With the help of those (online) flood maps, the team came up with three sets of properties at
high, moderate and low risk corresponding to the level of flood risk addressed in the EA maps.
As per this process, receptors (properties) and end points (levels of risk) were established, as set

out in Table 5.
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Table 5: Established receptors and end points

No of receptors End points

37 High risk

6 Moderate risk

6 Low risk

21 New sites at moderate risk due to recent
heavy rain occurrences.

70 total

Although the EA maps at the time of the exercise did not include future climate changes in their
indicative maps, the use of EA maps were envisaged as there was a common consensus in
existence that with future climate change the risk of flooding in the existing at-risk properties
will only increase. Although there would be additional sites which will be at risk of flooding in
future due to climate change, taking the existing at-risk sites as a sample would be helpful in

guiding the process for new at-risk sites.

“[Flooding] will only increase in our existing[at-risk] premises with more rain, which is
what we are experiencing with all thiseather change [i.e. climate change].” (FM

junior manager)

Since the EA flood risk maps were used as basis for defining the level of risk, the assessment end
points correspond to the levels of risk defined by the EA. This means that some 37 premises
occupied by the participating organisation were at high risk of flooding ‘High risk’ is defined as
where the chance of flooding in any year is greater than 1.3% (1 in 75); ‘moderate risk’ is
defined as where the chance of flooding in any year is 1.3% (1 in 75) or less, but greater than
0.5% (1 in 200); and ’low risk’ is defined as where the chance of flooding in any year is 0.5% (1
in 200) or less.

Since the team was already informed about the key UKCIP projections, they were able to attach

probability and confidence levels of scientific projection to the assessment end points, as

presented in Table 6.
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Table 6: Assessment of end points in amtance with climate change projections

End points High risk Moderate risk Low risk
Projection High confidence, high High confidence, low Low confidence, low
probability and probability probability probability

confidence level

Operational aspects

Double or more than
double insurance
premium (compared to
present state), decreased
property value, financial
loss, doubling of
recovery budget. 8 or
more days of business
lost, doubling ofstaff
complaints.

Moderate, > 2 days of
business lost,

increased recovery budget
(> present), increase in
staff complaints (but <
doubling).

Disruption caused in
number of hours open for
business, maintained
recovery budget and
insurance premium,
increased property or
normalised property
value, minimal increase in
level of staff complaints.

At the end of the stage, the exemplar matrix in Table 7 was established which fulfilled the stage-

2 requirement of the framework and acted as a matrix which could be used in future with newly

at-risk properties.
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Table7: Exemplar matrix

Objective Criteria Receptor and exposure units | Assessments endpoints (high, Factors affecting assessment
moderate and low) points
1) Minimise the disruption 1) Reduction in the 1) Operational 1) 37/90 properties are at high 1) Working hours
due to flooding caused days/hours the premises buildings risk (chance >1.3%pa) of 2) Maintenance
by heavy rain and (maximum a week after flooding as per present EA schedule
overburdened property a major flooding) are 2) Customers maps. The response time to 3) Budget availability
drainage problems. closed due to flooding complaints from these 4) Procuring
caused by heavy rain 4) Staff properties has to be contractors.

2) Manage and maintain
properties at flood risk
within budgetary
requirements.

3) Decide on viability of
the properties (out of 37
which are at 100% risk)
being kept for future
business up to the year
2020.

and overburdened
property drainage
problems by the year
2020. (Also flooding
due to coastal / fluvial /
surface water /
groundwater.)

2) Minimum staff
absenteeism during the
flood event.

3) Reduction in spending
on flood-related reactive
maintenance by
increasing flood
resilience/preparedness
in properties at high
risk.

(The % of reduction is not
mentioned as any reduction
achieved would be regarded as
success).

5) Maintenance
management system
of properties with

flooding complaints.

reduced.

(Evidence: present research on
flooding and the UKCIP02
scientific report indicates that there
is high confidence in the occurrence
of flooding due to amount and
intensity of winter rainfall, sea-level
rises. The evidence gathered for the
UKCIPO2 report is presented

in Appendix 5.)

Business continuity plans for all 37
at-high-risk properties in case of
severe flooding. Implement
measure in routine maintenance
plan to mitigate flood damage.

2) 12/90 properties are at
moderate or low risk
(chance <1.3%). Reduction
in complaints and level
recovery budget.
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5.3.2 Summary —Stage 2

In summary, stage 2 establishes the criteria for a decision, dependent upon the attitude to risk
(risk averse or risk containing) — for instance, the consensus was that the criterion of a
reduction in the number of days of premises closure was dependent upon the attitude that
since there is no certainty about climate change and that future climate impacts would be felt
at a certain magnitude, in which case thinking in terms of business loss should prevail and
risk preparedness should be adapted. Also influencing the objectives and criteria of decision

making is the culture of the organisation.

As described in a previous chapter the participating organisation reflected a hierarchical
organisational structure and the prevailing culture was that of defined roles and
responsibilities, and of fulfilling strategic aims and targets. Very few attempts were made to
go beyond a set role to achieve higher targets. Even then, the few attempts made were

constrained with no further motivation and no higher-level participation.

The stage also clarified the receptors and system that were likely to be impacted due to future
climate changes. It needed the help of existing EA data and maps, and the organisation’s
maintenance complaints database, for identifying sample properties that would be studied
further. A total of 90 sites were assessed as having some amount of risk of flooding. Out of
these, 37 sites were classified as having high risk while another 12 were classified at moderate
and low risk in equal proportions. These were classified using the information in EA maps,
which did not take future climate change into account in what they portrayed; but on the basis
of information gathered from the UKCIP02 scientific report, a general perception within the
team prevailed that with climate change the existing at-risk sites will only experience further

severe and frequent flooding.

The clarity on assessment end points was a crucial element of the stage, whereby the team
took account of business and climate projection data for establishing low, moderate and high-
level end points. For instance, climate projections with high probability and high confidence
and associated high financial and operational business were classified as higher assessment
end points, while projections with low probability and low confidence associated with low

business loss were classified as lower assessment end points.
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5.3.3 Researcher observation — Stage 2

It was clear by this stage that although the FM team had a basic awareness about climate
change occurrence and impacts, the understanding of scientific climate projections was not
observed to be prominent — although the team was able to use the overarching findings of

the UKCIPO02 projections in their assessment.

The FM managers relied on their experience and perception and, keeping in mind the overall
organisational culture, used the tried-and-tested method of using existing EA maps and the
organisation’s own maintenance complaints database for assessing properties likely to be at

risk in the future due to climate change.

On the basis of a primary understanding of climate change projections, a prevailing
perception existed that with future climate change the already at-risk sites would experience
more extreme events and flooding and that the properties should adapt a precautionary

approach to minimise the operational risk:

"l think whatever the [climate] change is [caused by], we need to be at least
prepared.” (Decision maker comment)

“I think none of us understand the detailed science [of climate change projections]
but I am certain that we all agree thahings will become worse for flooding [at
already at-risk sites]” (FM manager comment)

5.4 UKCIP Stage 3 — Assesssk, (tiered stage).

This stage of the UKCIP framework is a tiered stage involving three tiers, where tier 1
assesses the preliminary climate change risk assessment while tiers 2 and 3 assess the
qualitative and quantitative climate change risk assessment (respectively) involving tools

and techniques for assessment which are more complex than the previous two stages.

Figure 10/3: Stage 3 othe UKCIP framework
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5.4.1 Importance of tier 1 of the stage

The tier-1 analysis helps in shortlisting the climate variables which could potentially affect
the receptor and the options for adaptation. For the study under consideration, the FM team
defined three climate variables and their potential effect on the receptors. The summary
output of the UKCIPO02 scientific report was referred to as guidance for this stage.

5.4.2 Description and key considerabns of tier 1 of the stage

Answering the guiding key questions for the tier 1 helped in identifying the climate

variables, which can affect the decision.

The guidance in the UKCIP technical report helped in characterising the climatic and non-

climatic risks through key questions and answers for the stage, as presented in Table 8.

117



Table 8: Key questions and answers tads fulfilment of stage 3 tier 1ofhe UKCIP decision making framework

KEY Questions for stage 3 tier 1 of the framework

Answers formulated by FM team

1. What is the lifetime of your decision? Over what period are the benefits of the
decision expected to be realised?

This will inform the choice of climate scenarios to be used in future analyses,
and how they are interpreted.

The time frame considered for the decision is 20 years, for which future
demands would be assessed. If implemented, the benefits could be realised in the
next 5—10years (considering the uncertainty in climate change and that the recent
effects experienced would increase in future). Depending upon this, the most
immediate climate change time series 2020 (2011-30) is to be taken into
account.

2. Which climate variables are likely to be significant in relation to meeting your
decision criteria?

Does information on past variability in climate or past extremes of weather
indicate potential vulnerability to climate change?

Vulnerability to changes in mean climate may be less obvious, and therefore
more difficult to foresee than vulnerability to changes in climate extremes.

Heavy rain and precipitation rates, extreme weather events (windstorms)
resulting in flooding, sea level rise near the properties situated at coast are the
main variables of significance here.

The floods which occurred due to heavy rain in 2000 cannot be scientifically
completely attributed to climate change, but there is high confidence in the
scientific community that intensity and frequency of such rainfalls may increase
in accordance with the output from climatic model runs. Also, gradually
increasing summer temperature is to be considered. The complete information on
flooding on various sites was difficult to gather as newly acquired properties
would not always have an associated flood history and damage data.

3. How might future changes in these climate variables affect your decision and
ability to meet your decision criteria?

Are certain climate variables likely to be of greater significance than others?

Judgements should be based on information contained within the latest UKCIP
climate change scenarios. Climate analogues may also be helpful.

Changes in the frequency and magnitude of extreme values of climate variables
are more difficult to predict, and more uncertain, than changes in mean values.

Extreme rainfall frequency and intensity will affect the plans of making the
properties flood resilient, demanding more maintenance budget and more non-
operational days for the business. Also, a high confidence level for more winter
precipitation as per the UKCIPO02 scientific report will affect the flooding events
due to decreased capacity of surface water drainage to cope with increasing
amounts of rainwater.

Historically, autumn precipitation in the UK has been high and has been seasonal
for many flood events. Due to climate change the winters will be wetter,
resulting in the soil retaining more water after a possible flood event in autumn
and itself resulting in a higher number of flood events than in the past.

4. If an initial portfolio of options exists, is it possible at this stage to judge the
potential significance of the impacts of climate change to the options?

Is the risk posed to certain receptors likely to be of key importance to the choice
of option?

There are some sets of options that exist at present. They include insurance
premium arrangements, relocating ground-floor functions and important
equipment above the flood level, floor refurbishment (replace carpeting with
solid water-resistant flooring, move electrical points, arrange for staff to work
from home if required to or from some other business premises, emergency staff
from nearby area should be a standby in emergency, check and update site
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sewerage system, update roofing and guttering, liaise with highways agency,
energy and communication providers for emergency supply and speedy recovery
or provide generators on site, keep ready the disaster recovery plan including
drying services and contractors and other suppliers. Check and establish the
emergency contracts with suppliers as required, server room cooling capacity
should be increased, with provision for additional coolers if required, for long-
term solutions assess the cooling demand and options for natural ventilation in
server rooms or other office areas. Replacement of equipment can be included in
next maintenance cycle, while major system changes could be undertaken during
refurbishment cycle. Staff dress code and energy efficiency, and cooling and
heating control training, water cooler provision. (The probability and intensity of
weather events such as flooding and heat in areas where properties reside will be
important for deciding on appropriate option. % increase then historical flood
events and consecutive hot spell will be of concern for routine working of the
business and building services.)

5. Is there uncertainty regarding forecasts of particular climatic hazards or their
associated impacts?

Can the level of confidence associated with particular hazards and their impacts
be determined?

At present there is more than 90% confidence in the occurrence of flooding at 37
sites without considering climate change, as per the EA maps. Also high
confidence level in wetter winter; and confidence level in variability in spring
and winter is medium to high.

6. Can any climatic variables or impacts be screened out at this stage — for
example because they are not likely to affect the choice of option or because
they would apply equally to all possible options?

Everything can be screened out except the ones which will impact flooding and
overheating.

7. What other (non-climate) factors could also be relevant in relation to meeting
your criteria?

There should be an aim to limit the time and effort spent on data collection at
this stage. The intention is to provide an indication (not involving
quantification) of the areas where climate change risk could significantly
influence the final decision.

Monetary and human resource limitation; also, limited expertise in flood
resistance and understanding quantified data for UKCIPO2 climate change data
files. Organisational approach for climate change. Site-specific FM approach for
risk assessment, management and climate change as whole.
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A matrix of key climate variables and their characteristics affecting the decision was prepared,
which is presented in Table 9. This allowed grading the confidence level in the assessment of

links between variable and decision criteria.

Table 9: Climate variables and chacteristics affecting the decision

Variable Magnitude and Joint Sensitivity of decision| Confidence in
direction of change | probability criteria assessment of link
events and between variable
variables and decision
criteria
Sea level Increase (sudden in | Joint occurrence | Medium to high (have | Low
next 10 yrs) of high time to observe the
precipitation and | change and relocate)
sea level rise
Precipitation Increase (monthly Joint or High (increase in High
during autumn and consecutive maintenance budget
winter) occurrence of and non-working days)
high winds and
precipitation
High winds Increase (sudden Medium to high (roof | Medium to high
extreme winds structure and windows
resulting in storms, /cladding joints
monthly during maintenance cost)
autumn and winter)
Soil moisture Increase (monthly) Consecutive Low to medium (water | Low to medium
high ingress and retention
precipitation may result in localised
flooding)
Water run-off | Increase (during wet | Consecutive Medium to high (risk | Medium to high
seasons and extreme | high of blocking the drains,
rainfall) precipitation and | resulting in small areas
wet seasons) of property flooding)

The tier 1 of stage 3 helped the team in its preliminary risk screening due to climate change by
establishing: (a) the time frame of the climate change to be considered (the 2011-2020 time
series); (b) the climate variables which can affect the decision; and (c) their variability and the
confidence level attached to the expected changes according to the UKCIP02 scientific report.
The team also acknowledged that the limited finance and expertise available on the subject might

affect the final decision.

5.4.3 Description and key considerabns of tier 2 of the stage

Tier 2 of stage 3 was adapted to further assess the qualitative and generic quantitative risks on
the basis of the climate variables and projection time series identified in tier 1. The key question

and answers for tier 2 of this stage are presented in table 10 below.
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Table 10: Key guestions and answers towards fulfilmenstaige 3 tier 2 of the UK® decision-making framework

KEY Questions for stage 3 tier 2 of the framework

Answers formulated by FM team

1. Given the various options identified previously, what are the risks of failing to
meet your criteria:
a) Posed by climate change?
b) Posed by non-climate factors?

Forecasts of future values for both climate and non-climate variables will be
required. In most cases these forecasts will be scenario-based in order to account
for sources of uncertainty.

Criteria will be represented by a number of defined receptors and assessment
endpoints (refer to Stage 2).

Risk posed by climate change is 15% increase in winter precipitation by 2020
(medium High Emissions scenario). 100% confidence that the 37 properties
will have 1 in 75 chance of flooding without climate change, which can only
increase due to increased precipitation through winter — closure of the premises
for a longer time period resulting in loss of working days and business in
monetary terms. Recurring maintenance due to increased rain and flooding and
possibility of rendering the premises obsolete. Failure to acquire insurance in
future if insurers do not agree for insuring the flood-prone sites.

Non-climatic factors: other business in surrounding area may benefit from
closure of flooded premises. The flood barrier planned by the Government may
take longer than anticipated to be constructed. The selling price of the premises
may be lower due to residing in a flood zone.

2. What are the most important consequences? Which are the key hazard factors?
How are the consequences dependent upon the hazards?

Risk assessments, including estimates of probability, will be contingent on the
particular scenario or scenarios upon which they are based.

The most important consequence is the permanent closure of the site due to
increased sea level rise or recurring extreme rain events, as these hazards will
result in unavailability of the site and staff for operational purposes. Much of
the time, as per medium-high end of the High Emissions scenario, there will be
a high confidence that winter rain will increase in the area. The sites within
these areas will be constantly monitored and further resources would be
allocated if required.

3. Are some of the options more vulnerable to these factors then others?

None of the options except the flood levy in high sea-level rise areas are
vulnerable to extreme recurring winter rain and sea level rise events (near
coasts).
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4. What tools should be used to analyse risks? Do these reflect the scale of the
problem, its complexity and data availability?

Refer to Appendix 7 for exemplar assessment.

Risk assessment = Probability x consequence where

Probability = a chance a particular event will occur and

Consequence = the impact the particular event can cause resulting in desirable
or undesirable outcome.

A primary cost-benefit analysis method using medium-high scenario
projections (Appendix 7) was used as a guide. A risk matrix table to be
constructed for every site, which is at 100% risk as per EA maps. This is found
to be the best option considering the present data availability and expertise.
(semi-quantitative)

5. Could other tools be adopted which would allow more explicit consideration of
climate change risk, including estimates of probability, analyses of uncertainties
and the significance of key assumptions?

In-depth detailed quantitative studies (tier 3) will usually be dependent on
further data collection and the development of risk assessment models.

What would be the advantages or disadvantages of adopting alternative risk
assessment tools?

At present the risk assessment has to be limited to tier 2 for qualitative
analysis, as the FM team do not have resources for external consultancy and
data availability for quantitative analysis. Also, the level of analysis reached
thus far is likely to achieve the desired criteria and objectives. Any further
quantitative analysis would need to be driven from higher (strategy—making)
decision makers.
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Answering the key questions for tier 1 and tier 2 revealed that the further quantitative analysis
would require expert opinion and knowledge along with detailed data for individual sites and
buildings at risk of flooding. Since this data was not available to the FM team during the
implementation stage, it was decided to gather them from external sources such as local

authorities.

5.4.4 Local council questionnaire

The FM team believed that it was necessary to gain local knowledge about the high-risk sites and
also gather information from the local councils on any support systems that are provided by the
councils to the local community and businesses in severe conditions, because it would not be
possible for the organisation to take all the adaptation measures (e.g. construction of temporary
levee). For this purpose the basic information had to be collected on council flooding

preparedness before any further detailed inquiry was able to be made.

With this in mind, a web search of sample of council websites was performed and this revealed

the following:

e Council websites have preliminary information regarding flooding and are supposed to
have an emergency plan. Most of the councils would have an emergency hotline open

for help and support.

e The support provided by the councils is in the form of an initial flood warning system
(initially activated by the Environment Agency) which is through fax, e-mail or other
media this seems to be in place with every council. In addition, some of the councils
provide sandbags at a cost or free before and during a flood period, but some do not

provide them and advise procuring them beforehand.

¢ In the event of road closures or disconnection of power supplies, the authorities in
charge (such as the power supply companies, the water companies and the highways
agencies) are directly responsible for all the above services and are not entirely in the

council’s hand or responsibility.

e The council would try to get the things back to normal as quickly as possible in

coordination with these authorities — but it might take from days to months.
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¢ In the case of a flood caused through heavy rainfall and overflow of drainage, the
drainage authorities are responsible. In the same way, the highway agencies are most
times responsible for the upkeep or road works so that they do not flood. In cases of
road flooding, these authorities would try their best to get things back on track, which

can once again take days or months.

To get more information about the council’s role and support in cases of flooding, a

questionnaire was prepared (see Appendix 6) asking about the following:

e The various flooding events that had occurred within the council area, with their

severity levels

e The action taken before flooding with regard to a warning system, the closure of roads,

the effect on electricity and other services, and any relocation of people if required

e The action taken during flooding with regard to security measures taken to avoid
damage to private property, and the activation and effectiveness of any emergency

plan

e The action taken after flooding by means of a recovery plan, including cleaning and

opening the roads, reconnecting electricity/gas/water supplies, and drain clearing

e Any anticipated future risk of flooding advised to the council and its causes, with any

plan in place to reduce the risk of future flooding.

5.4.5 Results and analysis of council questionnaire

While analysing the questionnaire replies from local authorities, it was observed that one of them
invoked the Freedom of Information Act 2000 and others were found to be very much
incomplete, which implies that there is not much flood data-recording taking place within
councils (although this is found to be changing in recent years as a result of the introduction of
the Climate Change Act 2008). Poor record-keeping in this context had been assumed from the

prior web search before the questionnaire, but it was once again confirmed.

In total only seven replies (including one evoking the Freedom of Information Act 2000) were
received, out of 25 questionnaires sent out to councils where the participating organisation had

properties at highest risk of flooding according to list put together with the initial search from the
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Environment Agency website. From the acquired results it could probably be pointed out that at

most the councils could:

e Collaborate with the various authorities during and after flooding

e Work as a primary warning authority locally and to local businesses once it receives

any flood warning from the Environment Agency

e Have an emergency plan, which in the majority cases can be procured from their
websites. The council needs to consult the Environment Agency for approving any
future development in the flood plain zones, and this has been emphasised by

publication of PPS 25, which sets out policies to planning authorities to:

o Ensure flood risk is properly taken into account at all stages in the planning
process.
e Prevent inappropriate development in areas at high risk of flooding, and

e Direct development away from areas at highest risk.

Through the questionnaire survey it was observed that a higher level of coordination between the
Environment Agency and local planning departments is required. This has been emphasised in
the LCCP (2006) report and the Pitt review (2008). The LCCP report mentions the need of
partnerships between different government organisations and across geographical boundaries,
and a need for clear communication and engagement with authorities, business and the public to

achieve successful adaptation for the changing climate.

A suggestion has been made for a forum involving various agencies to share information on
drainage and flooding to help with managing flood risk through a range of measures. Although
the Government agencies need to be at the forefront of managing the risk, coordination among

the agencies is primary objectives which need to be fulfilled.

The scenario just described has been altered now with the ongoing research in the area and the
requirements of the Climate Change Act 2008 and the NI 188 guidance for local councils, which

requires those councils to undertake structured risk assessment and suggest adaptation options.

At the end of tier 2 the FM team had semi quantitative data which was not enough for
undertaking a tier 3 of the assessment stage 3, thus restricting the implementation of the UKCIP

framework till Tier 2 of stage 3.
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5.4.6 Summary — Stage-3 assessment process

During stage 3 implementation, the FM team was able to identify different climatic variables,
namely changes which could impact their operational function and physical aspects of the built
assets. The variables causing particular concern were the higher precipitation rate during winter,
high winds, a sea-level rise and a mean temperature rise. The probability of these events
occurring was considered with the scientific confidence level attached to them. The variable
changes with high and moderate (likely) confidence levels were considered in a further

assessment.

The assessment made was qualitative and semi-quantitative in nature, owing to the unavailability
of historical site-specific climate damage data, an absence of micro-level climate change
projections over a short time period (5-10 yrs), and the FM team’s relative lack of understanding

of detailed scientific projections. The assessment process followed is outlined in Figure 11.
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Effectiveness of measure:

Not very effective, effective, Costing to make strategic
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Fig 11: Assessmergrocess observedytihe participatory FM team
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Because of the unavailability of micro-level data and in the absence of any information available
from the local authorities, the FM team had depended upon the existing information available
from the EA maps to assess flood risk. The perception prevailing here was that flood risk for
already at-risk sites at present will increase due to future climate change effects. The sites
identified from the maps were assessed in relation to regional projections outlined in the
UKCIPO02 scientific report and the sites’ business importance. These were rated at high,
moderate and minimum risk in accordance to existing risk-level labelling used within the

organisation.

The FM team had used existing and past experience of climate-related events in the assessment
process as outlined in stage 1 to 3 of the assessment process shown in Figure 11. This consisted
of gathering data on past experiences of climate events (i.e. the nature of the event, its severity,
the consequences in terms of financial loss from damage to property components, measures
implemented to deal with the problem, and the effectiveness of the measures. This became a
basis on which to anticipate the future impacts in line with climate change projections outlined in

the UKCIPO02 scientific report.

On the basis of past and existing experiences, at stage 4 of the assessment process the team were
able to identify climate change variables the changes in which were likely impacts on the
organisation’s built assets. A preliminary matrix of these variables and their impacts were

prepared, as shown in Table 11.

Table 11: Preliminary matrix prepred by participatory FM team

Variable Confidence [Likely % [System and |Impacts|Consequences [Options|Favoured option

(for time level increase |receptor implemented on
series 2020) affected basis of initial
criteria

Stages 4 and 5 together had adopted semi-quantitative assessment methods for costing the likely
climate change impacts on the participating organisation’s built-asset portfolio. These stages had
taken the likely damage data from past events and combined it with the future event probability

to obtain a future cost of climate change impacts. This was essential to make a financial case to
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gather strategic support. The costing methodology was based on the guidance presented in

Metroeconomic#2004) (see Appendix 7 for details).

At this stage a secondary matrix, as presented in Table 12, was developed to support present and

future decisions.

Table 12: Secondary matrix prepared by the papaiory FM team
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At the end of the assessment process, a bank of favoured options was developed along with
trigger points at which the adaptation action would be initiated in the future. The trigger points
were established as a result of uncertainty attached to projections and the lack of micro-level
projections and impact detail, without which a complete costing and financial case was not
possible to be established for strategic agreement. The strengthening of business continuity
planning, disaster recovery planning and insurance cover were favoured as these were easy to

implement without disturbing the routine working systems.

This pattern in organisational adaptation is also noted by Berkhout et al (2004), who pointed out
that in the absence of strong climate change signals and an uncertainty of benefit from adaptation

measures, organisations are unlikely to adopt the trial-and-error method to routine practices.

5.4.7 Researcher observations — Stage 3

It was observed that the FM team had developed a precautionary approach in the presence of the
uncertainty associated with the climate change projections. Also, the perception persisted that,
overall, future climate change impacts — especially increased winter precipitation; sea level rise
and overheating in summer months — would pose an increasing risk to built assets and

operational activities. The increased precipitation events were of particular concern.
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This perception and overall attitude was reflected in the choice of scenario (medium-high and
high emission) for risk assessment purposes, with a view that projections at the higher end would

give more margins to manage risk.

By the time they had reached the risk assessment stage, the FM team had developed a moderate
understanding of the decision-making framework, climate change scenarios and related
projections. In spite of this, their belief in human-induced climate change remained weak. As a
result, undertaking a forceful strategy and strong action for climate change adaptation was

resisted to some extent:

“We can assess the risk for future referentait it is still not clear [that these climate
change impacts] will happen and that QOis causing these [climate] changes.”

(Decision maker’'s comment)

A common consensus among the FM team existed that strategic importance should be given to
climate change adaptation and especially to flooding and overheating problems. This was
expected to increase the operational budget and, in turn, help in making sites more resilient,

based on the matrix and assessments worked out using the UKCIP decision-making framework.

5.5 Summary of the organisation’s implementation process

The overall implementation process by the participating organisation for taking mitigation and
adaptation action against climate change, including the different framework stages and their
outcomes, is summarised in Table 13. In addition, Appendix 8 gives a diagrammatic
representation of the implementation process. Although a range of climate impacts were
considered, the two impacts that were perceived to be most important to the organisation were
flooding and overheating, with flooding being given the highest priority — and primarily because
the organisation had already experienced business disruption due to flooding events. With the
problem defined, the next stage was to identify which of the organisation’s built assets were
currently at risk, or likely to be at risk, as a result of future climate change. This task proved

more complicated than was originally envisaged.

The available climate scenarios (as per UKCIP02) were able to give future projections over wide
geographical areas, but lacked specific probabilities of occurrence at the micro level, as a result

of which site-specific quantitative risk assessment proved difficult to undertake. Although
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higher-resolution climate projection data was available, the UKCIP team has stated that this does
not imply that detailed climate change information is available at the Skm scale, as there are
many local climatic influences and feedbacks at this level that could modify the general pattern
of change. Similar concerns are also noted by Luc Salagnac (2007) and O’Brien et al (2004). In
light of these concerns, the Environment Agency flooding maps and information from local
councils was used to make site-specific (at the individual building location level) flood risk

assessments.

The decision to use the EA data was a pragmatic one based on the views of the participating
organisation’s facilities management team, who argued that buildings located in areas already
prone to the risk of flooding are likely to face increased risk in the future. These predictions they
had confidence in and felt able to defend to senior management. Whilst this may appear a
somewhat short-sighted approach, it is in line with the suggestions by Willows and Connell
(2003), who identified a lack of understanding of climate change projections and related
uncertainties as a key issue in assessing the risks associated with future climate change amongst

business decision makers.

Table 13: A summary of outcomeslating to framework stages

Outcome Concise outcome

Framework stage

Stage 1 — Identify problem and | Consideration of the problem was based on experience of a flood
objectives event and consequent financial loss. The criteria were to look for
ways to adapt to present and future climate-related flood events (and
overheating). Climate change will be an important aspect in deciding
on the adaptation measures. The scale of problem was deemed to be
at the project level (i.e. operational). The decisions were expected to
provide short-term and long-term benefits.

Stage 2 — Establish decision- The attitude of the participating organisation towards risk was
making criteria considered along with the level of risk acceptable (risk threshold).
The major receptors were business function and built assets. Flood
maps were used to decide on upper, medium and lower thresholds of
risk to the properties under review (and these levels are likely to
increase or remain the same in the event of future climate change).

Stage 3 — Assess risk (tiers 1 Precipitation, extreme rainfall, a coastal sea-level rise, and summer
and 2) temperature were regarded as variables of interest. The medium—
high climate scenario with timescale of 2020 was considered. The
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(Stage 3 tier 3 and stages 4-8 | limitations of existing measures were considered (resistance and

(4- Identify options, resilience to flooding). Although uncertainty was looked at, it
Stage 5- Appraise option, proved very difficult to persuade the organisation to consider further
Stage 6- Make decision, , data collection and quantitative assessment and thus consider long-
Stage 7- Implement, term planned adaptation interventions. A qualitative and semi-

Stage 8- Monitor) were not | quantitative assessment and matrix was developed to assess the
undertaken at the required level | likely risk and resilience of the sample properties. Due to time
of detail.) constraints, this matrix was not fully tested.

Coping strategies As a consequence of the participatory study, the organisation
strengthened its business-continuity and disaster-recovery plans.
High-risk properties were placed under 'on-going observation' and
flood-resistant refurbishment contingencies were identified for high-
risk sites. Further research on the business value of at-risk sites and a
strategy for disposal or continuing acquisition was considered.

By way of compromise, the research team extrapolated future flood assessments by combining
the existing flood risk maps with the wider macro-level climate change projection. These
enabled the team to augment the list of buildings that were at ‘known risk’ with those that were
at ‘possible risk’. However, much of the implementation process remained qualitative or semi-
quantitative in nature. The implementation of quantitative risk assessment methods (e.g. Monte
Carlo method, Bayesian method) were not pursued for probabilistic risk assessment due to a lack
of micro-level probabilistic climate-change projections and the unavailability of historical data

on property damage (cost) and business interruptions as a result of previous flooding events.

It was also difficult to establish validity for investing in elaborate quantification of the impacts of
future flooding on built-asset management plans (including adaptation strategies) as a result of
(a) the unpredictable cycle of acquisition and disposal of built assets in response to business
demands (“Why invest in protecting a building against future flooding if we may not occupy it in
five years’ time?”) and (b) the 30-year time line for climate change risk compared with a

business and facilities management strategy-upgrade time period of 3—5 years.

As a result, the organisation decided to adopt a responsive strategy for climate change adaptation
(keeping a watching brief and only intervening when a problem presents itself) until such a time
as the level of certainty surrounding the impacts was reduced or the risks more clearly
quantified. In adopting this strategy, a number of trigger points were established against which

further detailed surveys and quantitative assessments could be made.

In cases of flooding, the most favoured long-term strategic option was that of strengthening
business continuity planning through risk transfer (insurance) and the provision of temporary

flood defences where required (to reduce premiums). Properties rated as high risk and where a
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recent flood event had occurred had flood resistance and resilience measures planned as part of
the next normal refurbishment cycle, depending upon the budget availability; this could involve
moving equipment above the flood level, replacing carpeting with hard water-resistant flooring,
installing flood gates etc. The relocation of the business operation from an at-risk property (even
on a temporary basis) would be considered if persistent climate-related extreme events were
experienced. The realisation of these measures will once again depend upon achieving strategic

and financial support.

In terms of immediate operational adaptation, routine maintenance was extended to include more
regular gutter cleaning and drainage system testing; maintaining roof tiles and monitoring the
facade of buildings for any water ingress. The main business-operational measure was an
extension to home-based working (which was already being promoted as a part of a mitigation

drive).

The implementation of the UKCIP framework within the participating organisation gave rise to

an assessment process and adaptation process presented in Figure 12.

The assessment process was the result of implementing the framework and FM responses in
adapting the framework as per their organisation’s conditions. An explanation of these can be
found in subsection 5.4.6. Further validation of the assessment process was not possible due to
time constraints in implementing the UKCIP decision-making framework with other
organisations, where these processes will reflect factors such as organisational decision-making,

strategy approach and culture, which could differ from one case to another.

The adaptation process was formulated by analysing the process of implementing the UCKIP
decision-making framework through participatory study with the organisation. The stages of the
adaptation process were characterised by aspects such as experience of an extreme event,
associated perceptions and an ability to identify future impacts. Read in a sequential format and
in accordance with implementation of each stage of the UKCIP decision-making framework,
these aspects help in outlining the adaptation process, which FM professionals of a commercial

organisation are anticipated to go through.

The detailed explanation of this process is provided in Chapter 8, where it is supported by the
result of logistic regression analysis performed on the questionnaire survey responses of British

Institute of Facilities Management (BIFM) members. The questionnaire survey of BIFM

133



members was undertaken to achieve further validation of the adaptation process observed in the
participatory study. The similarity between the observed adaptation process in the study with the
wider adaptation concept of risk experience, risk appraisal and adaptive capacity is also

discussed in Chapter 8.

Assessment process Adaptation process -
isk

Past climale related events. The experience of én climate relaled event experience
Physical damage (build component.) (cxi_:rcrr_lc C\_rcnt) I've/-ve appraisal
[nsuraimce cost _ Belief in climate change occurrence Cognitive
No of'days closiire — business cost. i Eraees ol
- . / heuristics
i{casurc faken Pcrecption of climatc changg as a risk to the
Effectiveness of measure (cost reduction) E_usmess Sl Risk

\l‘ Identification of impacts appraisal
Probability of event —possible from UKCIP 09 J’
+ Knowledge and data for assessment and
Cosl x probability =risk (likely [uture cost) quantification.

+
o . : Adapti
J, Org size (resource —time, money. ext and int. phve
supporl) capacity

Optionl — life cycle cost (Initital cost- |
[ e savm_gb‘) Flexibility of existing strategy and process
Option 2 — life cycle cost
Option n- life cycle cost ‘l‘
= . . . . Intention
Built asset value for business FM consider climate change impacts to be included 3| for
= in future planning — (disaster recovery). adaptation
Bank of options

Fig 12: Overall assessment reswhd selected adaptation options

5.6 Conclusion and need fofurther validation of results

As a result of the participatory study, it was observed that the UKCIP decision-making

framework remained only partially implemented, reasons for which are pinpointed below.

1) The organisation’s and the failities managers’ perceptions ofisk, associated with belief

in the occurrence of climate change, affects the approach taken.

This was observed to be one of the key aspects in UKCIP framework implementation, which is
also highlighted by Willows and Connell (2003) when they state that the organisational attitude

to risk will affect the final decision.

It was observed that past experience and financial loss triggers a perception of future climate-

related impacts, because risk and a perception related to risk persist (due to the wider importance
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given to climate change in the public domain) that in the future extreme events will cause more
disruption, and even though the belief in human-induced climate change remains weak. This
situation, coupled with other financial and organisational internal capacity constraints, limits the

adaptation process to some extent.

2) Adaptation is seen as operational, while mjation is strategically driven with long-term
planning and adaptation action occurring asa reaction to a weather-related or extreme

event.

A consensus existed that, as a result of wider mitigation regulation, the commercial sector
needed a long-term targeted mitigation strategy and had to make it financially viable. Energy
prices also contributed to this to some extent. This had made mitigation a strategic agenda and
owing to set targets measurable actions were undertaken. In contrast, adaptation had no strategic
impetus and was primarily seen as an operational risk for which, maintenance budget
adjustments were to be made as and when required. Long-term planning for such a risk was a

new concept, which has not yet made it to the forefront of organisational thinking.

3) A number of areas of concern remained unredved: reliance on past experience of
weather events; difficulty in translating climate change projections into business
operational risk; uncertainty relating to climate change projections; and an absence of

micro-level probability data.

Although through the implementation exercise the participatory FM team was very much
acquainted with the UKCIP decision-making framework and the UKCIP02 climate projections,

it was difficult for the team to translate the projection into operational risk. For instance:

“A 2-degree rise in temperature or 5% im@se in precipitatiorio the 1960 base line is
confusing for me to relate to. What | need to know is what | will face in the next three years
so | can budget for it next year.” (FM manager comment)

The uncertainty and lack of micro-level climate change projections were also seen as a barrier. It
was hoped that the site-specific past extreme-event damage data would be possible to gather
from the relevant local councils, but the survey with the councils found that it was not possible to

gather such data at the time of the study.
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5.6.1 Validity of findings and the next steps

Citing Yin 1984, Gable (1994) argues that the study of a single case provides the opportunity to
ask penetrating questions and to capture the richness of organisational behaviour, but the
conclusions drawn may be specific to the particular organisations studied and may not be
generalisable. In line with this, citing Lee 1989, Gable (1994) identifies four corresponding
problems with singular-study research: a lack of controllability, deductibility, repeatability and
generalisability, where the latter two limitations stem largely from the lack of power to

randomise.

Nevertheless, it has been suggested by Yin (1984) (as cited in Gable (1994) that study of a single
case is appropriate if the objective of the research is to explore a previously unresearched subject
— as is the case in the present study (where the UKCIP decision-making framework was for the
first time being used by a commercial FM department at the time of the research). In spite of
this, it was also necessary to test whether the observations made during the study were specific to
the participating organisation or represented a wider generic view of facilities managers. It was
believed that ensuring this would also be able to address the two important limitations of the
singular-case approach, namely repeatability and generalisability. Citing Jick (1983), Gable
(1994) mentions the importance of how survey research can contribute to greater confidence in
the generalisability of a set of results. By studying a representative sample, the survey approach
seeks to discover relationships that are common, thereby providing a basis for generalised

statements about the object of study.

In light of this thinking, a questionnaire survey was formulated, to be undertaken of professional
facilities managers (BIFM members) based in the United Kingdom, with the aim of confirming
(or otherwise) the participatory study observations found. Based on the key observations of the

study, the questionnaire survey made three key enquiries:
1) What are facilities managers’ perceptions and opinions about climate change
(mitigation and adaptation)?

2) Does past experience of an extreme weather event change a facilities manager’s
perception of climate risk (in terms of business function / asset management) and is

this the key to implementing adaptation measures?
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3) What is the nature of climate change adaptation and mitigation actions — are they

strategic or operational?

The questionnaire survey is the subject of the next chapter, and the results therefrom are

discussed in Chapters 7 and 8.

137



Chapter 6: Questionnaire survey

The participatory study phase used an online questionnaire survey to vélaptaticipatory study
observation with the wider FM community. In thekapter, section 6.1 presents the web-based
questionnaire approach and the reasoning bahimtluding why the BIFM (British Institution of
Facilities Management) community was selected as target respondents. The design of the surve
hypothesis and operational variables, along with the pilot survey results, aredaposection 6.2,

while section 6.3 talks about the responses received, data gathering and transfoandtselected

statistical analysis. Section 6.4 summarises the chapter content.

6.1 Online survey and design

As noted in Chapter 4, this research has adopted a sequential mixed-method approach where t
gualitative participative observation study wiailed by a quantitative survey. This was done
primarily to ensure the validity of the concepts generated from the qualitatosesithin the wider

facilities management community.

As noted above and earlier in Chapters 4 and 5, members of the Bniistuté of Facilities

Management were chosen as a targeted populaiicarry out the questionnaire survey as:
e The BIFM represents the largest grougatdfilities managemergersonnel across the
United Kingdom, providing a mix of participants from various business sectors

e The BIFM assisted by making certain that facilities managers in different posts across

different sectors would receive the questionnaire

¢ It would be possible to make a comparison about FM perception and action between

different sectors and across the different levels of post amongst facilities mangers

e The questionnaire could be sent across the whole of the UK.

The disadvantages to the approach offered were twofold: | was difficult to classifgssisector

details from the information in the BIFM databas@d the contact details in the database only
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consisted of members’ e-mail addresses, which required the questionnaire to be web-based. The
disadvantages were resolved by including questioggiring about a respondent’s post, the sector
they belong to and also the size of the organisation they worked in. This made suespbiatient

from private-sector organisations that were sefaoilities managers or facilities managers could be

identified easily.

Couper (2008) identifies an online survey simply as a survey where data is collected via the interne
A further distinction is made by Couper (2008) between ‘client-side’ (i.e. e-mail-based) surveys,
where the survey is answered by respondents via e-mail or completed in a word—processin
document for sending across at a later time, and ‘server-side’ (i.e. web-browser-baseg$ surv
where the questionnaire is answered in real tinnieguthe interactive features generated by a script
on the web server or other program. Since the e-mail-based survey has a disadvantage ¢

compromising security and confidentiality, a web-based real-time survey was adopted.

The survey questionnaire was formulated us8MAP software designed for generating online
guestionnaire surveys and performing analyses. The software is published bys8N&yand was
chosen due to its in house availability to the researcher and it added analysis ability ftwére so
allowed a systematic approach to formatting the survey questions and distributing them to the

intended population as it helped in:

e Formatting and colour-coding various components within the survey — for exangple, th
instructions and questions, which were considered primary elements, were caledr-co
differently from the interactive buttons andvigation bars, which made the questionnaire
clear and legible (and further details on questionnaire presentation are covered in
Chapter 3)

¢ Uploading the survey onto the University of Greenwich server, genegtirgp link, and
sending out the invitations explaining the research, with an embedded web link to the

intended population for completion of the survey

¢ Importing the responses into the software ready for generating an initial analysis or

exporting the responses to other analysis software suekcas and SPSS.
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The questionnaire formulated using the SNARtveare was tested wittcolleagues on three
occasions before uploading the pilot questionnaire, so as to ensurarityeatllayout and for any

technical or language errors.

6.2 Questionnaire design

Every piece of research has two constituents: research design and research techniguei(@ppen
1992; Creswell 2009). The overall research design (a mixed-method approach) has been discuss
in Chapter 3. The research techniques could kavied across participatory study, action research,
focus groups, interviews, postguestionnaires and online survey. As mentioned by Oppenheim
(1992), the application of a particular technique is sometimes dependent upon the targete
population and the wider aim of the research -cths the case for present survey because the

choice of a web-based survey was driven by the limited means of contact of thpdargation.

For a questionnaire survey design, Oppenheim (1992) puts stress on the specification o
operationalised aims, i.e. specific issues gpdtheses, which should identify the variables and
measurements to be tested. Therafionalised aims supporting thgpothesis for the questionnaire

were derived from the overall research design and participative observation studies.

On the basis of the qualitative study conclusiahg research questisrfor the questionnaire
survey, a hypothesis and the related variables alerdentified. These were categorical, continuous

or discrete in nature.

To verify the hypothesis it was essential to ask two-tiered questions whereby an answer given to th
primary was verified by asking secondary questions related to the concepts behind the primar
question. For example, the questionnaire enquired about the participants’ knowledge @& climat
change impacts via a rating scale, and the angwehis was verified at a later stage by enquiring

about the participants’ awareness of initiei such as the Carbon Trust and UKCIP.
The measure of correlations amongst other variables was used to validate tahesjegothesis.
Table 14 outlines the findings of the participating organisation’s observation study, the derived

research questions for the questionnaire survey, the hypothesis and the relatedyvariable
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Table 14: Derived guestions, hypothesis and variables

Participation
observation conclusions
(Ob)

Derived questions

Q)

Hypotheses (H)

Variables (V)

Ob1) The organisation’s
and FM managers’
perceptions of risk,
associated with a belief i
the occurrence of climate
change, affect the
approach taken.

Q1) What are the
facilities managers’

H1 — Climate change is
seen as an opportunity for

perception and opinion new services, products an

nabout climate change
(mitigation and
adaptation)?

financial saving.

H2 — FM environmental
inclination is presumed to
be high and it may affect
their belief of climate
change occurrence and in
turn their action, especially
for mitigation.

V1) Perception of
climate change via
d NEP scale rating.

V2) Agreement (or
otherwise) with natura]
or human-induced
climate change and
Government action.

Ob2) Reliance on past
experience of weather
events. Difficulty in
translating climate
change projections into

business operational risk,.

Areas of concern centred
on uncertainty relating to|
climate change
projections and an
absence of micro-level
probability data.

Q2) Does past
experience of an
extreme weather even
change a facilities
manager’s perception
of climate risk (in
terms of business
function / asset
management), and is
this the key to
implementing
adaptation measures?

H3 - The long-term climate
change impacts are less
tlikely to be addressed
compared with the
experience of an extreme
event, which results in a
perception of climate
change as arisk to the
business function (due to
losses experienced). It is
the prime reason for FM to
identify and consider future
climate change to be
included in disaster

recovery (risk assessment).

H4 — FM largely unaware
of much of quantitative
climate change risk
assessment and adaptatio
initiative such as UKCIP.

V3) Experience of an
event.

V4) Climate change
inclusion in risk
assessment.

V5) Climate change
adaptation and
mitigation initiatives.

1Y

=}

Ob3) Adaptation is seen
as operational, while
mitigation is strategically
driven with long-term
planning and adaptation
action occurring as a
reaction to a weather-
related or extreme event

Q3) What action has
been taken for climate
change adaptation an
mitigation (and are
they strategic or
operational)?

Q4) What are the
correlations between
adaptation, mitigation
and operational and
strategic planning?

H5 - Mitigation measures
are driven through CSR

i (legislation compliance)
and financial gain (through
reduced taxation from
energy saving). It is
strategic in nature.
H6 — As a result of an
extreme event impact, FM
can identify the overall risk
(qualitative risk screening)
which becomes a basis for
considering climate changg
into risk assessment. Thug
the adaptation process is

reactive instead of planneg

V6) Mitigation
measure in place.

V7) Drivers for
mitigation action.

V8) Extreme event
impact.

V9) Level of risk

identified due to

climate change
2 impacts.

V10) Preparedness in
.addressing adaptation|.
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Alongside these primary derived variables, other variables were includedactieving a
comprehensive questionnaire. The variables thus derived were constituted in bo#indpzosed
questions, taking the form of dichotomous, multiple choice, Likert and rating scale. A list of the

variables and their typology (e.g. dichotomous, continuous etc.) is set out helalé 15.

Table 15: Types of variables

Variable Type
1) Business sector of organisation Multiple choice
2) Type of organisation Multiple choice

3) Post of respondent within organisation Multiple choice

4) Professional Institution Membership Multiple choice

5) Perceived awareness and knowledge ohikert scale — ranked
climate change
6) Perception about climate change Likert scale — ranked

7) Approach to climate change (strategic| Multiple choice
and operational action)

8) Extreme-event experience Dichotomous

9) Considering future climate change Dichotomous

10) Considering climate change in risk Dichotomous
assessment

11) Predicted level of impact of climate Likert scale — ranked
change

12) Approach towards adaptation Multiple choice

13) FM strategic approach to mitigation Dichotomous

14) Mitigation measures Multiple choice

15) Drivers for mitigation Multiple choice

16) Awareness of climate change initiativgs  Multiple choice

17) Financial driver for mitigation Dichotomous

18) Environmental inclination Likert scale- ranked

19) Opinion about climate change and Likert scale — ranked
Government action

For the reasons described earlier in Chapter 3, the survey adopted an analyttcaimpies design
whereby some of the aforementioned variables were also classified as experimental variable:
dependent variables, controlled variables and uncontrolled variable. The questiomaiees use of
experimental (independent) variables, which are predictors, and dependebtegan@hich are
variables being affected. This s@rimarily done to establish any correlation in existence amongst

the variables.
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6.2.1 Questionnaire planning

Given the considerable amount of guidance laké from the literature by Oppenheim (1992),
Creswell (2009), Bill (2008) an®illman (2000), the basic principles of questionnaire planning
were adapted from Oppenheim (1992) while the concept from Dillman (2000) of tailor-esida d

in the questionnaire was referred to for overall conceptualisation.

As per Oppenheim (1992), the general considerations for questionnaire planning should take
account of:

e The types of data collection instruments — e.g. postal questionnaire, interviews ot conten
analysis of records;

Methods of approach to respondents once the sample has been selected — e.ghigponsors

purpose of research, length of questionnaire, confidentiality and anonymity;

A build-up of question sequences anddules within the questionnaire;

The sequencing of questions withimdules using a funnelling approach; and

The types of question used — open vs. closed, and pre-coded or multiple-choice.

These principles were adhered to within the qoesiiire planning for this research by keeping the
total length of the questionnaire to a maximum of five pages since it was a web-basgd Boe
questions were divided into modules whereby each module addressed a specific tojis. 1ISect
collected general information about the individuadl dheir role as a facilities manager. Section 2
collected organisation-specific information. Sections 3 and 4 comprised detailed questiams relat
to adaptation and mitigation measures taken to address climate change. Sea®noomposed of
guestions about the respondent’s environmental inclination and their view on how Government
policy is influencing climate change decision-making. The modules werersespiin a way that

the personal details and attitudirethtements appeared within the last module, which helped in

avoiding confrontational aspects being revealed to the participant early on.
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A funnelling approach in the question sequence within each module was considered whereby th
module opens with a more general question fitekrs down to morespecific questions. The
opening question was asked to gather the participant’s view on climate chahgeead of the
survey — done to make the survey easy to answer, with a majority of closed questions, and to giv

the participant an opportunity to add their own perspective on the issue.

Double-barrelled and hypothetical questions were avoided. Simple words were used, and acronymn

were avoided except in one question.

Some of the concepts, such as awareness and knowledge of climate change, were difficafi.to asse
In these circumstances there were two sets of variables employed. A primary varigbleed

about the subjective perceived awareness anavikdge about climate change, which was then
associated with a secondary variable enquiring about awareness vaheenment with various
climate change initiatives. Thus the secondary variables revealed actual knowledge amessvar
while the primary variable produced the subjective perceived view of the respondésts.
combination of these two responses represeri® gap between the perception and existing
knowledge on aspects of climate change mitigation and adaptation. The application of this metho
also helped in negating the effect of the social desirability bias produced &kimg adirect

questions on perceived subjective awareness and knowledge on the issue.

In order to gauge each participant’s attitude and perception to the environment, an éeésting
environmental paradigm’ (NEP) scale was used, thiditsaand reliability of which is been tested

by Dunlap et al (2000). A set of four items were devised to enquire about participants’ views on
climate change. By using a set of items, the same construct was enquired about and instabilit
arising from any one item rating was reduced. A copy of the final survey caoubne in

Appendix 9.

In addition to the foregoing, the concept of tailor-made design (TMD) by &illf2000) was
referred to in the overall design of survefs per Dillman (2000), # tailored-made design
approach is based on the principle of social arge. This principle within a questionnaire survey
highlights the need for increasing perceived rewdat responding, a decrease in perceived cost,

and promotion of trust that a beneficial outcome wilrbached as a result of the survey. It is to be
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noted that the reward and cost are not related to economic exchange; rather, the exchanges are n

tangible in nature.

Dillman (2000) advocates increasing the perceived reward through promoting sfyonsorship

and showing positive regard, which has also been prompted by Oppenheim (1992). This wa:
achieved in the present questionnaire by providingnvitation from the resech guide, who is a
senior BIFM member, together with a short outlineha research, to participate in the survey while
mentioning the scarce availability of such inforioatat the time of the swey. The cosbccurring

to the participant in the form of time and resources involved in responding was kept to a minimum
by using an online questionnaire and avoiding extensive questionnaire length. Respondents’ trust |
the survey was maintained, by assuring the partitiphanonymity of the data provided and use of
data for research purposes only. Later on, a Stumnimary of result was provided to the respondents
who had provided further personal details and agreement for any furtearew at the end of the

survey, and this too endorsed a sense of trust.

The questionnaire thus designed was first pilotednatly with a team of colleagues to ensure that
the design and instructions were easy to folloa #e questionnaire wassato navigate. Running

a pilot scheme also ensured that the questions enquired about specific variables as iftiemded.
that, a larger pilot amongst the targeted population was conducted, and the results gave son
indication of response rates and issues that maydmietered in the full survey. This larger pilot is

described in more detail in subsection 6.2.2.
6.2.2 The larger pilot survey

A pilot study was conducted among 231 participants who were randomly selected from the BIFM
members’ database. The sample survey was sent out betweafag4008 and 4 June 2008. A

total of 21 responses were received and 25 e-mdileades returned as ‘not valid’, blocked by the
company server or ‘respondent has left the comypdimis gave a 9.1% response rate amongst those
who received the survey. Although this responde was low, considering that the full survey
would be sent to all BIFM members (around 4,800), a similar response rate woutdimesu
approximately 440 completed returns and this was considered sufficient to validate the ebnceptu
model. Respondents who could not complete the questionnaire online were providegriviteda

version on request by post or fax.
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The pilot survey confirmed that:

¢ Participants were comfortable with responding to the online questionnaire.

e The questionnaire was sent as an email attachment, which was blocked by some compan
systems, but this was resolved for the m&invey by placing the questionnaire survey on
the university server and creating an html link, which could was embedded in the e-malil

invitation to complete the survey.

e The process of sending the survey, the return of responses and preparatiaty&is a
was completed in 15-20 days; and the responses received could be directly imported into
survey software, which made it easy for detailed analysis and for creatingdidss and

charts for reports.

The pilot survey was atysed to establish:

e Completeness and robustness of the responses.

¢ The demographics of those completing the questionnaire in comparison with the target

audience.

¢ Whether any multiple responses (same respondent answering the questionnaire twice)

were received.

e Whether there were enough respondagteeing to a follow-up interview.

The analysis revealed that 95% of respondents were BIFM members, confirming that the targete
population had been reached. Of the totgboeses, 15% of respondents were executive managers
(responsible for strategy), 30% were senior ngans, 30% were FM managers, and the remaining
25% were responsible for a mix of FM or othenragement activities. Responses were from a wide
range of organisation types (commercial, educational, industrial, consultancies etc.), which agai
supported the view that the survey had reachednget audience. There veeno multiple responses

identified. A total of 35% of respondents agreetdeéacontacted for a further interview if required.
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Most of the responses were complete The questionnaire was checked again for any discrepancy a

wording of the questions were altered wherever required.

Furthermore, the new ecological paradigm (NEP) (Dunlap et.al 2000) scale for measuring
environmental inclination was chosen due to ital@shed use in environmental behaviour studies
(Edgell and Nowell 1989, Poortinga et al 2004). The NEP scale included in the survey was made u
of 8 items compared to the original 15 itemsisTWas due to the constraints on the length of the
online questionnaire. The pilot survey revealed an imbalance of the shorter vétsienNEP scale
included in the survey (positive and 3 negative statementsYhis was rectified by including a
more balanced selection of standard items from the NEP scale in the final survey (4 negative and
positive statements). The original NEP scale included the following statements, where respondent

scored their agreement on scale of 1=strongly agree through to 5=stronghgéisa

a) The balance of nature is very delicate and easily upset.

b) When humans interfere with nature, it often has disastrous consequences.

c) Mankind was created to ruteser the rest of nature.

d) The earth is like a spaceship, with only limited room and resources.

e) There are limits to growth beyond which our industrialised society cannot expand.

f) Humans have the right to modify thetmal environment to suit their needs.

g) Human ingenuity will ensure that we dot make the Earth uninhabitable.

h) If things continue on their present coursee will soon experience a major ecological

catastrophe.

Statement (e) was changed in the full survey to a more balanced statement, féadisg-called
‘ecological crisis' facing humankind has been greatly exaggeraté€dis made the scale more

balanced.

As a consequence of the pilot study, the research author was confident that the dyliceutd be
analysed in terms of the primary research questions and also to identify anyngnpeterns in
responses within the wider population (e.gffedences between sectors or responses from

individuals at different levels within organisations).
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The pilot study responses were also analysed for the suitability of a range of statistical &schyiqu
determining their distribution curves. These revealed that much of the data receivegdofion-
normal distribution. This was attributed to thature of the inquiry and questionnaire, which was
not possible to alter anymore. For this reason the required analysis was to be carried ownising
parametric statistical tests (etfpe Mann—Whitney U test and Spearman’s correlation coefficient).
This was because these statistical tests do nawfdle strict data distribution characteristics or

assumptions to analyse the quantitative relationships between the variables.

6.3 Final survey response and fected statistical analysis

The main survey found in Appendix 9 was distributed online betwe®durge and 10 Aug 2008.
An invitation email containing a letter of introduction and a link to the online questionnaire was sent

to every member of the BIFM, requesting their assistance with the survey.

The questionnaire was sent to 4,827 members individually. A total of 470 e-mails were returned a:
either ‘not a valid email address’ or because the intended recipient had left the campasyon
extended leave. Thus the effective population size was 4,357. A reminder was sent to an
participants who were away from their office (i.e. who returned an auto reply e-mail). At thé end o
this exercise, 479 responses had been receivaghfoh six were largely incomplete). Thus a total

of 473 completed responses were included in the full analysis. This represesp®rsecrate of

10.8% which is again similar to — in fact slightigher than — that achieved in the pilot study.
6.3.1 Data collection and transformation

The questionnaire responses were imported to the SNAP software where thegutoenatically
decoded. In order to carry out any analysis, the data had to be exportecEto The process of
exporting data from SNAP t&xcCeL automatically assigned separate columns to individual

variables. An initial check revealed missing data, which was given the value of @X€Ein

Standard SPSS (statistical package for social science) software was used for Istatadiises. A
short description of the data preparation undertaken can be found in Chapterf@lldving stages
describe the process followeddreate an SPSS database file as directed by Pallant (2005) and Field
(2005):

148



¢ Preparing a codebook- A codebook is maintained which comprises of all the named

variables and the coding given to every value of those variables.

e Transferring data from EXCEL to SPSS- The data fronexCEL was transferred to SPSS
and the values were coded as per the predefined coding in the codebook. For instance, a

dichotomous variable was assigned coding as 2= yes, 1=no and 0=don’t know.

e Entering the variable and coding it in SPSS- Each variable was then entered into

SPSS, where it is named, classifiand coding labels entered.

¢ Transforming data — The ordinal data gathered had®transformed in SPSS. In other
words, the scale scores wesversed for SPSS calculatiand correlation whereby for
some scale the score 1= strongly agree and 5= strongly disagree were transformed to be

reverse-coded as 5 = strongly agree and 1 = strongly disagree.

Any missing value was not coded as it was decided that the cases with missing values would not &

included in any correlation or other statistical test.

6.3.2 Selected statistical analysis techniques

Statistical methods were adopted to analyse the data gathered from the survey. Hurdsloerge
Billingsley (1989) define ‘statistics’ a%he science of collecting, analysing, and interpreting
guantitative data in such a way that the reliability of the conclusions can be evainatad
objective way”.Although statistics is just a mathematical process and the results gained through the
statistical analysis cannot be regarded as complete, it helps in providing evideneestoerigth of
relationship between the defined variables,iclvhare hypothesised by observing real-world

situations or theoretical propositions.

A statistical test helps in defining the overall character of the targeted population (thneagt
median, mode, standard deviation etc.). It can also help in establishing any relationshigtamong
different characteristics of the population and, finally, it can be used to foermleausal (cause
and effect) relationship model. In statistics, correlation differs from regressite disst measures
the association between variables while the other predicts one variable on thef basigome)
other (or many others) (Tabachnick and Fidell 1983).
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Both univariate and multivariate analyses haeerbused to describe the data obtained for this
research. Univariate analysis helped in establishing the basic frequency, mean andsustDii
specifically for the ordinal data. A Lilliefors test was undertaken to determine the overall
distribution of the data, which did not follol normal distribution in all cases. Statistical
transformation of data was possible to geneeateormally distributed set of results, but it was
conceived that the data should be used in its original form and a non-parametuiopéstl avhich

was free from the normal distribution rules and assumptions. Thus the chi-segtatthe Mann-
Whitney U test and the Wilcoxon signed rank test were each implemented to find any difference
amongst the various sectors and types of organmsétig. SMEs and multinationals), while the and
Spearman’s rank order correlation were implemented for establishing any correlations and thei

strength. This helped in ebtashing the hypothesised rélanship among the variables.

Multivariate analysis was adopted for undertaklogistic regression in a second stage of data
analysis. Regression analysis allows the btistament of sophisticatl exploration of the
interrelationship between variables through sets of statistical techniques (Pallant 200&nit&bac
and Fidell 1983). Establishing these relationslhipkped in outlining and Vidating the adaptation
process as observed during the participatory study. The adaptation process was fouimdlitee be

with the concepts identified in adaptation literature. Amongst the various typegressen
analysis available (hierarchical, stepwise ewtdndard multiple (logisticjegression was chosen.

The theoretical and practical limitations of undertaking regression analysis are mentioned in Chapte
3.

6.4 Chapter summary

This chapter presents the second stage of the mixed-method approach adopted for the reseat
study, i.e. the quantitative questionnaire surfieyoutline). The questionnaire survey was intended

to validate the concepts and findings revealesbugh the qualitative participatory study and
implementation of the UKCIP framework. BIFM members were selected as a targeted populatior
since this represented the largest population of facilities managers from various sectors all over th
United Kingdom. Owing to the availability of nthe e-mail address of BIFM members, the
guestionnaire was required to be web-based. SNAP software was used for togsiand

distributing the web-based survey.
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The participatory study findings were used for operationalised statements and workatikesda

be tested, while the basic principles of questionnaire design outlined by Oppenheim (1992) an
Dillman (2000) were adhered to for setting and wording the questions. The survey was first piloted
internally with a team of colegues prior to carrying out a lang pilot amongst the targeted
population. This had ensured the appropriateness of the visual layout andtitite afethe web-

based questionnaire. A successful pilot was caoigdwhich pointed towards a few questions not
attaining their intended outcomes, so these were altered before making the questionnaire availab

online to the wider population.

In total, 473 responses were recorded, representing a response rate of 10.8%a Téeeded was
recorded and transformed into the statistical pgekSPSS for further analysis and for validation of
the operationalised hypothesis. The selected statisthalyses included non-parametric tests due to
non-normal data distributions. The basic frequency results, correlations and legjstissions form

the main content of the next two chapters.
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Chapter 7: Questionnaire analysis and results

Following the data gathering and transformation stage, this chapter presents the results obtained
through analysis of the questionnaire responses (see Appendix 9 for the questionnaire used).
Initial section 7.1 provides the basic frequency counts with the help of charts and tables. It also
offers differentiation found between the public and private sectors and amongst the various
levels of commercial organisation (such as SMEs and multinationals). Section 7.2 explores the
correlations amongst the variables to provide evidence for validation of the hypothesis

mentioned in Chapter 6. Final section 7.3 summarises the overall results.

7.1 Basic frequency countand statistical analyses

In order to determine the specific attributes of the responses received, basic frequency counts in
SPSS were generated while mean, mode and standard deviation were calculated for ordinal-scale
data. The cases with no response to the specific question were deleted from the frequency
analysis. As a result and in spite of receiving 473 questionnaire responses, individual question

frequency counts differed.

The basic count of all 22 questions has been divided in five sections. Section 1 presents the
responses differentiated in terms of sector, organisation, respondents’ positions and whether they
had institutional membership. Section 2 reports on the perceived awareness and knowledge
indicated by the participants, with an outline of the organisational approach and specific action
for climate change. Section 3 mentions the attributes related to adaptation where the data on the
experience of extreme events, impacts and consideration of future impacts is presented. The
subsequent sections 4 and 5 outline the characteristics of the mitigation measures and

participants’ opinions on climate change.

The analysis in some cases is presented considering the differences between the public and
private sectors, while some question responses are differentiated by considering various levels of

organisation (e.g. SME and multinationals).
7.1.1 Questionnaire section 1 — General information
The questions asked in this section were intended to gather general information about each

respondent’s post within their organisation, the sector within which the organisation operated,
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and the size of the organisation, confirming the targeted responses. Data was also gathered on

whether the respondents belonged to an FM institutional body.

Table 16 and Figure 13 show that from a total of 473 responses there were almost equal (37%
and 38%) levels of response from public and private sector organisations respectively. indicate
that 1.9%, 0.8%, 7.2% and 10.6% of responses were (respectively) from cross-sectoral,

recreational, FM consultancy and FM contractor organisations.

Table 16: Sectoral responses

N Valid 473
Missing 0

Categories Frequency Percent Valid Percentage %

Valid Public sector 176 37.2 37.2
Private sector 182 38.5 38.5
Cross sectoral 9 1.9 1.9
Recreational 4 0.8 0.8
FM consultant 34 7.2 7.2
FM contractors 50 10.6 10.6
Unclassified 18 3.8 3.8
Total 473 100.0 100.0

Sectoral Responses

FMconrtractors Unclassified
11% 4%

FM consultant

7%

W Publicsector

; M Private sector
Recreational

1%

Cross
sectoral
2%

W Cross sectoral
M Recreational

B FM consultant
B FM contractors

M Unclassified

Fig 13: Pie chart of sectoral responses
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The public sector further included 5% of respondents from the health sector, 12% from education
(schools and wuniversity) and 15% from local authorities or independent government
organisations, while another 5% of organisations did not indicate the nature of their organisation
and were classified as public as a result of other information provided in their response. The
private sector consisted of 22% as commercial organisations, 3% as industrial, 3% as retail, 2%
as utilities and 8% of organisations which did not indicate the nature of organisation but were

classified as private from the other information provided in their responses.

The results show that bias towards any one business sector is avoided and a total of 75% (38%
private and 37% public) of responses could to be used for further analysis across the sectors.
This also gave an additional advantage for further analysis, where public and private sector

differences in perception and action taken for climate change could be considered.

The respondents were asked then to indicate the level of organisation they belonged to — i.e.
SME, UK-based larger corporations, or multinational. In addition, they were asked to mention
the number of employee their organisation retains. By combining the response from these two

questions, the responses from different levels of organisations were calculated.

For ease of analysis the responses were differentiated into six categories dependent on numbers

of employees, as presented in Table 17.

Table 17: Derived organisational categories

Group no. No. of
employees

1 (SME) 1-250

2 251-500

3 501-2,000

4 2,001-3,500

5 3,501-5,000

6 (multinational) 5,001+

In total, 396 (83.7%) participants responded to these questions. The results showed that 22% and
25.3% of organisations were SMEs (less than 250 employees) and multinationals (more than
5,000 employees) respectively. The larger corporate sector here is divided into four categories
where equal levels of response (11.1%) were from organisations with 251-500 employees and
2,001-3,500 employees while 23.5% of responses were from organisations employing between
501 and 2,000 employees and another 7.1% from organisations who employed between 3,501 to
5,000 employees (see Table 18 and Figure 14).
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Table 18: Organisational response

N Valid 396
Missing 77
Categories Frequency Percentage Valid Percentage %
Valid 1 87 18.4 22.0
2 44 9.3 11.1
3 93 19.7 23.5
4 44 9.3 11.1
5 28 5.9 7.1
6 100 21.1 25.3
Total 396 83.7 100.0
Missing System 77 16.3
Total 473 100.0

Classified organisational level

B Group 1
M Group 2
mGroup 3
M Group 4
B Group 5
HGroup 6

Figure 14: Classified organisational-level responses

The question enquiring about the post held by each participant was intended to determine the
respondent’s current role responsibility with respect to facilities management in the organisation.
The question was also helpful in confirming the targeted population of strategic- and managerial-

level facilities personnel. Table 19 and Figure 15 represent the results.

Table 19: FM official post categories

N Valid 473
Missing 6
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Categories Frequency | Percent| Valid Percentage 9

Valid Executive FM 126 26.6 27.0
Senior FM 205 43.3 43.9
FM manager 84 17.8 18.0
Operational FM | 29 6.1 6.2
Other FM related ’3 49 49
posts
Total 467 98.7 100.0

Missing System 6 1.3

Total 473 100.0

Other FM

related posts

5%
Operational
6%

FM

FM official post catagories

B Executive FM

W Senior FM

w FM manager

B Operational FM

m Other FM related posts

Fig 15: Category responses for official FM post

Most respondents (43.9%) were senior facilities managers responsible for a building or group of
buildings, followed by 27% as executive managers (responsible for strategy) — confirming that
the targeted population has been reached (i.e. the questionnaire reached people who were
responsible for considering and taking decision about addressing future climate-change impacts
or whose perception and action could affect the way facilities managers address climate change).
Other responses included 18% from FM managers (responsible for specific FM services or

maintenance) and 6.2% from operational facilities managers. Other (4.9%) responses were from

different FM-related roles (e.g. consultant, FM project manager).

Enquiry about institutional membership was made to confirm that the respondents belonged to an

FM body and whether the institutional membership influenced participants’ insight into climate

change issues (in turn affecting their attitude and action on climate change).
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The results in Table 20 and Figure 16 confirmed that the target population group of BIFM
members was reached as 81.4% of the respondents were BIFM/IFMA or EuroFM members,
while 9.5% respondents were CIBSE/CIOB/RICS members in addition to being
BIFM/IFMA/EuroFM members. A further 8% had combination of CIBSE and one of the FM

institute membership while only 1.1% respondents had other membership.

Table 20: Institutional FM membership of respondents

N Valid 451
Missing 22
Categories Frequency| Percent| Valid Percentage %
Valid BIFM/IFMA/Euro 367 776 R1.4
FM
FM
member+CIBSE 36 7.6 8.0
member
FM member+other
Missing | membership 43 01 93
Other membership | 5 1.1 1.1
Total 451 95.3 100.0
System 22 4.7
Total 473 100.0
Other . . . |
Ly membership In |nstitutional Membership
member+other [ Classification
membership

10%

FM
member+CIBSE,
member .
8%

W BIFM/IFMA/EuroFM
W FM member+CIBSE member
WM membertother

membership

mOther membership

Fig 16: Classified responses for professional institution membership

In summary, the frequency analysis for section 1 of the questionnaire confirmed that the survey
was answered by the targeted population where an almost equal number of facilities managers
from the public and private sectors responded. These responses were received from different
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levels of organisation and were almost equally distributed across various organisational levels
(SMEs, medium-sizes corporations and multinationals). Most of the respondents were senior
facilities managers or executive managers, who are more likely to be involved in strategic FM
decision making and who thus would have more of a say in actions for climate change adaptation

and mitigation within FM operations.

7.1.2 Questionnaire section 2 — Organisational response

The questions in this section were intended to generate responses about respondents’ subjective
climate-change-related awareness and knowledge along with their organisation’s general
approach to climate change, since these subjective aspects were observed with the participants
involved in the participative study. Obtaining views was done by combining the answers from
two tiered questions whereby, first, the perceived knowledge and awareness was measured on an
ordinal scale and then, as a second tier, questions (in later sections) were asked about their actual

knowledge and involvement with adaptation and mitigation initiatives.

Much of the questioning in this section used an ordinal scale and thus the frequency count was
represented using mean (average count from data), median, standard deviation (separation
between the data count) and mode (reoccurring data count). The frequency counts were
calculated for: (a) the perceived individual, senior-management and junior-management
awareness and knowledge on climate change impacts; (b) the overall perception of climate

change as a risk or opportunity; and (c) each specific organisation’s approach to climate change.

The questions on the topic of perceived awareness and knowledge about climate change had
been asked of FM personnel, including their junior and senior management, with regard to
awareness and knowledge of the impact of climate change. In total 470 participants from 473
replied, with just a few failing to answer the questions. The analysis shows mean = 4.06 (out of
5) and SD= 0.96 for personal climate change impact knowledge, which tells us that facilities

managers perceive themselves as knowledgeable about climate change impacts.

As shown in Tables 21 and 22 and Figure 17, the participants reported their junior FM manager’s
knowledge about impact of climate change with mean = 3.28 and SD = 1.09, which means that
the junior FM is perceived to be neither completely aware nor unaware about climate change
impact. Senior level management was perceived to be knowledgeable with calculated mean =

3.59 and SD = 1.21. Since the question enquired about participants’ perceivedknowledge and
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awareness, the data was found to be slightly positively skewed. As mentioned above, it would be

revealed in a later analysis that this perceived knowledge of the impacts of climate change relates

to mitigation initiatives rather than adaptation.

Table 21: FM junior and senior manager kowledge and awareness, as perceived by
respondents (statistical results)

Climate Climate Climate Climate Personal | Personal
change change change change climate climate
awareness in | awareness in | impact impact change change
senior junior knowledge in | knowledge in | awareness | impact
management | management | senior junior knowledge
management | management
N | Valid 470 470 470 461 470 464
Missing | 3 3 3 12 3 9
Mean 3.84 3.43 3.59 3.28 4.20 4.06
Median 4.00 3.50 4.00 3.00 4.00 4.00
Mode 4 3 4 3 5 4
Std. 1.123 1.094 1.211 1.099 931 0.963
deviation
Variance 1.262 1.197 1.466 1.207 .867 0.927
Skewness -1.096 -0.728 -0.887 -0.616 -1.596 -1.268
Std. error of | 0.113 0.113 0.113 0.114 0.113 0.113
skewness
Kurtosis 1.191 0.810 0.514 0.647 3.327 2.118
Std. error of | 0.225 0.225 225 0.227 0.225 0.226
kurtosis
Range 5 5 5 5 5 5
Minimum 0 0 0 0 0 0
Maximum |5 5 5 5 5 5

Table 22:FM junior and senior manager’s knovedge and awareness as indicated by
respondents (frequency count)

Knowledge of climate
hanee impact 2 2 = 9
change impac % % o g _§ §
=) =) o = on =) ©
e 3 5 B B ge g a0
2 = z 2 =~ 3 = £
g w B © 3 2 >3 = o Z | =
5 2 22 | 53 2 5 2 g | 3 g | B
22 |38 | Z28 2 | >E |Aa & S | e
Senior FM managers 11 63 95 175 113 13 1470 |3 473
Junior FM managers 12 67 169 145 56 12 | 461 12 | 473
Respondents in person 7 21 67 197 | 169 3 464 |9 473
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Climate change impact knowledge
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a
Climate change Climate change impact  Personal climate change
impact knowlecdge knowledge in impact knowlecdge as

in Senior Management Ir Management as indicated by respondent.
as indicated by indicated by respondent
respondent

M Not knowledgeable M Less knowledgeable B Notaware not unaware

M Knowledgeable mVery knowledgeable m Don't know

Figure 17: Climate change impact knowdge in senior and junior managers

O’Connor et al (1999) argue that risk perception shares a common ground with knowledge, and
knowledge can initiate action even in cases of a weak signal. This has also been supported by
Dessai et al (2004) suggesting that the danger which constitutes the “individual or collective
experience or perception of insecurity (risk) isianportant aspect to beoted in climate change
responses” In addition, Lorenzoni et al (2005) point that perceived long-term but too distant
climate changes and an absence of an immediate affect and solution may affect the
implementation of proactive responses to climate change, indicating that the existence of an
immediate effect and solution may induce perceived risk and thereby initiate thinking about the
long-term approach to distant climate changes. This was evident in the participatory organisation
as the immediate experience of extreme weather events and a resultant significant financial loss
had initiated action for addressing such events and formulating an opinion that these extreme
events would probably increase in the future as a result of climate change (thus posing more risk

to the organisation’s properties and operations).

A question was therefore asked about whether the respondents viewed climate change as a risk,
an opportunity or a factor affecting their service delivery. The responses were once again
measured on the ordinal scale. The results are represented in Tables 23 and 24 and Figure 18,
and they indicate that the FM community neither agrees nor disagrees (mean=3.39, SD=1.1) that
climate change represents a risk to their organisation. This implies that the FM community is not

certain of the precise climate change impacts which could represent a risk to their organisation
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and function — in accordance with other evidence found in the literature (O’Connor et al 1999;

Morton et al 2011).

Table 23: Perception of climate change angst FM respondents (statistical results)

lClimate change Climate change perceived as Climate change perceived as

perceived as risk affecting FM services opportunity

N [Valid 466 470 464
Missing 7 3 9

Mean 3.39 3.93 3.98

Median 3.00 4.00 4.00

Mode 4 4 4

Std. deviation  ]1.100 0.887 1.048

Skewness -0.386 -1.134 -1.260

Std. error of lo.113 0.113 0.113

skewness

Kurtosis -0.266 2.280 1.654

Std. error of l0.226 0.225 0.226

|kurtosis

Minimum o 0 0

Maximum S 5 5

Sum 1579 1847 1847

Table 24: Perception of climate change amongst FM respondents (frequency counts)

288 |58 z |+ 2
£3/5% |8 |s82|8 |58|8%9 |35 |g|lsg
8E|B3 |a |2R3 |2 |6R| 3|2 |5|R¢
Climate change 3 20 72 145 150 |76 226 | 466 |7 | 473
perceived as a risk
Climate change 3 3 27 73 249 115 364 470 | 3 | 473
perceived as affecting
FM services
Climate change 3 16 21 70 191 163 354 464 |9 | 473
perceived as an
opportunity

% % % % % % % %
Climate change 0.6 4.3 15.5 | 31.1 322 | 163 | 484 | 100
perceived as a risk
Climate change 0.6 0.6 5.7 15.5 53.0 | 245 | 774 | 100
perceived as affecting
FM services
Climate change 0.6 34 4.5 15.1 412 |[351 |76.2 | 100
perceived as an
opportunity
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Figure 18: Perception of climate change ask or opportunity amongst respondents

In contrast, facilities managers agree that climate change will affect the way FM provides
services (mean=3.98, SD=0.8) and also that climate change is an opportunity to develop new
products (mean=3.93, SD=1.04). Thus it could be said that facilities managers do not completely
perceive climate change as a future threat but as a factor that will change the way they provide

FM services to their organisation, with possibility of developing new products.

With regard to the overall approach taken to climate change by participants and their
organisations, the agenda for sustainability and energy efficiency has been on the FM horizon
since the emergence of the Burtland report in 1987. The approach to climate change and
specifically addressing CO2 reduction has been largely associated with a sustainability strategy

within many organisations.

It was hypothesised from the literature and participatory study organisation overview that the
overall organisational approach taken for addressing climate change will play a part in
determining the future action for climate change adaptation and mitigation. In order to get an
overall view of different organisations’ approaches, a multiple-choice question was asked. The
answers were categorised into six, and the detailed results could be found in Table 25 and

Figure 19.
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Table 25: Categories derived for orgaaisons’ approaches to climate change

Derived Categories Number of responses
Operational and other steps 8

Ad-hoc approach 11

Responses indicating orgs have not addressed 13

climate change while taking an ad-hoc approach

Strategic steps 17

Responses indicating the taking of substantial 22
action in spite of undertaking some strategic and
operational measures

Taken all measures 27

Catagoriesfor approach to climate change

30
25
20
15
10
5
0]
Operational and Ad-hoc Responses Strategic steps Responses Taken all
other steps approach indicating that indicating of measure
they have not taking
addressed substantial
climate change action while
while taking and undertaking
ad-hoc some strategic
approach and operational
measures

Figure 19: Organisational appoaches to climate change

In total 465 (98%) participants responded to the questions on this topic. From these respondents
27% had taken operational, strategic and other measures such as training staff and appointing a
responsible person for climate change action, while 17% and 8% of facilities managers had
respectively taken strategic and operational steps. Another 22%, in spite of taking some
operational or strategic steps, indicated that they were yet ready to take effective measures. And
11% had, in addition to identifying senior/junior managers with the responsibility of climate
change action, had taken measures such as providing training to staff and commissioning

external consultants. The remaining 13% who responded fully on this topic, in spite of taking
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measures, suggested that they had not yet addressed climate change within their organisation as

the actions had not formally been defined as strategic or operational.

From the above result it could be said that majority (8%+11%+17%+27%=63%) of facilities
managers and organisations are taking strategic, operational or other measures required for
climate change, with most suggesting they have taken strategic measures. This tells us that
climate change is considered to be a strategic issue by organisations and their FM managers. On
the other hand, (13%+22%=35%) of organisations had not taken measures or suggested that they

were yet to take measures for climate change.

It seems that a strategic organisational approach addressing climate change is essential for
facilities managers to consider any further action on the grounds and that any action for climate
change mitigation is counted as ad-hoc if not supported by strategic decision making. This
follows the argument made for taking forward a sustainability agenda, where Elmualim et al
(2010) observe the lack of commitment from senior management as a barrier to sustainable FM

practices.

A qualitative question was asked to ascertain the specific actions taken for addressing climate
change. It was largely expected that these actions would be counted towards a reduction of CO2

(mitigation action).

From a total of 473 respondents, 186 responded to the question (40% of population). The
answers were screened and four basic categories (as shown in Figure 20) were formulated for

further coding of the responses.

Climate change

addressed through
\ 4 v l
Energy efficiency, Energy efficiency, Carbon Feduction Carbon reduction
recycling at recycling measures, /adaptation to measures, consultation or
strategy level Energy Management climate change at association with Carbon
System (EMS), ISO strategy level Trust / adaptation
14001

Figure 20: Coding categories for qualitative analysis
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The results revealed that many of the respondents (29.0%) are involved in taking energy
efficiency measures and 27.4% have CO2 reduction at a strategic level. There are few
organisations (9.7%) that have mentioned having taken reduction measures in consultation with
the Carbon Trust, and another 10.2% have, in addition to taking their own energy-efficiency
measures, at least initiated consultations with the Carbon Trust. The remainder (9.7%) [Q: have I
edited this correctly?] had initiated carbon reduction at a strategic level, while only 1.6% of
organisations indicated having carbon reduction action taken at a strategic level. A further 4.8%
were not possible to code.

It was observed from the response classification decided upon that many organisations followed
an incremental path towards addressing climate change, which could be explained with the help

of following four conceptual levels:

1) Addressing a sustainability agenda at the strategic level
2) Working on recycling, Implementing EMS, and ISO accreditation.
3) Considering carbon reduction (due to legislation)

4) Taking additional operational measures for CO2 reduction (on personal initiatives) or

consulting with the Carbon Trust for taking practical measures.

Much of the level-4 activities were found to have been undertaken by multinationals for the

obvious reason of resource availability and increased access to information and skills.

in summary, the analysis of section 2 affirms that, overall, facilities managers perceive their
climate change awareness and knowledge to be adequate but at the same time they do not
perceive climate change as presenting a risk to their facilities and service delivery. A general
perception prevails that climate change will alter the way the services have been delivered up till
now and may provide an opportunity to develop the delivery of new products. Although many of
the organisations polled have been active in addressing climate change mitigation, many still

remain lagging behind for implementing any kind of action.

There seems to be an incremental path followed while addressing climate change mitigation
whereby the initial energy efficiency and recycling measures results in implementation of EMS
standards, finally leading to strategic carbon-reduction targets and an achievement of these

targets through ongoing external consultation (for instance with the Carbon Trust). The
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responses from many senior facilities managers note the existence of strategic targets and policy

in strong operational measures.

7.1.3 Questionnaire section 3 — Adapting to climate change impacts

The questions in this section were intended to gather information about what the climate change
impacts are that facilities managers predict they will have on their services, what stages they are
at with respect to considering adaptation to the predicted impacts, and how far a response from
facilities managers and their organisations is dependent upon experiencing a climate-related
extreme event considering that such events will increase in their intensity and frequency with
changing climate. The respondents were asked about their experience with climate-related
extreme events and whether such events resulted in them considering future impacts in their

routine disaster-recovery planning.

The initial frequency count showed that in total 212 (46%) participants had experienced climate-
related events which affected their working environment (see Table 26 and Figure 21).
Furthermore, 198 (93%) of the 212 participants mentioned measures taken for addressing the

impact of future climate change (see Table 27 and Figure 22).

Table 26: Frequency count of participants who have experinced a climate-related extreme
event

Categories Frequency Percentag®
Valid (Experience of Yes 212 46.4
an event)

No 234 51.2

Don’t Know 11 2.4

Sub-total 457 96.6
Missing System 16 34
Total 473 100

Table 27: Frequency count of participants wireported takeing measures for addressing
climate-related extreme events

No reply on measures taken Reply on measures taken Total

275 198 473
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Figure 21: Experience of alimate-related extreme event reported by respondents
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Figure 22: Responses on measures taken for limitingreme weather-related damage

The comments and measures included an increase in temperature, leading to installation of air
conditioning, chillers and fans; some had considered natural ventilation. Storm and high winds
affected taller buildings and roofs, while heavy rains resulted in a need to clear drainage
channels and higher maintenance cost of gutters and drainpipes. There were many mentioning
the Midlands, Sheffield and Gloucestershire flooding, where staff could not reach the workplace
and the basement had been flooded. In relation to flooding, many responses also mentioned
measures such as installing drying pumps and stocking up on sandbags; some businesses had
also considered moving vital equipment and functions from flood-affected areas. Power and

fresh-water supplies could not be addressed as the local authorities and councils deal with these.

Even though these events cannot be directly attributed to climate change, the literature review
has shown that experience of such events affects the decisions for organisations and individuals
when considering future impacts. Thus, questions were asked in section 3 about whether these

events affected an organisation’s decision to consider climate change impacts for the future.
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In total 212 (45% of respondents) were affected by one or the other climate-related events
(mostly flooding, heavy rain, storm and overheating). A cross-tabulation was carried out between
respondents affected by climate-related events and respondents’ further consideration of similar
future impacts, and Table 28 presents the statistical analysis. In total 211 participants responded
to considering similar future impacts. The cross-tabulation revealed that 35 (16.5% of
respondents) had indicated that the event did not result in them considering future impacts and
25 (11.8%) did not know whether they considered future impacts due to the occurrence of the
event. In total 151 (71.2%) who indicated that they had been affected by a climate-related event

agreed that the event had resulted in them considering potential future impacts.

Table 28: Cross-tabulation: experience of clingarelated events vs. event resulting in
considering future dmate change effects
Case processing summary

Cases
Valid Missing Total
No. Percent No. Percent No. Percent
Experience of Climate | 412 87.1% 61 12.9% 473 100.0%

related events * Event
resulting in
considering climate
change

Cross-tabulation
Event resulting in considering climate | Total
change
Yes No Don't
know
Experience of | Yes Count 151 35 25 211
climate related
events
% within 71.6% 16.6% 11.8% 100.0%
experience of
climate related
events
No Count 15 149 26 190
% within climate 7.9% 78.4% 13.7% 100.0%
related events
Don't Count 1 2 8 11
know
% within 9.1% 18.2% 72.7% 100.0%
experience of
climate related
events
Total Count 167 186 59 412
% within 40.5% 45.1% 14.3% 100.0%
experience of
climate related
events
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On the question of including climate change impacts into disaster recover planning, a total of
253 (54%) of respondents out of 473 said that they do indeed consider climate change impacts
within their disaster recovery planning and 162 (35%) respondents said they did not (see
Table 29 and Figure 23).

Table 29: Frequency count of respondents repiog consideration of climate change impacts
in their disaster recovery planning

Categories Frequency Percentag®
Valid Yes 253 54
No 162 34
Don’t Know 49 10
Total 464 98
Missing System 9 1.9
Total 473 100
% of organisations including climate
change in disaster recovery planning
60% 5400
50% -
40% - 34%
30% -
20% -
10%
10% -
0%
Yes No Don’t Know

Figure 23 : Organisation response to includingimate change in disaster recovery planning

The cross-tabulation in Table 30 between experience of climate-related extreme events and
integrating future climate change impacts into routine disaster recovery planning informed that,
from the 211 who had considered the impacts of climate change within their routine disaster
recovery planning, 136 (64%) were affected by climate-related extreme weather events
compared with 53 (25%) who did not. A further 22 (11% of participants) did not know which

had occurred.
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Table 30: Cross-tabulation for experience dfrnate-related extreme events and considering
climate change within disaster recovery planning
Case processing summary

Cases
Valid Missing Total
No. Percent No. Percent No. Percent
Climate related events
* Including climate
change as part of 454 96.0% 19 4.0% 473 100.0%
disaster recovery
planning
Cross-tabulation
Including climate change as part of
disaster recovery planning Total
Yes No Don't know
Climate related events Yes 136 53 22 211
No 107 103 22 232
Don't know |7 3 1 11
Total 250 159 45 454

It could be said from the above figures that experiencing a climate-related event or extreme event
is key for facilities managers to consider adaptation options and their inclusion into disaster
recovery planning. Although it can not be concluded that absence of these experience will not
result in any action, it is deduced that such events and disturbances to businesses work as a
primary signal to initiate further adaptation measures, and their absence will result in late

actions. This indicates a trend towards existing reactive measures.

The above findings are also in line with the literature-based evidence (Berkhout et al 2004) that
experiencing an extreme event is a key to initiate adaptation processes and responses. The
experience of such events along with the belief in climate change occurrence forms the initial
stages of the overall adaptation process model outlined in later chapters, which is in confirmation

with the model outlined by Grothmann and Patt (2005) and Berkhout et al (2004).

The respondents were asked to identify and rate the impacts of various climate change
predictions on their properties and services. This was intended to analyse the participants’ ability
to screen and rate future impacts and assess the overall approach by their organisation towards
addressing these identified impacts. The questions asked here in the questionnaire also attempted

to check the overall organisational preparedness for addressing the classified impacts.

The participants were asked to rate the impacts on their property portfolio as significant, major,

moderate, minor, or none of the preceding, in relation to the following:
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e More winter rain;

e More frequent storms;

e Decreased snowfall;

e Increased winter temperature;

e More frequent and severe flooding;

e Sea level rise;

e More extremely hot summers;

e More summer droughts; and

e Changes in seasonality (e.g. an early spring).

It is to be noted that since the survey was distributed across cross section of businesses (ranging
from SME to large corporates) the scale of significant or major impacts was in accordance with
individual participant’s view of the level of impact experienced. A qualitative explanation of the
impact was mentioned by the participants in later question which helped assess and compare the

level of impact experienced by individual respondents.

Given the reasonable amount of information on the known effects of a changing climate, the
majority of facilities managers were able to identify the immediate impacts on their properties
and premises and to categorize them as major, minor or none. It was observed that facilities
managers as a respondent group were anticipating moderate-to-major impact on their buildings
due to flooding, storm, hot summers and droughts (i.e. water shortages). Many managers were
found to anticipate major impacts due to sea level rise, the reason being that their property is
coastal-based. The impacts due to winter rain, winter temperature, storm and decreased snowfall

were considered to be moderate to minor.

From a total of 310 (65%) of participants who anticipated significant or major future impact, 245
(79% of respondents) mentioned anticipated impacts which are related to: high energy cost and a
demand for cooling; flooding risk to properties and staff’s inability to reach work premises due

to the flooding of the public infrastructure; and less fresh-water availability.

Table 31 shows that facilities managers overall are aware of the climate change impacts upon

their organisation’s function and services, and that they anticipate impacts ranging from minor to
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moderate. They anticipate moderate impact from more winter rain (mean=2.8, SD=1.1) frequent

storm (mean=3.1, SD=1.16), frequent and severe flooding (mean=3.3, SD=1.3) and extremely

hot summers and summer droughts (mean=3.6, SD=1.18) and (mean=3.1, SD=1.2) respectively).

Table 31: Respondents’ awarenessimipact of anticipated climate change
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465 469 468 470 469 462 469 469 462
8.0 4.0 5.0 3.0 4.0 11.0 | 4.0 4.0 11.0
Mean 2.8 3.1 1.4 2.4 3.3 24 3.6 3.1 2.1
Median 3.0 3.0 1.0 2.0 3.0 2.0 3.0 3.0 2.0
Mode 3.0 3.0 1.0 3.0 3.0 1.0 3.0 3.0 2.0
Std. 1.1 1.2 0.7 1.2 1.3 1.4 1.2 1.2 1.0
Deviation
Variance | 1.2 1.3 0.5 1.4 1.7 2.0 1.4 1.4 1.1
Skewness | 0.5 0.3 1.5 0.7 -0.2 04 -0.2 0.2 0.6
Std. Error | 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
of
Kurtosis
Minimum | -0.1 -07 |22 -0.1 -0.9 -09 |-0.9 -0.5 0.4
Maximum | 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Table 32: Organisation response tmpact of anticipated climate change

Total sig/major impact comments made
Organisation size SME 12 9 6
UK corporate 77 49 44
Multinational 90 58 49
Total 179 116 99

Within the private sector, from a total of 12 SMEs nine identified the impacts as significant or

major and a further six (50% of total SMEs) were able to specify the impacts in detail. From 77

UK corporates, 44 (57% of total UK corporate) identified and specified the impacts, while from

90 multinationals 58 identified the impacts as significant/major and a further 49 (54% of total

multinationals) specified the impacts (see Table 32). The respondents were also able to specify

the types of impact, which are summarised in Appendix 10.
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In total 55% of 179 private-sector organisations could identify the impacts as significant and

major and specified the impacts in detail. A total of 99 detailed impacts were mentioned, which

were analysed by categorising them into three major categories: impacts to building components,

impacts due to flooding and impacts due to overheating. These major categories were further

populated with sub-categories identified from the responses (see Table 33). From 99 responses,

36 identified impacts due to flooding, 26 due to overheating and 10 due to impacts on building

components. Another 20 responses mentioned a mix of impacts, including impacts due to

overheating and flooding, damage to buildings, and impacts due to flooding and increased cost

due to building damage and overheating (Table 34).

Table 33: Derived categories atlentified impacts reported byespondents (analysed from

gualitative responses)

Primary Categories

Sub-categoriegdentified from responses

Flooding

Access to site

Loss of building

Relocation

Insurance

Car park and site flooding

Overheating

AC and Chillier Plant installation

Increased energy bills

Increased water use & water bills

Overheating in server rooms

Building damage/repair

Increased maintenance cost

Increased rainwater load for gutters and downpipes

Roof damage

Table 34: Frequency count of identified impacts

Impacts identified Responses
Impact due to flooding 36
Impact due to overheating 26
Impact on building component 10
Impact to building component and due to |8
overheating
Impact due to flooding and overheating. 17
Impact due to flooding and to building component. | 2
Total 99

Overall, this portrays a somewhat balanced view that the FM community was able to identify

generalised impacts on their properties and functions.
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The respondents were also asked about their organisation’s approach to addressing the identified
impacts. It was observed that, from 473 respondents, 352 (74%) responded to the question.
Amongst them, only 13% indicated that they have measures in place, while almost same number
(15%) indicated that they have prioritised the risk and that they are dealing with the important
impacts (Table 35 and Figure 24). Another 23% were considering how to deal with the impacts
and around 12% said that it was not a high priority in their organisation at the present time. In
total 51% (13%+23%+15%) of respondents stated that their organisations either have measures
in place are considering the impacts or have prioritised the risk, while 23% (12%+10%+1%) had
either not yet taken any step or had not considered the topic a high priority in their organisation

or they lacked technical expertise to take any measures.

Table 35: Organisation approaches for addrasgiidentified climate change impacts

Categories Frequency| Percentag®
Measures in place 63 13.3
Considering how to deal with impacts 109 23.0
Lack technical expertise 5 1.1
Not currently high priority 59 12.5
Prioritised risk and addressing most important ones | 69 14.6
Not yet started considering impacts 47 9.9
Sub-total 352 74.4
Missing responses 121 25.6
Total 473 100.0
2 23
20
15 13.3 125 14.6
99
10 +—
5 +— —
1.1
0 . . ‘ . .
measures in  considering  lack technical not currently prioritise risk not yet started
place how to expertise high priority and considering
deal with addressing
impacts most

importnat once

Figure 24: Category responses faddressing climate change impacts

The cross-tabulation shown in Table 36 between respondents’ identification of significant and
major impacts and measures put in place to address these impacts showed that, of the total of 352

respondents who responded to both the questions, 295 had identified significant/major impacts
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and from these 54 (18.3%) had measures in place, 94 (31.9%) were considering the impacts, 4
(1.4%) lacked technical expertise, 46 (15.6%) did not consider it a high priority, 62 (21%) had
prioritised the risk and were addressing the most important ones, and 35 (11.9%) had not yet
started to consider impacts. The results shows that very few FM ‘s and organisations are taking
action for climate change impacts while others are starting to consider how to deal with impacts

as they are being increasingly affected by climate related extreme events.

Table 36: Cross-tabulation for anticipateichpacts of climate change vs. organisation
approach to addressing the impacts

Case Processing Summary

Cases
Valid Missing Total
No. Percent No. Percent No. Percent
Anticipated impacts 352 74.4% 121 25.6% 473 100.0%
coded * Organisational
approach to impacts
Cross-tabulation
organisational approach to impacts
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Anticipated none to Count 9 15 1 13 |7 12 57
impacts moderate % within anticipated | 15.8 [26.3 1.8 1228 112.3 21.1 (100
coded impacts coded
% within 143 [13.8 20.0 122.0 ] 10.1 255 |16.2
organisational
approach to impacts
% of Total 2.6 43 03 3.7 [2.0 34 16.2
Significant/ Count 54 94 4 46 |62 35 295
Major % within anticipated | 18.3 |31.9 1.4 156 121.0 11.9 |100
impacts coded
% within 85.7 |86.2 80.0 |78.0 [89.9 74.5 |83.8
organisational
approach to impacts
% of Total 153 [26.7 1.1 |13.1]17.6 9.9 83.8
Total Count 63 109 5 59 169 47 352
% within anticipated | 17.9 [31.0 14 116.8 119.6 13.4 1100
impacts coded
% within 100.0 {100 100 |100. | 100 100 100
organisational
approach to impacts

The private-sector respondents who were able to identify major impacts as a result of changing
climate were either starting to consider the impacts or were prioritising the risk. Table 37

presents the response of 114 participants out of 116 who indicated significant or major climate
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change impacts. There are equal numbers of responses for putting measure in place and not
considering the risk as being a high priority in their organisation, suggesting that much of the
organisational attitude towards climate change would play a part in taking adaptation actions.
Also, higher numbers of responses reporting consideration of such impacts points towards
organisation and FM uncertainty about aspects related to climate change action (uncertainty
about quantifying future impacts, climate changes itself, response of management and national

and local government action).

Table 37: Responses from different sizesoofanisation on approach to addressing reported
climate change impacts

Organisational approach to impacts

Measures |Considering Lack Not Prioritise risk ~ |Not yet Total

in place how to deal technical |currently |and addressing |started

with impacts  |expertise |high most important |considering
priority once

SME 0 2 0 1 2 3 8
UK (6.1%) 3 |(49%) 24 0 7 8 6 48
Corporate
Multinational|(24.1%)14 ((27.5%) 16 2 9 15 2 58
Total 17 42 2 17 25 11 114

Identification of impacts can be counted as a first step towards addressing the impacts. The result
obtained in Table 37 portrays an overall picture that facilities managers are able to screen the
generalised impact depending upon the limited access to detailed information on climate change
projections. This is in confirmation to the case study data which cites the uncertainty aspects, the
resource requirements of greater risk assessment, data availability and the overall management
approach towards climate change as some of the likely reasons for restricted adaptation

approaches in the private sector.

In summary, this section supports the evidence from the literature review by observing that
experience of climate-related extreme events works as an initiation stage to an adaptation
approach through the strengthening of existing disaster-recovery/business-continuity planning
for such events and impacts. Although such events generally initiate the likely adaptation
process, in the absence of such events facilities managers are able to screen generalised impacts
of future climate change projections on their properties. Given the absence of focused
understanding about climate change projections, related uncertainty and revenue, time and

property data scarcity, the adaptation process in the private sector remains a contained activity.
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7.1.4 Questionnaire section 4 — Mitigan measures for climate change

The fourth section of the questionnaire ascertains the mitigation paths taken by surveyed
facilities managers and their organisations. The questions enquire about: (a) mitigation measures
that facilities managers are taking at present; (b) The drivers for taking those measures; (c) the
managers’ involvement with institutions that help with mitigation and adaptation; and (d)

whether these measures result in any financial gains.

It was hypothesised that, as a result of the UK Government’s initiatives and regulations for
mitigation, many respondents would indicate mitigation measures as being an integral part of
their facilities management strategy. Those sent the questionnaire were asked about routine
mitigation measures being part of FM strategy, and a total of 386 out of 473 (81.6%) responded.
From these, 210 (54.4%) indicated that mitigation measures for climate change were considered
as a routine part of their FM strategy, while 148 (38.3%) suggested that such measures were not

performed as a routine measure. A further 28 (7.3%) were unsure of any such activity.

Within the private sector, a majority of respondents indicated that their organisation was taking
regular mitigation measures but there still existed a substantial number of SMEs and larger UK
corporates who did not take such routine measures. The multinationals were seen to be more
inclined towards integrating mitigation measures into their overall FM strategies, mainly because
of greater resource availability and level of energy use in such organisations. This general
situation is, however, changing as regulations such as CRCs (carbon reduction certificates) have
come into action covering the larger UK corporate sector under mitigation legislation. Findings
from the questionnaires, with analysis of later questions, will assert that the private-sector action

for mitigation follows the Government legislation or responds to market stakeholder calls.

Some mitigation measures were partially covered by facilities managers, i.e. not rolled out across
the entire built-asset portfolio, while measures incorporated across all built assets were
considered to be fully covered. Amongst the mitigation measures reported, the three most likely
to be covered within FM strategy were found to be the following: (i) building stock assessed for
energy saving, where 42 % indicated they partially cover the measure and 33% that they fully
covered it; (ii) low building consumables procured with 47% partially covering the measure and
33% having covered it fully; and (iii) green energy supplied and tariff is covered partially by
33% and fully covered by 24%.
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The three measures tending to be less favourable were found to be training up staff (53%),
investing in energy-efficient air conditioning (50%), and checking supply-chain energy
efficiency credentials (42%). Furthermore, the following measures were found not to be
covered/considered at all (and only partially covered by 30% of respondents): generating the
organisation’s own renewable energy (51%), carbon offsetting (42%) and retrofitting micro-

generation technology (38%).

From the results in Table 38 and Figure 25, it becomes apparent that facilities managers tend to
take the following measures, which are either fully or partially covered:

¢ Building stock assessment for energy saving

e Energy-efficient consumables (e.g. Low energy lightning)

e Green energy supplier/tariff

e Staff training

e Energy credentials of supply chain

e Procurement of efficient new air conditioning (AC) or replacement of an old system

with a new, more efficient-efficient one.

Table 38: Frequency count cidopted mitigation measures

Mitigation Measures
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Not covered 6.5 38.1 226 |11.8 | 3.2 104 | 21.5 |51.0 [41.8 |24.8
Partially 41.8 30.2 41.8 | 52.6 |47.0 49.6 329 |242 |285 |357
covered
Fully covered | 32.7 6.8 154 | 189 |33.2 224 239 |43 6.3 15.6
Missing 17.2 18.1 16.9 | 16.5 | 16.2 16.3 | 169 | 174 |16.5 | 16.7
system
Total 82.8 81.9 83.1 | 83.5 | 83.8 83.7 | 83.1 |[82.6 |835 |83.3
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Figure 25: Category responses for adopted mitigation measures

At the time of the survey, facilities management in service sector organisations had still not
recognised CO2 emission offsetting as a priority agenda, as office buildings were not considered
to produce vast amounts of CO2 for trading and there was no internal carbon market set for
solely UK-based organisations. This is now altered with the introduction of CRCs. Micro-
technology installation or self-generating green energy measures are rarely considered cost-

effective.

On the other hand the measures fully or partially covered by FM are those which are possible to
cover and implement at operational level with considerable ease. Since organisations’ primary
CO2 emissions are from their energy use in offices and through their travel or supply chain, the
most likely measures to be taken by FM up till now under a sustainability agenda are measures
such as assessing building stock for energy saving, procuring low building consumables and
training staff, each of which is more popular nowadays, followed by measures such as investing

in energy-efficient AC systems and checking the credentials for supply chain energy efficiency.

Within the private sector, the mitigation measures covered by SMEs, larger corporates and
multinationals were found to be in equal proportion, except for investment in energy-efficient
AC systems — which was found to be at a higher implementation rate with multinationals
probably because of greater resource availability and recently experienced hot summers

decreasing their staff’s working capacity.

It was assumed that a combination of many drivers would be responsible for facilities managers
and their organisations taking mitigation action. The questionnaire revealed CSR and legislation

(63.1%) gave the prime impetus for driving organisations’ attitudes towards climate change.
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Voluntary measures such as FTSE4Good and DOW Jones reporting are considered as secondary
drivers by the private sector, especially as these initiatives for private companies to report on
their sustainability and emissions are essential tools for maintaining the competitive and

marketplace advantage.

The private sector indicated that a climate change levy and enhanced capital allowances are
important drivers for their attitude towards CO2 as they face more energy bills. As time goes on,
they are therefore more likely to associate with the Carbon Trust, whose attested product use
gives capital allowances and concessions from levies. EPC/Part L is also responsible for driving
public-sector organisations. CSR is a major driver for the private sector as it is a question of
company image in the marketplace and to consumers/shareholders. This confirms the findings
from the participatory study that the legislation driven by the UK Government initiative to
achieve CO2 reduction as its international and EU binding obligations is the major influence for

actions for climate change for organisations and their FM staff.

From the foregoing it can be deduced that the drivers for mitigation measures result from the UK
Government initiatives and regulation, which organisations perceive to be ever increasing. In
order to gain a competitive or first-mover advantage and respond to increased stakeholder and

consumer pressure, pre-planned targeted actions are being developed by organisation and FM.

Even so, adaptation is presently reactive in nature and only driven by recurring financial and
functional losses experienced through extreme-event occurrence. The insight is missing that pre-
planned adaptation allows the option to make properties resilient to future climate change
(saving it from obsolescence) and so should be included in regular maintenance planning to
bring future savings. Facilities managers’ involvement with the institutes and tools for adaptation

and mitigation was found to be restricted in cases of adaptation, as shown in Table 39.

As much as 70.6% FM managers were not aware of UKCIP (previously the UK climate change
impact programme), an institution established and responsible for climate change adaptation
information and tools dissemination; and the London Climate Change Partnership — which looks
at larger adaptation and mitigation options for London — has found recognition with only 29.4%
(24.3%+5.1%) of respondents, 55.4% not being aware of the partnership. Commercial
organisations such as the Carbon Trust that are involved with mitigation measures have

nevertheless found recognition and involvement from facilities managers, with 40.6% being
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aware and 49% involved with it. Two other organisations that FM staff are much aware of and

involved with are the Energy Saving Trust and BREEAM.

Table 39: Respondents’ awareness and involeatnwith external climate-change institutions

UK Climate |UKCIP Energy Carbon London BREEAM

Impact framework  |Saving Trust |Trust Climate

Programme Change

Partnership

No. | % No. | % No. | % |[No. | % | No. | % |[No.| %
Aware 69 | 14.6 62 13.1 | 230 | 486 | 192 |40.6 | 115 |243 |132 279
Involved | 6 1.3 9 1.9 79 16.7 | 232 49.0 |24 5.1 76 16.1
Not 334 | 70.6 336 | 71.0 | 114 |24.1 |33 7.0 262 [ 554 | 211 |44.6
aware/
Not
involved
Total 409 | 86.5 407 86.0 | 423 89.4 | 457 96.6 | 401 84.8 | 419 | 88.6
Missing | 64 | 13.5 66 14.0 |50 10.6 | 16 3.4 72 152 |54 | 114
Total 473 | 100 473 100 473 100 473 100 473 100 473 | 100

Significant differences are found in the public and private sectors on awareness and involvement
with various climate-change-related initiatives. Public-sector organisations are more aware and
involved with BREEAM, the Energy Saving Trust and adaptation initiatives such as UKCIP,
while private sector companies are more involved with initiatives such as the Carbon Trust and
the London Climate Change Partnership (particularly amongst a majority of multinationals and

UK-based larger corporates).

The awareness and involvement with initiatives and organisations indicated by FM corresponds
to the drivers previously established for organisation action for climate change — for instance, the
participation with BREEAM and the Energy Saving Trust increases the organisational
credentials for sustainability and environmental buildings and services contributing to the CSR
agenda, while participation with the Carbon Trust and measures implemented through

participation with it helps with reducing legislatively implied carbon cuts.

Many of the carbon-cut legal regulations and technologies are regarded and propagated as
achieving financial efficiency. When asked about financial gain from mitigation measures, 44%
of respondents were positive about mitigation measures resulting in financial benefit, while
another 32% were not sure about any financial gain and 24% were certain that the mitigation
measure has not resulted in any financial gain. This tells us that, in spite of taking mitigation
measures, very few facilities managers are confident of the measures delivering any financial
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gains, the majority of the total (32%+24%=56%) not really being convinced of any financial

gain.

This finding stands in a little contradiction with the prevailing general assumption that mitigation
measures from energy efficiency and savings result in financial gain. There also exists a
probability that the financial gain achieved through the efficiency measures is balanced by

investment in maintenance that is required for legislative compliance.

More private-sector than public-sector organisations stated that they were not realising any
financial benefit, and more public-sector participants could not say whether they realised any
financial benefit. Within the private sector, the number of larger corporate-sector and
multinational companies reporting on financial benefits exceeded smaller operating

organisations.

In summary, this fourth section of the questionnaire detailed the mitigation measures and their
likely drivers in both the public and private sectors. Given the large amount of Government
support for mitigation, it was assumed that mitigation measures would be a regular feature for
facilities management strategies. In contrast, it was observed that only half of the organisations
surveyed included one or more mitigation measures in their routine FM strategy, and many of
these were big organisations or multinationals. The reasons cited for this could be greater
resource availability and ensuring a better marketplace standing, as disclosed in responses to
later questions. It should be noted that at the time of the survey there was no major legislation on
curbing emission levels from service sector organisations, which could be regarded as an

additional factor for not taking routine mitigation measures.

The mitigation measures taken included easy-to-implement operational actions such as building
assessment for energy saving, procuring energy-saving consumables, checking suppliers’
energy-saving credentials, and staff training. Among the drivers responsible for these measures,
CSR topped the list followed by legislation and voluntary CO2 disclosure for ensuring early-
mover advantage. Carbon Trust and BREEAM were the most favoured institutions that public-
and private-sector organisations got involved with for accreditation. The institution supporting
adaptation actions, such as UKCIP or LCCP, did not find much popularity within the FM
community — although the multinationals and larger corporates tended to have more dealings

with them.
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There is a wide claim made in the literature that mitigation measures result in financial benefit.
This was found to be true only for 44% of respondents, many of which were multinationals. The
reasons cited for these companies seeing financial gain were once again the scale of
implementation of such measures and the resource availability of the multinationals for such

measurces.

7.1.5 Questionnaire Section 5 — Opinions about climate change

As evident in much of the literature review and further supported by the observations from the
case study, it was deduced that the belief in climate change occurrence supported by an
awareness of the environment is likely to affect an individual’s or a group’s actions for
addressing aspects of climate change mitigation and adaptation. In order to provide some
quantitative basis for this hypothesis, this section used a new environmental paradigm (NEP)
scale (Dunlap et al 2000) measuring the environmental awareness of respondents along with
questions regarding respondents’ belief in cause and Government action for climate change. The
NEP scale was invented by Dunlap and Van Liere in 1978, and then improved later as described

in Dunlap et al (2000).

It was intended to establish through NEP a relationship between respondents’ beliefs in and
attitudes to the various causes of climate change. For instance, it was presumed that a higher
score on the NEP scale would also show a higher score of agreement with human-induced
climate change responses, and this implies that an organisation is more likely to take mitigation
and adaptation action — i.e., the more environmentally inclined respondents are, the more they
will endorse the belief that “human activities have contributed to climate change’ and thus take

mitigation action.

A selection of the following eight balanced items was made for the purpose of this research’s

questionnaire using the NEP scale:

1) The balance of nature is very delicate and easily upset.

2) When humans interfere with nature, it often has disastrous consequences.

3) Mankind was created to rule over the rest of nature.

4) The Earth is like a spaceship, with only limited room and resources.

5) The so-called ‘ecological crisis’ facing humankind has been greatly exaggerated.

6) Humans have the right to modify the natural environment to suit their needs.
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7) Human ingenuity will ensure that we do not make the Earth unliveable in.
8) If things continue on their present course, we will soon experience a major ecological
catastrophe.

The participant’s agreement to each statement was sought on the scale of 1 to 5, where 1
represented strong disagreement and 5 represented complete agreement with the statement. A
total NEP score was then calculated. According to the statement of each item and the
corresponding highest score, the balanced (mean) positive score would be 28: a score of 5 for
each of NEP 1, 2, 4, 7 and 8 (a total of 5x5=25) and a maximum-disagreement score of 1 for
NEP 3, 5 and 6 (total 1x3 =3), giving 25+3=28. The statistical results can be found in Tables 40—
42. The accompanying graph in Figure 26 shows that a majority of respondents’ scores lie

between 23 and 36, indicating an environmentally aware FM community.

These results suggest that facilities managers agree that there are limited resources available and
that an appropriate and efficient use of these resources is important — but at the same time those
managers are not sure whether their collective efforts will result in some environmentally

positive feedback.

Table 40: Statistical analysis of responses for NEP scale

NEP1 NEP2 NEP3 NEP4 NEP5 NEP6 NEP7 NEPS8
Mean 3.7 3.7 4.0 3.7 3.2 3.4 2.8 33
Median 4.0 4.0 4.0 4.0 3.0 4.0 3.0 3.0
Mode 4.0 4.0 5.0 4.0 3.0 4.0 3.0 4.0
Std. 1.1 1.0 1.3 1.2 1.3 1.2 1.2 1.2
deviation
Variance | 1.2 1.0 1.7 1.4 1.6 1.5 1.5 1.4
Skewness | -0.9 -0.8 -1.4 -1.0 -0.3 -0.6 -0.3 -0.8
Std. error | 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Kurtosis 1.0 0.9 1.3 0.9 -0.2 0.0 -0.5 0.4
Std. error | 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
of
kurtosis
Range 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Minimum | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Maximum | 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Valid 470.0 462.0 465.0 464.0 467.0 462.0 459.0 465.0
Missing 87.0 95.0 92.0 93.0 90.0 95.0 98.0 92.0

184




Table 41: Frequency count of NEP scale responses

Don't Strongly | Disagree | Neither Agree | Strongly | Total Missing
know disagree agree nor agree
disagree

NEP1 1.4 1.6 7.5 21.5 32.3 19.9 84.4 15.6
NEP2 0.9 0.9 7.2 214 33.6 19.0 82.9 17.1
NEP3 2.7 34 3.2 154 17.2 41.5 83.5 16.5
NEP4 1.6 2.7 6.8 17.2 30.5 244 83.3 16.7
NEP5 3.1 3.6 16.7 28.7 16.5 15.3 83.8 16.2
NEP6 2.2 2.5 13.1 223 24.6 18.3 82.9 17.1
NEP7 3.2 10.1 18.3 253 21.0 4.5 82.4 17.6
NEP8 3.1 3.9 11.1 244 30.3 10.6 83.5 16.5

Table 42: Statistical analysis akspondents’ total NEP score

Valid 453
Missing 104
Mean 27.80574
Median 28
Mode 28
Std. deviation 5.14629
Variance 26.4843
Skewness -1.6933
Std. error of skewness 0.114708
Kurtosis 6.979258
Std. error of kurtosis 0.22892
Range 40
Minimum 0
Maximum 40
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Figure 26: Histogram ofNEP scale responses
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The later questions enquired about climate change cause and action through agreement with the

following statements:

Q20(i) Climate change is a naturally occurring phenomenon and human activity has not
significantly contributed to it.

Q20(j) Private organisations will only reduce their carbon emissions in response to
Government legislation.

Q20(k) Industries are not convinced that Government has clear policies to tackle climate
change.

Q20(I) Climate change is primarily a political tool for raising additional taxation.

The statistical information and graph presented in Tables 43 and 44 and Figure 27 make clear
that the statement relating to FM opinion about a cause of climate change as embodied in Q20(i)
(‘Climate change is a naturally occurring phenomenon and human activity has not significantly
contributed to it’) has mean=3.3 and SD=1.3, indicating that in overall terms facilities managers
are not clear whether climate change is caused by human activities or is a naturally occurring

phenomenon.

Table 43: Respondents’ agreement with anthropogeoauses for climate change (statistical analysis)

Valid 459.0
Missing 98.0
Mean 33
Median 3.0
Mode 4.0
Std. deviation 1.3
Variance 1.7
Skewness -0.7
Std. error of skewness 0.1
Kurtosis 0.0
Std. error of kurtosis 0.2
Range 5.0
Minimum 0.0
Maximum 5.0

Table 44: Respondents’ agreement with anthrgemic causes for climate change(frequency count)

Don't Strongly | Disagree | Neither Agree Strongly | Total
know disagree agree/nor agree
disagree
Frequency | 22 18 73 117 140 89 459
Percentage| 3.9% 3.2% 13.1% 21.0% 25.1% 16.0% 82.4%
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Figure 27: Responses for belief in éimopogenic climate change — histogram

The belief in the cause of climate change (i.e. climate change is human-induced) was found to be
at differing levels among facilities managers as per the size of the organisation they belonged to.
A facilities manager in an SME and middle-sized organisation tended to indicate lesser
agreement that the cause of climate change is anthropogenic emission, while managers in
multinationals and larger organisations tended to show greater agreement that human activities
are largely responsible for climate change. This is related to higher levels of mitigation measures

by larger organisations in addition to greater resources available to such organisations.

The statement embodied in Q20(j) (‘Private organisations will only reduce their carbon
emissions in response to Government legislation’) has mean=3.7 and SD=1.2, and a majority of
respondents either agreeing or strongly agreeing, informing that facilities managers see
legislation as a prime driver for mitigation measures taken by organisations. See Tables 45 and

46 and Figure 28.
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Table 45: Respondents’ agreement with Government legislation being a driver for private-sector CO
emission reduction (statistical analysis)

Valid 468
Missing 89

Mean 3.675214
Median 4

Mode 4

Std. deviation 1.180346
Variance 1.393217
Skewness -0.96512
Std. error of skewness 0.112867
Kurtosis 0.462812
Std. error of kurtosis 0.22526
Range 5
Minimum 0
Maximum 5

Table 46: Respondents’ agreement with Government legislation being a driver for private-sector CO
emission reduction (frequency count)

Don't Strongly | Disagree | Neither agree| Agree Strongly | Total
know disagree nor disagree agree
Frequency |7 20 56 68 201 116 468
Percentage | 1.256% 3.590% 10.053% | 12.208% 36.086% 20.825% | 84.021%
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Figure 28: Response for belieh legislation-led climate changeesponse in private sector —
histogram
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The last two statements are combined to demonstrate FM perception about Government actions
and initiatives about climate change (see Tables 47 and 48 and Figures 29 and 30). The
combined score for strong agreement to both items would be (5+5=10). So if a respondent scored
10 as a combined score for both items, it could be said that the respondent is in strong agreement
that the Government needs to have clear guidelines for tackling climate change and that it should

not use it as just a tool to gather more taxes from private organisations.

Table 47: Responses on Q20(k) (unclearv@onment policy) and QO(I) (taxation tool)
(statistical analysis)

Mean | Median | Mode | Std. Range | Min | Max | Valid
deviation
Unclear government 3.8 4 4 1.1 5 0 5 466
policy
Taxation tool 2.6 3 3 1.3 5 0 5 464

Table 48: Combined scores of Q20(k) (unclegaovernment policy) an€20(l) (taxation tool)

Valid 463.0
Missing 94.0
Mean 6.4
Median 6.0
Mode 6.0
Std. deviation 1.9
Variance 3.6
Skewness -0.8
Std. error of skewness 0.1
Kurtosis 1.2
Std. error of kurtosis 0.2
Range 10.0
Minimum 0.0
Maximum 10.0
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Figure 29: Responses for Q20(k) (ulear Government policy) — histogram
Figure 30: Responses for Q2)(taxation tool) — histogram
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Tables 47 and 48 for the above analysis shows mean=6.4, SD=1.9, and 73% of facilities
managers scoring 6 or more, suggesting a majority of those managers believe that the (UK)
Government does not have clear guidelines on climate change in place, and that climate change

is being used as a tax-collecting tool.

In order to gather participants’ views on climate change adaptation and mitigation, the
subsequent question 21 in the questionnaire asked about any additional action the respondents
think they could undertake in relation to mitigation or adaptation. The findings of this question
were not in line with expectations. It was expected that after refereeing the definition of
adaptation and mitigation within the questionnaire and after wider attention had been given to
the subject at the time of the research, the participants would be able clearly to distinguish
between adaptation and mitigation actions. Instead, many of the answers were found to be
displaced within the adaptation and mitigation categories. Indeed, from 153 (32%) replies, which
asked about suggested actions about adaptation, only 52 (33%) out of the total actually related to
adaptation measures; and from 129 (27%) replies on suggested actions about mitigation, there

were 23 (18%) comments made for adaptation measures.

This tells us that very few FM can distinguish between adaptation and mitigation concepts. FM
prioritises actions in order of compliance with legislation, energy efficiency measures and
efficient transportation methods. From the comments made via the questionnaire, it could be
observed that facilities managers consider ‘adaptation’ as adaptation to energy efficiency and
legislation compliance, and ‘mitigation’ as mitigation from the effects of climate change on their
properties. Thus, FM recognition of the concepts of adaptation and mitigation are somewhat

turned on their head as compared with the definitions prevailing within the scientific community.

In summary, the results from this part 5 of the questionnaire indicated that the general perception
and ambiguity about the nature and cause of climate change was persistent in the early years of
Kyoto protocol among many businesses. It has also prevailed in the overall FM community,
indicating an ambiguity as to whether there is agreement on the human-induced climate change.
Facilities managers are generally of a strong opinion that only legislation will make private-
sector organisations cut their emissions and that there is a lack of clarity on (UK) Government
policy for curbing the emissions. Also, there is not complete agreement that the present
legislation is actually achieving the overall CO2 reduction targets and there is some general view

that the legislation is used merely as tool to generate additional revenue.
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The correlation tests presented in later section support the hypothesisthat respondents with
higher environmental awareness hold a stronger belief in human-induced climate change. This in
turn was found to be positively related to the view that Government legislation must make

private-sector organisations reduce their emissions.

7.2 Correlations

For the purpose of validating the hypothesis set out in Chapter 6, correlation tests were carried
out among the selected variables. During the process of justifying the chosen hypothesis, a
relationship map for adaptation and mitigation approaches was formulated. This map was later

used for supporting the results and adaptation process observed during the participatory study.

As mentioned in Table 14of Chapter 6, the four primary questions derived from the three
participatory-study observation conclusions were responsible for generating six workable
hypotheses and related variables. The following pages state the conclusion, derived questions
and related hypotheses in each case, and the correlation tests for validation and rejection of each

hypothesis.

7.2.1 Primary question 1

Participatory study observation conclusion
Obl) The organisation’s and the facilities managers’ perceptions of risk, associated with a belief

in the occurrence of climate change, affects the approach taken.

Derived question
Q1) What are the facilities managers’ perception and opinion about climate change (mitigation

and adaptation)?

Hypotheses
HT1) Climate change is seen as an opportunity for new services, products and financial saving.
H2) FM environmental inclination is presumed to be high and it may affect their belief of

climate change occurrence and in turn their action, especially for mitigation.
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Hypothesis H1 could be validated from the basic frequency count of questionnaire Q7, where
majority of the respondents reported that climate change will affect the way their FM function
provides services (mean=3.93, SD=0.8) and also the way it perceives climate change as an
opportunity to develop new products (mean=3.98, SD=1.04). Also, the view that climate change
represented a risk to organisational functioning received a balanced response (mean=3.39,
SD=1.1), establishing that the perception of climate change as a future risk is not very prevalent
within the FM community. This (as will be seen in progressive correlations) will be a component

partly responsible for future climate change adaptation.

Hypothesis H2 was tested by a correlation test carried out amongst the following variables:

NEP score

Belief in climate change occurrence

Perception of climate change as a risk

Organisational approach to addressing climate change impacts.

Tested in two parts, first the relationship was established between the respondents’
environmental awareness, their belief in human-induced climate change and their resulting
perception about the future climate changes. The later part established the relationships between
the perception of climate change and the approach towards climate change mitigation and

adaptation.

In support of the first part of hypothesis H2, the following correlations were established as
detailed in Appendix 11.

e Environmental awareness and belief in human-induced climate change (R1)

e Environmental awareness and perceiving climate change as a risk (R2)

e Belief in human-induced climate change and perception of risk (R3)

e Environmental awareness and climate change being used as a taxation tool (R4)

e Belief in human-induced climate change and climate change being used as a taxation

tool (RS).
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For R1, the Spearman’s correlation between environmental awareness (represented by total NEP
score) and the variable in questionnaire Q20 (1) (belief in climate change occurrence) was found
to be positive and significant with r = 0.440 (medium strength), N= 168 and P<0.01. (Note that
Cohen 1998 (as cited in Pallant 2005) uses the following definitions for possible values of r: mod
r from 0.10 to 0.29 is ‘weak’, mod r from 0.30 to 0.49 is ‘medium’, and mod r from 0.50 to 1.00
is ‘strong’. This means that 19.3% of variance (Ref R1 in appendix 11) in belief in human-
induced climate change can be explained by an individual’s environmental awareness in the

survey population.

For R2, the perception of climate change as a risk was also found to be positively correlated to
environmental awareness, with r=0.230 (weak), n=79 at the P<0.05 level. A low 5.9 to 6%
variance in perception of climate change as a risk could be explained by environmental

inclination.

With regard to R3, an overall belief in climate change was found to be positively related to
perceiving climate change as a risk, with r=0.309 (medium), n=166, P<0.001, which explains a
9.5% variance in climate change perception being explained by belief in climate change

occurrence.

For R4, the correlation between environmental awareness and viewing climate change as merely
a taxation tool was found to be negative, with r=0.247 (weak), n=166 and P<0.001. This

explains 6.7-7.0% variance shared between the variables.

In a similar way re RS, the correlation between belief in human-induced climate change and
viewing climate change as a taxation tool was also found to be negative, with r—0.459
(medium), n=164, P<0.01, explaining a 21 % variance. The correlation, although not quite in the

high/strong part of the scale, helps explain the direction of the relationships.

Factors such as organisational size, personal knowledge, resources and experience of an extreme
event will also play a part in these correlations. A factor analysis would have been helpful in
establishing these exact relationships, but owing to limitations on the data received this was not
possible. In spite of this, some of the correlations are established in later sections below of this

thesis.

The established correlations support the hypothesis that initial positive environmental awareness

helps towards formulating a view that human-induced climate change is occurring and that in
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some ways it represents a risk. It is also to be noted that individuals with a belief in human-

induced climate change showed a support for mitigation initiatives by the (UK) Government.

The second part of hypothesis H2, namely that an organisation’s approach to address climate
change reflects beliefs and perception about climate change, is supported by the following

correlations R6 and R7, which are also set out in Appendix 11:

e Positive environmental awareness supports mitigation action in an organisation (R6)

e An organisation’s approach to adaptation reflects its perception of climate change risk

(R7).

In relation to R6, the chi-square test was performed to determine whether participants with
higher environmental awareness would be more inclined to take routine mitigation measures
within their organisation. The test showed that there is a significant difference (x*(3)=8.439,
P=0.038 <0.05}, where people with moderate-to-high environmental awareness indicated taking

routine mitigation measures compared with those who reported lower awareness.

For R7, the perception of climate change as a risk was found to be related to adaptation actions
as 81% of participants with a perception of climate change as a risk indicated that their
organisation was taking some measures for adaptation towards predicted climate change impacts,

compared with 19% who did not. The test results gave x*(1)=12.154, P= 0.0001<0.005.

7.2.2 Primary question 2

Participatory study observation conclusions
Ob2) Reliance on past experience of weather events, and difficulty in translating climate change
projections into business operational risk were observed. Areas of concern centred on uncertainty

relating to climate change projections and an absence of micro-level probability data.

Derived question
Q2) Does past experience of an extreme weather event change a facilities manager’s perception
of climate risk (in terms of business function / asset management), and is this the key to

implementing adaptation measures?
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Hypotheses

H3) The long-term climate change impacts are less likely to be addressed compared with the
experience of an extreme event, which results in a perception of climate change as a risk to the
business function (due to losses experienced). It is the prime reason for facilities managers to
identify and consider future climate change to be included in disaster recovery (risk assessment).
H4) Facilities managers are largely unaware of much of quantitative climate change risk

assessment, and adaptation initiatives such as UKCIP.

Hypothesis H3 is established through the correlation test amongst the following, where a positive
correlation between (a) experience of an extreme event vs perception of risk (chi square), and (b)
and extreme event vs addressing climate change adaptation, will confirm hypothesis H3.
Hypothesis H4 is confirmed by presenting the basic frequency count for the questionnaire Q18,
which enquires about the awareness and involvement of organisations in institutions promoting

adaptation and mitigation.

The correlations stated above were confirmed by Spearman’s test for the correlation for non-
parametric data, where the two variables are ranked and dichotomous. (The ranked variables
were converted to indicate dichotomy.) The chi-square statistical tables are presented in

Appendix 12.

Under condition (1) in Appendix 12, the chi-square test shows that there is a significant
difference in participants’ risk perception where the participants indicated experiencing extreme

weather events as compared with those who did not, with x* (1) =4.261, P = 0.039 <0.05.

For condition (2) in Appendix 12, the correlation of an extreme event experience and addressing
climate change adaptation has also been found to be significant, whereby 56.2% of participants
experiencing an extreme event had shown a positive approach to climate change adaptation, as
compared with 43.8% who did not. The chi-square test shows the difference as x*(1) = 6.585, P=
0.010<0.05.

The basic frequency count for questionnaire Q18, which asks about the participant’s involvement
with institutions offering advice with climate change mitigation and adaptation, was used for
validating hypothesis H4. The hypothesis was confirmed, because (see Appendix 12 condition

(3) from a total of 86.5% responses received for the question, 70.6% of the participants were not
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aware or involved, 14.6% were aware and only 1.3% were involved with UKCIP, the institute

responsible for adaptation.

This low awareness and involvement is also reflected in the adaptation approach of the
respondents, where only 51% of respondents had started addressing adaptation in some form or
other, or had prioritised the risk, while 23% of respondents had not taken any measures to

address adaptation for organisational or technical reasons.

This trend has recently been observed to be altering with the UK Government’s Climate Change
Act 2008 and NI188 having passed into law, whereby every public authority is now required to
put forward a climate change adaptation/preparation plan. In the private sector, the many small
and medium-sized (SME) organisations are now engaging with UKCIP for better preparedness
for future climate changes. In spite of this, the overall awareness and preparedness in the private

sector for future climate change impacts remains low.

7.2.3 Primary questions 3 and 4

Participatory study observation conclusions
Ob3) Adaptation is seen as operational, while mitigation is strategically driven with long-term

planning and adaptation action occurring as a reaction to a weather-related or extreme event.

Derived questions

Q3) What actions have been taken for climate change adaptation and mitigation (and are they
strategic or operational)?

Q4) What are the correlations between adaptation, mitigation, and operational and strategic

planning?

Hypotheses

H5) Mitigation measures are driven through CSR (legislation compliance) and financial gain
(through reduced taxation and energy saving). It is strategic in nature.

H6) As a result of an extreme event impact, FM can identify the overall risk (qualitative risk
screening), which becomes a basis for considering climate change into risk assessment. Thus the

adaptation process is reactive instead of planned.
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Hypothesis H5 deals with aspects related to drivers responsible for mitigation. It was
hypothesised that mitigation efforts translated by the UK Government into legislation are
responsible for shaping up the CSR (corporate social responsibility) and mitigation targets of an
organisation, which directly affects FM mitigation strategy. It is also been conjectured that the
extensive external support and advice available to organisations through institutions that focus
on helping with mitigation and adaptation, and the financial gain that comes through mitigation
measures, are also partly responsible for driving mitigation within organisations at a strategic

level.

This hypothesis HS is validated through a basic frequency analysis and correlation amongst the

three following variables:

1) Basic frequency count of drivers responsible for mitigation action, as reported by the
respondents (R1)

2) Correlation between the routine mitigation measure and drivers for the measures
(financial and CSR) (R2)

3) Involvement with external institutions and the financial gain that comes through

routine mitigation measures (R3).

With regard to the first variable above, questionnaire Q17 is relevant as it enquired about the
drivers responsible for mitigation action in each respondent’s organisation. Since the question
was a multiple-choice question, many of the categories were amalgamated for the analysis; and
this revealed that CSR and legislation (63.1%) are prime drivers for the action, followed by
voluntary and other drivers. This validates the first part of the hypothesis, namely that the

mitigation measures are driven through CSR and legislation.

By establishing a correlation between each participant’s indication of taking mitigation measures
as a routine part of FM strategy and the probable financial and legislative drivers, the second part
of hypothesis HS5 is validated. This confirms that the mitigation initiatives are shaped by
financial savings and organisational CSR, which are responsive to Government legislation. The
chi-square correlation shows the difference as x*(1) =6.778, p=0.009<0.05. The table of statistics
for R1 in Appendix 13 shows that 93.3% of respondents indicating CSR as a driver also agree

that they have gained financial benefit from mitigation measures.
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For R2, the chi-square correlation is significant, with x*(1)=7.197, p=0.007<0.05, and the cross-
tabulation in Appendix 13 for R2 shows that 57% of respondents who considered mitigation
measures as a part of their routine FM strategy agreed that mitigation measures give financial
benefit. Also, 30% of respondents who said ‘no’ to considering mitigation measures as a part of

their routine FM strategy were not able to admit to any financial gain from mitigation measures.

The third part of hypothesis H5 needed to establish that the support from external institutes is
responsible for the financial benefits from the routine mitigation measures and thus drives the
strategic FM decision for implementing mitigation measures. The chi-square correlation for R3
in Appendix 13 presents the difference as x*(2)=15.373, p=0.0001<0.05. The cross-tabulation
shows that involvement with the Carbon Trust resulted in respondents’ acknowledgement that

mitigation measures resulted in financial benefit.

The validation of hypothesis H6 establishes a correlation observed quantitatively in the
participatory study in the implementation of the UKCIP framework. It also constitutes the
framework of correlation to be used in further logistic regression analyses for providing evidence

for the adaptation process observed in the case study.
The correlations relevant to hypothesis H6 (and reported in Appendix 14) are as follows:
1) Relationship between identifying the impacts and considering impacts of the future
climate changes in disaster recovery planning or risk assessment (R1)

2) Perception of risk vs. identification of impact (R2)

3) Participants’ reported perception of climate change as a risk vs. considering the

impacts of future climate changes (R3)
4) Experience of an extreme event vs. considering future climate change impacts (R4)

5) Experience of an extreme event vs. identification of impact (chi-square) (R5).

The chi-square correlation for R1 in Appendix 14 shows the difference as (x*(1)=7.233,
p=0.007<0.05), where 72% of respondents with an ability of identifying the impacts as major or
significant had indicated that they were considering future climate change impacts for risk

assessment (compared with 50.9% who did not).

198



The perception of risk was found to be significantly and positively correlated to the identification
of future impacts due to various climate change effects, as set out for R2 in Appendix 14.

Table 49 presents a summary of the statistical results.

Table 49: Correlation between perception o$kiand ability to indentify future impacts

Correlation variables Correlation results

Impact due to more winter rain o Perception of risk r=0.268, n=81, p=0.016 <0.05
More frequent storms o Perception of risk r=0.437, n=82, p=0.0001 <0.05
Decreased Snowfall a perception of risk =0.347, n=81, p=0.002<0.05
Increased winter temperature o perception of risk r=0.251, n=81, p=0.024<0.05
frequent and severe flooding a perception of risk r=0.365, n=81, p=0.001<0.05
more extremely hot summers o Perception of risk r=0.293, n=81, p<0.008<0.05
more summer droughts a perception of risk r=0.242, n=81, p<0.030<0.05
changes in seasonality o perception of risk r=0.270, n=81, p<0.015<0.05

With regard to participants’ reported perception of climate change as a risk vs considering the
impacts of future climate changes (R3), the chi-square test showed a significant difference with
x*(1)=5.198, n=100, p=0.023<0.05 (see Appendix 14 — R3). It is possible to establish that
perception of climate change as representing risk contributes to considering future climate
change impacts as a result of extreme event occurrence, because 69% of participants who did not
perceive climate change as risk did not consider future impacts of climate change after
experiencing an extreme event. It was also observed that only identifying the impacts showed no
relation to the adaptation approach in the absence of an extreme-event experience and
maintained the perception of climate change as a risk. This emphasises that risk perception and
experiencing climate-related events are essential components for an organisation’s adaptation

approach.

In relation to experience of an extreme weather event versus considering future climate change
impacts, it was observed that 78% experiencing a climate-related event had considered similar
future climate change impacts for addressing in their disaster recovery planning, compared with
21.9% who did not. The chi-square test showed a significant result: x*(1)=63.175,
p=0.0001<0.005 (see Appendix 14 — R4).

The extreme-event experience was found to be related to identification of impacts, because
78.3% of participants who had experience of at least one extreme weather event had indicated
significant or major climate-change impacts, compared with 21.7% who did not experience any
extreme event. The relevant chi-square test (see Appendix 14 — R5) presents the difference as

x2(1)=13.032, p=0.0001< 0.05.
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7.3 Chapter summary and conclusions

This chapter has presented an analysis of the questionnaire survey carried out primarily to
support or reject the primary observations made through the participatory study. The basic
frequency count of the questions concluded that the survey was answered by the targeted
population, where almost equal numbers of facilities managers from the public and private
sectors responded. These responses were almost equally distributed across various organisation
sizes (e.g. SME, medium-sized corporations, and multinationals). The majority of respondents
were senior facilities managers or executive facilities managers, who are more likely to be
involved in strategic FM decision making. Overall, facilities managers perceive their climate
change awareness and knowledge to be adequate but at the same time they do not perceive

climate change as presenting a risk to their facilities and service delivery.

A general perception prevails that climate change will alter the way that services have been
delivered till now and may provide an opportunity to develop the delivery of new products.
Although many of the organisations polled have been active in addressing climate change
mitigation, many still remain as laggards for implementing any kind of action. In support of the
evidence from the literature review, the questionnaire observed that experience of a climate-
related extreme event is very likely to initiate an adaptation approach through the strengthening
of existing disaster-recovery and/or business-continuity planning for such events and impacts.
Although such events are likely to initiate the adaptation process, it was found that, in the
absence of such events, facilities managers are able to screen filter out of consideration the

generalised impacts of future climate change projections in relation to their properties.

With regard to mitigation, as a result of the UK Government’s drive for increasingly stringent
targets, mitigation measures have become a regular feature for facilities’ management strategies.
The larger organisations are able to achieve higher targets, due to their resource availability, as
compared with their medium-sized and SME counterparts. Financial benefits from the mitigation

measures were also cited by many of the respondents of the questionnaire as being generated.

Although in overall terms the FM community was positively environmentally inclined and
aware, there still persisted ambiguity amongst respondents about the cause of climate change and
a certainty on the one hand that only Government legislation would reduce the emission and that
there were no clear guidelines available on the regulations being imposed, while on the other

hand many of the respondents were of an opinion that the carbon taxation and legislation had not
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really helped in reducing emission levels. This finding remains to be validated through future

research.

Correlation analyses were carried out to validate the hypotheses set out from the operational
statements for the questionnaire (which are themselves laid out in Table 14 within Chapter 6)
The collective validity of the stated hypotheses forms the basis for further analysis through a
logistic regression process. The results of that process confirm the responsive adaptation process
observed through implementation of the UKCIP decision-making framework in the participatory
study organisation. Chapter 8 summarises the logistic regression analyses and compares them

with the participatory study observations and wider adaptation concepts.
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Chapter 8: Logistic regression

This chapter presents logistic regression as a further step to the correlation analysis described in
Chapter 7. Section 8.1 outlines the basis of logistic regression. Section 8.2 explains the different
regression analysis tests planned and the rationale for the same. Subsequent section 8.3 reports

the results of the regression analysis and section 8.4 summarises the chapter.

8.1 Regression analysis

Regression analysis is the next step after establishing correlation. Correlation indicates that the
variables are in some way related to each other (positively or negatively); regression analysis can
provide significant predictors of a specific outcome and thus a model to fit the data gathered.

Field (2005) describes liner regression in general terms as

Outcome = (modely) + error; .

At the end of a regression analysis an equation can be produced for a straight line which can best

fit the data received, presented as

Y=(b0+b1X1)+81.

Here Y is the outcome to be predicted, x, is the participant’s score, b, is the gradient of the line
and bo is the intercept of the line. Variables bo and b, are known as the regression coefficients

(Field 2005). The term &, represents an error factor.

The two major types of regression analysis are simple and multiple regressions. In simple
regression an outcome variable (known as the dependent variable —DV) is predicted by a
singular predictor variable (an independent variable —IV) while in multiple regression there are
more than one predictors involved to derive an outcome. (More explanation can be found in

Field 2005 and Tabachnick and Fidell 1983).

For multiple regressions the data needs to be normally distributed and the variable measures
should be continuous in nature. In cases of violation of these two conditions, logistic regression
is the statistical choice made. In principle, linear single and multiple regressions directly predict

the value of outcome Y, given the various data points and their related coefficient; with logistic
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regression, a probability of Y is calculated given the value of different data points and their

respective coefficients. This is represented in equation form as

(bo + by x4 + b2x; ... + bix;) where (x,= Data points, b;=Coefficients)

P(Y)=1/(1+e™")

This is further expressed as
Ln[Y/(1-Y)] = e (bo+ bixq + byX3 ... + bix;)
LOglt(Y) = bo + b1 Xq+ bzXz ...t biXi

Log(odds) = Logit(Y) = bo + by X1 + b2X; ... + bix;

Thus the logistic regression is an expression of multiple regression equations in logarithmic

terms, which does not violate the assumption of linearity (Field 2005).

8.2 Adopting logistic regression and the related rationale

The regression analysis is carried out for two purposes: first, for establishing the adaptation
process observed in the participatory study, which was also found to be in accordance with the
adaptation concepts mentioned in the literature; and, secondly, to look for factors affecting
mitigation action as reported once again in accordance with the participatory study observations

and literature evidence.

Although logistic regression does not produce very strong modelling results, it is primarily used
here to establish an overall conceptual process observed for adaptation and mitigation through
the participatory study and literature review. The paragraphs below describes the logistic
regression carried out for outlining the adaptation process observed in the participatory study and
the questionnaire data received, followed by logistic regression for the mitigation action as

reported by both in the literature and by the participants and

8.2.1 Regression for establishing an adaptation process

In the present research the regressions analysis is adopted as a correlation was found to be
significant and positive amongst many variables, such as experience of an extreme weather

event, perception of risk, and the ability to identify future climatic impacts responsible for the
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adaptation process. These variables were deduced from the participatory study findings and
resultant hypothesis. The association of the adaptation process established through the regression
analysis and the participatory study observation in line with the adaptation concepts outlined

from literature review are explained in section 8.3.

In order to get a comprehensive picture of the adaptation process reported by the wider FM
community and owing to the statistical assumption restriction on the data obtained (data gathered
in this research is non-parametric and the dependent variable is dichotomous), a logistic
regression analysis was performed. The variables considered for the regression analysis were

fivefold:

1) Experience of a climate-related event;

2) Perception of climate change as a risk to an organisation’s functions;

3) Identification of future climate change impacts on organisational functions;

4) Extreme event experience, resulting in examining future climate change impacts; and

5) Including climate change impacts in disaster recovery or future risk assessment.

These variables were regressed in three parts, resulting in three logistic regression equations. The
amalgamation of these equations has formulated an adaptation process model, which confirms
the findings of the participatory study carried out prior to the questionnaire survey. The

equations are simplified below as follows:
e Climate-related extreme events experience (CE) + Perception of climate change as a
risk (PR) = Identification of future climate change impacts (IM) ...................... (1)

e Extreme events resulting in examining climate change impacts (CIM) + Identification
of future climate change impacts (IM) = Including climate change impacts in disaster

recovery or future risk assessment (DR) ... (2)

e Perception of climate change as risk (PR) + Identification of future impacts (IM) =

events resulting in considering future climate change impacts (CIM) ................. 3)
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The first two narrative equations mentioned above constitute the adaptation process model fitting
to the data gathered, while the third equation maintains the validity of the first two equations by

establishing appropriate links in the model.

The reasons for establishing the model using two equations come from the assumption related to
logistic regression. As per Field (2005), Pallant (2005) and Tabachnick and Fidell (1983), the
data for multiple logistic regressions needs to fulfil the assumptions on multicollinearity sample
size and outliers. These assumptions state that the variables in the regression analysis should be
linearly correlated but not strongly correlated, that the sample size should be large enough to
carry out regression, and that there should not be too many data points which do not fit the
regression model. For sample size, Pallant (2005) states the formula N>50+8m, where N is the

desired sample size and m is the number of independent variables.

In order to fulfil the assumption of multicollinearity and sample size, the model was constructed

by using two separate logistic regression analyses and resulting equations.

8.2.2 Regression for establishing a mitigation model

The regression for mitigation action was carried out to fulfil observations from literature and the
participatory-study organisation’s approach to mitigation. It was observed that the present
legislation, in association with corporate social responsibility (CSR) strategy (which is mainly
driven by macro-level factors such as market standing), is responsible for much of an
organisation’s approach to mitigation; it is also affected by the resources available to the
organisation (via organisational size). In addition, at an operational level, mitigation measures
are constituted as a routine part of the FM strategy if they are deemed to be financially
benefitting and are in accordance with the organisation’s overall approach towards mitigation

(driven by legislation and CSR).

Once again owing to the statistical assumption restriction, the regression is performed in two
parts, giving rise to two separate equations. The variables and related equation are sixfold in this
case:

1) Financial benefit resulting from the mitigation measures;

2) Addressing climate change within the organisation (taking action or doing

nothing);
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3) Taking mitigation measures as a routine part of FM strategy;
4) Organisational size (SME, multinational, etc.);

5) Legislative drivers; and

6) Strategic drivers (CSR).

The two equations these variables are regressed into are thus:

e Legislative drivers + Strategic drivers + Organisational size = Addressing climate

change mitigation at an operational level ... 4)

¢ Financial benefit resulting from the mitigation measures + Addressing climate change

within the organisation = Mitigation measures form part of routine FM strategy.....(5)

These equations fulfil the first and second rationales mentioned in earlier paragraphs.
8.3 Statistical outcome of regression analysis

This section presents the outcomes of the regression analysis carried out in SPSS with the
variables stated above. The model analysis for each equation is presented in Appendix 15 and is
referred to further below. The results outlined below shows the variables included for each
regression analysis having a bearing on each equation for cases of adaptation and mitigation. A
comprehensive results table is provided for each test in order to gain an overall picture of the test
carried out. The equations formulated through regression are mentioned at the end of each test
and finally the model is formulated based on the association established through the equations.

This is done for both mitigation and adaptation.

8.3.1 Logistic regression for adaptation

For the purpose of consistency a total of 106 cases (sample size for every regression test) from
the private sector were selected. At any stage no more than two independent variables were
included in the analysis, which fulfilled the assumptions both for multicollinearity and for
sample size calculated through the formula quoted above from Pallant (2005). Thus for two
variables we have sample size N given by N > 50 + 8m, where m is number of independent
variables; so N needs to be greater than [50 + 8(2)], i.e. N > 76. In the present case, N = 106 >

76. Thus the sample size assumption is fulfilled.
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Although there is no test for multicollinearity for logistic regression in SPSS, Pallant (2005) and
Field (2005) suggest use of a collinearity test carried out for multiple regressions. Thus to look
for multicollinearity the variables were entered into SPSS’s linear regression statistics test, and
the test results are given in tabular form in Appendix 16. Once again as per Pallant (2005) and
Field (2005), the variables with (various inflation factors) VIF>3.000 are known to be strongly
correlated to each other and thus issues with multicollinearity can arise. However, there were no

significant figures observed suggesting multicollinearity.

In spite of this, there were two independent variables which were not entered into the same test.
These variables were assessed in consecutive complementary questions within the questionnaire

study and were found to be positively strongly correlated with each other. They are:

e Climate related extreme-event experience; and

e Extreme events resulting in examining climate change impacts.

The dichotomous variables were given the value 0 and 1 for negative and positive responses
respectively and with the ranked Likert scale responses the lower value represented a low score
while a higher value represented a higher score. (e.g. 1= low agreement, 5 = complete

agreement).

The first analysis carried out was for equation (1) above (see subsection 8.2.1). The independent
variable (IV) was ‘Climate-related extreme-event experience’, where experience of such an
event scored 1 and no such experience scored 0. ‘Perception of climate change as a risk’ was
measured on a Likert scale, where 1 represented no risk perceived and 5 represented extreme risk
perceived. The dependent variable (DV) was ‘Identification of future climate change impacts’,
where the responses were converted to a dichotomous scale from the original Likert scale. The

lower impacts identified were given value 0 while the major impacts identified were given value

l.

The complete regression analysis can be found in Appendix 15 section 1, and Table 50 below

provides a summary of the statistical results achieved.
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Table 50: Statistical summary for gression for adaptation equation (1)

B(SE) 95% CI for odds ratio
Lower | Odds ratio Upper
Constant -2.05(1.03) |- | - e
Experience of an extreme event (CE) 2.61(0.82) 2.72 13.6 68.05
Perception of climate change as a risk (PR) | 0.98 (0.30) 1.48 2.66 4.87

R2 = 0.83 (Hosmer and Lemeshow), 0¢(€éx and Snell), 0.39 (Nagelkerke).

The equation can be presented as

Logit(IM) = —2.05 + 2.61(CE) + 0.98(PR).

From this we can establish that experience of an extreme event and perception of future climate

changes as a risk are significant predictors for identification of significant and major impacts and

thus formulates the first part of our overall model, as shown diagrammatically in Figure 31.

Experience of a Perception of future Identification of
extreme event - climate changes as risk significant or major
impacts on functions

Figure 31: Regression equation JXor adaptation, in diagram form

Equation (2) in subsection 8.2.1 helps to constitute the model further. Here the independent
variables are ‘Extreme events resulting in considering climate change impacts’ (CIM) and
‘Identification of future climate change impacts’ (IM), while the dependent variable is ‘Including

climate change impacts into disaster recovery or future risk assessment’ (DR).

All the variables are dichotomous, where the identification of future impacts has been converted
from a ranked Likert scale to a dichotomous form. All the dichotomous variables have 0
representing a lesser score or negative response and 1 representing a higher score or positive

response.

The complete regression analysis can be found in the Appendix 15 section 2 and in concise form

in Table 51.
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Table 51: Statistical summary for gression for adaptation equation (2)
B(SE) 95% CI for odds ratio

Lower | Odds ratio Upper
Constant -0.650.47) |- ||
Extreme events resulting in considering | 1.81(0.47) 1.28 3.25 8.24
climate change impacts (CIM)
Identification of future climate change |0.45 (0.54) 0.53 1.57 4.62
impacts (IM)

R?=0.53 (Hosmer & Lemeshow), 0.08(Cox & Snell), 0.12 (Nagelkerke).

The equation can thus be presented as

Logit(DR) = —0.65 + 1.81(CIM) + 0.45(IM).

From this the second part of the model can be organised, as shown in diagrammatic form in
Figure 32. Here, it can be stated that an extreme weather event resulting in future consideration
of climate change is a significant predictor for the inclusion of climate change in an

organisation’s disaster recovery planning and overall risk assessment.

Including climate

Examining future climate Identification of future change impacts into
change impacts as a result + climate change impacts —»| disaster recovery or
of extreme event future risk assessment

Figure 32: Regression equation J2or adaptation, in diagram form

The third regression analysis is performed to complete the model and to demonstrate the valid
link between the above two equations using equation (3) in subsection 8.2.1 above: Perception of
climate change as risk (PR) + Identification of future impacts (IM) = Extreme events resulting
considering future climate change impacts (CIM). The independent variables in this analysis
were PR and IM, while the dependent variable was CIM. The independent variables were

transformed to a dichotomous form from a ranked Likert-scale set of responses.

Appendix 15 section 3 presents the statistical outcomes of the logistic regression, which is also

simplified in Table 52.
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Table 52: Statistical summary for gression for adaptation equation (3)

B(SE) 95% CI for odds ratio
Lower | Odds ratio Upper
Constant -2.02(0.85) |- ||
Identification of future climate change |1.76(6.93) 1.49 5.81 22.61
impacts (IM)
Perception of climate change as risk (PR) |0.12 (0.20) 0.75 1.33 1.69

R?=0.91 (Hosmer & Lemeshow), 0.09 (Cox & Snell), 0.13 (Nagelkerke).

The equation obtained can be expressed as

Logit(CIM) = —2.02 + 1.76(IM) + 0.12(PR)

Table 52 reveals that ‘Identification of future climate change impacts’ (IM) is a predictor of the

consideration of climate change as a result of extreme event(s), as presented in diagrammatic

form in Figure 33.

Perception of
climate change as
arisk

Identification of future
climate change impacts

extreme events

Examining future climate
change impacts as a result of

Figure 33: Regression equation J3or adaptation, in diagram form

From this the link between the above two equations is set up, giving rise to the final model. The

three equations obtained for the model are presented diagrammatically in Figure 34.

Experience of an
extreme event

Perception of future
climate changes as risk

Examining climate
change impacts as a
result of extreme
events

Identification of future
climate change impacts

Perception of
climate change as
arisk

Identification of future
climate change impacts

Identification of
significant or major
impacts on functions

Including climate
change impacts into
disaster recovery or
future risk

Examining future

as a result of extreme
event(s)

climate change impacts

Figure 34: Combined regression eqtians for adaptation, in diagram form
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The final model derived from these is presented in Figures 35 and 36.

. Intention for | | Eq3
| adaptation !
1

i ] Examining future
Includlgg chmat.e climate change
change impacts into impacts as a result

dlsaster. recovery or of extreme event
future risk

A

Risk
appraisal

A

Identification of
significant or major
impacts on functions

Experience of an
extreme event

I

Perception of future
climate changes as risk

Eql | Risk experience +
, cognitive biases

Figure 35: Adaptation process model deed from combined regression equations
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UICKP decision making framework
implementation process as observed in case study
and deduced from questionnaire responses

Experience of an

|
| extreme event
|
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: I 4 : impacts on functions
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1 Implement { 1
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| ' H Appraise Identify 1
ti ti .. .
! 1 SPEETE SRREEE : »| Examining future climate
: Operational ‘. change impacts as a
L N —t result of extreme event

A Make decision

v

Including climate change
impacts into disaster
recovery or future risk

Literature based
adaptation

Risk
- experience
+ cognitive
biases

- Risk

S appraisal

Intention
Ea3 ] for
~ | adaptation

Figure 36: Adaptation process derived frothe questionnaire responses and their assdicin with the UCKIP decision-making framework and

theoretical adaptation concepts
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As mentioned earlier, the model is formulated by undertaking three logistic regression tests. This
was to avoid issues with statistical assumptions of multicollinearity. In other words, the entire
logistic regression process is being divided into three parts (performing three logistic regression

equations) using the same variables.

The model formulated in Figure 36 reveals the components of the adaptation process explained
in the next subsection. The model was found to be in accordance with the adaptation process
observed from the participatory study and the adaptation concepts outlined in key literature.

Chapter 9 elaborates these findings further.

8.3.2 The adaptation process

The adaptation process formulated by using logistic regression analysis is described in the

following paragraphs in line with the sequential stages of the process.

1) Experience of an extreme event or the threat of financial loss initiates the strategic intention of
adaptation and influences the first stage of the decision-making framework for identification
of the problem and for setting objectives. This was observed in both the participatory study
and the questionnaire responses — for example, in the case of the participatory study’s
financial services organisation an extreme event of flooding caused damage to the secured
vaults and thereby significant financial loss, while overheating in summer months caused an
increase in energy bills and staff complaints. This brought forward the strategic need to
address future flooding and overheating, which was considered might increase due to climate
change. The organisation’s agreement to be involved with the research study for including
adaptation measures in existing built-asset maintenance and management was thus a result of
an experience of existing extreme weather event and related financial loss. The wider
applicability of this concept was also found in the questionnaire responses, where the extreme
event had an influence on the organisation’s consideration of the future impacts of climate
change. Thus the impact of the extreme event was found, through both the participatory study
and the questionnaire survey, as significant for creating the first stage of the decision-making

framework.

2) The risk perception of strategic personnel and the attitude to climate change influenced the
second level of decision-making criteria within the framework. In essence, if the damage to

the built assets or to crucial work processes had caused substantial financial cost or impacted
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the public image or stakeholders’ positive perception of the organisation, then the risk was
perceived to be higher. This was due to the fact that the participatory study organisation was
from the financial services sector and the stakeholders’ confidence in their properties and
functions was one of the critical success factors (CSFs). Thus the risk of failing to achieve that
particular CSF was also perceived to be higher. This could also be said to be true about a
larger private-sector sample, where stakeholder confidence would be one of the CSFs required
to be fulfilled in most organisations. In addition, acceptance of climate change occurrence
influenced the risk perception — i.e., the greater the acceptance of the climate change
occurrence, the more rooted the risk perception of future financial or public-image loss. As a
result, the risk perception related to the stakeholders’ image and the organisation’s CSF

fulfilment influences the second stage of setting decision-making criteria in the framework.

3) The third stage in the framework, namely the assessment of risk, operates in FM operational
realm and manifests itself at two levels. The initial level undertakes the screening of likely
impacts, which are classified using a scale of minor to major against the criteria decided in
earlier stages. This initial level is influenced by the combined effect of experience of an
extreme weather event and the associated risk perception prevailing at strategic level. The
second level of this stage examines the classified significant and major risks using the familiar
semi-quantitative risk assessment. This second level of assessment in particular is initiated

when strategic risk perception is supported by the prior filtering out of primary impacts.

At this third stage it was observed that although on the bases of qualitative evidence the
argument for future climate changes causing more extreme events were accepted at a strategic
level, the quantitative evidence and practices at operational level for generating adaptation
options were not well grounded. The three reasons identified for this were: (a) prevailing
uncertainty in projections, which were therefore difficult to quantify unless elaborate risk
assessment methods were used — for which time and relevant knowledge were constrained,
(b) at the time of the study the FM personnel had limited understanding of climate change
data and its use, because the use of such data in their day-to-day working was minimal; and
(c) one of the most important aspects of lack of quantitative assessment of impacts at the time
of the study was the inconsistency between the business planning horizon of 3—5 years and
the climate change projection horizon of 30 years — the future needs and expansion of every
business could not be predicted or planned for 30 years’ time because of various external
forces. As a result, and after identifying the significant and major impacts of climate change,

the facilities managers were unable to put forward a quantifiable assessment of those impacts

214



for making the required financial case. The identification of the future impacts therefore
reflects presently experienced impacts and the semi-quantitative approach tends to amplify the
effect of existing known risk. This incremental approach of scaling up the known risk remains
subjective, reflecting the facilities managers’ beliefs and attitudes towards climate change

projections.

4) Stage 4 of the process is influenced by the identification of impacts and further examination of
the key impacts at stage 3; at stage 4, triggers were established keeping in mind the
vulnerability and resilience of each built asset against the set business need criteria. Soft
measures were then included in an existing business continuity plan (BCP) or disaster
recovery plan, or insurance security is arranged. At the triggering of an alert, the BCP or
disaster recovery plan is put into action. Hard measures of retrofitting are delayed unless the
built asset is of importance in delivering the business services. In cases where recurring
significant impact is observed, the built-asset value to business needs is assessed, in

accordance with which disposal and major refurbishment decisions are taken.

5) Stage 5 of the process was not observed during the study period because its testing required
the occurrence of a climate-related event, when the measures adopted could be implemented

and then assessed for their success.

In summary, from the participatory study in the present research it is concluded that in that
organisation’s built-asset adaptation process, and in spite acceptance of the qualitative argument
for climate change at a strategic level, the quantitative assessment of climate change impacts at
operational level for building a financial case was missing. In this scenario, owing to the
unavailability of short-term climate change projections (required in accordance with the business
planning horizon), inherent uncertainty of the projection and lack of resources to carry out
elaborate risk assessment processes, initial screening of the impacts is done and major impacts

are examined later.

The examination of the impacts is carried out by amplifying known risk where the judgement is
subjective and is influenced by attitudes and beliefs about climate change projections. Existing
perception of risk, induced through experience of a climate-related extreme event, also
influences the identification and examination of climate change impacts. In light of this, triggers
are established keeping in mind the vulnerability and resilience of built assets. Soft measures

such as insurance and a BCP are than adopted for built assets, bearing in mind their relevance to
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business needs. In the case of at-risk key built assets, hard measures through refurbishment have

to be adopted.

The process observed in the present study reflects the concepts outlined in later adaptation
research studies carried out at local-community level (e.g. the CREW (Climate Resilience to
Extreme Weather Events) research programme described by Jones and Few (2009). The results
in this quoted study revealed that the adaptation process at the local-community level consists of
assessing future risk, which is based on existing known risk and experience of one or more
climate-related extreme events. The vulnerability and resilience of local components is then
checked against various criteria outlined. The lack of short-term climate change projections and
a standard risk assessment procedure based on these projections gave rise to the resultant

adaptation process.

The provision of short term climate change projections and risk assessment was found to be a
resource-intensive task which was not always available at community level, just as in the case of
a private-sector organisation such as the one focused on in the present study. Other results from
adaptation studies reflected the comments made in the present study whereby the UK
Government was encouraged to invest resources in producing short-term climate change
projections and risk assessments of local areas on the basis of which short-term adaptation
options could be selected. In light of the evidences from the present study, where certain levels
of private-sector expectation of information from local government were detected, the provision
of short-term climate change projections and attached risk assessments of local areas offered
from central government would be welcomed by the private sector while they take steps to adapt

to future climate changes.

8.3.3 Adaptation model association with adaptation theory concepts

The model obtained through the series of logistic regressions is regarded in this thesis as an
adaptation process model. The model supports the process observed during the UKCIP decision-
making framework implementation with the participatory study organisation and was also found
in line with conclusions drawn in the literature (Risbey et al 1999, Berkhout et al 2004,
Grothmann and Patt 2005). These also reflect various concepts for adaptation such as risk
experience, risk appraisal, cognitive biases and heuristics, adaptive capacity and an intention for
adaptation (explained in detail in Chapter 2 above). Indeed, the model presented in this study
reflects the findings from Berkhout et al (2004) highlighting the aspects of organisational
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adaptation in the context of organisational learning on the one hand, while on the other hand it
observes the importance of socio-cognitive elements in adaptation as presented by Grothmann

and Patt (2005).

As per Berkhout et al (2004), organisations tend to adapt to changing climate in the same manner
as adapting to technological or regulatory change. It is likened to the organisational learning
process (see Chapter 2) but in the absence of definite but weak signals (i.e. slow or uncertain
climate change effects), this learning is restricted. In this case a long-term adaptive approach is

difficult to be conceived due to the ambiguous feedback loop.

Although extreme events can initiate some action, and possible changes in organisational
routines are achieved to respond to the changes, they do not enable a long-term strategy for
adaptation. Also, owing to weak signals, organisations involve themselves in the research and
assessment driven from a higher level, which is affected by internal and external resources and

marketplace conditions (covering, therefore, perceived and objective adaptive capacity).

The model conjectured from the participatory study and questionnaire in the present study
affirms the observation made by Berkhout et al (2004), namely that the experience of an extreme
event initiates a response and detailed procedural changes (in terms of strengthening BCP and
risk assessment), further instigating risk perception and the screening of impacts — but it still fell

short of enabling a long-term adaptation strategy.

Added to this are aspects of perceived adaptive capacity and risk perception recognised by
Grothmann and Patt (2005) as socio-cognitive aspects that are important for adaptation and
vulnerability assessment. The authors argue that subjective perceived adaptive capacity,
cognitive biases and risk perceptions in relation to possible adaptation options are important
socio-cognitive aspects affecting individual intentions of adaptation or adaptation decision-
making. In line with this, the adaptation process within the participatory study organisation in
this research observed that an extreme event occurrence with associated belief in climate change

occurrence had been constituted as risk experience.
This had initiated risk perceptions and the identification of likely impacts for the purpose of risk

appraisal. The perceived adaptive capacity of organisations (comprising knowledge, finance, and

strategic support), in association with the perceived risk, formed the basis for adaptation
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(strengthening BCP, securing insurance, gathering local data, stringent maintenance activities

etc).

A diagram explaining the association between the concepts in the aforementioned literature

highlights and the model derived from the present study is shown in Figure 37.

Adaptation process as observed in the present study Concepts from Concepts from
Grothmann and Patt Berkhout et al
Adaptation process (2005) (2004)
The experience of an climate related event Risl Signal
(extreme event) '!*P"_i'!"lﬂ
appraisa
+ye/-
.. V_E' ’I LA —3 Cognithke
Belief in climate change occurrence Blasas and
heuristics
Perception of climate change as a risk to
the business function
Rislh \
N : . . appraisal
Identification of impacts
Research and
L assessment
affected by org
Knowledge and data for assessment and external and
quantification. internal
¥ .ﬁ.dapﬁhe resources
. . conditions.
Org size (resource —time, money, ext and — capity
int. support)
+
Flexibility of existing strategy and process
Alteration made
FM consider climate change impacts to be Intantion to existing org.
included in future planning — (disaster for / routine to
recovery ). adaptation accommodate
change.

Fig 37: Association between adaptation process observed and literature evidence

8.3.4 The mitigation model

The results gained from the participatory study and literature stated that the existing legislation
and corporate social responsibility strategy are two major drivers for an organisation’s
operational approach towards mitigation and are important in setting targets and budget

provisions. The literature highlights similar findings, where inclusion of COz2 targets are
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increasingly becoming part of CSR (Okereke 2007), which is used for managing stakeholder

perception and competitive advantage.

Also, as a result of constituting a climate policy on the principle of ecological modernisation, a
mix of market and legislative instruments are in existence nowadays offering a financial
incentive for mitigation measures. As a result, companies can choose from various operational
strategies depending upon their sector and countries of operation (Kolk and Pinkse 2005) to gain

competitive and financial advantage.

In order to substantiate the observation made in the participatory study and from the literature,

logistic regression was carried out considering the following six variables (see subsection 8.2.2):

¢ Financial benefit resulting from the mitigation measures;

e Addressing climate change within the organisation ;

e Taking mitigation measures as a routine part of FM strategy;
¢ Organisational size;

o Legislative drivers; and

e Strategic drivers (CSR).

The logistic regression was performed, first, to demonstrate that legislative and strategic drivers
are responsible for the overall approach of an organisation to climate change. It was also
hypothesised from the evidence from literature that organisational size (and thus the resources
available) would help in taking mitigation measures forward. This is constituted as an equation

thus (equivalent to equation (4) in subsection 8.2.2):

Legislative drivers (REG) + strategic drivers (CSR) + organisation size (ORG) =

Addressing climate change mitigation at an operational level.................................. 4)

The second part of the regression analysis establishes that routine mitigation measures become
part of FM strategy when they are encouraged by some financial benefit and when an overall
organisational strategic target is set for emission reduction. This is presented by the equation

(equivalent to equation (5) in subsection 8.2.2):
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Financial benefit from mitigation measures (FMIT) + Addressing climate change at strategic

level (ST) = Mitigation measures form part of routine FM strategy (MITROU) .............. (%)

For undertaking a regression analysis, once again the assumptions of multicollinearity and
sample size were maintained. There was no multicollinearity among the independent and
dependent variables. The sample size for the test was once again determined by using the
formula specified earlier in this chapter for both tests: for first test there were three independent
variables and for the second there were two independent variables present; and so sample size N
for the first and second test is given by N>50+8m where m is number of independent variables
and is set at 3. We have N>50+8(3), i.e. N>74. The sample size for both tests was in fact set at
99.

Equation (4) above was formulated by considering the following four variables out of the

original six:

Taking mitigation measures as a routine part of FM strategy (MIT);

Organisational size (ORG);

Legislative drivers (REG); and

Strategic drivers (CSR).

The legislative and CSR drivers and organisation size were independent variables and were
dichotomous in nature. Full statistics results are provided in Appendix 17 section 4, and Table 53

presents the summarised findings.

Table 53: Statistical summary for gression for mitigation equation (4)

B(SE) 95% CI for odds ratio
Lower | Oddsratio Upper
Constant —0.83 (0.87)
Legislative drivers (REG) 1.55(0.47) 1.87 4.75 12.04
Strategic driver (CSR) 1.77 (0.75) 1.35 591 25.79
Organisation size — SME (ORGQG) —1.04 (0.83) 0.069 | 0.35 1.81
Organisation size — corporate (ORQG) —1.53 (0.80) 0.04 0.21 1.04

R2=0.84 (Hosmer & Lemeshow), 0.18 (Cox & Snell), 0.24 (Nagelkerke).
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The test reveals that the only significant predictors of addressing climate change mitigation in an
organisation are legislative and strategic drivers. Here the CSR impetus is believed to be driven
by stakeholder demand and market standing. The organisational size is not found to be a
significant determinant of the approach towards mitigation. It is suggested that, provided there is
legislation enacted to force along the mitigation efforts, the companies would take action
towards their fulfilment. This was also evident by the widespread opinion found in the
questionnaire responses, where the respondents from both the public and private sectors believed
that private-sector organisations would only curb their emissions in the presence of a strong

Governmental drive and accompanying legislation.

The resultant equation of the analysis is as follows and is shown in diagrammatic form in

Figure 38:

Logit(MIT) = -0.83 + 1.55(REG) + 1.77(CSR)

.. ) - ) Addressing climate
Legislative drivers (REG) N Strategic drivers (CSR) change mitigation in
organisation (MIT)

Figure 38: Regression equation (49r mitigation, in diagram form

Equation (5) above was constituted using the four following variables:

Financial benefit resulting from the mitigation measures (FMIT)

Addressing climate change within the organisation (OP)

Taking mitigation measures as a routine part of FM strategy (MITROU)

Strategic drivers (ST).

All the variables were dichotomous in nature. The detailed analysis is presented in Appendix 17
section 5, and Table 54 summarises the results where the mitigation measures as a routine part of

FM strategy is a dependent variable and the others are independent variables.
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Table 54: Statistical summary for gression for mitigation equation (5)

B(SE) 95% CI for odds ratio
Lower | Oddsratio Upper
Constant —1.06 (0.48)
Financial benefit from mitigation (FMIT) 1.08 (0.47) 1.16 2.95 7.52
Addressing mitigation at operational level (OP) | 1.03 (0.48) 1.08 2.81 7.27
Addressing mitigation at strategic level (ST) 0.91(0.48) 0.96 2.49 6.46

R?2=10.79 (Hosmer & Lemeshow), 0.17(Cox & Snell), 0.24 (Nagelkerke).

The significant predictors for taking routine mitigation measures are financial benefit and an

organisation’s approach to addressing emission reductions at an operational level.

The equation deduced from the above, and shown in diagrammatic for in Figure 39, is

Logit(MITROU) = —1.06 + 1.08(FMIT) + 1.03(OP).

Financial benefit from Addressing mitigation Mitigation measure as
mitigation measures + | atoperational level , | routine part of FM
(FMIT) (OP) strategy (MITROU)

Figure 39 : Regression equation (5pr mitigation, in diagram form

As a result of the regression analysis for the purpose of defining predictors for mitigation action,
other correlations established between variables related to mitigation action, and evidence from
the participatory study and the literature review, the following model was constituted. The model
represents a conceptual outline for mitigation action in a commercial context, where it is
encouraged by legislation and strategic drivers such as CSR. The legislation is driven by the
Government to fulfil national emission reduction targets, while corporate social responsibility is

driven by an organisation’s marketplace standing and stakeholder requirements.

In addition, the mitigation measures promoted operationally and forming a routine part of
mitigation strategy were found to be related to financial benefits, indicating that FM strategy in
the commercial sector tends to favour small operational measures which could be integrated into
the routine maintenance cycle, such as installing energy-efficient consumables, checking supply-
chain energy-efficiency credentials, and training staff. The organisations were found to be less
favourable towards investing in measures such as micro-generation technology due to their long
payback time, and the absence of a financial gain would restrict action to legislative

requirements only.
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Figure 40 represents the results of logistic regression carried out for mitigation action.

Financial benefit from
mitigation measure (except

carbon offsetting) carbon
A 4 trust related due to v
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S=- technology
¢) SMART energy metering
Personal Env'iron.mental d) Building stock assessed for Could be included in the
knowledge of inclination energy saving routine maintenance cycle
1mpacts of e) Supply chain energy with ease
climate change efficiency credentials
f) Training staff
g) Green tariff

Figure 40: Mitigation action model deriveffom combined regression equations

It is necessary to keep in mind aspects of the above discussion that affect the initiation and
decision-making processes for adaptation because these are essential to realising the adaptation
process and can also make the process efficient by a deeper understanding of these aspects by

better formulation of the process.

An organisation should create a team to deal with climate change which will have time, expertise
and other resources to translate climate change projections into detailed impact analyses for the
business functions and built assets, along with a quantitative risk assessment. Regard should be
taken of any existing risk assessment method used by facilities managers in the organisation, in
case such a method can be easily integrated and used across the entire built-asset portfolio. An
assessment for near 10 years should be made using the new UKCIP09 projections at a detailed
level irrespective of strategic support, while actions for promoting the strategic importance of

long-term adaptation should be encouraged.
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8.4 Chapter summary and discussions

In summary, this chapter outlines the logistic regression analyses carried out for both mitigation
action and an adaptation process. The statistical assumptions and analysis tables are presented.
The equation generated from each analysis, when combined, has resulted in a conceptual model
which is to be regarded as a model fit for the response received from the small sample in the
questionnaire. The results from the regression analysis and the conceptual model are found to be
in accordance with the participatory study findings (observed case-study adaptation process) and

the evidence from relevant literature (adaptation concepts and models).

Bearing in mind the UKCIP implementation process observed in the participatory study and the
logistic regression equations derived from the questionnaire survey responses, two major
conclusions emerge:
e Adaptation of private-sector built assets and their management is initiated only in the
presence of the extreme weather event that has induced losses. This affects the first
stage of the UKCIP decision-making framework — i.e., unless the event induces a

financial loss the process of deciding on or actually initiating adaptation is not started.

o Facilities managers’ perception and attitude to risk are very important and affect the
decision-making criteria. The risk perception associated with experience of at least one
extreme event allows the managers to proceed towards a serious consideration of
significant and major impacts on their built assets and related functions, and this is

undertaken during stage 3 of the UKCIP framework.

In summary, the constitution of these conceptual models identifies that adaptation lacks major
drivers such as immediate financial gain and strategy shaped by legislation and thus is not a
priority agenda for an organisation unless it has experienced financial loss due to climate-related
events. In contrast, mitigation has gained a strong legislative drive with attached financial

benefits.

The implementation and integration of mitigation measures in FM strategy is dependent upon the
payback period of the implemented technology, while in the case of adaptation it depends upon
the importance of the built assets to the business function in relation to the level of risk
associated with climate change effects. For instance, if the built asset is of prime importance to
the business with higher risk of future damage due to climate change, then physical measures to

increase resilience would be planned; but in a case of lower risk, soft measures would be
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implemented. Built assets with lower business importance and higher climate-change impact risk
would be attended to only in the presence of the occurrence of an extreme event, or similar

triggers causing substantial financial loss.

Mitigation measures are easily implemented as the quantification methods for CO, calculations
and reductions are now mainstreamed and are propagated by Government and various supporting
organisations. Thus it is easier to adopt them in routine practices and does not require extensive
knowledge of the science behind climate change projections. It is also possible to attach specific
quantified targets for mitigation to a baseline emission scenario. These targets would be in
accordance with a foreseeable short-term (five-year) strategic business-planning time line. These

aspects make it easier to downstream mitigation measures to the operational FM level.

Unlike mitigation, for adaptation the essential method of risk assessment and quantification for
implementing adaptation options is not yet standardised for sectors or for geographic regions.
The risk assessment method is in turn a subjective choice in terms of the need of the level of risk
to be addressed in particular case. These subjective choices are sometimes difficult to integrate

with an organisation’s routine practices and thus can hinder entire the adaptation process.

It is also difficult to attached any definite target to adaptation and plan for it within the
foreseeable short-term business planning horizon, because the projection time frame of 30 years
minimum does not reflect the maximum realistic time frame for strategic business and facilities
planning (which is generally five years). Also, the projections for a climate change projection
time frame of the next 30 years do not reflect major changes in climate variables which could
heavily impact built assets. In this scenario it is the occurrence of extreme events that is likely to
impact the built assets but there is a lot of uncertainty attached to such extreme-event projections
at present. It is only recently, in the IPCC (2012) that the probability is being established of

extreme-event occurrence being associated with climate change.

In such a scenario, adaptation has remained a reactive instead of a planned activity and one that
has no compelling legislative driver or standardised assessment processes for businesses and
facilities managers to adopt in their strategic framework. However, mitigation has become a
planned, strategically intended activity which enjoys Government focus and support, and it is
driven by legislation with established standardised methods for the targeted achievement of

emission reductions.
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From the results of the participatory study, the analysis of the supporting questionnaire, the
availability of the projections and the current FM awareness, knowledge and attitude towards
climate change adaptation, it has been suggested that until such time as site-specific short-term
climate change projections are established, the impact assessment process based on the existing

experience and knowledge of facilities managers should be favoured.

Facilities managers can use such assessment methods together with their past event experience
and macro-level projections (UKCIP09 would be able to filter the likely impacts for their built
assets), gaining additional help from semi-quantitative or elaborate risk assessment methods
which are conducive to routine FM practices. The resultant assessments can then become a basis
for gaining strategic support and for deciding on the near-term measures to be adopted for built-
asset maintenance and management. There will be many organisational contextual factors
affecting such assessments and adaptation processes within a commercial organisation, and these

are discussed in Chapter 9.
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Chapter 9: Conclusions and discussion

This chapter reviews the results achieved uglothe participatory study and the subsequent
questionnaire work. It does this with referencehte initial research questions and objectives set
in Chapters 1 and 2. The dissions below are related backthe literature review, where the
results confirm or differ from the evidengesen in previously published literature.

The chapter commences with a short mentionsection 9.1 of the research question and
objectives. Sections 9.2 to 9.4 diss the achievement of thedhbrobjectives set for the study,
while section 9.5 summarises the overall findings endbntext of the search objectives.

9.1 Review of research question and objectives

The research set out with the aim of seekingnams to a central question: How can an existing
risk assessment framework and climate changegtiions be applied toanslate climate change
impacts into built-asset-levekk to support long-term builtsset maintenance and management

strategy?

The primary aim of the study was to develop approach for a long-term climate-adaptive
facilities management strategy, using existing tools (i.e. the UKCtReriamty and decision-

making framework in the face of climate changed climate change projections (UKCIP02 and
UKCIPQ09) that ensure the ability of existing Ib@ssets to support their organisation’s primary

business functions in a cost-@dfive and sustainable manner.

The three objectives set towards fulfilment of the questions were:

¢ |dentifying current FM approaches to €@duction (mitigation) and making building

stock resilient (adaptation);

¢ |dentifying issues related to the implenteion of existing tools and climate change
projections by facilities managers; and

¢ |dentifying facilities managers’ perceptions of mitigation and adaptation.
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The next section discusses the results achifeedthe methodology applied towards fulfilment

of the objectives.

9.2 Objective 1 — Current approaches$o mitigation and adaptation

This objective was intended so as to obtain an overview of the existing scenario of mitigation
and adaptation prevalent within the particgrgt organisation and inhe wider commercial
sector. The case study organisais relevant strategic docums, informal discussion and
follow-up questionnaire work helped towards i@slement of the objeiwe (see particularly
Chapters 4 and 7).

The key observation made was that addressing mitigation aspects differs with in which sector th
company belongs to, while adaptatimeasures were carried out palfter the experience of an
extreme weather event in the majority of emqalthough the relationship between extreme
weather events and climate change was questiand has only recentlyebn established by the
IPCC 2012). With emissions only from office eggruse in the serviceector, the measures
include a mix of technical and behavioural factditsese are in turn to be read in the context of
internal and externalfactors such as finance, leggbn and stakeholder relationship

management.

In the participatory organisation, and as fourrddigh the wider literature study, climate change
has been considered a part @fwider sustainability stragg, and associated with energy
efficiency measures. A targeted reduction in2Ggnissions is set for annual or longer time
periods. As a result, the environmental strategthefparticipatory organisation had achieved its
5% reduction target by 2005 compared with a 200G bavel; further, it had met additional 5%
reduction by 2010 from the 2005 level. Mosttbése reductions were achieved through both

technical and behavioural measures.

9.2.1 Mitigation measures

The participating organisation achieved treductions reported ithe subsequent carbon
disclosure project (CDP) and environmenti@plthrough renewable energy contracts with
energy suppliers where @@mission reduction was to be asled at source. This produced
financial gains, which were strategicallyvéared and which reduced the intended emissions

from business functions.
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In addition to procuring renewée energy contracts, the participating organisation implemented

a wide range of easily implemented mitigation measures for its existing building stock during
regular maintenance cycles. These includedaaned building controls, additional metering,
solar-gain reduction and energy-efficient ligigt Measures such as low-emission high-
efficiency boilers were introduced at the end of the life cycle of appropriate plant. Options such
as wind power generation and enhanced insa#ind glazing initiatives were strategically
evaluated and applied only at selected sites. It was only in new builds and major refurbishmen
projects that measures such as heat reatiam enhanced buildingnanagement systems,

internal lighting-control systes) centralised utility meteringchnology etc. were implemented.

Such measures were also reported by théewwFM community, where the following were

implemented:

¢ Building stock assessment for energy saving;

e Stalff training;

e Procure efficient AC systems;

e Energy-efficient consumaldge.g. low-energy lighting);
e Energy credentials checkingthin the supply chain; and

e Green energy suppliers/tariffs.

Behavioural change was instigated thrdoudraining, through settg up sustainability
management teams and through issued guid&m®uragement was given to use video- and

audio conferencing and rail traMinks to reduce emissions.

It was observed that the mitigation measures/g@lent in the private sector were ones which
were easily implemented and did not require magfurbishments to the stock. This is in
confirmation of the evidence from the literatundhere Ekins and Etheridge (2006) have insisted
that inclusion of renewable emgr procurement and setting lower €@duction targets have
encouraged managers (through potential financigsydo implement simple energy efficiency
measures. Even so, three measures were foohdo be favoured in the private sector: (a)
generating their own renewableezgy; (b) considering carbon offding; and (c) investing in

retrofitting micro-generation technology.
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In consideration of the overall approach thie commercial sector to climate change, an
incremental path in addressing energy efficiency and mitigation was traced from the
questionnaire responses, whereby the initial eneffigiency and recyclingneasures resulted in
implementation of Environmental Management Sysséamdards, which then led on to strategic
carbon reduction targets and the achievementhefe targets through on-going external
consultation (see Chapter 7). These consultatim@re largely found to be involving the Carbon
Trust and BREEAM certification.

9.2.2 Contextual factors/drivers to mitigation

The implementation of mitigation measures ie tommercial sector are contextualised with
respect to three factors, namélyance, legislation and stakebel relationships. These could all

be recognized as policy and behavioural drivEeh is described further in turn below.

The results from the participatory study and desaire analysis rewed that financial
efficiency within mitigation measures is key teethimplementation. This is partly attributed to
the principle of ecological modernisation, whistthe basis for the UK Government’s mitigation
policy, and this implies an increase in energycegficy to lower emissions and thus a saving in

energy costs to businesses (see Chapter 2, Section 2.3.2).

The respondents from the participatory study asserted that any mitigation measure
implementation should be financially viable, i.ee ttapital cost should &ast be outweighed by

the on-going operational cost over an appropriate time period andetulting emission
reduction should be contributing towards legisle requirements. The results from the
guestionnaire survey also reflect these vielscause a correlation between financial gains
reported from mitigation measures and their consideration as a routine part of FM strategy
showed a positive relationship while the nwnbof multinationals reporting continual
implementation of mitigation measures waghar than the number of SME and corporate
organisations (although this was tharattributed to the financiaresources avhible to such

companies).

The importance of the financial aspect for facilities managers in implementing mitigation
measures is related to the budgetary constgrdatted by them because maintenance activities

account for around 90% of outgoings on balance shedtich makes cost savings an imperative
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for facilities managers and magmance functions (Junnila 2004tjreg Leibowitz 2001). This is
also associated with the view that the maimeraand management of facilities is a technical
project where fixed assets appear on the balarest sind expenses related to their upkeep need

to minimised (Alexander 1998).

Representing a similar point of view on the final aspects of climate change mitigation, the
Property Advisory Group’s annuegport, (DCLG 2000) has asserted the higher priority given to
value for money over ethical issues in addregsustainability of commercial stock — which

were only altered due to extal pressures from custorseand environmental audits.

The mitigation action of theparticipatory study organisation and responses from the
guestionnaire were partly a response to thistieg legislation affeting the UK commercial
sector, where a financial gain was sought implying with legislaton, representing a win—win

scenario.

There was a differentiation (idéfied mainly through quesinnaire) between commerciall/-
private-sector and public-sectorspmnses to the existee of legislation. Té public sector was
affected by a code of practicfor sustainable homes devefeent dating from 2006, by the
Decent Homes programme 2001 and by Eco Ha20€§, which meant that public bodies were
seeking additional resources to help to achieeestandards set by the legislation. In contrast,
the private sector is affectdaly the climate change levy (CELintroduced in 2001, climate
change agreements, the UK Emissiofsading Scheme 2002, and carbon reduction
commitments 2010 — all of which had one or otlmchanisms for finandiggain attached to

them in the form of a tax rebabe the selling of carbon credits.

This is partly because these pieces ofddjon are based on a policy emerging from the
adoption of ecological modernisan principles where a win—wipremise is of importance. The
only exceptions to these were the Building Ratjons Part L (2006) and Energy Performance
Certificates (for commerciabuilds) 2008, which were alsan area of concern for the
participating organisation with this study and for respondento the questionnaire survey,
where these two sets of regudais were cited as promineditivers for mitigation actions.

As a result, the services secteas driven to implementing reéieely non-invasive and easily
procured existing energy efficiency measuressulting in legislatively required mitigation
standards being met. This approach was alen bg Ekins and Etheridge (2005), who state that
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the inclusion of renewable energy procuremeabates of corporate tax from the CCL, and
agreement of reasonably lower £€@mission levels set by the CCA has led to managers’
willingness to implement existing technology foreegy efficiency — which was not the prior

case owing to a lack of both motivation and potential financial gain.

Procuring renewable energy comits was a favourable measuoe the participatory study

organisation as it offered them national ir@wce contribution (NIC) cuts as per CCL
implementation. This was also evident in tha&ler commercial sector's FM strategy — for
instance, the CBI's 2002 siey reported that lagg service sector org&ations had benefited
from £417.7m in NIC reductions, against £356.1m pai@CL, yielding a net gain of £61.6m.

In light of these research findings and therditare evidence, it could be suggested that
legislation-driven mitigation measures haveeb to some extent successful owing to the
financial aspect in the service sector, witloption of easily implemented mitigation measures.
This has also resulted in an improvement irvise sector perception leging to climate change

legislation and policy:Dunn (2002) explains howthe financial and services sectors see

relatively little legislaive and policy risk than theédustrial and energy sector.”

Business communication of the humanvironmental, social and economic impacts of climate
change and their effect on organisations througir tppproach to CSR have been of importance
in managing the stakeholder relationship for besses around the world. At the present time the
communications within CSR on the environmbate included mitigation targets and reduction
measures (Okereke 2007). My research lbasd that the participatprstudy organisation was
participating in FTSE 4 Good, the Dow Jones ausibility reporting andhe carbon disclosure
project as a means of taking forward CSR —oélivhich were also found be drivers for the

guestionnaire respondents for taking mitigation measures.

It can be concluded that parpating in voluntary reporting initiaves is one of the preferred
ways for the commercial sector to enhancedsmunication and maintasnrobust stakeholder
relationship. This in turn drives the mitigan strategy within theorganisation, as voluntary
reporting requires a setvel of data gatheringnd management of @@missions along with
efficient mitigation strategies. Bhevidence from the literature is along similar lines, where
Arora and Cason (1996) and Stoeckl (2004) agbattthe formulation of CSR, an environment
policy and environment impact management lb@some one of prime importance to businesses

and industry, which in turn take on voluntarpogting to manage thegorporate image among
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customers and stakeholders, gain competitadvantage and adhere to ever-increasing
legislation.

9.2.3 Adaptation measures

Historically, mitigation measures have haceaer importance than the adaptation at both

international and national level. iBhs also reflected in the pate-sector response to adaptation.

It was noted during the participatoryudy and the UKCIP decision-making framework
implementation process that, insaimce of legislative or otheriders, adaptation took the shape
of the implementation of buildg resilience throughkknown processes and measures such as
business continuity planning and disaster ns&anagement. Confirmations for the claim are
found in Wittneben and Kiyar (2009) and Warr@010). Many of the measures were ‘no regret’
in nature, where insurance terms were secured for the prapattiesk from flooding or that had
experienced past weather-relatbabding events — although the strategy of securing insurance
will not be possible after the Association of British Insurers’ agreement with the UK
Government to provide insurance cover for lgarone sites comes to an end in 2014. A small
number of physical measures we@lanned at high-risk properties, to be implemented at the next
possible refurbishment cycle. These includeglaeing carpet flooringwith hard surfaces,
getting lower-level electricatonnections above the flood line, and considering responsive
landscaped areas around thde swhich help in draining water quickly. Once again
implementation of these measures dependpdn making a business case to achieve the
financial support for these actions.

Adaptation was sought against flooding and beating events. In cases of flooding, it was
observed that much of the information and gonmawas sought from tHecal authorities as
some of the actions were thought to be not in the hands of the organisation itself. This is alsc
been pointed out by Stern (2006), suggestingt in many instances physical adaptation
measures would not be possible to accommoadben private-sectoadaptation boundaries. In
cases of overheating, there was match physical intervention rda as the overheating events
occurred over shorterntie periods, but these were quiclklgcoming areas of concern due to
recurrence during consecutive summer periodse Teasures taken weraost of the time
temporary in nature, such as installing air conditng and chillers; this in turn had an impact on

the CQ emissions strategy. For larger organisations this was not arofareach concern as
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securing recurring renewabt®ntracts enabled both the €@mission and financial aspects to

be addressed.

The process of adaptation observed with thislygs participating organisation was influenced
by its cultural and structural miensions and reflected an asastion with wider adaptation
concepts. These were found to be in accordamte existing literature evidence (Berkhout
2004; Grothmann and Patt 2005; see also Ch&)tein addition, the adaptation process was
observed to be like that experienced by orgdinisdearning, as noted by Pelling et al (2008)
and Wilby and Vaughan (2011) (see Chapter 2).

It was noted that the factors affecting/drivingtigation (legislation, financial imperative and
stakeholder relationship) were absent in cadfeadaptation because, at the time of this study
(2005-07), there was no major legislation on the statute book to push forward the issue of
adaptation, especially witregard to the privatsector. Initiatives inpublic-sector adaptation
only included the so-called Natggham Declaration 2000, which was informal declaration by

local authorities to be involvad responding to climate change.

The newly introduced Climate @hge Act 2008 once again adsses climate change adaptation
at national, regional and local-&uotity levels where communityVel adaptation is addressed. A
legislative initiative requiring aaptation action in the privateector (private adaptation) is
missing. In the absence of such a driver (anreatesignal) the private sector, driven only by
financial and business factors, is likely ke some action to adapt only after it has had
experience of an extreme weather event thed caused significant financial loss. In such
circumstances the extreme event occurrenttkpagh not directly relatk to climate change,
works as an imperative to take action involvingihg existing organisational routines. This has
been confirmed by both observation within tharticipatory study and by the questionnaire
survey, where an extreme event experience foaad to lead to consating future climate
change impacts, followed by a reasonable amouattehtion being given to such issues in the

organisation, depending upon its size #r&sector in wich it operates.

The recent 2010 Ipsos MORI survey into pubkod private-sector awareness action has put
forward similar results, confirming that maryarticipative organisations lack a financial
imperative to take any action and are lessarawof, or concerned about, climate change

adaptation issues as a result.
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9.3 Objective 2 — Identifying issues related to the implementation of existing
tools and climate change projeabns by facilities managers

The fulfilment of Objective 2 was achieveddhgh the participativease study presented in
Chapter 5, where results for each stage efUKCIP decision-making framework are presented.
This current section is a summanf/the key issues relatedttee implementation process and the

final results from it.

The key issues identified during the implementation process dealt with the internal aspects of th
participating organisation, the uncertainty attactegrojections, andoutine FM practices. In

particular they could be described as follows:

e Projections and guidance:

e Uncertainty attached to projectionsidaunavailability ofmicro- (site-) level

projections and datan local conditions; and
e Nature of decision-making guidance.
¢ Organisational aspects:
e Financial management constraints;
e Low climate change data famitiy amongst facilities managers;

e Lack of property-level (micro-level) datvailability, especially in the case of

newly acquired property;

e Lack of availability of time and resources for implementation of elaborate
quantitative risk-assessment methods (askessment methods used by facilities
managers tend to be that of hazard sssent in relation to health and safety

regulations);

e Shorter planning horizons for some busineqespecially in th service sector),
where the driver of change in suclyanisation is market and product-success
dependent. The initial 30-year time (2011 to 2040) projected very small
changes in climate variables when camgal with the observed baseline period
(1969-90); and

e Organisational stieture and learning.
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9.3.1 Projections and guidance

The participatory organisation had use@ tKCIP02 projections and the UKCIP decision-
making framework in the face of uncertain dite change in order to achieve a long-term
climate-change adaptive strategy for that organisation’s built assets (see Chapter 5). During th
implementation process in assessing the i@gti?le and quantitative risk of flooding and

overheating, the UKCIPO02 projgans were referred to.

The issues related to projections were relatethéolack of availabilityof site-specific (micro-
level) projection and uncertaingttached to the long-terprojections. Although UKCIPO2 gives
projections based on a regiomadbdel at 50km resolution, based on daily outputs over four major
UK areas (Scotland, Northern Iraldy South East England and SoWest England), it lacked
the sub-regional and local-scale outputs for véemisuch as rainfall and temperature which are
important for impact assessment. The lack of suwro-level data for future risk assessment has
also been expressed by Salagnac (2007) @igkien et al (2004).Although statistical
downscaling and weather generattngls could have been used fyuantitative risk assessment,

the resource and existing-knowledge boundarigeebrganisation constined this process.

The UKCIP02 projections also had two types wicertainty attached to them: emission
uncertainty and scientific unceirdy. These uncertainties have been addressed with the aid of
expert judgements, as measuegminst a confidence scalehofh, medium and low assigned to
the individual projections based on physicas@ning, consistency between various models and
statistical significance of the rdsi(Hulme et al 2002). Theseeanot absolute or probabilistic

judgements.

Dealing with such treatment of uncertainty &malg-term average projection was difficult for the

FM team as it only helped in the qualitatimad semi-quantitative s@ring of risks and an
outline of their impacts on their built assets and functions. This also proved to be less helpful
towards future planning and making a businesg,cas these require fitetive outcomes for
allocating financial resources. Findings similartiiess have also been cited in the recent Ipsos
MORI 2010 survey, which stated that organisatisasited to know what the effects of climate

change would be (not what they migh) bed to understand their relevance to them.

The recent UKCIPQ9 scenario adskes some of these concerns as it provides data sets over a
25km grid over the entire United Kingdom, whigs subdivided into regional legislative
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boundaries and areas. The scenario also asise the uncertainty @ect by providing
probabilistic projections at 10%33%, 50%, 67% and 90%, which indicate the likelihood of
projected change being atless than the change from thaseline (1961-90) period. UKCIPQ9
also presents projection over 30-year cseping time periods — 2010 to 2039 containing the
2020s; 2020 to 2049 containing the 2030s; 203@2G69 containing the 2040s, and so on.
Information such as this allows fan@ter time periods to be considered.

During the latter stages of the implementatpracess for a decisiomaking framework by the
participating organisation’s FM team, theyfa the guidance on climate change lengthy and
complicated owing to its recommended us&&ICIP02 projections for quditative assessment.
The initial stages of ‘Identifying the probleamd objectives’ and ‘Establishing decision-making
criteria’ were easy to follow for the FM teaim undertake the qualitativiesk screening (tier 1
stage 3) of the impacts on their selected pioge (i.e. their at-ris properties as per

Environment Agency maps). However, later stages were found to be complex.

Reporting findings on similar lines from surveys of public-sector use of information provided by
UKCIP on climate change in prary years, and in spite of m@accurate and freely available
data, Demeritt and Langdon (2004) have citexthnical-cognitive andractical-temporal’
difficulties in accessing and understanding offigalrces of climate change information, and
practical relevance of the administrative functicas a limitation of use of such data and

guidance for addressing climateacige in local authorities.

Further comments made on the nature of guadeby DEFRA in the UKCIP 2004 review agree
with the present research’s fimgjs, stating that ¢ guidance is probably still too long and
complex for direct use by many stakehold@specially for decision makers) — although it did
provide a comprehensive methodology. Such cenmtshhave been supported by the UKCIP new
supportive guidance (Brown et al 2011) by highlighting the findings from an unpublished
DEFRA report from 2007 that theol guidance has been usedlinyited groups of stakeholders

and that, in spite of being regardeduasful, it has not achieved wider take-up.

It has also been suggested that the unphddiseport from 2007 has had a mixed response,
receiving significant credit in the adaptatioommunity (e.g. IPCC, Stern Review, Australian
Greenhouse Officeat one end of the scale ihbeing criticised at the other as difficult to
understand due to itecdhnical detail. This fects the varied use bgtakeholders and the

inherent difficulty in communicating adaptation dowider audience. Indderecent use of this
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guidance by local author@s (for impact assessments tovgacdmpletion of NI188) and selected
private-sector organisations (se@/w.ukcip.org.uk/case-studipsuggests diversified use of this

guidance and tools derived from the sasmurce (such as BACLIAT, and the UKCIP
Adaptation Wizard).

In summary, it observed that in spite of the sam&t complex nature of the available guidance
it was successful in generating wider awareraggs concern towards adapon within the FM

team, who were ready to take ihédiative and make adaptation issuésible at a strategic level.

9.3.2 Organisational aspects

The organisational factors such as availableniea expertise, time, decision-making skills,
partnering ability and the influemg of market forcegand others) affected the implementation
of the UKCIP decision-making framework (whichdsscribed in Chaptet). These factors in
turn define the inherent adaptive capacity obeganisation (see Chaptefd@ an explanation of

‘adaptive capacity’).

The implementation of the UKCIP decisioraking framework was a new process which
required organisational learning to ensure suniivdhe face of particulavulnerabilities within

the organisation, which in turn reflects its ieased adaptive capacity and resilience. Some of
the organisational aspects affecting the implememtatie described in modetail in the rest of

this subsection.

Since the organisation was a large financial services group based in the United Kingdom, i
possessed robust financial capability for initiating adaptation action; but this financial capability
was found not to be channelled down to the lower tiers of the organis@his pointed towards

a hierarchical and somewhat authoritative nggmaent structure which took minimal note of
suggestions from lower-level operational teanibis was evident from the implementation
process, as the FM team was able put fadwerqualitative/semi-quantitative analysis which
could not become a firm basis for making aibess case for adaptation, leading to little
financial consideration given to any new adaptation options and especially physical
interventions. On-going soft measures for dadapn were favoured by the strategic team (i.e.
insurance cover and strengthening business continuity planning). Physical intervention was only

considered in very high-risk sites wheremso extreme weather event had already caused
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financial damage. Here too the initial cost and return on adaptation measures were required to

justified by the team to secure the finance.

The resources for undertaking more data collection and training in quantitative methods for some
members of the FM team were also curtail@the subsequent questionnaire survey in the
research study also highlighted a lack of tgses and the importanad aspects other than

climate change as influencing factors.

A lack of expertise in the use ofimate data in the risk assessment process was also apparent.
This was observed to be the case partly due to managerial unfamiliarity with climate change dat
as the managers’ daily routim®mes not involve such data uaed interpretation. The lack of
awareness was also found in thaer FM community as, in ¢ of reporting awareness of
climate change, the respondentsthie questionnaire were not ake of, or involved with, the
adaptation initiative requing a basic understanding dincate change projections.

This aspect is also stressed by Willows a@whnell (2003), suggesting that familiarity and
working with climate data would help towardse assessment process. To deal with this
unfamiliarity, the team had depeed upon generic projections aimgd-and-tested methods of

assessment, including past experience andahyodgement (as presented in Chapter 7).

The further tiered stages of the UKCIP demisimaking framework involved suggestive use of
guantitative assessment depending upon data avVig§labut there was a lack of property-level
detail and projections and a laoktime and financial resourcés employment of the elaborate
risk-assessment methods. It is also to be nbézd that FM practicessually involve assessing
hazard risk (as per required health and safety Vehich although it adopts similar principles of

risk assessment, lacks long-term planning andttiaive scientific dlmate-projection use.)

For all organisations the strategiecisions are reflective of the marketplace it operates in, and
this was no different for thisslly’s participatory organisation. As a result of market-dependent
business decisions, the organisation had acquiladga amount of built-as$ stock in a very
short time span. The dependency on the marketpllaoemeant that properties were acquired or
sold frequently, and in many instances lease@ated, reducing considelgkany imperative by

the organisation to invest in provement measures. This situation also had an effect on the
ability of the FM team in terms of time andag@able human resources to manage the detail
records of the properties, in turn affecting thater stages of the quantitative risk assessment
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process. The influences of external market fomwese also evident in the overall approach to
climate change within the organisation, whgrebakeholder concern for mitigation action was

given precedence over adaptation.

A shorter business planning horizon for the orgation is also a resuitf market dependency
for particularly the participatgr organisation, as the organisation operates in the financial
services sector which is highly volatile cardepends upon gain or loss from short-term
opportunistic decisions. The exist® of long-term planning hoons is limited compared with

its short-term decisions. The influence of #hdactors was evident on FM actions for climate
change because the maximum planning horizon forkld restricted to five years, from which
annual reviews and budgeting hadb®derived. As a result, loigrm projections (20-30 years)
and uncertainty were difficult for facilities managéo comprehend and trslate into short-term

impacts.

The 2010 Ipsos MORI survey has outlined similar results, suggesting that the commercial secto

as a whole is looking for information on shontrteimpacts rather than long-term changes.

Organisational learning andsilience are useful concepts (§&d®apter 2) that have been applied
for climate change adaptation in both the pulnd private sectors (Boyd and Osbahr 2010;
Linnenluecke and Griffiths 2010VNilby and Vaughan 2011). Dung the participatory study,

observations were made in the context of these concepts.

There exist many definition of rdigince, but that from the IPCC gives it (in short) as the ability
of a system to maintain its original state i flace of external stresses and pressures; in other
words, it is the capacity of self-organisatiordaadaptation to change. In the present study the
participating organisation maintad its original state in theaée of uncertain future climate
change impacts by adapting to a new decismaking framework, through which it encouraged
organisational learning. This learning led to iamproved understandingf the organisation’s
existing adaptive capacity and afeas where more input was re®di. It in turn increased the
organisation’s resilience by strengthening &g strategies (BCP)na making interventions
where required. These strategies were basedxisting knowledge, aiable resources and
experience (adaptive capacity), and they were kepgtbile in nature so as to be adaptive to any

future changes in externat internal conditions.
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The process of learning obsedvia the organisation was congnievith the evidence found in
the organisational learning literature outlinedole The literature claims four things:

1) Learning happens in responseato external thi@ or problem (Argyris and Schén 1996;
Wang and Ahmed 2003). The organisation siea for involvement with the research
and implementation of the decision-makipgject was based on the experience of
financial loss due to an extreme weatheergvat one of the properties, and it was a
common consensus that such an occurrengatnmcrease with climate change, posing a
threat to many other properties and bussnésnctions within the entire property

portfolio.

2) Learning for adaptation and increasing adaptive capacity has to be ‘double loop’ learning
(Kloot 1997, citing Senge 1990). The organsathad achieved so-called ‘single-loop’
learning during the research stualyit had learned to use and alter existing processes and
strategies thereby ensuring continuous survival. It still had to achieve ‘double loop’
learning, where generative leangileading to a paradigm ifthoccurs. This would have
probably been said to be achieved whenctggacities for assessing the future impacts on
the business would be enhanced, leadingtrtategic importance gen to the adaptation
agenda and making climate change impact assessment and adaptation part of evel

business system.

3) Learning involves various stages, sucs knowledge acquisition, information
distribution, information interpretationnd organisational memor{Kloot 1997). This
principle was translated by Berkhout (2002 signal recognitiomnd interpretation,
experimentation and search, and knalge articulation and codification. The
participatory organisation adagat these stages in its laarg process where the initial
experience of an extreme eveésicited as signalecognition and is perceived as a threat
or risk. This was followed by the stagd knowledge acquisition, distribution and
interpretation (experimentation and search) where the UKCIP decision-making
framework was implemented and the data on property in the portfolio and climate
projections were gathered in ordenmodertake possible impact assessment.

This semi-quantitative assessment guidedatti@ptation options such as strengthening
the existing business continuity plan forrsk sites (BCP review and alteration),
including required physical intervention inetmext possible refurbishment cycle of the
property, and organising regular maintenance checks for at-riskrpespdhe measures

also included looking for soft measures sashsecuring insurancefbees they ceased to
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be provided in the market for climate-redd damages. All thesequired a review and
possible alteration of existingvorking structures, i.e. codifying them into existing

routines. These routines will in the longnrconstitute the organisational memory.

4) Double-loop learning and its agjes are influenced by tharganisational culture and
structure (Kloot 1997; Lopez et al 2008elling 2008). Since doldsloop learning is
generative in nature, it can only take place when all the aspects of an organisation are
transformed and this will include the cultured structure. In the present research, the
structure of the main participating orgariisa was hierarchical and the culture was
found to be resonating between role culture and power culture where the decisions are
taken by a few and the workers adhere to rates set patterns; there was little room for
transformative learning. Even throughoue titmplementation process, the learning was
restricted to the team of facilities managers involved in the process. The structure and
culture affected the learning stages as tiveye decisive in knowledge gathering and
conservation, depending upon the role and reutihthe individual inthe organisation;
structure and culture also affected the iatdion and efforts put in for experimentation

and search for new knowledge and sharing.

9.4 Objective 3 — Identifying facilitiesmanagers’ perception of mitigation and
adaptation

The literature review has identified that, within social constraints, an individual’'s perception and
belief in climate change plays a part in an aigation’s (and that individual’s) action on climate
change (Patchen 2006; Anabel et al 2006). Tias been equally algable to practising
managers as individuals working the organisational sociaheronment. It has been argued
that risk perception and its asgation with behavioural intentions about climate change which
are not definitive (people are uncertain about the cause of climate change) is a candidat
predictor of action for climate change. It has dsen suggested that risk perception, knowledge
and environment belief are interrelated and theteased knowledge will initiate action even in

the presence of a weak sigjimarelation to climate cinge (O’Connor et al 1999).

In addition, the Ipsos MORI 2010 surveyr fDEFRA identified that among many business
personnel the understanding of the terms ‘mitigation’ and ‘adaptation’ differ from that developed
by the scientific community in the literature. @ms basis, a facilities manager’s perception of
climate change and its interrelationship witlattimanager’s ecological lef and approach to
mitigation and adaptation were explored. Thenderstanding of the terms ‘mitigation’ and

‘adaptation’ in a climate changentext were also investigated.
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Through the participatory study agdestionnaire, the research intiéed that FMprofessionals

had positive ecological and environmental beliefs, suggesting their intentions and actions
towards conserving or enhancing the quality & émvironment would be beneficial. The belief

in human-induced climate change was not fotmde predominant; indeed, the participants
neither believed nor disbelieved that dite change was human-induced. The perception
persisted that climate change was offering an dppay to the business rather than representing

a risk.

9.4.1 Interrelationship between environmentahwareness, anthropogenic climate change
and related actions

In the logistic regression set out earlier imstthesis (see Chapter 8) environmental awareness
and a belief in anthropogenic clte change were found to beermelated, which showed that
positive ecological belief was rédal to belief (knowledge) #t climate change is human-
induced. Positive ecological belief was also foundaodirectly related to routine actions for
mitigation and to support for Government KEgtion on mitigation. Siitarly, the belief in
anthropogenic climate change was found to be neggtrelated to the viewhat climate change

Is used as a tool for increased taxation.

These findings support the claims found in therdéiture (O’Connor et al999) that increased
knowledge about climate change can generate sugport for action. This was also found to be
congruent with participaty study observations, where theneased knowledggathered during

the UKCIP decision-making framework implemdrda had given due importance to the climate
change agenda (adaptation) within the organisation. As a result, increased support for mitigatiot

and adaptation action was availabf¢hin the operational teams.

9.4.2 Relationship between risk perception, bef in anthropogenic climate change and
adaptation

The questionnaire analysis revealed that thegption of climate change presenting a risk
shared a positive relationship with a belief in human-induced climate change, the ecological
belief and the overall adaptaticapproach of the organisatioffhese results indicate that
perception of risk, along with ineased knowledge, is a likely indioaof behavioural intentions

(for adaptation). The observation was alsodenaluring the particgtory study, where an
extreme weather event that induced financialsléed to a perception that such events will

increase Iin the future as a result of climatangde and represent a risk to the properties and
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business functions. This perception of risk remulted in accumulating knowledge for reducing

the future impacts.

9.4.3 Understanding of ‘mitigation’ and ‘adaptation’ terminology

In addition to the findings on perception andidfeof the FM professionals engaged in the
research study, and in accordance with the ecielefrom the literature review (see Chapter 2),
the questionnaire survey also revealed how phrticipants understood the terms ‘mitigation’
and ‘adaptation’. It wasbserved that thparticipants’ undetanding of the tens were not in
accordance with the definitions prevailing in the scientific community, i.e. the ‘mitigation’ term
was understood as mitigating the future impadtslimate change evénon the business and

‘adaptation’ as adapting to U&overnment legislation for COeduction.

It was clear that this understiing prevailed widely in the SMEand other organisations which

did not have an active approach to climate champese observations are in line with the recent
Ipsos MORI (2010) survey, and with the stumyWilliams and Geddis (2010) which found that

an inability to clearly distiguish between mitigation and adaptation concepts existed amongst

survey participants showing low awareness and knowledge about climate change.

From observations outlined in aforementioneect®ons and their ref@n with literature
evidence, it is to be concluded that organisatienéture and structurenal managerial attitude
and perception are key to developing a double-loop organisational legarocess necessary to

drive the adaptation process and develop adaptive capacities.

9.5 Chapter summary

This chapter discusses the findings of the reteatudy in the context of the set objectives. It
firstly concludes that the present mitigation and adaptation measures in the private sector ar
dependent upon factors suchfamnce, legislation and stakelder relationships. These could

also be considered as drigdpr climate change action.

The mitigation agenda has found prominence assalt of financial and legislative drivers,
which are absent from the adaptation ager&®.a result, the mitigation agenda enjoys a
strategic backing and resourceppart, while the adaptation agenda has to compete for such

resources as the driver for adaptation is erpee-based. Mitigation measures in the service
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sector are preferred if they are value for mogey not very invasive. Adaptation is present in
response to an experience of extreme events,hwdme perceived to bedreasing with future
climate change. Adaptation measures includertiegoto existing ‘soft measures such as
strengthening the businessntinuity planning and securing insoc&. Little evidence exists for

indicating any long-term pianed physical intervention.

The second inference is that the pracesf the UKICP decision-making framework
implementation to address adaptation had ieitiaorganisational leamg, leading to improved
understanding of existing adaptive capacity by organisations and embedded resilience b
strengthening existing strategies. The adaptadipiions were based on present organisational
adaptive capacity and were kept flexible intuna in order to incgorate any emerging

information or uncertainty.

Thirdly, the research hagvealed that facilities manageggrception and bedf about climate
change influences the approaches taken #&ptation and mitigation. In accordance with the
literature evidences, increasedaeness and knowledge gathering were found to be positively
related to increased actiorkinally, it was observed thaenvironmental awareness and
knowledge gathering and the ongsational learning processeaiaffected by organisational
culture and structure, and by indlual managers’ character anditate traits. Together, these

are responsible for clarity in understanding mitigation and adaptation concepts and for taking

subsequent actions.
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Chapter 10: Summary of conclusios and future research directions

This chapter summarises in section 10.1 the findofghe study in theantext of the original
research question. In doing so it puts forward the facilitating and consgdagtors in order to
formulate a solution to the research questionschvis the contribution othe study to the wider
research agenda. Section 10.2 presents théalions of the study, with respect to the
methodology and other related aspects. These tionaprovide the groundsr future research

avenues, as described in section 10.3.

10.1 Summary of findings and contribution to knowledge

This research was undertaken to fulfil the priynaim of developing a new approach for a long-
term climate-adaptive facilities managemematsigy using existing desion-making tools and
climate change projections. It required aegwg the question ‘How can an existing risk
assessment framework and climate change projectbe applied to trakate climate change
impacts into built-asset-level risk to supportim@nance and business-level decision making in
a private service-sector business?’ In responsthito question, it is concluded that such an
approach would be possible to ctige in light of dealing with the faciliéting and constraining

factors set out below.

The short-term planning horizon of business decision (five years), which a facilities manager has
to respond to, presents a mismatch with the #&mgn climate change projections of 30 years.
The short-term business-planning horizon does present a long-term outlook on business
progress and its requirements, and this imga limitation in providing a basis on which
premises and other built-asset facilities can baagad. In such a scenario, adaptation is treated
as an operationally reactive approach maiohgated by extreme weather-induced losses
initiating a bottom-up approach for which tlggantified business case becomes an essential

requirement.

There also exists a lack of any legislativevelrs in the private sgor for taking planned
measures for adaptation. Because of this tiheneains a lack of an adaptation agenda at a
strategic level and restrictefinancial availability for phnning and taking any long-term

adaptation action.
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In contrast, legislation and a financial inceatihhrough energy saving drives mitigation targets
which are possible to set for short-term bes horizon planning. This makes the mitigation
agenda a strategic intention, taking a tofpdttom approach, which is easier to percolate
through all organisational levels. Also, much geeajuidance and help is available to fulfil

mitigation targets than is available for adajota especially in private-sector built-asset

management.

Associated with these are aspects of a widetetstanding of climate change projections and
risk assessment guidance in the FM community and their perception and attitude towards issue
of climate change. The study showed that thera lack of understanding of climate change
projections, including the related science and assessment processes, among facilitie
management and maintenance professionals. Tlpartyy due to theiunfamiliarity with such

data and processes, attributedhe lack of its use in theilay-to-day working routine.

In addition, there is an inherent uncertairdpout climate changerojection, a lack of
availability of micro- (site-legl) data, and complexity in the official guidance provided on the
assessment process. These limitations have restricted a definitive business case being presen
at a strategic level. As a result, the knowncess and data gathering and assessment was used in
conjunction with wider projections and dsicin-making guidance foundertaking qualitative

and semi-quantitative assessments, leadingaptation options being embedded into an already
existing strategic approach — igtrengthening business coniityuplanning, securing insurance

and implementing relatively non-invasive flood resistance measures.

Perception and attitude towards climate change alays a part in formulating a long-term
climate change adaptive approach because even walstrong ecological belief is in existence

the belief in human-induced climate change baen found not to be strong. This had led to
legislatively bounded (minimum) or strategicaligquired action for mitigation, and reactive
adaptations to short-term disruptddue to extreme events. In light of experience of an extreme
event, overall climate change and associatedrduincreased occurrence of such events was
perceived as a risk. Thus, instead of there being initiation of planning for long-term impacts there
has been a reactive response emerging fromgangation’s routine processes. For many of the
FM professionals and their resgiive organisations, climate change appears to be more an

opportunity than a risk, furtheestricting the considetian of adaptation planning.
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The process for formulating a climate-adapti approach, through implementation of the
UKCIP risk and decision-making framework,sheitiated organisational learning. During the
process the acquisition and intexfation of knowledge about clineathange projections and its
impacts on FM practices and built assets heenbfound to result in increasing awareness of
vulnerability of built asset@nd related business functions.rthermore, the resources and
knowledge expertise required for assessmentipregation and integratioof adaptation options
into organisational routines establish the awassrof existing adaptive capacity within the FM

and strategic teams of that organisation.

Single-loop learning has been found to occensuring the short-term resilience of an
organisation towards future climate change actp. The preliminary basis for generative

double-loop learning for greasing adaptive capacity can be introduced.

10.2 Contribution to knowledge

This study has made a contribution to knowkedy developing a new approach for preparing
the existing private-sector builsset stock for future climate change by formulating an adaptive
FM and maintenance strategy. In doing so itgpr@sented an assessment and adaptation process
observed through a participatory study. Thiks fa gap in existing knowledge, where the
majority of suggestions for climate change dadtapn and mitigation are rda for newly built or

future buildings.

For validation of the aforementioned approach the study had implemented the UKCIP risk anc
decision-making framework and climate chang®jection UKCIP0O2 with a team of FM
professionals in a private-sectéinancial services business. i$his a new approach as the
implementation of the decision-making framework at the time of the study was to be found
predominantly in public-sector organisations asmudly little evidence existed for its use by the
private sector. Even though this has changed thesperiod of time, wére the shorter process
model of UKCIP’s Adaptation Wizard has beerediby many private-semt organisations, once

again its use by maintenance and FM professionals remains limited.

The research has indicated the existence olfitédors and constraints with adaptation in the
private sector, especially in the context adithFM practices and personnel. The reasoning for
mitigation and adaptation actions in private ssgvsector businesses is presented and the aspects

of understanding the mismatch between shomtbusiness planning and long-term projection
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are highlighted. Although this issue has beenfpoward by some business surveys, this study
provides evidence based on practical impletaigon. The research also throws light on
mitigation and adaptation action and on perceptionbatidf in relation to climate change in the

wider FM community, which has not been established before.

10.3 Limitations of the work

The limitations of this work arise from us¥ a single participatory study, and from limited
resource availability for the project to carry @xtensive quantitative analysis using simulation

models. More specifically:

e The participatory study has beendertaken with a largecale corporate organisation
and although validity of the results is considered reasonable from the questionnaire
survey, particular attentioim other medium-sized and small-scale organisations has

not been covered in the study.

e The project had used the UKCIP rigkdadecision-making framework and UKCIP02
projections, which were ngirobabilistic in nature. The use of new UKCIP09
projections may be able to produce there elaborate quantitative assessments

required to take the subject further.

In addition, it should be noted that tlsgidy was undertaken during 2006 and 2007 when the
main participating organisationad a substantial resource capado undertake the research
activity and dedicate resources faider action on climate change. It is unclear as to what impact
the financial meltdown of 2008 around the world had ba the ability of gganisations to plan

properly for climate change actions and reskactivities such as those presented here.

10.4 Future research avenues

While addressing a gap in the existing literatures, $kudy has presentedoasts which enable or
constrain adaptation to climate change impacfwivate service-sector businesses in the context

of its built asset management. These aspattsg with the limitationf the study, provide
avenues for future research which are related to a wider organisational adaptation agenda. Tt
research can in turn help translate considematibthe implications otlimate change for UK
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business into organisational strategic appreacproviding the grounds for the FM adaptive

strategies for existing built assets.

Seven suggestions for further work are documented here:

1)

2)

3)

4)

5)

As discussed in Chapters 2 and 9, the areargénisational learning is referred to in
order to gain understanding of adaptatiorpiivate-sector businesseThis process of
learning has also helped facilities managén gaining insightinto organisational
adaptive capacity and addressing its built-assstience. It would be interesting to see
whether this relationship calibe further explored. Enquiipmto how increasing learning
capacities in cases of limited resource avditgbwould offer a valuable insight into

organisational adaptation.

It was observed that not all the adaptation measures are within the remit of the private-
sector organisations involved and some wildn@ao be controlled by the relevant local
authorities and related publietsice agencies. This caller a framework for increased
public and private sector partnerships forpiétion work. These partnerships will also
help transfer knowledge acquired by local auties with regard to risk assessment, and
generate possible adaptation options gathemligh working towards fulfilment of NI188
under the Climate Change Act 2008. Furtherkvto develop a suitable partnership

framework would be of value.

The capacities of larger organisations to bslient and to adapt to sudden or gradual
climate change will differ from that oSEMEs. Although the easting survey into

adaptation within SMEs has revealed barri#iie research into increasing their adaptive
capacity and their ability to respond to sudded gradual climate change will help to

drive the overall adaptation agenda further.

An understanding of the existing perception aetiavioural aspects in different building
profession communities, and exploration of avenues to alter these perceptions leading tc
increased knowledge and action for adaptasibstrategic and operational level, would

be valuable.

There have been many case studiesudmmted on the use of the new UKCIP09

projections and related tools thin different sectors to assethe risks associated with

250



6)

7

climate change; but the wider dissemioatiof information and guidance, so that
businesses and professionals can undertaieithplementation with minimum external

support, still needs to be established.

Policy research towards an emphasis on seetatladaptation reporting, such as that in
existence for mitigation, should be lookedoinPolicy research could also be oriented
towards promoting long-term business t&gaes supported by standards and possibly

legislation.

Since businesses in different sectors are fagdtdvarying external pressures and threats,
enquiry into how businesses in differenttees understand adaptation to climate change
and assessment of their adaptive capacity for increasing resilience would be of

importance.
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Appendix 1 — Interview structure

Interview agenda: To establish existing orgatisaapproach to climate change based on three
major and other additional drivers

Major drivers: finance and resous;d_egislation, Market influence.
Introduction

Thank you for agreeing to the interview

Purpose of the interview

The organisation is involved in the research gebwhere we are seeking to identify the future
climate change impacts and formulate a faciliied maintenance strategy which will enable the
organisation to address these impacts.

For fulfilment of the project the organisation’s present approach and measures for climate
change needs to be recognisad basis of which future actis can be based. For this the
strategic and policy documents have beereagly analysed along with their drivers and
constraints.

This interview is intended to ask questionsickhwill enable the research in asserting the
findings from analysis of strategic documenatsd any other driving or constraining elements
viewed as important by you.

Procedures

Your identity and information givewill be treated in strict confighce and will only be used to
gain additional insight into the existimgalysis of strategic documents.

The interview is not recorded; instead, notel e taken wherever gessary. The notes and
information gathered during the interview will banscribed and sent to you at later stage for
your confirmation. In case of any misinterpretatiof conversation the changes will be made as
per your suggestions.

Structure and timing

There are around 15 to 17 open ended questions and you are free to express and elaborate on
aspects highlighted in the questions.

The interview will take around an hour and 10 minckh will try and restrict to. Please let me
know if you feel that you areunning out of time oiyou would like to leag the interview at
anytime.

I will be more than happy to clarify any questions further if you required to.
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Questions

1) Since your organisation is a reputed bagkbrganisation tell me about its expanse of
operation, the functional properties it wsvand type of these properties?

(No of operational propertieage, type of properties)

2) Can you tell me little about yourself as to hlmng have you been with the organisation and
what is your primary role in the organisation?

(Working with workplace organisation or maintenance)

3) Can you throw some light on how organisations has addressed environmental aspect in past
is planning to address presently?

(environmental strategy, waste managensénstegy, sustainable strategy etc)
4) Are you aware of any established stygtéor energy reduction or climate change?
(energy strategy, Mitigation targets)

5) What measures according to you are already in place to reduzesr@8sion or energy
efficiency?

(operation measure — efficient lighting, ren®haenergy procuremergtaff training etc)

6) Do you feel that the measures strategy ameésure taken presently are appropriate or the
organisation can go further?

(more CQ reduction, energy reduction tatg, travel based emission).

7) In your opinion the action presently takenthin the organisation is primarily driven by
external factors or organisation would have tak@séhmeasures in absence of external factors?

(legislation, stake Hder view etc)

8) Is there any particular legation you think is important idriving the present organisation
actions for co2 reduction?

(climate change levy, Part L, EPBD)

9) Would you like to see ggslation driving the C@reduction within your organisation or would
you prefer voluntary masure and reporting.

(CDP project, Dow jones sustainability index participation, cap omdll@wance etc)

10) In your opinion are the CQeduction measures presentipdncially viable or additional
organisational resources are ragqdito achieve the targets?

(COz reduction budget, benefitsrough reduceénergy bills)
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11) In your opinion is exigtg external guidance and resoeiravailability helped your
organisation move further in C®eduction or more sought?

(Involvement with carbon triszsenergy saving trust etc)

12) In your view do the stated strategic £@duction targets and their achievement make a
difference to your marketplace standing cormeplato your competitors or allow positive
perception withirthe stakeholder?

(Targets from competitors, corporate imag@y in environmental debate with NGO)

13) In your opinion is every defgement of your organisation &bto take action in accordance
with the strategic intend or the relationship between operational and strategic staff affect sucl
actions?

(Involvement and opinion of operational staff decision making, communication of the
operational concern, fulfilment strategic targets is upmost)

14) Would you agree that attitude and peraaptiof individual is likely to affect the
implementation of technical and behavioural measures farr€duction?

(Environmental concern, belief that €@duction is necessary)
15) Is there anything else thaiu want add to the discussions?
Close

Thank you for your valuable time and insightaiigh the discussion. If éne is anything you
think you need to add or omit from our discussigtease do let me know. | will be able to send
you a written conversation tgou in week’s time, ifyou need to make any changes to it please
do let me know and | will do so accordingly.

Thanks once again for your time.
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Appendix 2 -Participatory organisation’s strateqic analysis

MITIGATION (2005)

CDP RESPONSE

ENERGY/ UTILITY 01-05

SUSTAINIBILITY STRATEGY
(05-10)

WORKPLACE STRATEGY (2005)

Energy Efficiency
Accreditation

Organisation sets lower energy
targets compared to its peers a
no water saving targets.

The energy and water targets t
be incorporated in
environmental reporting.

5% reduction in CO2 , 5% reduction
nd energy consumption and 5%
reduction fossil fuel consumption fro
2004 base line. 85% of properties to
obe provided by water meter by 2010
2004 baseline and 5% reduction in
water consumption by 2010.

Grey water recycling, rain water
harvesting.

COST:
1) Energy performance certificate for 5(
m sites.

t@) Energy targets faall properties.

3) Supplier sustainability performance.

4) Challenge reactivepends priority by
10%

5) Performance measurement systems
all suppliers.

6) Audit suppliers’ planned and reactive
spends against contract.

FORGE toolkit use for
environmental reporting

Global reporting iniatives, report on

energy management and utilities targ

for

jet
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From 2005 to 2009 the
renewable energy
procurement has
increased from 20% to
92% (from 2000 to 2003
the renewable achieved
was 8%; it grew to 20%
by 2005).

Reduce 5% CO2 level with 200
base level and procure 5% gre
energy at 2000 base year supp
20% renewable energy by 200}
(CO2 emission are sensitive to
amount of renewable energy
procured and is made affordab
due to the levy exemption.)

an 2005, 5% of CO2 reduction is
cachieved through 16% of renewable
lynergy procured (no guarantee that
bfuture contracts for renewable energ
will be negotiated and energy will be
cost neutral).

e

DELIVERY:
1) 100% of operational risk assessment
for critical buildings.
y2) Monitor supplier actiity to minimise
risk to the business.
3) Increase risk grantee$ operational
teams and customers.
4) Manage incidence and service to
minimise downtime
5) Audit and assess the relationship
between planned and reactive
maintenanc® see whether the
increased management of planned
maintenance management reduces
reactive maintenance.
6) Analysis of building failures specifyin
areas requiring priority.
7) Visit business unit with needed
frequencies.
8) Attend workplace satisfaction
workshop and maintain action plan
and double the branches surveyed.

the
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Collaboration with Carbon
Trust The partnership has
assisted the organisation gair
better insight into the impact
of the Government’s climate
change policy on the busines

In particular, the partnership i
designed to deliver detailed
site support and practical
training sessions to reduce th
impact of energy use.

Meet current and future
legislation on energy saving,
1 geen to be taking action
through setting targets.

sReporting the absolute CO2
emission instead of floor are
sbased. Increase in acquisitio
and non-availability of
historic data does not allow
eaccurate consumption figure

o

The targets mentioned in energy,
CO2 and fossil fuel reduction are
normalised and are adjusted for
degree days, business usage cha
and business purchases.

DELIVERY (cont.):

9) Supplier management for supplier
relayed complaints, and performance
rgegprovement workshop participation wit
suppliers.

10) Understand supplier contracts to
provide feedback to maintenance team
try and manage complaints before they
happen.

11) Review business-driven requiremer
in terms of space, spend and service to
improve ability to predict and manage
variation in demand.

12) Identify list of business change
initiatives and present it to senior
management team for priority.

13) Develop new group work operation
content for new business acquisition
model.

14) Performance management systems
all contracts. Audit them and gauge

15) Enjoy contingency plans are in plac
for all major third-party services in case
of supplier failure.

performance to enhance future decision.
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16) Respond to all executive. Senior
management complaints within 1 hour t
confirm awareness and within 24 hours
address.

17) Manage poor performance buildings
highlighted in workspace survey.

\"2J

Energy efficiency investment
figures cannot be separated
from the expenditure on our
on-going annual property
(renewal and refurbishment)
programmes.

c) The organisation’s energy
efficiency costs—benefits are
distorted by the procurement
arrangements — unit and
renewable costs.

Commit £0.75 million in 2004 Specific investment in energy

for energy-saving initiative.

efficiency as stated in utilities
strategy
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Local level initiative for
reduction of emission.

Org scores overall ranking 2
on BRECSU energy
management matrix,
indicating stagnation with
some orderly energy
management whereby
motivation and awareness al
needed. Also, org has looked
at short-term gain rather than
taking a long-term view of the
energy management.
Energy awareness for FM ar
benchmarking of properties
with in portfolio.

Investment in long-term target

achievements: cost
effectiveness is necessary.

Adaptation was only included
in later CDP responses so
adaptation was not given
importance in 2005.

MITIGATION (2009)

Business travel reduction by
investing in communication
technology till 2009. £25
million was invested

(video conferencing, web

seminars)

10% reduction in buisess air travel
and stabilise air travel CO2
emission by 2010 to the 2005 bas
level.
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New BMS for key buildings
and fitting existing buildings
with new system kit — test an
adapt viable building service
technologies. BREEAM
accreditation to refurbishmen
and new development
(E55million investment from
07 to 09.)

Integration of energy
management in group

1 building and operation is
found to be low, so decision
support, relationship

are necessary. The system &
operation and FM&L
personnel were first time
involved in procurement in
2001-05.

[ management and awarenes$

BREEAM rating for new
construction and life cycle costing
for new construction and
refurbishment.

D

ind

Web-based carbon tool for th
employee.

e

Sustainability in supply chain
scoping study with suppliers
for assessing their
environmental impact and ho
to reduce it.

The maintenance services a

contracted so energy

performance standards has t
wbe included in contracts

reSupplier environmental
performance.
0

1ISO14001 for key buildings.

Implement ISO 14001, EMAS and
environmental reporting guidelines

92% of energy was from
renewable.

Paperless banking (switching
to e-statements) and reducing
the product and customer
emissions and providing
investment to the renewable
energy production and
efficiency schemes.

25% reduction in paper
consumption by 2010; also
reduction in recycle waste and
landfill waste.
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ADAPTATION

Screening risk to properties

Simulation model for flooding
for London based properties

Climate change taken into
account for new properties
(especially data centres).

Disaster recovery and busineg
continuity planning specially

for IT based data centres and
all major sites

Risk due to disruption to the
major suppliers inability to
deliver (addressed through
business continuity review
program of key suppliers)

Suppliercapabilityassessment

Remote working

The energyl/utilities strategy were seticcordance to the legislative requiremamd eeputation factors the issues are hgjtied in these strategy
reports on the targets set by utility stggteand also reports on CSR. The sustailitg strategy also talks about targets$ aed achieved through

group work operations strategy. The overall targets &eldiand future plan are mentioned in the CDP.

From 2000 to 2005 the company struggled witlew initiative for energy efficiency and @@anagement and only rested to procuring
renewable energy as an answer to theatienchange levy. Very few initiatives weymjected for overall long-term CO2 emissiand energy
efficiency. The company furthered its comtment for renewable energy for exemption from climate change levy and achieved BREEA

ISO14001 and EMAS for many of its key properties. It also wodteds adaptation initiatives drsupplier sustainability artdavel emissions.
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Appendix 3 — List of priory codes from organisational strategic analysis

Primary Secondary Tertury SR No
Measure Technical Monitoringndwarning 1
system
Backup systems 2
Energy meters 3
Energy efficient lights 4
Behavioural/operational Remote working 5
Home based working 6
staff awareness 7
Training portal 8
Business based Insurance 9
Permanent site closure 10
Renewable energy contracts 11
Organisational approach Proactive CO23trategy 12
to climate change
Energy efficiency 13
Conference participation 14
Policy influence 15
Partnerships 16
CDP 17
Reactive Legislation fulfilment 18
Minimum spent 19
Profit seeking Mitigation drive support 20
Mitigation products 21
External factors Legislation CRC 22
Part L 23
CSR Customer demand 24
Reputation 25
Market drive Rival targets 26
Market standing 27
finance Governmentt support Tax rebate 28
Carbon trust 29
Internal finance Refurbishment or maintenange30
availability budget
Additional funding 31
existing stock and New buildings Acquired assets 32
ownership
New construction 33
Historic assets Listed buildings 34
Leased or owned premises Rented 35
Own by acquired business 36
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Organisational strategic
priority

Cost

Maintenancspent

37

Profit and efficiency 38
Contract negotiation 39
Customer and service Customer service 40
delivery
Efficient operation 41
Internal Process Managementeigration Seniomanagement 42
Responsibility 43
Strategic approach 44
Decision making process 45
Bottom up approach 46
Short term benefit Prioritisation 47
approach
Audit 48
FM perception on Belief in climate change Climate models 49
climate change
Uncertainty 50
Long term change 51
Organisational role Organisation capacity 52
Government support 53
Risk / Opportunity Floodig, seal level rise, heayy54
rain
Energy bills 55
New products 56
Knowledge skillsand | Time 57
resources
Money 58
Lack of staff knowledge | Information, guidance, 59
and expertise training, external consultation
Facilitating or driving Research UKCIRramework,Royal 60
factors Haskonig Consulatant.
Strategic support Top level agreement 61
Adaptation agenda, risk 62
management
Guidance availability UKCIP, CIRIA, IPCC, local | 63

authority, Defra,
environmental agency

Staff values and
commitment
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Appendix 4: UKCIP framework’s Key questions for implementation method

decision

Key questions

Answer for formulating the context

1. How much will it cost?

- Applying certain types of tools, particularly those

involving the extensive collection of data or the
development of quantitative assessment
models, can be costly.

- Inexpensive off-the-shelf computer
packages are availableatttan facilitate model
development.

- However, expert assistance will still be
required, particularly in understanding
the underlying assumptions of the tools.

For the purpose of the study, the aspect of
cost was not fixed. The intention was to use
the in-house capacity in terms of resources
to arrive at appropriate decisions. Although
modelling the problem may require the usg of
simulation and computer modelling, the
relevant expertise auld be called upon if
found appropriate by higher strategic decisjon
makers in terms of an investment made| in
such processes.

2. How long will it take?

- The timescale involved in applying tools
can often be longer than decision makers
(and sometimes their analysts) realise.
Timescales for decision making may be
much shorter. No matter how useful a tool
might potentially be, it is of little use if it
cannot meet the decision deadline.

- The decision maker will need to judge the
risk involved in taking a decision in the
absence of the benefits that a more detailed
analysis might bring.

The time for the entire process and decision to
be implemented was a maximum of one year.
This was due to the nature of the FM strategy
structure, as the update for FM strategy was a
done on a quarterly timescale.

If more detailed analysis is required and the
resources are not available, a tempornary
measure to protect the organisatiop’s
properties will be recommended till the time
necessary for further analysis has been foupd.

3. To what extent will the analysis improve the

decision?

- There is little point in undertaking a
sophisticated analysis, at a potentially high
cost, if it adds little to the quality of the
decision making. Nevertheless, decision
makers may feel less vulnerable if their
decision is based on the best available data
and science.

In the absence of a decision made on the hasis
of detailed analysis, the recommendatjon

made on the basis of the best data available
would be implemented and monitored.

4. Can appropriate data and information be obtaing

- If not, the preceding criteria will need to be
considered.

xdhe data on built-asset maintenance and

flooding maps from the Environment Agengy
would act as a starting point for the analysis.
The requirement of the data would be
assessed as the framework proceeded.

5. Who will undertake the analysis?

- If the use of particular tools requires
specialist input, can that input be provided
in-house or will it be necessary to seek
(and, perhaps, pay for) external advice?

The initial analysis will be undertaken by the
facilities managers from the organisation’s
FM department, and especially the FM of the
properties assessed to be at risk would| be
involved closely in decision making. In a case
of expertise required, the financial resources
for external consultants will be requested
from the organisation’s decision makers. In a
case of resources not granted, recommend-
dations would be made on the best available
data and expertise.

282



Appendix 5 — Evidence from the UKCIP02 scientific report for future
increased precipitation

1) Winters will become wetter and summers rbagome drier everywhere. The relative changes
will be largest for the High Emissions scenario and in the South and East of the United
Kingdom, where summer precipitation may a=ge by 50% or more by the 2080s and winter
precipitation may increase by up to 30%. Summaémsoisture by the 2080s may be reduced by
40% or more over large parts of England fag thigh Emissions scenario. (Source: taken from
the UKCIPO2 Briefing Report)

2) Heavy winter precipitation (rain and snowjlveecome more frequent. By the 2080s, winter
daily precipitation intensities that are exgeited once every two years on average may become
between 5% (Low Emissions) and 20% (High i&sions) heavier. (Soce: taken from the
UKCIPO02 Briefing Report)

Evidences fromUKCIP02 scientific report

1) Winter precipitation has increased and intense rainstorms within total winter precipitation
have increased across the wholardoy during the last 40 years. &@teavy rain’ (ain lasting at
least five days) has alsacreased (high confidence).

2) Increase in winter pregaitation by 30% by 2080 for the maige in the High Emissions
scenario. In Scotland it will be higher till 20ue to natural variability (high confidence).
Eastern and southern parts of Britaiil Wave the largest percentage changes.

3) For summer, the rainfall decreases foe thow Emissions scenario by up to 20% and
increases by up to 40% for the High Emissions scenario.

4) For winter, the precipitatioranges from -5% to 35%. For progies in northern England and
Scotland, it is 20—30% more and for southand eastern England it is 10-20% (information
gathered from fig 37 in UKCIP scientific report).

5) Winter precipitation vaability is greater, especially irastern Englandwet winters like
1994/95 will occur on average once a decade (66% wetter than average). (Medium confidence)

6) In southwest Scotland and southwest Waleshi® midrange in the High Emissions scenario,
by 2080 a doubling of intense precipitation fregeyewill be observed. Frequency and intensity
of wet days in winter will increase in easte&ngland by 0.5-1.5 days per season by 2080 in the
midrange for the High Emissions seeio for all parts of England.

7) There will be an increase magnitude of 2-year events southeast England and southeast
Scotland of 20% for the midrangé the High Emissions scenario.

8) The probabilities of heaviest daily events winter increases for all sub-regions. The
probabilities of increase arer¢ger for southern regions.
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9) For the midrange of the High Emissiorsesario, for central and southern England the
probabilities by 2080 that a given winter day viillve precipitation iexcess of 20mm will be
about 2%, rather than the preskkelihood of 1%. (Hgh confidence).
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Appendix 6: Flood managemenguestionnaire for council

Title: Flood management guestionnaire

This questionnaire is intended to gather information on flood management aspects of your council. ¥osesesitl

help a PhD research study into climate adaptive facilities management, which is being undertaken at the University of
Greenwich. All data produced through this questionnaire will be treated in confidence and will only be used for the
purpose of the study. No data will be published in an attributable form. Thank you for your time and participation.

Q1) Has there been a flooding event in your area in last 2 to 3 years due to

No. of flood No. of flood No. of flood No. of flood
occurred at level | occurred at level | occurred at level | occurred at level
1 severity 2 severity 3 severity 4 severity

a) River flooding.

b) Heavy rainfall overflowing the
drainage and sewer system.

c) Storm surge.

d) Flash floods.

e) Flooding due to rising ground

water.

f) Flooding due to blow out to
dams or over spilling of

reservoirs.

g) Other (please specify below).

Level 1 severity- flood warning issued basic caution to be taken in case of flooding.
Level 2 severity- closer of roads, disruption of electricity.

Level 3 severity- business and houses flooded at ground floor level.
Level 4 severity- extreme flooding resulting in evacuation.

Q2) If there was a flood in your area what measures were taken? (Please fill in the table below and tick the

appropriate).
A) Before flooding
Flood Means of warning| How much Closer of Disruption of | Relocating
warning issued warning was | roads and electricity people from
issued a) Phone, give prior to | public supply to be
(Please tick) | b) Web, flooding buildings (Please tick) | flooded area
C) Letters, (in hours) (Please tick) (Please tick)
d) Local media
(tick below)
a) River Yes No | a b c d Yes No Yes o Yes
flooding.
b) Heavy rainfall | Yes No | a b c d Yes No Yes No  Yes
overflowing
the drainage
and sewer
system.
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No
No
No

c) Storm surge. Yes No | a b c d Yes No Yes No Yes
d) Flash floods. Yes No | a b c d Yes Nog Yes No Yes
e) Flooding due | Yes No | a b c d Yes No Yes No  Yes
to rising
ground water.
f) Flooding due Yes No | a b c d Yes No Yes No  Yes
to blow out to
dams or over
spilling of
reservoirs.
g) Other. Yes No | a b c d Yes No Yes No  Yes

Q2ai) In case of relocation were any precautions taken to safe guard the property in likely
affected areas? (Please tick the appropriate).

B) During flooding

Securitymeasuresaken | Do you have an If yes how effective do you
to avoid damage to emergency plan in placePthink it was
private properties (please (Please tick) a) very ineffective,
tick appropriate) b) ineffective,
c) effective,
d) very effective
(tick below)

a) River flooding. Yes No Yes No a b c

b) Heavy rainfall overflowing | Yes No Yes No a b c d
the drainage and sewer
system.

c) Storm surge. Yes No Yes No a b C

d) Flash floods. Yes No Yes No a b C

e) Flooding due to rising Yes No Yes No a b c
ground water.

f) Flooding due to blow out to| Yes No Yes No a b c
dams or over spilling of
reservoirs.

g) Other. Yes No Yes No a b C

Q2hi) Please provide a web link to the emergency plan if possible:

C) After flooding

Wasany Cleaning & Re-connecting | Drainage Commencing
recovery reopening roads | electricity supply | cleaning regular water
plan activated?| (time taken in (time taken in hr)| (time taken in supply (time
(Please tick) hour) hr) taken in hr)

a) River flooding. Yes No| Avgtime Avg time Avg time Avg time

taken: taken: taken: taken:

b) Heavy rainfall Yes No | Avgtime Avg time Avg time Avg time
overflowing the taken: taken: taken: taken:
drainage and
sewer system.

c) Storm surge. Yes No  Avgtime Avg time Avg time Avg time

taken: taken: taken: taken:
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d) Flash floods. Yes Ng Avgtime Avg time Avg time Avg time

taken: taken: taken: taken:

e) Flooding due to | Yes No | Avgtime Avg time Avg time Avg time
rising ground taken: taken: taken: taken:
water.

f) Flooding due to | Yes No | Avgtime Avg time Avg time Avg time
blow out to taken: taken: taken: taken:
dams or over
spilling of
reservoirs.

g) Other. Yes No| Avgtime Avg time Avg time Avg time

taken: taken: taken: taken:

Q2ci) Please provide a web link to the emergency plan if possible:

Q2cii) Please mention the total recovery time taken for local businesses to re-open and any
help provided by the council to ensure the continuity of business affected.

Q3) Have you (as a council /department) been advised of any change to the flood risk in your
area over next (please tick appropriate).

5yr Yes...... No ... 10 yr.Yes...... No ... 15yr. Yes...... No ... 20yr. Yes... No ...
25yr. Yes... No...

If you did not answer the above question please go to question 8.

Q4) If you tick any of the above please mention the level of risk (please tick appropriate).
and mention possible cause of flooding?

Same as before Possible cause of flooding.

Moderately increaske

A lot more

Q5) Who has given advised to (the council /department) about future change to flood risk?




Q8) Thank you for your participation. If you would like a copy of the summary report
resulting from this questionnaire then please provide the following.

Disclaimer: The information provided in this questionnaire would be treated in absolute confidence.
The information would be used strictly for the study purpose and will not be used publicly.

Please reply back to

Api Desai,

School of architecture and construction,
University of Greenwich,

Mansion site,

Avery hill campus,

Bexely road,

Eltham SE9 2PQ.

Ph: 02083318035. e-mail: da231@gre.ac.uk
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Appendix 7: Example of costing methodology

Below is an example of future risk to two properties due to heavy rain induced as a result of
climate changes during 2011-2100 Note that the sienees are divided ito three groups: 2011-
2040 (2020), 2041- 2070 (2050) and 2071-2100 (2080). é&esyn brackets are the shorthand
forms for what each time series isdwn by (so 201140 is the ‘2020’ series).

Risk due to climate changes 2011-2100

1) Present-day estimated cost of replaie to heavy rain and local flood event:
Property 1=£100,000
Property 2=£128,000

2) Present-day probability of such heavy raid #8nod occurring is 1 in 100 years, which is 0.01
probability.

3) Future cost of such dagmwith increase in marketipes for 2011-2100 but with no climate
change (i.e. present probabiliy such events =0.013 calculated as 95.1% for the 2020 time
series and 110% for the 2050 and 2080 time sdnels UKCIP SES world market scenario)
Therefore £100,000*95.1= £195,100
£128,000*95.1= £249,728 +
£444,828
£444828 | 2 = £222,414 (average cost)

Total annual flooding cost of both properties witkure market increase but no climate change =
Property damage cost x pesd climate probability =

£222,414 * 0.01 = £222,4.144£300rounding up to nearest £100)
Similarly the cost rise due to market chasige2050 at 110% increasecalculated to beZ£500

Therefore (rounding to the nemt £100 again) we have:

Total annual flooding cost for Propich Prop2 with future increase in
market price built in but with no cliate change factor considered.

2011-40 (2020) 204171 (2050) 2071-2100 (2080)

£2,300 £2,500 £2,500

3) Total estimated annual cost under futuree@conomic scenario (price increase due to
market growth only) for 2011 to 2100 intéabis based on 2000 and 2004 prices (a) =
approximately £220,000 [(£2300x30yr) + (£2500x30yr) + (£2500%30yr)]

4) Probability of years experiencing heaayn as per climate change scenario (b)
(UKCIPO02 High Enssions scenario):

2011-40 (2020) 204171 (2050) 2071-2100(2080)
1.07% 3.59% 8.30%
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5) Cost of repair in future per annuthoie to climate change = a x b:

2011-40 (2020) 2041-71 (2050) 2071-2100 (2080)
£2,300x 1.07£2,509 | £2,500x 3.59 £8,997 | £2,500x 8.30 =£20,764

6) Net cost induced due to climate change =
cost of repair due tdimate change — cost undature socio-economic growth:

2011-40 (2020) 204171 (2050) 2071-2100 (2080)
£2.500— £2,300= £209 | £8,997— £2,50(=£6,497 | 20,764— £2,50(=£18,264

Total cost of flood damage due to future climate change for the period 2011-2100 will be
approximately £750,000: [(£209%30yr)£6,497x30yr) + (£18,264%30yr)] = £749,110.

7) For calculating the total prederalue of damage cost caused due to climate-change-induced
heavy rain and flooding with no adaptive measxeept straight repagost, the discounted
costs are calculated (for detail explaoa of discounted value see note-1 below).

Discounted climate-change-induced costs =
Undiscounted climate change induced annual x@gipropriate discourictor. So we have:

£209 * 0.400 (discount factaf 3.5% discount rate)
£6,497 * 0.190 (discount factor of 3.0% discount rate)
£18,264 * 0.082 (discount factor of 2.5% discount rate)

2011-40 (2020) 2041-70 (2050) 2071-2100 (2080)
£86 £1,264 £1,510

8) Thus the present discountedtzgresent value of climate-@whge-induced heavy rain over the
90-year period is approximately £86,00086x%30yr) + (£1,264x30yr) +(£1,510%30yr)] =
£85,800.

9) Present discounted cost/ mesvalue of heavy rain arfilhoding without climate change
(only on the basis of a future afge in price due to market ainged socio-economic scenario is

Discounted cost /value of hgarain and flooding without ahate change at present =
Cost without climate change (irease only due to future market increase) * appropriate discount
factor:

Discounted cost /value of heavy rand flooding without climate change at
present

2011-40 (2020) 2041-70 (2050) 2071-2100 (2080)
£2,300x 0.41 = £943 | £2,500%x 0.192 = £480 | £2,500x 0.082 = £205

So the total discounted cost /value of hegaig and flooding over 99ears without climate
change at present is around £50,({19d3*30yr) + (£E480*30yr) + (£205*30yr)] = £48,840,
which needs to be discounted from trgginal average cosif £220,000, yielding £170,000.

Therefore the present valuefédod damage including climatéange would rest between
£86,000 and £170,000.
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Note 1- Discounting is the conventional approach used dayosgists to weight and add environmental costs and benefits

that occur at different points in time. Discounting arises because individuals are observed to attach less weight to a benefi
or cost in the future than they do to anéfit or cost now. Referring to the UK Treasurgseen Booka discount rate of

3.5% should be applied to impacts occurring in 0-&&ry from present, 3.0% for 31-75 years and 2.5% for 76-125

years. The discount rate determines the weight assigned to the climate-induced cost in each future year.
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Appendix 8: Diagrammatic presentation of UKCIP framework implementation process

Attitude to risk and culture of organisational or decision maker.

Receptor- properties at risk of flooding. (EA maps), business
operation

High, moderate and low risk of flooding.

Reduction in the days/hours the premises (maximum a week 4
a major flooding) is closed due to flooding caused by heavy ra
and overburdened property drainage problems by 2020. (Also
flooding due to coastal / fluvial / surface water / groundwater).
Reduction in spending on flood ridd reactive maintenance by
increasing flood resilience/preparedness in properties at high
(any reduction achieved would be regarded as success).
Present 1 in 75 chances of flooding at high risk (37 properti
moderate risk 1 in 100 chances, low risk 1 in 200 chances
maps). High confidence and highopability of 15% increase in
rainfall (UKCIPO02).

292

Need arises from experience of loss d
to climate-related event.

Addressing present risk and increast

future risk of flooding and
overheating.

Climate change is a significant factg
affecting maintenance of built properties
and business operation.

Strategy level decision.

Customer, business owner and FM.
Decision to be implemented in
refurbishment cycle (20-25 yrs.),
replacement (10-15 yrs.), and repair an
maintenance (annual)

Decision expected to provide bot
immediate and long-term benefits.




Tier 1 — 2020 projection for long-term (20—25yr) benefit. Also short-term benefit (5 yrs) fro
protection of gradual exparce of heavy rain. Winter rain increase (frequency and
intensity).

Existing options and impacts of heavy rain on options.

Monetary and human resources. Also efiperin flood resistance and understanding

guantified data for UKCIPO02 data files. Organigasl approach for climate change, Site speci

FM approach for risk assessment, management and climate change as whole.

Tier 2 and 3 -_Information on past damage climate-related incidents was not always

possible together (property history and maintenanta) daata from local council was not eas

to gather.

Risk assessment matrix (Using EA maps, present stock condition and business operation)

Existing portfolio of options.

Tier 3 quantitative assessment and uncertaintysassnt was found to be time-consuming an

resource oriente

Options: operational/short term andintanance/long term - refurbishment.
Easy to implement — BCP and disas&sovery planning strengthened for 3
at high risk properties.

Critical supplier management

Home-based working already considefadreed option at strategic level) to
be promoted.

Partnership with local council whereetl37 high-risk properties are situated

and early flood warning system established. Record the rainfall in winter.
Generators and drying equipment provision.

Assess the cost of preliminary flood resilient and resistant products.
Low-cost easily implemented measure in all sites at risk through
maintenance cycle

High risk (considering its added valto business) properties to receive
refurbishment measure.
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Appendix 9 Questionnaire survey

inionand Action for Climate Change

Thanks for considering and participating in the survey. The entire survey will not take more than 10 -
15 min of your time. The questions are divided into 5 sections. Section 1 is includes general
information questions, section 2 consists of organisation information, section 3 and 4 comprises of
questions relating to measures taken for climate change and section 5 is composed of questions
regarding your opinion about climate change. Please provide your contact details at the end of the
survey where by we can send you the summary of the findings. If you do not wish to answer any
question please proceed to the next question and send in the fully or partially completed survey by
clicking on the submit button at the end of the survey.

Section 1:General Informatlon

NOTE: If you are not working within Facilities, Maintenance , Building Operation, Estate management or for a FM
consultancy can you please pass this questionnaire to the relevant person with in your organisation who is involved with
any of the above.

*IlWhich of the following best describes your organisation ? (you may tick more

[0 Commercial [0 Industrial [0 Retal [0 \Utilities [0 Recreational
[0 Educational [0 Health [0 Government O O m
Sector consultants Contractors
Q2 B your organisation an: (please tick the relevant)
O SME (O UK based corporate company () Multinational
Other (please specify)

Approximately how
many employees work
for your organisation? |:|

NOTE: If you are an 'FM Cansultant or Contractor / facilities services supplier please answer the remainder of the
questionnaire from your client's organisation perspective (e.g. Answer 'Q6 ' considering awareness and knowledge of your
client's organisation/s)

“:BWhich of the following best describes your current role?

() Executive FM Senior FM (O FM manager (O Operational FM
manager manager (responsible for (team member)
(responsible for (responsible for a specific FM
strategy) building or group senvicels

of buildings) e.g.maintenance)

Other (please specify)

o4

(3 The board O CEO () FM Director () FM Manager
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Other (please specify) | |

“ClAre you a member of any of the following organisations?
[0 BIFM [0 IFMA [0 EuroFM [] CcIBSE [J RICS [] clos

Other (please specify) | |

Section 2:0rganisational response

N How would you rate the level of awareness / knowledge of climate change
with in your organisation? (1 = very aware / knowledgeable, 5 = un-aware / no

knowledge)
Don't
1 2 3 4 5 Know
a) Awareness of climate change amongst senior
management O O O O O O

b) Knowledge of the impacts of climate change amongst
senior management O

O
O
O
O
O

c) Awareness of climate change amongst junior management () O O O O O

d) Knowledge of the impacts of climate change amongst
Junior management O

O
O
O
O
O

e) Your personal awareness of climate change O O O O O O

f) Your persanal knowledge of the impacts of climate

change O O @) O O O

Please indicate your level of agreement with following statements? (1 =

strongly agree, 3 = neither agree nor disagree, 5 = strongly disagree)

Don't

1 2 3 4 5 Know
a) Climate change represents a significant nsk to our
primary business function O O ) O O O
b) Climate change will affect the way FM supports an
organisation’s primary business function O O O O O O
c) Climate change represents an opportunity to develop new
products or services O O @) @) O O

Which of the following best describes your organisation's approach to

climate change? (please tick as many as relevant) My organisation has...

[ |Identified a senior / junior manager to take [0 Commissioned external consultants to advise us
responsibility for our approach to climate change on the impact of climate change

|:| Instigated training programs for senior/junior |:| Not addressed the issue of climate change
managers on the subject of climate change

O Taken practical steps to assess the impacts of O Taken practical steps to assess the impacts of
climate change at the strategic level climate change at an operational level
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we are aware of impact of climate change but is
yet to take any practical steps

- IIf your organisation has taken any specific actions to address climate
change, please give a brief description below

Section 3:Adaptlng to Climate Change

Impacts

Adaptation : Adjustment in natural or human systems in response to actual or

expected climatic stimuli or their effects, which moderates, harm or exploits

beneficial opportunities. e.g.- construction of flood defence in future flooding
areas

*dlUHave any climate related events affected you or your working environment in
last 2 to 3 years ? (fore.g.: (1) Sudden or extreme rainfall causing flooding and disturbing
transport, fresh water, electricity supply and access to your business or damage your premises.
(2) Coastal erosion or rise in sea level causing damage to property near the coast (3) Sudden
storm or hurricanes have damaged your premises and affected your organisations functions. (4)
Extreme hot weather resulting in uncomfortable working environment, causing staff

absenteeism and increasing energy demand.

(O Yes () No

If "YES' please outline any measures you took / are
considering to address the impact

(O Don't know

*khlHas the event resulted in you considering any future impacts on your
organisational functions which may occur due to climate change ?
O Yes (O No (O Don't know

Q12,73 you consider the impacts of climate change as part of your routine
disaster recovery planning / (risk assessment)?
() Don't Know

YK If the following were to occur what level of impact do you think they will
have on the buildings that you currently occupy / manage?

Significant Major Moderate Minor None I[:::\:r
a) More winter rain O @) O O Q Q
b) More frequent storms O O O O O Q
¢) Decreased snowfall O @) O O O @]
d) Increased winter temperature O O O @) O Q
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f) More frequent and severe flooding

g) Sea level rise

h) More extremely hot summers

1} More summer droughts

0|00 |0|0
0|00 |0|0
O|0C|0|0|0O
O|0|O0|0|0O
000 |10]|0
0|00 |0]|0

i) Changes in seasonality (e.g.an early spring)

If you have scored any of the above as 'significant' or
'major' what impacts do you anticipate

“Y L For those factors in "Q13" whose impacts you rated as significant or major,

which of the following generally describes your organisation’'s approach to
addressing them?

We have measures in place () We know we need to (O We have prioritised the
to deal with the anticipated consider the impacts but risks and are addressing

impacts lack the technical expertise the mast important impacts
to evaluate the risks
(O We are currently considering () We know we need to (O We have not yet started to
how to deal with the consider the impacts but it is consider the impacts
anticipated impacts not currently a high priority

in our organisation
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Section 4:Mitigation Measures for

Climate Change

Mitigation : An intervention to reduce climate change including: strategies to
reduce greenhouse gas sources and emissions (e.g. generating power from
carbon neutral sources, carbon off-setting)and enhancing greenhouse gas sinks.

Q15,7 you consider mitigation measures for climate change as a routine part of
your FM strategy?

O Yes O No O Don't Know
S Which of the following are covered by your FM strategy?
Fully Partially Not Don't

covered covered covered Know
a) Building stock assessed for energy efficiency savings O Q @) O
b) Building stock assessed for retrofitting of micro generation
technologies e g. PV, micro-CHP etc) O O @) O
c) Energy efficiency credentials of your supply chain O O O O
d) Training for staff to control and reduce energy consumption O O @) O

e) Procuring low energy building consumables (e.g.energy efficient

lighting) O O O O
[] Energy Performance [ Enhanced capital allowances [0 EU /UK Emission Trading
Certificates Scheme
[0 Corporate Social [0 FTSE4goad [0 Dow Jones Sustainability
Responsibility index/ Dow Jones global
index

Other (please specify)

k- Are you aware or have been involved with any of the following ? (please tick

Not aware /

Aware of Involved with Don't know

a) UKCIP (UK climate change impact program

adaptation wizard) O O O
b) UKCIP nsk, uncertainty and decision making

framework O O O
c) Energy Saving Trust O O O
d) Carbon Trust N O O
f) London Climate Change Partnership O O O
g) BEERAM O O O

sh - Have mitigation measure taken by you / your organisation for climate change
resulted in any financial benefit ?

[0 Don't Know
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Section5:0pinions about

Climate Change

rl please indicate your level of agreement with following statements (1 =
strongly agree , 3 = neither agree nor disagree, 5 = strongly disagree)

Don't
Know

O =
Ow
O w
O &
O w
O

a) The balance of nature is very delicate and easily upset

b) When humans interfere with nature it often has disastrous
consequences

c) Mankind was created to rule over the rest of nature

d) The earth is like a spaceship with only limited room and
resources

e) The so-called 'ecological crisis' facing humankind has
been grately exaggerated

f) Humans have the right to modify the natural environment
to suit their needs

O |0 |O (OO
© |0 |O OO
o |0 |O OO
o |0 |O (OO
O |0 |O OO
O |0 |O [Cf|O

g) Human ingenuity will ensure that we do not make the
earth unliveable

O
O
®)
®)
O
O

h) If things continue on their present course we will soon
experience a major ecological catastrophe O O O O O O

i) Climate change is naturally occurring phenomenon and
human activity has not significantly contributed to it. O O O O O O

1) Private organisations will only reduce their carbon
emissions in response to government legislation. O O O O O O

k)Industries are not convinced that government has clear

policies to tackle climate change O O @] O @ O

1) Climate change is primarily a political tool for raising

additional taxation O O O O O O

Any further comments?
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e lln your opinion what more could your organisation do to adapt and mitigate

for climate change?

a) ADAPTATION

b) MITIGATION

ciWould you be prepared to participate in a short follow up interview if
requested?

E-mail: | |

Phone no:

Organisation
Address:
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Appendix 10 — Impacts specified by puate-sector guestionnaire respondents

Impacts specified from private sector

e Storms, rainfall affect the roof and drain dees to the buildingddot weather increases
the load and could cause cooling issiseslata centres and common rooms.

e Problems for pubs and consumers in ardéi@e®ed by flooding or in coastal areas.
HVAC issue for Heating, gelatinadequate flood defences against flooding.

¢ Increased flooding of operational sites.

e Refrigeration systems and air-conditioningtgyn failure. Electrical infrastructure
overload.

¢ Increased energy costs due to additional heating /cooling

e Some properties will become wdtgged, with little or no access.

e Higher level of [staff] absenceésk of damage to office environment as located within
reach of a river.

¢ Increased demand of fuels, i.e. as electricity. Roof damage? Leading to additional
reactive costs.

e We have 2 major sites in the Thames flood plains.

e As our business park is built in a floodai, more frequent flooding could leave us
exposed to water ingress into our premises,

e Travel problems for staff. Incread costs - storm damage etc.

e Loss of buildings and inability of staff get to them — real experience of thigrease in
costs.

e External flooding to site car parks and roadways.

e Building damage which could stop productibmmited availability of raw materials
(timber).

e Higher risk of flooding, business loss, emyzes’ not reaching place of work, less
customers.

e Wind damage to roofing/cladding. Our comg@utooms and manufacturing areas are air-
conditioned using chillies. More extreme tengiares would cause our electricity bills to
rise considerably. Our office areas wobwlverheat during the summer as they are
naturally ventilated. This would cause hbealnd safety issues as well as affects
employee motivation and work rate.

¢ Increased flooding, increased energy demarmieased energy usage, procurement of
alternative energy, grey-wategcycling, impact of PPM matienance and life cycle costs
of plant. Potential need to include floadd storms in BCP plan and raise building
defences in certain areas. Impacts also on Insurance!

e As a chilled foods business, increasesutside temp places additional burdens on our
ability to maintain internal temp within l@rances, therefore energy usage is increased.

¢ Internal water damage from gutters and foiples not being able weal with volume of
water. Internal temperatures and increasegiirement for air cooling. General impact
from reduced or systematic water stoppages.

e As a covered shopping centre, extremes of ardtcold ensure shopper wish to be in a
covered and AHU-covered centre. We are als@iltg at rain harvesting so more rain is
going to reduce costs. Flooding closes roatkia exaggerated in the press that is no
help.

e Potential flooding and possible roof leakaglectricity supplie and communications
lost, impact on staff.
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Flooding - potential for severe damagétolding fabric, grounds, biodiversity and
possibly staff; business disruption, high refraaintenance costs, @oitial for disease;
water supply issues. Sea level rise — athefabove, plus permanent displacement of
business; land pressure issues, etc.

Ground floor flooding of the premises.

Our analysis of the EPA has shown that parperty (100 years d) will suffer a flood
within the next 100 years. Data points@and our property indicate we will suffer a 1m
coverage across the 4.5acre si@sr power distribution boardse just short of capacity
as temperatures fluctuate to meet Hotteimperature fluxes even though our systems
are controlled by BMS. Being a greetingaaesigner, manufacter and distributor,
flooding would result in product bey written off either thragh a 'soaking' or 'damp’'.

Disposal of storm-waterdbding, standing water, capacay downpipes/guttering to
handle deluges, increased demand for airaswhincrease in electrical demand, more
significant wear andetar on flat roofs.

Strategic sites will be subjet flooding & business disruption.

Difficulty getting to work — flooded roads cost of heating / cooling / water.

Frequent storms will cause flooding and buildfag¥ic issues, such as roofs blowing off.
Severe flooding will impact access and usbuwfding. Sea level rise will cause flooding
to low-level sites.

Water consumption is high, and is a critical prour process. Cosif water has already
increased, and shortages could have a niayjpact on our abilityo deliver product.

Significant demand for cooling in our clkeeooms and currently working on system
capacity limits.
Cancellation of international eventsdatherefore shortfall in income etc.
Damage to high-level buildings.
Storm damage to commercial and indusii@perties, resulting in down time for
tenants. Hot summers mean that air-¢ooing will be on more often, resulting in
higher fuel costs and more G@missions.
Some offices requiring relocation to higlggound (two within 4afabove sea level),
operational efficiency of staff in poorly iseced, office may also require eventual
relocation to better-serviced accommodati®oth scenarios represent significant
investment.
Wider installation of air-con systems.
As a Data Centre using fresiir-cooling, increase in tempeua¢ at any time significantly
increases our cooling costs and impacts on our ability to meet the SLASs in place
regarding Data Hall temperature.
Greater risk of flooding.
One property is a dockland property and isiflooding area when it rains heavily for
longer periods of time.
Strain upon existing building designs.
We have upgraded our HVAC specs.
Flooding of building: unable teervice clients, business intaption needs to be revisited
with alternative sites. Seavel rise: coastal city for one location so possible flooding (or
‘Goodbye Belfast’!!). HOT summers: curreytruggle to coobuilding — increase
investment in air-con, energyst rise. Drought: staff unabie come to work; water for
staff at work; food price inexases; food shortages etc.
Depend on sea water for cooling. Use alfotvater for production of electricity.
Difficulty in accessing the office (we are close to River Thames).
Water penetration and damage to building.
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Poor working conditions, installation @fll air-conditioning. Window solar control.
Uncomfortable conditions and incsssd expenditure to combat this.

Not only do we need to consider the direapact on our business but we have to

consider the effect climate change ha®onfood producers as well. Flooding may not
directly affect our properties but may affect access of our customers & staff to be able to
trade in the affected area.

Lack of air-conditioning in some facilities and increasedser fuel bills.

Increased cooling demand, increase in power ase in energy costs and potential data
hall shut-downs.

Assess risk of flooding when selectipgperty. Additional air-conditioning and
electrical demand.

Being a water utility, operainal activity will increase andccupancy times and numbers
within our buildings will increase toedl with the impacbn our core business.

Damage to branches that would causeo spend tight budgets to repair.

Air-conditioning plantcritical to operation of builehg with its occupants.

Our head office is sited in Canary Wharf. Ruoi&lly, significant sedevel rise or rainfall

could lead to flooding, should defences such as the Thames Barrier no longer be capable
of protecting us.

There will be discomfort by the staff aswill be way too cold and the heating system

may not be able to balance the situation.

Overheating of building issuerrost are naturally ventilated.

Ours is the only street/building that wdude above the flood level but [flooding] would
impede staff getting to work. Plant is too ¢ddcope with significant temperature rises.

Our head office is close to a flood plain asdusceptible to exssive flooding events.

More water conservation measures and need to install more cooling for staff/customer
comfort.

Our head office is close to a flood plain asdusceptible to exssive flooding events.

Major only for increased usagn air conditioning onsite.

Thermal comfort of office-based staff. Is the current air-conditioning systems designed to
cope with extremely hot summers?

Flooding could result in moreternal leaks and staff absence due to loss of transport
systems, road closures etc. Hot sumngerdd result in loss of water supplies.

Steep rise in demand for comfort cooling émr shopping malls, especially in the South
of England.

On our distribution warehouse in Glasgow, ithwiean we don't have to heat them as
much. Will flood London office.

Buildings flooding. Major impact on abilitio run business from these buildings.

Closure of the warehousing due to floodingfi@ag warehousing withAC or filtration
systems to keep staff cool during hot sumsnédditional costs bringing in water for
staff during droughts. Increased buildimgintenance both for flooding and heat.

Situated next to a river. Cooling btiilding space in high temperatures.
Drainage Problems. Air conditning. Better tading year+.
Inundating of the ground level at least one major building.
More damage to the building. Also, with mdreat in the summer we may need to install
air conditioning.
Existing buildings historically sited inVelying areas. A/C cooling of sophisticated
systems and personnel reaction tefficient existing A/C systems.
Capacity of storm drainage to be increased by the local water authority.
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One office is located near to the coast so significant rise in sea level could impact by
flooding. Hot summers could need more efféotseduce temperatures in the workplace.
Possible changes to working pattetmsvoid hottest part of the day.

We are located adjacent to a tidal area, with good sea defences.

My client organisation runs holiday accomdation, some of which is based in areas
close to sea fronts that may be impactedhibyeased erosion by mosevere weather.
Many are in exposed and isolated locatitirag will be impacted by extreme weather
conditions. Many also do not have air ciieehing and therefore more severe summers
may require substantial spend to emsihe comfort of the customers.

Due to the site of the building being by thieames river, the threat of flooding would
have a major impact on the usage of the lmgidAgain, rising sea \els could place the
building at a higher risk.

Buildings may not be able to be used; therapen would have to bdiverted elsewhere.
Increased recovery costs could impact onrmss profit margin and reduce investment.
May need to relocate to a less suitadnlea in the case of sea level rises.

Air conditioning failure, excessive power consumption.

Increased load on buildingaling, leading to increasesectricity consumption and
elevated C@emissions from electricityomsumption/higher energy cost.

Revised thinking when designing for A/C loading.

Impact of flooding on technical builags causing outages to customers.

Rise in river level within London.

Possible modifications to means of calleg and handling storm water; equipment on
hand to deal with flooded basements.

Increase in insurance costs or no insuraawalable for specific areas. Relocation of
buildings to a safer environment.
More flooding to be dealt with. Water use restrictions.

We are located near the Thames andara floodplain. Sea risecould significantly
increase our risk. Hottesummer would put more pressure on the a/c, costing the
company more to run to metbie demand. With increang utility costs, this could have a
major impact, together with shorter lifespan of plant.

As our premises are close to the sea (no ri@e 500 metres), rises in sea levels could
have a major impact on our business.

F&H would both pose a potentiatk to our operating sigeand potential effect on
production and ability to opate the business units.

Exceptional temperatures will impact our ailio keep the working environment at
optimum temperature.

Flooding would prove very consequentialnag operational works area is Portsmouth
Dockyard.

Flooding — personnel getting to site to conbplduties and parking issues. Temperature
increase — potential air-con failures due to increased usage.

Flooding of basements / disrugi to electricity supplies.

Transport infrastructure; utilities infrastructure.

Consideration of locating new developments.

Reduction in energy usage, i.e. heating.

304



Impacts identified by cross-sectoral respondents

Workplace comfort and productivity of opeople whilst trying to reduce energy loads
contradict each other in tlzgfice environment when dealing with extreme temperatures.

Increased costs for strengthening of infrasture, additional engineering solutions to
cope with rises / falls in temperature, increased energy costs in terms of maintaining
temperatures at either end of the s¢ate cooling when high, heating when low).
Increased costs for water treatment plusastitucture costs tonplement recycling /
reusing water.

More flooding and more sites overheating.

Major works to roof, geral fabric of building.

Flooding problems giving business continuityuss. Heating and cooling issues giving
higher utility costs and aduly to the greenhouse effect.

A general lack of air conditioning in buildings may have to change.
Flooding of water treatment s$itans. Reservoirs drying up.

Impacts identified by recreaional sector respondents

Several buildings are on floodgph and we would lose access.
Fabric: roof maintenance, pitchaovery. Changes in growing season.

Impacts identified by FM consultants

Increased risk of damage to plant and equipment.

Various, mainly energy consumption ane tieed for better liding standards.
Complaints of overheating amosts to reduce the effect.

An increase in the number and severitypofidings-related insurece claims. Problems
for staff accessing the workplace. Increased absenteeism.

Sea level rise would be significant but low risk.

Air conditioning maintenancand possible enhancement.

More floods, more storms.

Possible leaks, storm damage to hai, increased energy costs for HVAC,
accessibility to building due to flooding, incredgeest control due to flooding, increased
spending.

High cost of runmg air conditioning.

Uncomfortable working environment, ireased demand for air conditioning, increased
use of utilities.

In central London, flooding is a major rigkd would make our offices inaccessible.
Higher requirement on energy consumption ttumcreased temperatures and the like.
Higher importance on disaster recovery regirteedeal with floods and other weather
extremes.

Work attendance and contact with clients.

Problems with tenants’ units being flooded, f@sg in more insurance claims and higher
premiums due to higher risk weightings.

Increased utilities spend.

Our main office is in London not far from banks of River Thames.

Air conditioning unable to cope, stafatrel issues, stwellbeing issues.
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Impacts identified by FM contractors

Loss of building function.

Flood damage and disruption to businesgatpen. Displacement. Increase demand on
mechanical cooling and change to staff awedfarrangements. Water rationing — affecting
hygiene and some other services.

Damage to roofs and rooftop instaltats from high wind. Increased use of air-
conditioning and in some cases installatidrir conditioning taalleviate high summer
temps.

Issues relating to chillarapacity to meet the demand for cooling in buildings.

Flooding — need to review measures. Haohswers — look to more effective ways of
keeping building cool.

Additional rainfall increasing the potential whter ingress, damage to buildings. Also,
overloading land drains cauagj flooding to roads and pathways. We have our own
private water supply, reduced snowfall omsuer droughts could reduce the water table
and possibly change the water quality. Incraasimmer temperatures may increase the
demand for air conditioning increasingerational and maintenance costs.

Increased summer temperature may increl@seand for cooling equipment (e.g. fans,
portable A/C). Increased risk of drought wiisult in greater demand for bottled water to
be supplied for staff in the buildings (reased costs, impact on environment through
transport costs etc.).

Interruptions to ability to deliver service.

More absenteeism. Greater risk of fires. #aged cost to control grounds. Greater cost to
control heat-related problems — i.e. morgirent shift changesrfemployees having to
wear protective clothing to ensure thia¢y do not get dehydrated, causing greater
manpower cost to cover shift changes.

Flooding — restricted access. Damage to property.

We have no air conditioning and theilding would become uncomfortable.

Unbearable heat within certain buildings.

Damage to property, resulg in loss of business.

In the Education and Healthcare marketdlent operation coulthe affected, operating
costs for energy will increase as will insuranghe effect to the service provider is
reflected in the full-risk PFI contess, both financial and operational.

We service mainly retail premises —

1. The capability of the building's infrastruattio cope with the increased water.

2. Impact on the buildings themselves due to more frequent storms.

3. Impact on design and operatiorrefrigeration and HVAC systems.

4. Increased energy consumption.

Property damage and digation to operations.

People not turning up to work becausdlobding; office closing because droughts
prevents use of toilets; air conditioning nopmng with summer heat, resulting in office
low productivity.

Cooling of buildings will become more difilt and expensive. Also will consume more
energy.

Unhappy customers going home with heat-selassues. Costs to the FM business in
client claiming unavailability.

Flooding to be the main issue, particularlighin the coastal areas of the UK, as well as
most of Scotland.
Several older buildings would have a ragument for installation or improved air-
conditioning/ventilation.
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Storms and flooding may impact on one or more premises.

Increased water recycling & large reductiamsvinter energy, small increase in summer
electrical energy.

Property damage, disruption to services etc.

Failure of air conditioning systems, unacceptaternal temperatures, shortage of water
supplies.

1. Building is located adjacent to the Riverftes. 2. Working in a hot building with an
existing large cooling load. 3. Drought iretBouth of England may lead to water
rationing; our reliance on reliable mains supplyvater for building coling etc. is total.

Building structure could baffected as listed building.
More buildings flooding.

Local flooding to car parks thabuld affect attendance r&tail units. Higher level of
cooling required to keep malls cool.

Impacts identified by response$rom ‘unclassified’ sector

Building costs — repair damage, mitigate risks. Increase utilities [costs] — heaters /AC.
Effect on working environment and conditions.

We have a lot of older buildings with hisimal lack of investment. Storm damage is
easily incurred, and more frequent stormb rgquire us to divertapital funding from
other priorities.

Increased usage of AC, higher water us&ignificant potential damage to clients
premises.

More flooding means inabilitgf staff to get to work.

Additional air con, flood damage and water restrictions.

Maintaining comfortable office temperatures.

Less energy used to heat a single-glazeedibuilding. More energy used in trying to
cool the same listed buiky without air conditioning.
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Appendix 11: Correlation statistics for adaptation correlations R1 to R7

R1) Environmental inclination and belief in human-induced climate change occurrence

Correlations
Total NEP Belief in human
score (g20a | induced climate
to g20h) change occurrence
Spearman's rhg Total NEP score Correlation 1.000 0.440
(g20a to q20h) Coefficient
Sig. (2-tailed) : 0.000
N 168 168
Belief in human Correlation 0.440 1.000
induced climate Coefficient
change occurrence Sig. (2-tailed) 0.000 .
N 168 168
**_Correlation is significant at the 0.01 level (2-tailed).

R2) Environmental awareness and perceiving climate change as a risk

Correlations
Climate change Total NEP
perceived as |score (g20a to
risk g20h)
Spearman's rho |Climate change perceived|Correlation Coefficient |{1.000 0.230
as risk Sig. (2-tailed) 0.042
N 82 79
total NEP score (q20a to |Correlation Coefficient |0.230 1.000
q20h) Sig. (2-tailed) 0.042 .
N 79 79
*. Correlation is significant at the 0.05 level (2-tailed).

R3) Belief in human-induced climate change occurrence and perception of risk

Correlations

Belief in human Climate change
induced climate perceived as
change risk
Spearman's rho |Belief in human Correlation Coefficient |1.000 0.309
induced climate  [gjq "> _ajled) 0.000
change
N 169 169
Climate change Correlation Coefficient |0.309° 1.000
perceived as Risk  sjqg. (2-tailed) 0.000 .
N 169 169
** Correlation is significant at the 0.01 level (2-tailed).
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R4) Environmental awareness and climate change being viewed as a taxation tool

Correlations

Total NEP score | View that climate
(q20a to q20h) change is used as
taxation tool
Spearman's rho | Total NEP score | Correlation 1.000 -0.247
(g20a to q20h) Coefficient
Sig. (2-tailed) : 0.001
N 166 166
View that climate | Correlation -0.247 1.000
change is used as| Coefficient
taxation tool Sig. (2-tailed) 0.001 .
N 166 166
** Correlation is significant at the 0.01 level (2-tailed).

R5) Belief in human-induced climate change and climate change being viewed as a taxation tool

Correlations

Belief in human | View that climate
induced climate | change is used as
change taxation tool
Spearman's rho | Belief in Correlation 1.000 —0.459
human-induced | Coefficient
climate change | Sig. (2-tailed) . 0.000
N 164 164
View that Correlation —0.459 1.000
climate change | Coefficient
is used as Sig. (2-tailed) 0.000 .
taxation tool N 164 164
** Correlation is significant at the 0.01 level (2-tailed).

Appendix continued overleaf
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R6) Positive environmental inclination supports mitigation action in the organisation

Mitigation measure as a routine part of FMstrategy vs Total NEP score (cross—tabulation)

Total NEP score
low moderate | high V.high | Total
Mitigation measure Yes | Count 8 20 40 14 82
as routine part of FM ExpectedCount 7.3 26.9 37.3 10.4 82.0
strategy? % within Mitigation 9.8% | 24.4% 48.8%| 17.1%  100.0%
measure as routine part
of FM strategy
% within Total NEP 66.7% | 45.5% 65.6%| 82.4% 61.2%
score
% of Total 6.0% 14.9% 29.9% 10.4% 61.2%
No Count 4 24 21 3 52
ExpectedCount 4.7 17.1 23.7 6.6 52.0
% within Mitigation 7.7% 46.2% 40.4%| 5.8% 100.0P%6
measure as routine part
of FM strategy
% within Total NEP 33.3% | 54.5% 34.4%| 17.6% 38.8%
score
% of Total 3.0% 17.9% 15.7% 2.2% 38.8%
Total | Count 12 44 61 17 134
ExpectedCount 12.0 44.0 61.0 17.0 134.0
% within Mitigation 9.0% 32.8% 455%| 12.7%  100.0%
measure as routine part
of FM strategy
% within Total NEP 100.0%| 100.0% 100.0% 100.0p6 100.0%
score
% of Total 9.0% 32.8% 45.5% 12.7% 100.0%
Chi-Square Tests
Value Df Asymp. Sig. (2-sided)
Pearson Chi-Square 8.439 3 0.038
Likelihood Ratio 8.690 3 0.034
Linear-by-Linear Association | 3.956 1 0.047
N of Valid Cases 134

a. 1 cells (12.5%) have expected count less than 5. The minimum expected count is 4.66.
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R7) Correlation between climate change perceptioas a risk and organisational approach towards
adaptation

Case processing summary
Cases
Valid Missing Total
N Percent N Percent N Percent
Climate change perceived as | 159 100.0% 0 .0% 159 100.0%
Risk * Organisational
approach to impacts.
Climate change perceived as a risk vs orgardional approach to impacts (cross—tabulation)
Organisational approach to impacts Total
No measures in place| Measures in
place
Climate Disagree| Count 18 20 38
change Expected Count 9.8 28.2 38.0
perceived % within Climate change| 47.4% 52.6% 100.0%
as a risk? perceived as risk
% within organisational | 43.9% 16.9% 23.9%
approach to impacts
% of Total 11.3% 12.6% 23.9%
Agree Count 23 98 121
Expected Count 31.2 89.8 121.0
% within Climate change| 19.0% 81.0% 100.0%
perceived as risk
% within organisational | 56.1% 83.1% 76.1%
approach to impacts
% of Total 14.5% 61.6% 76.1%
Total Count 41 118 159
Expected Count 41.0 118.0 159.0
% within Climate change| 25.8% 74.2% 100.0%
perceived as risk
% within organisational | 100.0% 100.0% 100.0%
approach to impacts
% of Total 25.8% 74.2% 100.0%
Chi-Square Tests
Value df | Asymp. Sig. Exact Sig. Exact Sig.
(2- sided) (2-sided) (1-sided)
Pearson Chi-Square 12.154 | 1 | 0.000
Continuity correction 10.717 | 1| 0.001
Likelihood ratio 11.248 | 1| 0.001
Fisher's Exact est 0.001 0.001
Line-by-line association 12.078 1 0.001
No. of valid cases (159 | | | |
a. 0 cells (.0%) have expected count less than 5nMim expected count is 9.80. / computed for 2x2 table
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Appendix 12:Correlation chi-square statistics for adaptation

1) Experience of extreme events vs perception of risk (chi square)

Case Processing Summary

Cases

Valid Missing Total

N Percent | N Percent | N Percent
Climate change 120 100.0% | O .0% 120 100.0%

perceived as Risk *

Climate related events

Climate change perceived as a risk vdimate-related events (cross-tabulation)

climate related Total
events
No yes
Climate change No Count 21 11 32
perceived as a risk? Expected Count 16.0 16.0 32.0
% within Climate | 65.6% 34.4% | 100.09
change perceived as
risk
% within climate 35.0% 18.3% | 26.7%
related events
% of Total 17.5% 9.2% 26.7%
Yes Count 39 49 88
Expected Count 44.0 44.0 88.0
% within Climate | 44.3% 55.7% | 100.09
change perceived as
risk
% within climate 65.0% 81.7% | 73.3%
related events
% of Total 32.5% 40.8% | 73.3%
Total Count 60 60 120
Expected Count 60.0 60.0 120.0
% within Climate | 50.0% 50.0% | 100.09
change perceived as
risk
% within climate 100.0% 100.0%| 100.09
related events
% of Total 50.0% 50.0% | 100.0¢
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Chi-square tests

Value | df Asymp. Sig. Exact Sig. Exact Sig.
(2-sided) (2-sided) (1-sided)
Pearson chi-square | 4.26TF | 1 0.039
Continuity 3452 | 1 0.063
correction®
Likelihood ratio 4317 | 1 0.038
Fisher's Exact Test 0.062 0.031
Line-by-Line 4226 | 1 0.040
association
No. of valid cases 120

a. 0 cells (.0%) have exped count less than 5. The mimim expected count is 16.00.

b. Computed only for a 2x2 table

313

Continued overleaf




2) Extreme event vs addressing cliate change adaptation (chi-square)

Case Processing Summary

Cases
Valid Missing Total
N Percent | N Percent | N Percent
Addressing 213 100.0% | O .0% 213 100.0%

climate change
adaptation vs

climate-related
extreme events

Addressing climate change adaptatiori climate related events cross tabulation

climate related extreme | Total
events
yes No
Addressing | No Count 22 38 60
climate Expected Count 30.4 29.6 60.0
change % addressing climate change 36.7% 63.3% 100.0%
adaptation adaptation
% within climate related 20.4% 36.2% 28.2%
extreme events
% of Total 10.3% 17.8% 28.2%
Yes Count 86 67 153
Expected Count 77.6 75.4 153.0
% addressing climate change 56.2% 43.8% 100.0%
adaptation
% within climate related 79.6% 63.8% 71.8%
extreme events
% of Total 40.4% 31.5% 71.8%
Total Count 108 105 213
Expected Count 108.0 105.0 213.0
% addressing climate change 50.7% 49.3% 100.0%
adaptation
% within climate related 100.0% 100.0% 100.0%
extreme events
% of Total 50.7% 49.3% 100.0%
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Chi-Square Tests

Value df Asymp. Sig. Exact Sig. | Exact Sig.
(2-sided) (2-sided) (1-sided)
Pearson Chi-Square 6.585' 1 0.010
Continuity Correction” 5.827 1 0.016
Likelihood Ratio 6.642 1 0.010
Fisher's Exact Test 0.014 0.008
Linear-by-Linear 6.554 1 0.010
Association
N of Valid Cases 213

a. 0 cells (.0%) have expecdt count less than 5. The mimim expected count is 29.58.

b. Computed only for a 2x2 table

3) Involvement with institutions supporting climate mitigation/adaptation programmes

Knowledge of UK climate impact programmes

Frequency | Percent | Valid Cumulative
Percent % Percent %
Valid Aware 69 14.6 16.9 16.9
Involved 6 1.3 15 18.3
Not aware/ 334 70.6 81.7 100.¢
not involved
Total 409 86.5 100.0
Missing System 64 13.5
Total 473 100.0
UKCIP framework
Frequency | Percent | Valid Cumulative
Percent Percent
Valid Aware 62 13.1 15.2 15.2
Involved 9 1.9 2.2 17.4
Not aware/ 336 71.0 82.6 100.0
not involved
Total 407 86.0 100.0
Missing System 66 14.0
Total 473 100.0
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Appendix 13 — Correlation chi-square staistics for mitigation (hypothesis H5)

R1) Correlation between financial benefit flom mitigation measures and CSR as an

influencing driver.

Case processing summary

Cases
Valid Missing Total
N Percent N Percent N Percent
Financial benefit of 118| 100.0% 0 .0% 118 100.0%
mitigation measures vs
Q17 option 3
Financial benefit of mitigation measures v SR as influencing driver (cross—tabulation)
CSR as influencing driver
CSR notas | CSR as | Total
a driver a driver
Financial benefit | Yes Count 5 70 75
from mitigation Expected Count 9.5 65.5 75.0
measures? % within financial benefit | 6.7% 93.3% | 100.0%
of mitigation measures
% within CSR as 33.3% 68.0% | 63.6%
influencing driver
% of Total 4.2% 59.3% 63.6%
No Count 10 33 43
Expected Count 5.5 37.5 43.0
% within financial benefit | 23.3% 76.7% | 100.0%
of mitigation measures
% within CSR as 66.7% 32.0% | 36.4%
influencing driver
% of Total 8.5% 28.0% 36.4%
Total | Count 15 103 118
Expected Count 15.0 103.0 118.0
% within financial benefit | 12.7% 87.3% | 100.0%
of mitigation measures
% within CSR as 100.0% 100.0% | 100.0%
influencing driver
% of Total 12.7% 87.3% 100.0%
Chi-square tests
Value df Asymp.Sig. | Exact Sig. Exact Sig.
(2-sided) (2-sided) (1-sided)
Pearson chi-square 6.778 1 0.009
Continuity correction® | 5.366 1 0.021
Likelihood ratio 6.504 1 0.011
Fisher's Exact Test 0.019 0.011
Line-by-line 6.721 1 0.010
association
No. of valid cases 118
a. 0 cells (.0%) have exped count less than 5. The nimum expected count is 5.47.
b. Computed only for a 2x2 table | \ | \
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R2) Correlation between the routine mitigation measures and drivers for the measures

(financial and CSR).

Case processing summary

nt

Cases
Valid Missing Total
N Percent N Percent N Percer
Mitigation measure as 95| 100.0% 0 .0% 9%  100.04

routine part of FM strategy

vs Financial benefit of
mitigation measures

Mitigation measure as routinepart of FM strategy vs Financial benefit of mitigation
measures (cross-tabulation)
Financial benefit of mitigation
measures
Yes No Total
Mitigation measure | Yes Count 47 15 62
as routine part of Expected Count 41.1 20.9 62.0
FM strategy? % within mitigation 75.8% 24.2% 100.0%
measure as routine paft
of FM strategy
% within financial 74.6% 46.9% 65.3%
benefit of mitigation
measures
% of Total 49.5% 15.8% 65.3%
No Count 16 17 33
Expected Count 21.9 11.1 33.0
% within mitigation 48.5% 51.5% 100.0%
measure as routine paft
of FM strategy
% within financial 25.4% 53.1% 34.7%
benefit of mitigation
measures
% of Total 16.8% 17.9% 34.7%
Total Count 63 32 95
Expected Count 63.0 32.0 95.0
% within mitigation 66.3% 33.7% 100.0%
measure as routine paft
of FM strategy
% within financial 100.0% 100.0% 100.0%
benefit of mitigation
measures
% of Total 66.3% 33.7% 100.0%
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Chi-square tests

Value df Asymp.Sig. | Exact Sig. Exact Sig.
(2-sided) (2-sided) (1-sided)
Pearson chi-square 7.197 1 0.007
Continuity correction® | 6.026 1 0.014
Likelihood ratio 7.068 1 0.008
Fisher's Exact Test 0.012 0.007
Line-by-line 7.121 1 0.008
association
No. of valid cases 95

a. 0 cells (.0%) have expecktcount less than 5. The mimim expected count is 11.12.

b. Computed only for a 2x2 table
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R3) Involvement with external institution and financial gain through the routine mitigation

measures

Financial benefit of mitigation measures vdnvolvement with external organisations

(cross-tabulation)

Involvement with external

org.
no yes Total
Financial benefit of Yes Count 27 49 76
mitigation measures Expected Count 39.1 36.9 76.0
% within financial 35.5% 64.5% 100.0%
benefit of mitigation
measures
% within Q18d:2 31.0% | 59.8% | 45.0%
No Count 25 18 43
Expected Count 22.1 20.9 43.0
% within financial 58.1% 41.9% 100.0%
benefit of mitigation
measures
% within Q18d:2 28.7% | 22.0% 25.4%
Don't Count 35 15 50
know Expected Count 25.7 24.3 50.0
% within financial 70.0% 30.0% 100.0%
benefit of mitigation
measures
% within Q18d:2 40.2% 18.3% 29.6%
Total Count 87 82 169
Expected Count 87.0 82.0 169.0
% within financial 51.5% 48.5% 100.0%
benefit of mitigation
measures
% within Q18d:2 100.0%| 100.0% 100.09%
Chi-square tests
Value Df Asymp. Sig.
(2-sided)
Pearson chi-square 15.373 2 0.000
Likelihood ratio 15.685 2 0.000
Line-by-line association 14.918 1 0.000
No. of valid cases 169

a. 0 cells (.0%) have expecdt count less than 5. The mimim expected count is 20.86.
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Appendix 14 — Correlation chi-square staistics for mitigation (hypothesis H6)

R1) Identifying the impacts and consideringmpacts of the future climate changes in
disaster recovery planning or risk assessment.

Case processing summary

Cases
Valid Missing Total
No. Percent | No. Percent| No. Percent
Climate change as part | 164 100.0% | O .0% 164 100.0%

of disaster recovery
planning vs Anticipated
impacts coded

Climate change as part of disaster recary planning vs Anticipated impacts coded
(cross—tabulation)

Anticipated impacts Total
coded
None to Sig/maj
moderate
Climate change | No Count 28 30 58
as part of Expected Count 20.2 37.8 58.0
disaster % within climate change| 48.3% 51.7%
recovery as part of disaster 100.0%
planning? recovery planning
% within anticipated 49.1% 28.0% | 35.4%
impacts coded
% of Total 17.1% 18.3% 35.4%
Yes | Count 29 77 106
Expected Count 36.8 69.2 106.0
% within climate change| 27.4% 72.6% | 100.0%
as part of disaster
recovery planning
% within anticipated 50.9% 72.0% | 64.6%
impacts coded
% of Total 17.7% 47.0% 64.6%
Total Count 57 107 164
Expected Count 57.0 107.0 164.0
% within climate change| 34.8% 65.2% | 100.0%
as part of disaster
recovery planning
% within anticipated 100.0% 100.0% | 100.0%
impacts coded
% of Total 34.8% 65.2% 100.0%
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Chi-square tests
Value | df Asymp. Sig. Exact Sig.| Exact Sig.
(2-sided) (2-sided) (1-sided)
Pearson chi-square 7.233 | 1 0.007
Continuity correction® [ 6.340 | 1 0.012
Likelihood ratio 7.127 | 1 0.008
Fisher's Exact Test 0.010 0.006
Line-by-line 7.189 | 1 0.007
association
No. of valid cases 164
a. 0 cells (.0%) have expecdt count less than 5. The mimim expected count is 20.16.
b. Computed only for a 2x2 table

R2) Perception of risk vs identification of impact

Correlations

Climate change | Level of impact
perceived as risk| due to more winter
rain
Spearman's | Climate change | Correlation 1.000 0.268
rho perceived as Risk| Coefficient
Sig. (2-tailed) | . 0.016
N 82 81
Level of impact | Correlation 0.268 1.000
due to more Coefficient
winter rain Sig. (2-tailed) | 0.016 .
N 81 81

*. Correlation is significant at the 0.05 level (2-tailed).

Correlations

Climate change | More frequent
perceived as risk| storms
Spearman's | Climate change Correlation 1.000 0.437
rho perceived as risk | Coefficient
Sig. (2-tailed) | . 0.000
N 82 82
More frequent Correlation | .437 1.000
storms Coefficient
Sig. (2-tailed) | 0.000 :
N 82 82
**_Correlation is significahat the 0.01 level (2-
tailed).

continued overleaf
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Correlations
Climate change | Decreased
perceived as risk | snowfall
Spearman's | Climate change Correlation 1.000 0.347
rho perceived as risk | Coefficient
Sig. (2-tailed) | . 0.002
N 82 81
Decreased Correlation | .347" 1.000
snowfall Coefficient
Sig. (2-tailed) | .002 .
N 81 81
** Correlation is significant athe 0.01 level (2-tailed).

Correlations

Climate change

perceived as
risk

Increased winter
temperature

Spearman's | Climate change Correlation 1.000
rho perceived as risk | Coefficient
Sig. (2-tailed) | . 0.024
N 82
Increased winter | Correlation | 0.251 1.000
temperature Coefficient
Sig. (2-tailed) | 0.024
N 81
*. Correlation is significant at the 0.05 level (2-
tailed).
Correlations
Climate change | Frequent and
perceived as severe flooding
risk
Spearman's | Climate change Correlation 1.000 0.365
rho perceived as Risk | Coefficient
Sig. (2-tailed) | . 0.001
N 82
Frequent and Correlation | 0.365 1.000
severe flooding Coefficient
Sig. (2-tailed) | 0.001
N 81

**_Correlation is significahat the 0.01 level (2-

tailed).
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Correlations

Climate change | More extremely
perceived as hot summers
risk
Spearman's | Climate change Correlation 1.000 0.293
rho perceived as risk | Coefficient
Sig. (2-tailed) | . 0.008
N 82 81
More extremely | Correlation | 0.293" 1.000
hot summers Coefficient
Sig. (2-tailed) | 0.008 .
N 81 81

**_Correlation is significant athe 0.01 level (2-tailed).

Correlations

Climate change

More summer

perceived as droughts
risk
Spearman's | Climate Correlation 1.000 0.242
rho change Coefficient
perceived as | Sig. (2-tailed) . 0.030
Risk N 82 81
More summer | Correlation 0.242 1.000
droughts Coefficient
Sig. (2-tailed) 0.030 .
N 81 81
*, Correlation is significant at the 0.05 level (2-
tailed).
Correlations
Climate change | Changes in
perceived as seasonality
risk
Spearman's | Climate change Correlation 1.000 0.270
rho perceived as risk | Coefficient
Sig. (2-tailed) | . 0.015
N 82 81
Changes in Correlation 0.270 1.000
seasonality Coefficient
Sig. (2-tailed) | .015 .
N 81 81

*. Correlation is significant at the 0.05 level (2-tailed).
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R3) Perception of climate change as a risks. considering future climate impacts

(chi-square)

Case Processing Summary

Cases

Valid Missing Total

No. Percent No. Percent| No. Percent
Climate change 100 100.0% 0 .0% 100 100.0%

perceived as risk
vs Event resulting
in considering
climate change

Climate change perceived as a risk vs Evénresulting in considering climate change
(cross-tabulation)

Event resulting in Total
considering climate
change
No Yes
Climate No Count 18 8 26
change Expected Count 13.0 13.0 26.0
perceived % within climate change 69.2% 30.8% | 100.0%
as risk? perceived as risk
% within event resulting in | 36.0% 16.0% | 26.0%
considering climate change
% of Total 18.0% 8.0% 26.0%
Yes Count 32 42 74
Expected Count 37.0 37.0 74.0
% within climate change 43.2% 56.8% | 100.0%
perceived as risk
% within event resulting in | 64.0% 84.0% | 74.0%
considering climate change
% of Total 32.0% 42.0% 74.0%
Total Count 50 50 100
Expected Count 50.0 50.0 100.0
% within climate change 50.0% 50.0% | 100.0%
perceived as risk
% within event resulting in | 100.0% 100.0% | 100.0%
considering climate change
% of Total 50.0% 50.0% 100.0%
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Chi-square tests

Value df Asymp. Sig. Exact Sig. Exact Sig.
(2-sided) (2-sided) (1-sided)
Pearson chi-square 5.198 | 1 0.023
Continuity 4,210 1 0.040
correction®
Likelihood ratio 5.303 1 0.021
Fisher's Exact Test 0.039 0.020
Line-by-line 5.146 1 0.023
association
No. of valid cases 100

a. 0 cells (.0%) have expect count less than 5. The nimim expected count is 13.00.

b. Computed only for a 2x2 table
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R4) Experience of an extreme event vs cadsring future climate change impacts.

Climate related events vs Evernresulting in considering climate change (cross-tabulation

Event resulting in considering
climate change
Yes No Total
Climate-related | Yes Count 57 16 73
events Expected Count 33.4 39.6 73.0
experienced? % within climate 78.1% 21.9% 100.0%
related events
% within event 87.7% 20.8% 51.4%
resulting in considering
climate change
No Count 8 61 69
Expected Count 31.6 37.4 69.0
% within climate 11.6% 88.4% 100.0%
related events
% within event 12.3% 79.2% 48.6%
resulting in considering
climate change
Total Count 65 77 142
Expected Count 65.0 77.0 142.0
% within climate 45.8% 54.2% 100.0%
related events
% within event 100.0% 100.0% 100.0%
resulting in considering
climate change
Chi-square tests
Value Df | Asymp.Sig. Exact Sig. Exact Sig.
(2-sided) (2-sided) (1-sided)
Pearson chi-square 63.175 |1 0.000
Continuity correction” |60.524 | 1 0.000
Likelihood ratio 69.553 1 0.000
Fisher's Exact Test 0.000 0.000
Line-by-line 62.730 1 0.000
association
No. of valid cases 142

a. 0 cells (.0%) have expectedunt less than 5. The minimwwpected count is 31.58./ for 2

table
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R5) Extreme event vs identificion of impact (chi square).

Case Processing Summary

Cases
Valid Missing Total
No. Percent | No. Percent | No. Percent
Climate related events | 175 100.0% | O .0% 175 100.0%

vs Anticipated impacts

coded
Climate related events vs Anticipéed impacts coded (cross-tabulation)
Anticipated impacts coded Total
none to sig/maj
moderate
Climate | No | Count 44 48 92
related Expected Count 32.6 59.4 92.0
events % within climate related events| 47.8% 52.2% 100.0%%
seen? % within anticipated impacts | 71.0% 42.5% 52.6%
coded
% of Total 25.1% 27.4% 52.6%
Yes | Count 18 65 83
Expected Count 29.4 53.6 83.0
% within climate related events)  21.7% 78.3% 100.0P0
% within anticipated impacts | 29.0% 57.5% 47.4%
coded
% of Total 10.3% 37.1% 47.4%
Total Count 62 113 175
Expected Count 62.0 113.0 175.0
% within climate related events| 35.4% 64.6% 100.0Po
% within anticipated impacts | 100.0% 100.0% 100.0%
coded
% of Total 35.4% 64.6% 100.0%
Chi-square tests
Value | df Asymp. Sig. Exact Sig. | Exact Sig.
(2-sided) (2-sided) (1-sided)
Pearson chi-square 13.037 | 1 0.000
Continuity correction® 11915 | 1 0.001
Likelihood ratio 13.352 | 1 0.000
Fisher's Exact Test 0.000 0.000
Line-by-line association | 12.958 | 1 0.000
No. of valid cases 175
a. 0 cells (.0%) have exped count less than 5. The mimim expected count is 29.41.
b. Computed only for a 2x2 table
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Appendix 15: Logistic regression statistics
for adaptation equations (1), (2) and (3)

(1) Climate-related extreme events experiencéCE) + Perception of climate change as a
risk (PR) = Identification of future climate change impacts (IM)

Case processing summar

Unweighted Casés N Percent

Selected Cases Included in Analysis 106 100.0
Missing Cases 0 0.0
Total 106 100.0

Unselected Cases 0 0.0

Total 106 100.0

a. If weight is in effect, see classiition table for the total number of cases.

Dependent variable coding

Original Value Internal Value
none to moderate 0
sig/maj 1
Categorical variable coding
Frequency Parametecoding
Climate-related events No 52 0.000
Yes 54 1.000
Block O: Beginning block
lteration history ®"*
Iteration -2 Log likelihood Coefficients
Constant
Step0 | 1 100.625 1.283
2 99.696 1.505
3 99.692 1.521
4 99.692 1.521

a. Constant is included in the model.

b. Initial -2 Log Likelihood: 99.692

c. Estimation terminated at iteration numBdsecause parameter estimates changed by les
than 0.001.

n

Classification tablé*®

Observed Predicted
Anticipatedimpactscoded
none to moderate sig/maj
Step O | Anticipated impacts | none to moderate| O 19
coded sig/maj 0 87

a. Constant is included inghmodel./ b. The cut value is 0.500
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Classification tablé*”

Observed Predicted
Percentag€orrect
Step O | Anticipated impacts coded  none to moderate 0.0
sig/maj 100.0

a. Constant is included in the model.

b. The cut value is 0.500

Variables in the equation

B S.E. Wald df Sig. Exp(B)
Step0 | Constant | 1.521 0.253 36.099 1 0.000 4.579
Variables not in the equation
Score df Sig.
Step 0 | Variables | Climate related extreme events 15.132 1 0.000
Climate change perceived as a risk 14.294 1 0.000
Overall Statistics 26.390 2 0.000

Block 1: Method = Enter

lteration history ¢4
Iteration -2Log Coefficients
likelihood Constant Extreme events Risk perception

Stepl| 1 80.346 -0.950 1.044 0.477

2 71.700 -1.886 1.854 0.783

3 70.215 -2.375 2.405 0.940

4 70.128 -2.493 2.594 0.978

5 70.127 -2.500 2.610 0.980

6 70.127 -2.500 2.611 0.980

a. Method: Enter

b. Constant is included in the model.

c. Initial -2 Log Likelihood: 99.692

n

d. Estimation terminated at iteration numbdrecause parameter estimates changed by les
than 0.001.
Omnibus tests of model coefficients
Chi-square df Sig.
Step1l| Step 29.565 2 0.000
Block 29.565 2 0.000
Model 29.565 2 0.000
Model summary
Step -2 Log likelihood Cox & SnelR Square Nagelkerke R Square
1 70.127 0.243 0.399

a. Estimation terminated at iteration numbdyecause parameter estimates changed by les
than 0.001.

[92)
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Hosmer and Lemeshow Test

Step Chi-square df Sig.
1 2.115 5 0.833
Contingency table for Hosmer and Lemeshow Test
Anticipated impacts coded = | Anticipated impacts coded = | Total
none to moderate sig/maj
Observed Expected | Observed | Expected
Stepl| 1 7 6.882 3 3.118 10
2 5 5.871 10 9.129 15
3 5 3.751 14 15.249 19
4 2 1.419 13 13.581 15
5 0 0.632 14 13.368 14
6 0 0.366 21 20.634 21
7 0 0.079 12 11.921 12
Classification table®
Observed Predicted

Anticipatedimpactscoded

none to moderate sig/maj
Step 1 | Anticipated impacts| none to moderate 7 12
coded sig/maj 3 84
a. The cut value is 0.500
Classification table’
Observed Predicted
Percentag€orrect
Step 1 | Anticipated impacts coded none to moderate 36.8
sig/maj 96.6
a. The cut value is 0.500
Variables in the equation
B S.E. | Wald df | Sig. | Exp(B)
Step| Climate related extreme events 2611 0.821 10.102| 1 0.001 13/606
1* | Climate change perceived as a risk 0.980 0.308 10.148] 1 0.001 2.665
Constant -2.500 1.0345.845 |1 |0.016|0.082

a. Variable(s) entered on stepEtreme events, Risk perception

Correlation matrix

Constant | Climaterelated Climate change
extreme events perceived as a risk
Step 1| Constant 1.000 -0.282 -0.947
Climate related extreme -0.282 1.000 0.162
events
Climate change perceived @s0.947 0.162 1.000
a risk
Casewise list
Case Selected | Observed Predicted Predicted Temporary Variable
Statu$ anticipated Group Resid ZResid
impacts coded
1 S n** 0.888 S -0.888 -2.817
78 S n** 0.888 S -0.888 -2.817

a. S = Selected, U = Unselecakes, and ** = Misclassified cases.

b. Cases with studentized residugilsater than 2.000 are listed.
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(2) Extreme events resulting in examining climte change impacts (CIM) + Identification of
future climate change impacts (IM) = Includng climate change impacts in disaster
recovery or future risk assessment (DR)

Case processing summary

Unweighted Casés N Percent
Selected Cases Included in Analysis 106 100.0
Missing Cases 0 .0
Total 106 100.0
Unselected Cases 0 .0
Total 106 100.0

a. If weight is in effect, see classiition table for the total number of cases.

Dependent variable coding

Original Value

Internal Value

No

0

Yes

1

Categorical variable coding

Frequency | Parametecoding
Anticipated impacts coded| none to moderate 19 0.000
sig/maj 87 1.000
Event resulting in No 55 0.000
considering climate change Yes 51 1.000

Block 0: Beginning block

Iteration History

a,b,c

Iteration -2 Log likelihood Coefficients
Constant
Step |1 131.508 0.755
0 2 131.473 0.794
3 131.473 0.794

a. Constant is included in the model.

b. Initial -2 Log Likelihood: 131.473

c. Estimation terminated at iteration numBdrsecause parameter estimates changed by les

[72)

than 0.001.
Classification Tableé*”
Observed Predicted
Climate change as part of disaster recovery
planning
No Yes
Step | Climate change as partof No | O 33
0 disaster recovery planning Yes | 0 73
Overall Percentage

a. Constant is included in the model.

b. The cut value is 0.500
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Classification tablé*”

Observed Predicted
Step 0 | Climate change as pardifaster recovery planning No 0.0
Yes 100.0
Overall Percentage 68.9
a. Constant is included in the model.
b. The cut value is 0.500
Variables in the equation
B S.E. Wald df Sig. Exp(B)
Step0 | Constant | 0.794 0.210 14.326 1 0.00( 2.212
Variables not in the equation
Score | df | Sig.
Step 0 Variables Event resulting in considering future | 8.337 1| 0.004
impacts
Identification of future impacts 2.846 1 0.092
Overall Statistics 9.066 2] 0.011

Block 1: Method = Enter

lteration history ¢4
Iteration -2Log Coefficients
likelihood Constant Event resulting in ldentification of future
considering future | impacts
impacts
Stepl| 1 122.693 -0.043 0.942 0.420
2 122.205 -0.064 1.163 0.454
3 122.203 -0.065 1.180 0.455
4 122.203 -0.065 1.181 0.455

a. Method: Enter

b. Constant is included in the model.

c. Initial -2 Log Likelihood: 131.473

d. Estimation terminated at iteration numBdrvecause parameter estimates changed by leg

than 0.001.

5S

Omnibus tests of model coefficients

Chi-square df Sig.
Step 1| Step 9.270 2 0.010
Block 9.270 2 0.010
Model 9.270 2 0.010

Model summary

Step

-2 Log likelihood

Cox & SnelR Square

Nagelkerke R Square

1 122.203

0.084

0.118

a. Estimation terminated at iteration numBdyecause parameter estimates changed by leg

than 0.001.

5S
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Hosmer and Lemeshow Test

Step | Chi-square df

Sig.

1 1.259 2

0.533

Contingency table for Hosmer and Lemeshow Test

Climate change as part of disaster| Climate change as part of disasterTotal
recovery planning = N recovery planning =Y
Observed Expected Observed Expected
Step [1]9 8.260 7 7.740 16
1 2|15 15.740 24 23.260 39
3|0 0.740 3 2.260 3
419 8.260 39 39.740 48
Classification tablée’
Observed Predicted
Climate change as part of disaster recovery
planning
No Yes
Step 1 | Climate change as partpNo | 9 24
disaster recovery Yes | 7 66
planning
a. The cut value is 0.500
Classification tablée’
Observed Predicted
Percentag€orrect
Step 1 Climate change as part of disaster recovery No 27.3
planning Yes 90.4
Overall Percentage 70.8
a. The cut value is 0.500
Variables in the equation
B S.E. Wald df | Sig. Exp(B)
Step £ | Event resulting in 1.181 0.474 6.196 1| 0.013 3.256
considering future
impacts
Identification of 0.455 0.549 0.688 1| 0.407 1.577
future impacts
Constant -0.065 | 0.472 0.019 |1 |0.891 |0.937

a. Variable(s) entered on stepdonsidering future climate changes, impacts identification

Correlation matrix

Constant Event resulting | Identification of
in considering | future impacts
future impacts

Step 1 | Constant 1.000 -0.123 -0.815
Event resulting in considering -0.123 1.000 -0.258
future impacts
Identification of future -0.815 -0.258 1.000
impacts

Casewise List

a. The casewise plot is not proéddoecause no outliers were found.
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(3) Perception of climate change as risk (PR} Identification of future impacts (IM) =
Events resulting in considering fuure climate change impacts (CIM)

Case processing summary

Unweighted Casés N Percent
Selected Cases Included in Analysis 106 100.0
Missing Cases 0 .0
Total 106 100.0
Unselected Cases 0 .0
Total 106 100.0

a. If weight is in effect, see classiition table for the total number of cases.

Dependent variable coding

Original Value

Internal Value

No

0

Yes

1

Categorical variable coding

Frequency | Parametecoding
Anticipated impacts coded none to moderate 19 0.000
sig/maj 87 1.000

Block 0: Beginning Block
lteration history "
Iteration -2 Log likelihood Coefficients

Constant
Step0 | 1 146.796 -0.075

2 146.796 -0.076

a. Constant is included in the model.

b. Initial -2 Log Likelihood: 146.796

2SS

c. Estimation terminated at iteration numBdrecause parameter estimates changed by ¢
than 0.001.
Classification tableé*”
Observed Predicted
Event resulting in considering climate
change
No Yes
Step 0 | Event resulting in No 55 0
considering climate Yes 51 0

change

Overall Percentage

a. Constant is included in the model.

b. The cut value is 0.500
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Classification tablé*”

Observed Predicted
Percentag€orrect
Step 0 | Event resulting in cadsring climate change No| 100.0
Yes | 0.0
a. Constant is included in the model.
b. The cut value is 0.500
Variables in the equation
B S.E. | Wald | df Sig. Exp(B)
Step0 | Constant| -.076 194 151 1 0.698 0.927
Variables not in the equation
Score df | Sig.
Step 0 | Variables| Identification of future impacts 9.689 1 0.002
Perception of climate change as risk 2.830 1 0.093
Overall Statistics 10.025 0.007
Block 1: Method = Enter
lteration history ¢4
Iteration -2 Log likelihood | Coefficients
Constant impacts(1) RidgRerception

Step 1 1 136.145 -1.682 1.459 0.115

2 135.886 -1.991 1.733 0.124

3 135.884 -2.019 1.760 0.125

4 135.884 -2.020 1.761 0.125

a. Method: Enter

b. Constant is included in the model.

c. Initial -

2 Log Likelihood: 146.796

d. Estimation terminated at iteration numBdrecause parameter estimates changed by le

than 0.001.

SS

Omnibus tests of model coefficients

Chi-square df Sig.
Step 1 Step 10.912 0.004
Block 10.912 2 0.004
Model 10.912 2 0.004

Model summary

Step -2 Log likelihood | Cox & Snell R | Nagelkerke R Square
Square
1 135.884 0.098 0.130
a. Estimation terminated at iteration numlBdrecause parameter estimates changed by le
than 0.001.
Hosmer and Lemeshow Test
Step Chi-square df Sig.
1 0.959 4 0.916

SS
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Contingency table for Hosmer and Lemeshow Test
Event resulting in considering Event resulting in considering Total
climate change = N climate change = Y
Observed Expected Observed Expected
Step |1 |7 7.705 2 1.295 9
1 2 |9 8.295 1 1.705 10
3 |4 4.113 4 3.887 8
4 |12 11.310 12 12.690 24
5 15 14.971 19 19.029 34
6 |8 8.607 13 12.393 21
Classification table?
Observed Predicted
Event resulting in comdering climate change
No Yes
Step 1 | Event resulting in considering | No 20 35
climate change Yes 7 44
a. The cut value is 0.500
Classification table®
Observed Predicted
Percentag€orrect
Step 1 Event resulting in considering | No 36.4
climate change Yes 86.3
a. The cut value is 0.500
Variables in the equation
B S.E. | Wald | df | Sig. Exp(B)
Step | Identification of impacts 1.761 0.698 6.457 |1 0.011 5.8]
1° Perception of climate change as| 0.125 0.207| 0.364 1 0.546 1.133
risk
Constant -2.020/ 0.856 | 5.561 |1 | 0.018 | 0.133
a. Variable(s) entered on stépimpacts, Risk perception.
Correlation matrix
Constant | impacts(1) Risk perception
Step1 | Constant 1.000 -0.480 -0.678
Identification of impacts -0.480 1.000 -0.277
Perception of climate change as| -0.678 -0.277 1.000
risk
Casewise list
Case Selected | Observed Predicted| Predicted | Temporary Variable
Statu$ Event resulting in Group Resid ZResid
considering climate
change
78 S 1x* 0.146 0 0.854 2.423
81 S 1x* 0.146 0 0.854 2.423

a. S = Selected, U = Unselecakes, and ** = Misclassified cases.

b. Cases with studentized residugisater than 2.000 are listed.
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Appendix 16: Collinearity statistics for adaptation/mitigation logistic regression

(1) Climate-related extreme-events experienq€E) + Perception of climate change as
a risk (PR) = Identification of future climate change impacts (IM)

Variables entered/removed

Model Variables Entered Variables Removed Method

1 Climatechange 0 Enter
perceived as risk,

climate related events.

a. All requested variables entered.

b. Dependent variable: anticipated impacts coded

Coefficients'
Model CollinearityStatistics
Tolerance VIF
1 Climate related events 0.987 1.013
Climate change perceived as risk .987 1.013
a. Dependent Variablenticipated impacts codedO
Collinearity diagnostics”
Mode | Dimension| Eigenvalu Conditio | Variance proportions
I e nindex | (Constant) Climate- | Climate
related change
events perceived
as risk
1 1 2.593 1.000 0.01 0.05 0.01
2 0.366 2.661 0.03 0.95 0.03
3 0.041 7.947 0.96 0.00 0.96
a. Dependent variable: anticipated impacts coded

(2) Extreme events resulting in considering ahate change impacts (CIM) + Identification
of future climate change impacts (IM) = Ircluding climate change impacts into disaster
recovery or future risk assessment (DR)

Variables entered/removed

Model Variables Entered Variables Removed Method

1 Event resulting in considering | O Enter
climate change, Anticipated

impacts codetl

a. All requested variables entered.

b. Dependent variable: climate chang@as of disaster recovery planning

337



Coefficients

Model

Collinearitystatistics

Tolerance | VIF
1 Anticipatedmpacts 0.909 1.101
coded
Event resulting in 0.909 1.101
considering climate
change

a. Dependent variable: climate chang@at of disaster recovery planning

Collinearity diagnostics

Mode | Dimension| Eigenvalu| Conditio | Variance Proportions
I e nIndex | (Constant)| anticipatedevent resulting
impacts in considering
coded climate change
1 dime |1 | 2.551 1.000 0.02 0.02 0.05
nsion | 2 | 0.356 2.676 0.09 0.05 0.93
1 3 | 0.093 5.237 0.89 0.92 0.01

a. Dependent variable: climate chang@ait of disaster recovery planning

(3) Perception of climate change as risk ®) + identification of future impacts (IM)
= extreme events resulting considerig future climate change impacts (CIM)

Variables entered/removed
Mode | Variables Entered Variables Removed Method
I
0| 1 | Anticipated impacts coded, Climate changeg O Enter
perceived as risk
a. All requested variables entered.
b. Dependent variable: event resulting in considering climate change
Coefficients'
Model CollinearityStatistics
Tolerance VIF
1 Climate change perceived as Risk 0.865 1.156
Anticipated impacts coded 0.865 1.156
a. Dependent Variable: event remgtin considering climate change
Collinearity diagnostics
Model | Dimension Eigenvalue ConditionVariance proportions
Index (Constant)| Climate Anticipated
change impacts
perceived as coded
risk
1 1 2.852 1.000 0.01 0.01 0.02
2 0.107 5.159 0.14 0.08 0.97
3 0.041 8.355 0.85 0.91 0.01

a. Dependent variable: event reggtin considering climate change
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(4) Legislative drivers (REG) + strategiadrivers (CSR) + organisation size (ORG) =

Addressing mitigation at operational level

Variables entered/removed

Model Variables Entered Variables Removed Method
1 Organisationadize, Enter
Strategic drivers,
Legislative drivers
a. All requested variables entered.
b. Dependent variable: sgaestionnaire Q8a section 6
Coefficients'
Model CollinearityStatistics
Tolerance VIF
1 Strategidrivers 0.991 1.009
Legislative Drivers 0.975 1.026
organisational size 0.969 1.032

a. Dependent variable: see questionnaire Q8a section 6

Collinearity diagnostics

Model | Dimension| Eigenvalu¢ ConditiarVariance Proportions
Index (Constant) | Str| Leg. | Organisationa|
at. size
1 1 3.444 1.000 0.00 0.00.03 | 0.01
1
2 0.428 2.837 0.01 0.00.96 | 0.01
2
3 0.093 6.071 0.02 0.70.02 | 0.29
7
4 0.034 9.998 0.96 0.10.00 | 0.70
9

a. Dependent variable: Operational measures
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(5) Financial benefit from mitigation measues (FMIT) + Addressing climate change at

strategic level (ST) = Mitigation measure foms part of routine FM strategy (MITROU)

Variables entered/removed

Model | Variables Entered Variables Method
Removed
1 Addressing Climate change at strategic level, Enter
financial benefit of mitigation measufes
a. All requested variables entered.
b. Dependent variable: Mitigation measuassa routine part of FM strategy
Coefficients
Model CollinearityStatistics
Tolerance VIF
1 Financial benefit of mitigation measures 0.991 1.009
Addressing Climate change at strategic | 0.991 1.009

level

a. Dependent variable: Mitigation measures as a routine part of FM strategy

Collinearity diagnostics

Model | Dimension | Eigenvaluel ConditipVariance Proportions
nindex | (Constant) | Financial | Addressin
benefit of g Climate
mitigation change at
measures | strategic
level
1 1 2.498 1.000 0.04 0.05 0.05
2 0.340 2.712 | 0.00 0.46 0.63
3 0.163 3.918 |0.96 0.50 0.32

a. Dependent variable: Mitigation measures as a routine part of FM strategy
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Appendix 17: Logistic regression statistics
for mitigation equations (4) and (5)

(4) Legislative drivers (REG) + Strategic drivers (CSR) + Organization size (ORG) =
Addressing mitigation at operational level

Case processing summary

Unweighted Casés N Percent
Selected Cases Included in Analysis 98 99.0
Missing Cases 1 1.0
Total 99 100.0
Unselected Cases 0 .0
Total 99 100.0

a. If weight is in effect, see classiition table for the total number of cases.

Dependent variable coding

Original Value Internal Value

No 0
Yes 1
Categorical Variable codin
Frequency Parametecoding
) 2
Organisational sizg SME 12 0.000 0.000
UK Corporate 33 1.000 0.000
Multinational 53 0.000 1.000
Legislative No 51 0.000
Yes 47 1.000
Strategic No 12 0.000
Yes 86 1.000
Block O: Beginning Block
lteration History *"¢
Iteration -2 Log likelihood | Coefficients
Constant
Step O 1 134.384 0.245
2 134.384 0.246
3 134.384 0.246

a. Constant is included in the model.

b. Initial -2 Log Likelihood: 134.384

c. Estimation terminated at iteration numBdryecause parameter estimates changed by les
than 0.001.

5S
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Classification tablé*”

Observed Predicted
Strategic % Correct
No Yes
Step 0 Operational mitigation measures No 0 43 0.0
Yes 0 55 100.0

a. Constant is included in the model.

b. The cut value is 0.500

Variables in the equation

B S.E. Wald df | Sig. Exp(B)
Step0 | Constant 0.246 0.204 1.462 1 0.227 1.279
Variables not in the equation
Score df Sig.
Step O Variables Strategic 5.379 1 0.020
Legislative 9.646 1 0.002
SME 1.388 2 0.499
UK corporate 0.406 1 0.524
Multinational 1.257 1 0.262
Overall Statistics 18.004 4 0.001
Block 1: Method = Enter
lteration history ¢4
Iteration | -2Log Coefficients
likelihood | Const. | Strategic | Legisl. SME UK corp.
Stepl| 1 115.386 -0.759 1.457 1.334 -0.787 -1.199
2| 114.920 -0.833| 1.755 1.545 -1.019 -1.508
3] 114,918 -0.834| 1.777 1.559 -1.041 -1.534
41114918 -0.834| 1.777 1.559 -1.041  -1.534

a. Method: Enter

b. Constant is included in the model.

c. Initial -2 Log Likelihood: 134.384

d. Estimation terminated at iteration numBdrecause parameter estimates changed by lgss
than 0.001.

Omnibus tests of model coefficients

Chi-square | df Sig.
Step | Step 19.466 4 0.001
1 Block 19.466 4 0.001
Model | 19.466 4 0.001
Model summary
Step | -2 Log Cox & Snell R Nagelkerke R Square
likelihood Square
1 114.918 0.180 0.241

a. Estimation terminated at iteration numBdrecause parameter estimates changed by less
than .001.

Hosmer and Lemeshow Test

Step | Chi-square| df Sig.

1 1.371 4 0.849
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Contingency table for Hosmer and Lemeshow Test

Operational = No

Operational = Yes

Observed

Expected

Observed

Expected

Total

Step 1

8 8.422 3

2.

578

11

14

14.800 9

8.200

23

10

8.443 6

7.557

16

2 1.681 4

4.319

6

7 6.604

17

17

.396

24

O?U‘I-b(JOI\JH

2 3.050

16

14

950

18

Classification tablé

Observed

Predicted

Strategianeasure

No

Yes

Percentag€orrect

Step 1| Operational| No

32

11

74.4

measures Yes

18

37

67.3

a. The cut value is 0.500

Variables in the equation

B

S.E.

Wald

f | Sig.

Exp(B)

Step | Strategic 1.777

0.752

0.018

5.914

1° Legislative 1.559

0.474 10.795

0.001

4.754

SME

d
5594 |1
1
2

3.912

0.141

UK corporate | -1.041

0.834

1.555 1

0.212 0.353

Multinational -1.534

0.805

3.627 1

0.087 0.216

Constant -0.834

0.875

0909 |1

0.340

0.434

a. Variable(s) entered on stepstrategic, legislative, org size

Correlation matrix

Const.

Strategic

Legislative

UK corp.

Multinational

Step 1| Constant 1.000

-0.601

-0.125

-0.

519

-0.539

Strategic -0.601

1.000

0.117

-0.231

-0.231

Legislative | -0.125

0.117

1.000

-0.1

88

-0.264

UK
corporate

-0.519

-0.231

-0.188

1.000

0.817

Multinationa | -0.539

-0.231

-0.264

0.817

1.000

Casewise list

Case | Selected Observed

Statu§ | Operational

Predicted Predictec
Group

| Temporary Variable

Resid

ZResid

57 S 1**

0.133

0

0.867

2.553

a. S = Selected, U = Unselecakes, and ** = Misclassified cases.

b. Cases with studentized residugilsater than 2.000 are listed.
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(5) Financial benefit from mitigation measures (MIT) + Addressing climate change at strategic
level (ST) = Mitigation measures form part of routine FM strategy (MITROU)

Case processing summary

Unweighted casés N Percent
Selected Cases Included in Analysis 99 100.0
Missing Cases 0 0.0
Total 99 100.0
Unselected cases 0 0.0
Total 99 100.0

a. If weight is in effect, see classiition table for the total number of cases.

Dependent variable coding

Original Value Internal Value

No 0

Yes 1

Categorical variable coding

Frequency | Parametecoding
Operational measure No| 430 0.000
Yes | 56 1.000
Strategic measure No| 39 0.000
Yes | 60 1.000
Financial benef of mitigation No |35 0.000
measures yes | 64 1.000

Block 0: Beginning block

lteration history ®"°

Iteration -2 Log likelihood Coefficients
Constant
Step |1 127.381 0.626
0 2 127.371 0.648
3 127.371 0.648

a. Constant is included in the model.

b. Initial -2 Log Likelihood: 127.371

c. Estimation terminated at iteration numBdrecause parameter estimates changed by le
than .001.

SS

Classification tableé*”

Observed Predicted
Mitigation measure as routine part of FM
strategy
No yes %Correct
Step | Mitigation measure as No |0 34 0.0
0 routine part of FM strategy Yes | O 65 100.0
Overall Percentage 65.7

a. Constant is included in the model.

b. The cut value is .500
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Variables in the equation
B S.E. Wal |df | Sig. Exp(B)
d
Step 0 Constant 0.648 0.212 9.31 0.002 1.912
4
Variables not in the equation
Score df Sig.
Step 0 Variables Financial benefit 7.009 1 0.008
Strategic measure 8.188 1 0.004
Operational measure  9.537 1 0.002
Overall Statistics 18.056 3 0.000
Block 1: Method = Enter
lteration history ¢4
Iteration | -2Log Coefficients
likelihood | Const. Financiabeneft | Strategic Legislative
Step |1 | 109.370 -0.872 0.880 0.749 0.840
1 2 | 108.593 -1.050 1.066 0.900 1.017
3 | 108.587 -1.067 1.083 0.914 1.034
4 | 108.587 -1.067 1.083 0.914 1.034

a. Method: Enter

b. Constant is included in the model.

c. Initial -2 Log Likelihood: 127.371

d. Estimation terminated at iteration numBdrecause parameter estimates changed by lgss
than 0.001.

Omnibus tests of model coefficients

Chi-square df Sig.
Step | Step 18.783 3 0.000
1 Block 18.783 3 0.000
Model 18.783 3 0.000
Model summary
Step | -2 Log Cox & Snell | Nagelkerke R Square
likelihood R Square
1 108.587 0.173 0.239

a. Estimation terminated at iteration number 4 because parameter estimates changed by less
than .001.

Hosmer and Lemeshow Test

Step | Chi- df Sig.
square
1 2.395 5 0.792
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Contingency table for Hosmer and Lemeshow Test

Mitigation measure | Mitigation measure as Total
as routine part of FM routine part of FM
strategy = No strategy = Yes
Observ | Expected | Observed Expected
ed
Step |1 9 8.929 3 3.071 12
1 2 6 5.262 4 4.738 10
3 5 6.447 8 6.553 13
4 3 3.809 10 9.191 13
5 4 3.395 8 8.605 12
6 4 2.591 6 7.409 10
7 3 3.567 26 25.433 29
Classification table®
Observed Predicted
Mitigation measure as routine part of FM
strategy
No |Yes | %correct
Step | Mitigation measure as No |15 19 44.1
1 routine part of FM strategy | Yes | 7 58 89.2

a. The cut value is 0.500

Variables in the equation

B S.E. Wald | df | Sig. Exp(B)

Step Financia| 1.083 0.477 5160 1 0.023 2.955
12 | benefit
Strategi | 0.914 0.486 3537 1 0.060 2.494
c
Operatio| 1.034 0.485 4551 1 0.033 2.813
nal
Constan| -1.067 0.482 4894 1 0.027 0.344
t

a. Variable(s) entered on step 1: routine natiign measure, Strategic measure, Operationz
measure

Correlation matrix

Constant | Financial Strategic Operational
Step | Constant 1.000 -0.609 -0.440 -0.355
1 Financial benefit -0.609 1.000 0.037 0.014
Strategic measure -0.440 0.037 1.000 -0.251
Operational measure -0.355 0.014 -0.251 1.000
Casewise list
Case| Selected Observed Predicted Predictedemporary Variable
Statu§ | Mitigation measure as Group Resid ZResid
routine part of FM strategy
36 S 0** 0.877 1 -0.877 -2.670
51 S 0** 0.877 1 -0.877 -2.670
75 |S 0** 0 1 -0.877 -2.670

a. S = Selected, U = Unselecakes, and ** = Misclassified cases.

b. Cases with studentized residugieater than 2.000 are listed.
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