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Abstract

According to thdntergovernmental Panel on Climate Change report A d a pdliimatei on t o
changeas defined as, an adjustment in natural or humgstesms in response to actual or
expected climatic stimuli or their effects, which moderates harm or exploits beneficial
oppor t (WPACt2008)Adaptation is required du® tthe increase in the number of

natural disasterand extreme changes in environnaibnditiors in coastal aresthat are a

function ofsea level rise, floagl extreme heatjrought, ancdtoastal storm surgieom severe

storms. D reduce the impacts ofimate changesks in the future coastal communities

through local government initiatives are compelleddévelop and implemergrass roots

communityplans.

This study is part of an International Communliipiversity Research Alliance (ICURA)
“C-Changé that aims to developcommunitybased adaptatioprotocok based on best
practices and through the evaluatiorth# scientificmethod of problem solvinglesignedo

help coastal communitidse sustainable and fwotect theidocal coastaknvironmerd. To

this end, the thesis reviews the international development and application of adaptive
strategies related to climate change and evaluates these global strategies for identification of

best practices and application to coastal communities.

The objectie of this research is to design and devealoproved GChangecommunity
adaptationframeworls by analyzing theapplications of internationgbrotocolsand local
action planswith respect to the scientific method amidproblem solving through using AHP
(Analytic hierarchy processs a tool, andby choosingbest practiceso provide guidelines

for communities c | i ma-Changa |@WRAdoastalicommmunpiidsa n s f

in Canada

Keywords: Climate change, coastal communities, adaptation pignmilanning protocols,
Canada and the Caribbean.
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1 Introduction

This document presents research in the Mas
University of Ottawa, in the form of a thesis in partial fulfillment of M.&egree in Sysims

Science.

1.1 Background and Motivation

Global climate change has recently become one of the biggest concerns of world leaders. As
discussed in Bal{COP13, 2007) and Kyoto @P3 1997) (UNFCC, 1998), governments

under UN (United Nations) supervisionaged on devel oping a

road
world against future climate chan¢@aimpenter 2008) The agreements in these conferences
provide direction togovernmento work more on protecting communities in their countries

against climate change through activities like developing local action plans. Events such as

the Boxing Day tsunamin Southeast Asia in 2004 and again in the Indian Ocean in 2006,

and the Great Sea of Japan earthquake and tsunami in March 2011 are just some of recent
examples among natural disasters happening all over the world. These events have cost
thousands of ligs and caused enormous social and economic repercugStommpson

2011)

In this situation adaptationis arequred process to manage the societlytheindividual,
community and country level to develop resilienceand capacityagainstthe potential
ravages ofclimate changeThe concept of adaptation is not new. People always adapt to
changs in their lives andhe environment around them due to a variety of threats as

global warming, seéevel rise, hurricanesand tornados(Schiermeier 2011)Nevertheless,
policymakers require tools and adaptation protocols applied at the local level as a guide to

makedec si ons about their communities future &
forecasting methods. In a more specific view of the Canadian perspective, negative impacts
arising from recent severe storms such as Hurricane Gabrielle (2001), Hutgora(2010),

and sea level rise, storm surge, and \Weatherare felt at all levels of Canadian societ

Page [LO
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These natural disasters have affected communities sociallga@mbmically Dorland, Tol
and Palutikof 199p

Under these evolving circumstancegyveloping community based adaptation frameworks
requires policymakers to make clear steps i1

simplify implementation and make them more effective.

In recent yea, Canadian communities have developed sévsttategies to reduce the
negative impacts of extreme climatbanges effectivelyRichardson 2010)it follows that
organizatios in different pars of the world are developng plans for climate change
adaptation These includgroups such akCLEI (Local Governments for Sustainabilifyand
Cooperative for Assistance and Relief Everywhere, Inc. (CARR) order to help
communities play the essential rolé mlanning, implementing, monitoring and evaluating
current action plans and improving the milestofasthe application ofjeneral adaption

plans.

1.2 Problem Definition

In the Natural Resources Canada 2@Q04ptation report(Warren 2004) climate chage
impacts have beedentifiedin different regions of Canada. To reduce the negative impacts
of climate change and take advantage of new opportunities, Canaudiatedaptthemselves

to the evolving situation.Climate changeadaptation provides new oppatunities for
municipalities to prepare their communities agamsgativeclimate change impagin the
future, and use it to reduce coahd damageesulting from thehangingcoastaklimate.

Canadian communities are familiar with the concept of tti@m andare beginning to
recognizethe impacts of climate change on their sociéiyr example, communities have
beendevel oping | ocal action plans relevant to
Alberta, for instance, provincial governmenipport for the Municipal Climate Change

Action Plan (MCCAP) program has been assisting communities to develop local action plans

in all municipalities toward reducing Greenhouse Gas (GHG) emissions, improving recycling

and reuseand increasing overall tHevel of community sustainability (MCCAC, 2009).
Page [L1
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However, as a result ¢fie changing nattal environmentindthe increasing rate of climate
hazardscoastalcommunitiesin particularface new challenges that require specific strategy
development throughinderstanding of their local and regional environmental changes and
vulnerability in the futurgFCM 2009) Coastalcommunitiesin particularhave to consider

factors i n dev esuchmihe maturk of tlimateechamde indheiragea, the
consideration® f climate sensitivity in their regio

climate change.

Analyzing coastalcommunitiesin Canadawith their wide range of different geographical,
ecological and economic distributignshows that for each single commity in different
parts of the country, the needs are to examine specific concerns and (Bctes et al.
2006)

1.3 Research questions and objectives

Based on the problem motivation and problem definition presented alloseedearch

addresses the followirfgcusedquestions:

1. What are thecommon adaptatioprotocols in place globalland applied locally to
assist and dire@ommunities to adapt feerding climate change?

2. How can community climate change adaptation protoapfdied to coastal areas be

effectively evaluated?

3. What is an efficient and effective framework for coastal communities to adtpt

specific interest in the €hange Canadian conumities?

4. What are the communiigased adaptation guidelines that can be identified for the C
Change Canadian coastal communities toward the development of community Action

Plans?

Page [L12
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In this study protocal are designed for managing community adaptattmoudh the
combination of useful steps of curregibbal protocols and exhibited and evidentased
best practices with applied emphasis to selected communities in Canada and the Caribbean

region
To respond to the research questions, the following obje@needesigned for this study:

1. Identify the suite ofspecific protocol and adaptation processeirrently in place

through known international initiatives and local cases studies.

2. Define and applythe scientific method of problem solving as thenulticriteria

framework to comparand evaluatedaptation processes for international initiatives

3. Apply the adaptation framework to determine best practiets gapsfor coastal

communities through current protocols, an

4. Detail the keyc omponents and guidelines of coast
action plans including identifying roles and responsibilities, and operational activities

of community members from best practices of evidetimsed examples.

1.4 Organization of thesis

Thestructure of thigshesisdocumento follow is:

Chapter 2 T Literature review:review of different adaptationprotocols action plansand
their applicatiors are presentethcluding identification ofthe strength and weaknegs of

these processes

Chapter 3 i Methodology: presentation of the adaptation evaluation procedure of the
protocols and case studies through the framework of the scientific method of problem solving
and identification of the mukgriteria structure for evaluating an ideal adaptarotocol to

assist the coastal communities.

Page [L3
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Chapter 47 Analysis andResults: thisChaptempresents the results of the evaluation methods
applied to: (i) the suite of global adaptation protocols; and (ii) tiZh@nhge selected coastal
communities in @nada andncludesrecognition of best practices and characteristics of

effective coastal community adaptation planning

Chapter 57 Community Action Plan and Guidelines: develops the plan for communities to
enhance community preparedness against clicteiage. This chapter discusses responsible
community organizations, and their duties and responsibilities, and household plans (72
hours) for the community, and presents the online action plan database demo for

communities.
Chapter 6 1 The final Chapterprovides considerations for future researahitical analysis

andlimitations of the currentresearchand suggestions for further studa® highlighted

The thesis also provides fully referencddcumentsin the detailed bibliography ofhe
relevantliteratureand for communitybased adaptation plannings well as a complete list of

appendices containing the complete evaluation data and results of the analyses

Page [L14
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2 Literature Review

This chapter presents and discusses the relevant published eyatadaptation protocols
and relevant case studies in Communities Adaptation Plan8exion 2.lintroduces the
global adaptation protocolsn which their specific processesme described and analyzed in

detail.

In Section 2.2related case studiesgtether with applied action plans and methods to cope
with climate change, as well as commigst specific vulnerabilities as a resutf
environmentalssues areprovided.Section 2.3 presents the literature related to the evaluation
framework based on ¢hscientific method of problem solving. Finally, Section 2.4 discusses
methods for multcriteria decision making and specifically, the Analytic Hierarchy Process
(AHP).

In summary, this chapter discusses:

2.1. Global Adaptation Protocols

2.2. Case studies in adagation

2.3. Scientific methods of problem solving
2.4, Multi criteria decision making (AHP)

2.1 Global Adaptation Protocols

In this section we discuss the important global protocoigently being used by local
communities around the world, accompanied by a-Byegtep analysis of each poabl in

order todiscovertheir developmera processesAll the analysis performed in thisection

will be in relationtothever sat i |l ity of coast al communi ties
regard to Canadian communities vul ner abi | i t y Tha glabal prétacalsat e i
reviewed include: (1) ICLEI; (2) FCNPCP; (3) CARE; (4) UNDP; (5) ECCP; and (6) C

Change all defined in further detail below.

Page [L5



M.Sc Systems Science [Ighelich Nadimi

2.1.1ICLEI - Local Governments for Sustainability

ICLEI, t h &terfationalCounci | for Local Environment al I
(ICLEI, 2008). ICLEI, in collaboration withnational and regional local government
organizations commits to support local government to rwsustainable environmental
developmentThe Councilwas established when more than 200 local governments from 43
countries assembled at the World Congress of Local Governments for a Sustainable Future,

in the United Nations in New York 1990(Jackson, et al. 2008)

The aim of ICLEI is to provide techrat consulting, training, and information services to
support local governmesin the local implementation of sustainable development. The main
principle of ICLEI is that locally designed initiatives can provide an effective and cost
efficient way to achiee sustainability objectives on local, national and international
scalesFor reaching the goalsf ICLEI, its Board developed a solid vision and mission for

the organizaton | CLEIl s vi sion is to become:

T A A gr associatigof local governments focuseon sustainable development
with worldwide presence, which has challenging positions, whose voice is heard, and

which is attractive to be a member of , WO

T ABe a power f mdvemenofdocalf dowemments eorking together i

net works for performance, supported by ca
T ABe an effective s ustagencyadmonhsirating creativity e nv i
and excellence in developing advanced solutions and program designx e c ut i on o
(ICLEI 2008)
Furthermore, | CLEI " s mi ssi on i S to buil d a

governments to achieve tangible improvement in global sustainability with a special focus on

environmental contions through cumulative local actioi€LEI 2008)

ICLEI assiss communitiesto achievetheir GHG reduction plan through implememg the

C C P (Cuies for Climate Protectigrfive milestonesthese five milestones presentethod
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for calculating GHG emissi@n measuring and reporting emissions, and developing future
emissions reduction targetdackson et al. 2008T.he CCP milestones are describéxdiefly
in Table 2.1 belowBinder 2007; CCP Australia 20Q9)

Action plan

As described in Table 2.1, in the initial milestone, communitieg bacalculate their GHG
emission consumption for the base year and the forecast year. In the second milestone,
emission reduction targets for the existing emissions are to be set for the targeted period. In
the next step (Milestone 3), the community depslits local action plan designed to achieve

the emissions target set in the previous milestone. These local action plans are to be
implemented by the community (in Milestone 4), with ongoing mitigation (emissions

reduction) monitoring and target attairmeerification of the results (Milestone 5).

The abovementionedive milestones illustrate a flexible and adaptable framework for
analyzing available data in different levelsf society (Federal, local government,
municipality and etc.) This framework 3 applicable glob8l, in all communities (in

developed or developing countriess it satisfieshec o mmuni t i es’ | GeEHdss t h

milestonegICLEI 2008).
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M.Sc Systems Science

Ilghelich Nadimi

No. Milestone Description Action Plan

1 | Conduct a baseline Based on energy consumption and waste generation, the community calculates greenhouse gas emissiony Baseline andorecast
emissions inventory year and also for a forecast year. The inventory and forecast provide a benchmark against which the comn emissions profile
and forecast measure progress.

2 | Adopt an emissions The municipality establishes an emission reduction target for the community. The target both fosters politici Reduction goal stated
reduction target for and creates a framework to guide the planning ampdeimentation of measures. explanation of how
the forecast year developed

3 | Develop a Local Through a multistakeholder process, the community develops a Local Action Plan that describes the polici¢ Outline of actions and
Action Plan measures that the local governmeiit take to reduce greenhouse gas emissions and achieve its emissions | policies that have beer

reduction target. Most plans include a timeline, a description of financing mechanisms, and an assignment| implemented since the
responsibility to departments and staff. In addition to direct greenhousedyasion measures, most plans also | base year
incorporate public awareness and education efforts.

4 | Implement policies The community implements the policies and measuretaoed in their Local Action Plan. Typical policies and| Proposed actions and
and measures measures implemented by CCP participants include energy efficiency improvements to municipal buildingg policies to be

water treatment facilities, streetlight retrofits, public transit improvements, instaltdtrenewable power implemented
applications, and methane recovery from waste management.

5 | Monitor and verify Monitoring and verifying progress on the implementation of measures to reduce or avoid greenbeasisgans| Commitment to

results

is an ongoing process. Monitoring begins once measures are implemented and continues for the life of the

measures, providing important feedback that can be used to improve measures over time.

monitoring and

reviewing

Table 2.1: CCP Milestones. Source: (Binder 2007; CCP Australia 2009)
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2.1.2FCM-PCP

The Partners for Climate Protection (PCP) program is a network of Canadian municipal
governments which are committemireducing greenhouseges and taking actions tawa
adapting to climate changeCM 2009)

The PCP program is the Canadian component
involves more than 900 communities around the world. PCP is in fact a partnership between
the Federation of Canadian Mauaipalities (FCM) and the ICLE+ Local Governments for

Sustainability.

PCP is based on the five milestone framework designed by the Cities for Climate Protection
(CCP)campaigndescribed abovevhich is used to guide municipalities to reduce greenhouse
gasemissiongFCM 2011) As mentionedabove these milestones have several benefits for
communities which include saving cost through increasing energy efficienleyeloping

local renewable energy sources, as well as creating new job opportunities tiievetiping

new market for renewable energy technologies.
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To achieve these benefits PCP developed itsfoxemilestones as follows:

No. Milestone Description Action plan
1 Creating a greenhouse ga A greenhouse gas inventory brings together data on community and municipal { Start a communityvide composting
emissions inventory and forecas| use and solid waste generation in order torege greenhouse gas (GHG) emissions | Program, and launch an awareness
. . L . program on water conservart.
given year. The forecast projects future emissions based on assumptions
population, economic growth and fuel mix.
2 Setting an emissions reduction An emissions reduction target is established. The target is normally set, followii Use financial incentives to help residentg
target development of an emissions inventory and forecast or after the quantification of e| reduce waste, and promote energy
emissions reduction measures. efficiency in the industrial sector
3 Develop local action plan A Local Action Plan (LAP) is a strategic document thatlines how the municipality Create incentives for using public transit
will achieve its greenhousgas (GHG) emissions reduction target. The LAP coy and Use bylaws and development appro
municipal operations and the community. Municipal governments first develof incentives to increase building standards
implement a plan for municipal operations. In doing so, they demonstrate leadersl and land use mix
provide a positive example for tkemmunity.
4 Implementing the local action The following items are key to the sttume put in place for the implementation proceg Support and encourage energy efficienc

plan or a set of activities

Staffing and communications
Financing and budgeting

Project timeline

= =4 =4 =4

Stakeholder engagement

initiatives in the residential and private
sectorsDevelop and maintain
infrastructure friendly to pedestrians and

bicycles
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Monitor the progress and repor

the results

Monitoring the results of the actions planned for in Milestone 3 and implement

Milestone 4 determine whether:

1 Reduction measures are producing the guaigid results; and
1 Emissions reduction targets will be met.
If actions are not producing the anticipated results or targets will not be met, th

collected provide information needed to evaluate and adjust activities.

Support community garden initiagg or
urban agriculture using surplus land or b
developing green rooftnitiate commuter

challenges to reduce vehicle use

Table 2.2: FCM Milestones Source: (FCM, 2011)
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Since FCMPCP is the Canadian commpomt of | CLEI s CCP, FCM app
mi |l estones (1 through 5) for developing PCP’

Canadian communities.

Therefore, in the first step, the GHG emission inventory (household and corporate) is created
and forecaspr oj ecti ons made together with profild@
population, and fuel consumption. In the next step, the GHG emission reduction targets are
set, and are followed by developing a local community action plan. In Milestone 4, the
developed local action plan is implemented. During and after the implementation, the process

is monitored and results reported regularly for further analysis (FCM 2011).

2.1.3 CARE (Cooperative for Assistance and Relief Everywhere)

CARE 1 s o0 ne lagestgrivate interoatiohall Hureanitarian organizat{@sRE
International 2010)The main objective of CARE i® fight global poverty through helping
people in poor communitie€ARE programs are designeditaprove basic education,
prevent the spread of disease, increase atcessan water and sanitation, and protect
natural resources in poor communities around the world to help people rebuild their lives
(CARE International 2010)

)

I n order to achieve the organization’s goal s
CARE a unique guideline fadeveloping futureperatingplars. The Vision of the

organization is

“To seek a world of hope, tolerance and social justice, where poverty has
been overcome and people live in dignity and security. CARE International
will be a global force and a partn@f choice within a worldwide movement
dedicated to ending povertyCaldwell 2002)
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C A R EMission is

“To serve individuals and families in the poorest communities in the world,
and drawing strength from global diversitgsources and experienceney
promote innovative solutions and are advocates for global responsibility.
(Caldwell 2002)

Along with their main objectivef protecting the poor communities around the world, CARE
has developed a CommuniBasedAdaptionplan the CBA). The CBA presentarange of
main factors which should take place in different levels to run the adaptation plan effectively.

These factors are related to four iatelated strategies as follows:

1. Promotion of climateesilient livelihood strategieslike diversfication of
livelihoods, both within and outside of agriculture, and income generating
strategiefCARE International 2010)

2. Disaster risk reduction strategies to reduce the impact of hazards on vulnerable
households;

3. Capacity development for local civil society and governmentatutisins; and

4. Advocacy and social mobilization to address the underlying causes of
vulnerability (CARE International 2010)

Since CARE’'s objective is to develop framewo
(household, local, federal and internatiQn@ARE introduced the flowing framework

presented in Figure 2.1 (CARE International 20Wbjlike ICLEI and FCM which are
communitybasedCARE’ s adapt at i on -cpnteedcThesfaxusiftke mor e pe
CBA is mainly on monitoring and evaluating the adaptive capacity gét@opulations

rather than fixed factors and milestones for all projéctddwell 2002)

In order to cover théroader society,he CARE framework is developed in three different

levelsof community namelyNational,Local, andHousehold. In all three discussed levels of
thecommuni ty, CARE’ s mai GlimateRasdiennlivelibobds G)ns ar e
Disaster Risk Reductiortiii) Capacity Developmenpand(iv) Addressing Underlying Causes

of Vulnerability. As exphined in Figure 2.1, responsibilities and issues related to each of
these factors are defined in all three levels. For instance, at the NationalObwelie

Resilient Livelihoodsr el at e t o government s responsi bil

current and future climate informatiofCaldwell 2002) At the Household levelDisaster
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2.1.4 UNDP (United Nations Development Program)

The United Natios organizatiomas devel oped a gl obal net wor k
Devel opment Pr ogppatihne ¢hahbimyRnd tannecttommnsunity
developmenprocess in communities around the world with the aim of exchanging the

knowl edge, experience and r esou(utedNationewar d r

Development Programe 2012)

Cli mate change adaptation is one of the UNDP
and to reduce climate change impattse UNDP developed its adaptation program through
principlessimilar tothosefor developing economic sustainahilénd livelihoods in the face

of climate change, especially in developing countfligsited Nations Development

Programme 2012)

Since climate changsdaptations part of the mission dhe UNDP, the organization has
developedanadaptabn pol i cy f r ameviEd(GlobanEavnement UN D P

Facility) through the followindour principles:

2 fldentify development priorities;

3 Determine current and future climate risks and projected impacts on development;
4 Identify and desigadaptation oportunities; and

5 Implement and integrate climate change risks into ongoing processes and practices,
including monitoring and evaluatiom(UNDP-GEF 2012)

The Vision ofthe UNDP adaptation policy is defined as follows:

ACli mate change requires us to Ado develo
is needed to develop national capacity to support esessoral policy

processes as the foundation for sustainable adaptation nmngp decades.

But better development is only part of the challehngge mu st al so fAdo
devel opment di fferentl yo. To reduce <cl i ma

to planning and pr aduUNDR2007pr e t herefore cr
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In order to deliver its expertise and knowledge to local communiitietlNDP has
developed ardaptation Policy Frameork (APF) on behalf othe Global Environment
Facility (GEF). The APF connects the climate change issue to development sustainability and

environmental factord’he APFis developed around the following four main principals:

1. AAdaptation to shorterm climate variability and extreme events serves as a

starting point for reducing vulnerability to longéerm climate change;
2. Adaptation policies and measures are assessed in a developmental context;
3. Adaptation occurs at different levels in society includirgldcal level; and

4. Adaptation strategy and the process by which it is implemented are equally
important  QUNDP-APF 2012)

The defined process tfie APF can help communities develop their adaptation project and
action plans in all scalescluding thelocal and nationdkvels(Droesch et al 2008)able

2.3, presentsthemiesones, description and action pl an

The APF (Adaptation Policy Framework) werks a link between climate change adaptation,
sustainable development and environmental issues. It is structuhedoiiowing stepsof
Table 2.3
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Change Risks tahe

Development Objective

No Milestone Description Action Plan
1 Scoping & Designing an | Clarify objectives and scope of the policy, plan, or project; | Promote tighter linkages from assessment, upstream p
Adaptation Project Establish a stakeholder process; and institutional change activities to investment and finan
Review available information on vulnerability and adaptatior] of solutions
Outline the pticy, plan, or project
2 Assessing Current Assess current climatésks and impacts (relevant to the policy Complement efforts at the national level by facilitating act
Vulnerability of plan or project); at the provincial, municipal and community levels.
Development Objectives t| Establish current socieconomic conditions;
Climate Assess current vulnerability of the relevant system; Balance the emphasis placed on adaptation and mitigatior
Assess current adaptive capacity/adaptation;
Assess current policies related to climate risk anderability
and policy needs.
Diversify the funding sources that countries can access
3 Assessing Future Climate| Identify relevant climate variables and assess trends enable them to effectively combine and sequence the diffg

Assess sockeconomic trends Assess trends in natural resou
and environment, including anthropogenic drivers of

environmental stresses;

Assess barriers to adaptationctomate risks and opportunities

for adaptation.

sources
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Formulating an

Adaptation Strategy

Synthesize previous steps, studiesl existing adaptation
options;

Identify policy, plan or project options for adaptation,
characterize costs, benefits, and barriers of each;
Prioritize and select policy, plan or project options for

adaptationFormulate an adaptation strategy;

Broadenpublic-private partnerships with the private sect

and engage new actors

Continuing the
Adaptation Process
through Monitoring and
Evaluation

Incorporate adaptation policies and measures into developn
plans;Implement the adaptation strategy anstitutionalize
follow-up; Review, monitor and evaluate effectiveness of

policies and measures;

Mainstream Climate Change into core development proce

reaching out to neenvironment sectors

Table 2.3: UNDP-APF Framework. Sources: (UNDP 2008; UNDFAPF 2012)
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TheUNDP’ s APF isappiiecheommaralidy to tregher protocols discussed
previously(ICLEI, FCM, and CARE) The APF milestones start with designing the
adapation project,m terms of theommunityandclearly ddined stakeholdergparticipating
organizationsand all the needed informatiamcludingthec o mmuni t y’ s vul ner ab
Thereforewhen all the informatiohas beemprovided, theAPF implementatiorteam can
work on current vulnerabilities and assess the situati@nasociceconomic analysis) ithe
community and design initial objectives and framewd@tkisDP-APF 2012). Once the
status quaurrent situatiorhas beemnalyzedihe implementatioteam analyss the future
expected risk and climate hazardshiacommunity.Next, the teanconducs anassessment
ofthecommuni t y’ s n a tthesoaidl anceesomigakittiaian to fired oud
future opportunities and riskafter all these angbkes have beermarried outand information
classified as current situation and future condititmsexpectedadaptatiorframeworkis
formulated. The APF requires that the communitygpitize the options and steps regarding
t o the ¢ ommu ilnergbilitees, and dedelp relatedaptatiorstrategies. A
theproject implementation stagenefinal stepis the monitoing and resul validation
analysis for future implementatioQdNDP-APF 2012)

As points are mentioned in the action plan column of TableUINDP try to help

communities through involving new playemublic and private organizations) in the
implementation part of the framework, because as much as different parts of the community
get involved in the project, more people feel responsibility for the results. Other benefits of
newp a r t invelvemsént inthe project are the financial aspects of the prof@ote more
organizations involved in the project lead to additional funding sources so that the

community can achieve its targets faster.
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2.1.5 EU CommissionECCP (European Climate Change Program)

The Euopean Commission launchéte European Climate Change Program (ECCP) in June
2000 as part of EU s strategic i dieeiyoiof i cat i

Protocol(European Commission 2010)

The first phase of the project run during 2000 to 2004, and iedobll stakeholders
including all EU departments, industry and environmental agency represesitativ all EU
members working and cooperating togetti&rropean Commission 2010jheEU continued
the secondphase of the project (ECCP Ildunching it in October 2005 with the GHG
emission reduction targeset for2030.

These abovementioned projed&€CP | and lishow how the EU plans to combat the
negative impastof climate change. As a first objectivegtEuropean Commission seeks to
reduce greenhouse gas emissions as well as considering other opti@isiare phases of
the ECCP(EU-ECCP 2003)The initial steps considered llye EU Commission regarding

emissioms reduction are to:

A fiContinually improvingthe energy efficiency of a wide array of equipment and

household appliances;

A Mandating increased use of renewable energy sources, such as wind, solar, hydro

and biomass, and of renewable transport fuels, such as biofuels;

A Supporting the development of ban capture and storage (CCS) technologies to

trap and store CO2 emitted by power stations and other large installations;

A Launching the European Climate Change Program (ECCP) in 2000, led to the
adoption of a wide range of new policies and measures, imguthe Emissions
Trading System, the EU's key tool for reducing greenhouse gas emissions from
industry costeffectively.

A Developing a comprehensive EU adaptation strategy that strengthens Europe's
resilience to climate change(EU-ECCP 2003)
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TheE CC P’ @ obpacive is to control the global temperature increase and reduce GHG

emissions. In order to achieve this goal they developed the controlling milestones as follows

1 AMonitoring theemissions of the six Kyoto greenhouse gases and renfiyvsiisks,
1 Anrual GHG inventory reporting to the European Commission

1 ECGHGInventory is thesum of GHG inventory of eacbf thel5 Member Stat¢gk,
Austria, Sweden, Belgium, Finland, Luxembu@germany, Italy, Greece, Denmark,
France, Netherland, Spain, Portugaleland

1 Member States report their respective datthmUNFCCQUnited Nations
Framework Convention on Climate Chaige

1 Implementation and annual reporting of national programmes (including policies and
measures) and emission projections to the Commissidn a

1 Evaluation of progress and reporting to the European Parliament and Council by the
Commission @Muller and Jol 2012)
As part of the EU future planfor the ECCP’ s i mpl ementati on,
organizations have to report annually and update their action plans continuously, so
they can update the general framework and develop a plan to achieve the EU targets
of the Kyoto Protocointo the future, and reduce the GHG emission in participant
countriegMuller and Jol 2012)
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2.1.6 C-Change

C-Change isan International Communit{niversity Research Alliance (ICURA) project
Managing Adaptation to Environmental Change in Coastal Communities conducted between
Canada and the Caribbeasommunities for the period 208®15. GChange links
community members and weirsity researchers from Canada with members of the Caribbean
community in support of research on coastal adaptation to environmental cimehghng

the impacts ofthe storm surge and sdavel rise on susceptible coastal communities

(International CommunityJniversity Research Alliance (ICURA) 2007)
The mainmutual objectives of &1 ICURA betweerthecommunity andheuniversityare

1 Identify the short and long termulnerabilities for each coastal community due to sea

level rise, storm surge and severe storm events by developing and cataloguing risks.

1 Mobilize knowledge and innovatiomo reduce coastal community risks through
workshops, data and research collaboration within the Car@adabbean

communities and among the academic participants.

1 Build capacity through training of graduate and undergraduate sttsjeand local
participants and decisiemakers in the communities through workshops, seminars,

and local field work and reports to the community.

1 Develop impact scenarios, and prepare adaptatigtion plansin partnershipwith
the local community goverrant, services, and community membéhsternational
Communty-University Research Alliance (ICURA) 2007)

C-Change developeglresearch process to achieve its main objectives (as mentioned.above)

This processs developed in 5 steps as follew

1. Community Engagement Canadian and Caribbean research teanablkstt local
C-Change Communitniversity Support Groups. The Support Groups mobilize community

engagement; gather information and local priorities, asdesscommunity resources,
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services, institutional and governance linkages. This information peiraitecallyassisted
development ofcommunity profiles includingenvironmental vulnerability indices for the

communityas a function of the storm and impact scenarios

2. Scenario development- Community spatialmodels are developed with the
assistance ofthe community to examine environmental impdce., storm) scenarios
including integrated econometric and socioeconomic impact models from data projections for

community discussion and review.

3. Capacity building - Baseline indicesire updated regularlgver the course of the
project with changes to thealue of the community vulnerability and adaptive capacity
indicators to reflect ongoing project activitiasd the recommended policy measures.

4. New governance option- C-Change ommunity partners paricipate in
guestionnairesnd meetingstoward providing indication of local priorities and issukescal
community workshops provide training in “Mar
including decision support aids, thee of thdocal vulnerabilty index and adaptive capacity
indicatorsand build knowledge towards planning for change. Working documents from local
workshops will be prepared and disseminated through the project website to community
leaders, practitioners and policy makensd new dcal governance arrangements will be

proposed to further prioritize coastal environmental issues

5. Practice implementation- Graduate studentBom the CGChange international
university networkwill work on specific project elements such as geomaticsiaformation
management, web database development, 4tutiéria decision making, policy evaluation,
risk management, and will be overseen by academic as well as community team members,
with opportunities to gain experience workitayvards thepracticalapplication of research

findings.
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STRATEGIES

Community e 3 Scenario Capacity NewGovernances a Practical
C Engagement Development< ) Building e ; Options Implementation 4)

KEY RESEARCH Study Area Database Cumulative RisicAnaivsis Strategic
ACTIVITIES Selection Development Effects Analysis y Adaptation Plans
Community(s) Alternative Adaptive Policy and
Support Group Scenarios Capactiy Instruments

METHODOLOGIES

SSM —p
Soft Systems Methodology - Community context,

Setting objectives, Performance measures,

Identification of alternatives, Planning for

SD
System Dynamics Modelling biophysical,
sodo-eoonoml:f conditions and impacts,

VlV

GIs
Geografhic Information Systems
Knowledge compilation, anlytical and
modelling tool, climate change impact scenarios

Y

Vunerability Index Ranks sensitivity to impacts,
Capacity to adapt

AHP
Analytical y P Multicriteria decision support for ranking
i tion of adaptation and response plans

p

Figure 2-2: C-Change Research Process Map. Source: (International
Community-University Research Alliance (ICURA) 2007).

Figure 2.2presentC-Ch ang e’ s mdar achievingtheaboeegheéngosed objectives
through (1) Community engagemer(®) Scenario Developmen(3) Capacity Building(4)
New Govermanceoptions, and5) Practical implementatiorstrategyimplemenation in
partner communitiess carried out thragh Study area selectiodevelopment o€ommunity
support groug Community profiling andlatabase development, Cumulative efactalysis
of environmental changdlternative scenariogreparationAdaptive capacity, Risk

Analysis, ancpreparation of &trategic adaptation plan.

In order to implement these activities@hange ussethe followingtools: SSM (Soft System
Methodology), SD (System Dynamic Modeling), GIS (Geographic Information sgst&im
(Vulnerability indceg, andthe AHP (Analytical Hierarchy Processh support of local

governments needs for multicriteria decision makigP, asused in thighesis,s reviewed

in the last part of this chaptéfurther information on the four-Change Canadian
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communities is provided in detail in Chiap4 of this thesis. These four Canadian coastal
communities (Gibsons, B.C., Igaluit, NT, Charlottetown, P.E.l., and Isle Madame, N.S.) are
presented there and reviewed with respect to the comparative analysis of their adaptation
processes.

Table 2.4 showthe summary of the discussed international protocols, with a brief discussion
about each protocol’'s goals, objectives and
working in different areas, and their main objectives are different than othefsthese

protocols are working similarly toward developing and implementing adaptation strategies

for pending climate change. Some of the protocols, e.g., CAREson developing

communities, while others, e.g., UNDP, ICLEI, develop worldwide geffren@leworks for
adaptation to climate change. Consequentl vy,
adaptation frameworks and related experiences helps to understand and to develop a more

ideal adaptation framework for coastal communities as the objedtiés research.
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Protocol

Description

Goals and Objectives and Action Plans

ICL EI-CCP

International association of local
governments that made a commitme

to sustainable development

Build capacity, share knowledge, and support local governmenther
implementation of sustainable development at the local level. Profile baselin
forecast emissions. State GHG reduction goals and explanation of how to a
Outline policies and implement local Action Plan highlightsd Committo regular
monitoring and reviewing.This action plan developed in five stepsicorporate
background information, and goals, Choose actions to achieve these goals, Ident
responsibilities for actions, Set priorities, timelines, and budget figures (where po
for actions, and establish a monitoring and review process and timeframe.

FCM-PCP

Network of Canadian municipal
governments that have committed t
reducing greenhouse gases and act

on climate change

The
assess the vulnerability of their communities, specifically municipal infrastructure,

I nfrastruct ur eelpROarmdian punicipakgovernnsentgy o

current and potential future climate risks and natural hazards. Design and comple
foundation work necessary to develop casdiss. Part of this foundation work
includes facilitating interaction between municipal staff and researchers working @
sciencebased regional climate change projects. Present a summary of baseline
emissions forecasts and targets, a set of existing apdged emissions reduction

actions, implementation strategies, including the resources involved; and input frg

stakeholders.

CARE

One of the world
international humanitarian

organizations fighting global poverty
through helping the mple in poor

communities

In cooperation with its partners, CARE seeks to increase the skills, experience an
resources in communities to develop and implement @&jectsand in the same timg
combine it into projects in climatgensitive areas.
CARE contibutes to the learning process about adaptation especially in developirn
countries to educate the society about adaptation concepts.
CARE helps vulnerable communities against climate change hazards threaten the

communities, and educate people abouttt@ptation process.
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Care address th€limateResilient Livelihoods, Disaster Risk Reduction, Capa
Development, Addressing Underlying Causes of Vulnerabiktth contribution of

local partners (NGOs), and communities

UNDP Global development networlabed in | UNDP programs identify development priorities, determine current and future clin
the United Nations to change and | risks and projected impacts on development identify and design adaptation
connect countries to help people haj opportunities, and implement and integrate climate change risks into ongoing
better lives through education and | adaptation processes.

transfer of experience and expertisef UNDP seeks to support the changing and connecting process in communities
and resources the wald to exchange their knowledge, experience and resources toward 1
society’s g u a | -ARF ypronaofes tightef BnkagedJ fkbbhPassessm
upstream policy and institutional change activities to investment and financi
solutions, complemest efforts at the national level by facilitating action at
provincial, municipal and community levels, balances the emphasis place
adaptation and mitigation, diversifies the funding sources that countries can accq
enable them to effectively otbine and sequence the different sources, broal
public-private partnerships with the private sector, and engages new &
mainstreams Climate Change into core development processes, reaching out

environment sectors
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European Climate Change
Programme (ECCPIl and Il)

The European Commission launche
European Climate Change Program
(ECCP) at
strategic identification and

June 2

development of implementing Kyoto

Protocol.

ECCP’ s

systems as well as ecosystems across Europe and in other parts of the world, an

mai n objectives aacial and econorhicalp r o
Reduce their vulnerability to the impacts of climate change.

ECCP seeks to develop a comprehensive EU adaptation strategy that stre
Europe's resiénce to climate change. The strategy includes: Annual GHG inve
reporting to the European Commission, Monitoring the emissions of the six
greenhouse gases and removals by sinks, Implementation and annual repo
national programmes (incluatj policies and measures) and emission projections t
Commission, and Evaluation of progress and reporting to the European Parliamg

Council by the Commission

C-Change

International CommunitJniversity
Research Alliance (ICURA) project,
“ Ma nng gdaptation to
Environmental Change in Coastal
Communities: Canada and the

Cari bbean?”

C-Change community and university objectives are to: ldentify the short and long
vulnerabilities, Mobilize knowledge and innovation, Build capacity Develop im

scenarios, and Prepare adaptation Action plans.

The GChange research process includes the steps of: Community Engag

Scenario development, Capacity building, New governance option, Prg

implementation.

Table 2.4: Summary of Adaptation Protocols description
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2.2 Case studies

This section of the literature review provideseview ofcase studies that demonstrate how

different communities in different regions of Canada are addressing climate change
adaptation(National Round Thle on the Environment and the Economy 20@3ch of the
Canadi an c¢ommun iistdesegsed to anpreve awareness iofecBmate change
impacts through designing specific methods and action plans for the communities. The case
studies analyzed inhis chapter reflect the actions taken in specific communities across
Canada, and as such, are relevant to different communities in different comparable regions in
Canada and abroad. These actions help these communities in the decision making process to
impr ove the community’s long term preparatior

reduce the future potential risk.

In the community case studies for Vancouver, Toronto, Halifax, Edmonton, Sudbury, and
Dawson Creek are all presented and described il detthe Natural Resource Canada
publication “AdaptaAnohntmomodudtmadre fChran@a&nac
by Richardson (2010). This publication was prepared as a source of local application of
Canadian examples of community adaptatiohisTpublication is cited considerably in the

literature review as an excellent source for current adaptation practices of relevance to the

thesis.

Communities are applying the FCM protocol locally. Case studies illustrating these
community applications aréescribed in detail in the Natural Resource Canada publication
Adaptation to Climate ChangeAn | ntroducti on for Canadian N
2010).
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Figure 2-3: Map of Canada, Source: (EmbassyWorld.com Inc 2092

The locations of these cities are identified in FiguBeN2ap of Canada, above.

2.2.1 Metro Vancouver Integrated Stormwater ManagementPlan (ISMP)

Metro Vancouveiknown as the Greater Vancouver Regional District (GVRiB)located on

the west coast of Canad&igure 2.3), and comprises within its boundaries 24 member
municipalities including Richmond, Langley, and Surfletro Vancouver 2010)Figure 2.4
presents an aerial view of the GVRith indicated municipalitied-or thesemunicipalities
oneof the main climate related concexts abouthow changes in stormwater runoff quality
aad quantity 1 mpact the region’

S many ur ban
municipalities of Greater Vancouver

in collaboration with provincial and federal
environmental agencies including Environment Canada, and Fisheries and Oceans Canada,

develod the Stormwater Interagency Liaison Group (SILG), and formed in 2002 the
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Integrated Stormwater Management Plan (ISMiRfer its provincially approved liquid
Waste Management Pl@Richardson 2010)

Figure 2-4: Aerial Photo of the Greater Vancouver Regional District (GVRD). (Source:
Google Map, 2012)

Through this ceprdination, they prepared a template in the ISMP for developing watershed
specific, flexible and adaptive strategies for protecting communities from localized flooding,
and for integraing a wide range of water management issues, including watershet, healt
land use planning, engineering, community values, and climate variability and ckange.
developing and implementing the ISMP plan, the Metro Vancouver strategic group developed

seven steps as follows:
1. iSecure political interest and support.
2. ldentifywatershed problems and opportunities.
3. Develop objectives and alternative scenarios.
4. Collect meaningful data and refine scenarios.
5. Evaluate alternatives and develop component plans.
6. Develop an implementation program.

7. Refine the plan through adaptive managein ¢Richardson 2010)
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Many Metro Vancouver municipalities have translated the ISMPs into actione 2001
under thelLiquid Waste Management Plan (LWMRYletro Vancouver 2001)Under this

plan, municipalities are expected to apply the plan on all levels of their society until the 2014
deadline. For better understanding of the ISMP plan, SILG developed the Template for
Integrated Stormwater Management Plan (TISMP) in 2002, and update@Q005. In this
template, 35 different analyses and assessments were carried out inaliadingollection

and review; fieldassessments to supplement watershed knowleay identify values
developed to help the municipalities to implement their ISNéA (Metro Vancouver 2012)

Among the strategies of the ISMP in Still Creek, they are developing a specific Hydraulic
model to assess their Hydraulic structure as well as to assess impacts of channel
implementation on flow conveyance. Theseoastitake place under the following strategies

of the overall ISMP: (i) Develop and Implement Watersbesle Rainwater Facilities and
(iPlans to Reduce Flooding and Flood Impacts within the Still Creek Corridor, and
(iiimprove Integration of Drainagenifrastructure Management and Maintenance Practices

among Vancouver, Burnaby and the GVRD.

In conclusion, the ISMP provided the participant municipalities with the methods to develop
their local framework to increase their preparedness against envir@aimishkt the their

water infrastructure systems in the fut{iRchardson 2010)
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2.2.2 Toronto

The City of Toronto(Figure 2.5)implementedan ExtremeCold Weather Alert in 1996 aral

Heat Health Alert in 2001 talertt he ci ty’ s most swofuektiemesabl e
temperaturghat the City has been experiencing in recent years (Richardson 30id®.the

main targé of the plan is elderly people and children, the city provides education services to
make them aware about the weather problems and what they have to do during those
particular time periods to reduce the risk of health issudse steps followed by Citpf

Toronto officials include the following actions:

- iContacting local media to inform the public that a heat alert has been issued,

- Notifying community agencies and other response partners of the alert status, in order for
them to implement agency sgi protocols,

- Operating, through the Canadian Red Cross, a heat information line from 9 a.m. to 9 p.m.

for those in need of assistance or with hedéted inquiries,

- Distributing bottled water through the Canadian Red Cross, targeting vulnepsuple

and providing water to agencies that work with vulnerable groups,

- Distributing Toronto Transit Commission (TTC) tokens through selectedidrognters to

the homeless, so they can reach cooling centers, and

- Opening seven designated coolingtees (one open for 24 hours) at public locations, such
as communitgentes and civiccentes, during an Extreme Heat Ale(The City of Toronto
2012)(Richardsor2010)

The Toronto Public Health (TPH)gencyreviewed this dan and subsequently increased the
number ofcooling centers and transit tokens distributed to people in need of transportation to
a cool placgRichardson 2010 p.22)

In addition the city deeloped other additional platike the Green Roof Bylaw The City
of Toronto is applying the Bylaw as a requirement for new building permit applications to
have a construction of green roofs in their new developmenmts or der t o “i ncr ea

of problems related to extreme heaintibuted to the developmeont a new program and
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measures to combat the urban heat island effect, and helped facilitate the partnering of
various city departmest(The City of Toronto 2012)Richardson 2010)

Figure 2-5: Aerial Photo of the Toronto (Source: Google Map, 2012)

Through this plan and participation of public organizagiasn d NGO’ s (Il i ke: To
services, Office of emergency management, and Street healtliheatidntion oftherest of
the society, the City of Toronto expect to reduce the numbers of victims of recurring hot

weather extremes during the summer in future years.
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2.2.3 Halifax ClimateSMART (Sustainable Mitigation and Adaptation Risk Toolkit)

In Septembe2003 and February 2004, the Halifax Regional Municipality (HRM) launched
ClimateSMART (Sustainable Mitigation & Adaptation Risk Toolkit) to help develop climate
change mitigation and adaptation into municipal planning and deeisading. The
objective @ this Toolkit is to assist the municipality in dealing with its current problems
related to the risingea level, and increased storm intensitth waves and storm surges
(Richardson 2010)

Figure 2-6: Aerial Photo of the Halifax Regional municipality

To achieve their objectives of the study of storm impacts on the HRM, scientists developed
waterrun-up scenariasln doing so, the process to define these scenamhslied milestones

as follows

1 AAnalyze historical setevel rise
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1 Document observed historical stormwater levels and impacts on coastal areas
1 Project future sea levels and stormwater levels in Halifax Harbour

1 Apply highresolution mapping of possible fueuflood levels for planning
purposes @ichardson 2010)

In the first step of the Toolkit, scientists calculated the sea level rise and land rise in past
decades. Next, Halifax historical storm data were analyzed to find out the highest sea level

rise inthe past 90 years, the frequency of storms, aneffeetsof land rising. Through all

these analyses, 3 storm scenarios were developed for upper, middle, and lower range for sea
level rise during the period of 20@100. In the lower range, Scenaridlécm were forecast

from the community’s historical dat a, and 5
the I PCC's fourth assessment in 2007 (1 PCC .

recent literatur¢Richardson 2010)

All the above mentionedscenarios were analyzed using GIS software to simulate the

situation out to 2100 based on each of the 3 sedlieeescenarios.

After this analysis, the HRM Council chose the Scenario 2C as the most likely scenario for
Halifax harbor Figure 2.7 below presents a picture of the flood impacts to 2100 versus the

present day shoreline from the Scenario 2C sea tsedNatural Resource Canada 2010)
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Maps of projected sea-level rise are a powerful visual
tool for communicating potential flood impacts to policy-
makers, land owners and the general public.

SCENARIO 2C

"4
L

Relative sea-level rise _ 0.73 m above 2000 level
2000-2100 ~ (still water)
Add 1 in 50-year _ 174m

stormwater level (tide plus storm surge)

Stormwater level in 2100

relative to geodetic datum 267017 m

Add wave run-up = +lto+2m

Figure 2-7: Halifax Harbour Water Level Flood Impacts from Scenario 2C.

Community decision makers began plan implementation based on the Scenario 2C results.

The plan included the following steps to be carried out by the HRM:

1 AFurther consultation with property owners and other stakeholders to obtain

feedback on options and strategies

1 Modeling exercise to accurately predict the impact of heavy wave action on harbour

front properties

1 Development of a risk assessment database containing information on the

vulnerability of harbowfront properties
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1 Creation of measures that could include minimum ground elevation for new
development, engineered solutions such as rasgagwall heights, and land use and
development regulations for flogone areas (Richardson 2010)

By implemanting this plancouncil expectsto reducethe effectsof sea level rise ithe next
100 yearsThe plan also calls fonpdaing measuremestby monitoring and assessing the

planfrom time by time(Richardson 2010)

2.2.4 Edmonton

According to Natural Resource Canada BoaRichardson 2010) reporthe City of
Edmont on’ s ofeFofthe majo challende) is th scale and intensity of drought
related tree deat hs. Edmonton’s policy i
the City has been unable to keep up with the rate of the recent 1686300 tree deaths

annually).

VWoodbend

Figure 2-8: Aerial Photo of Edmonton (Source: Google Map, 2012)
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The changing climate threatens the health a
the instances of: drought, insect infestations, disease and stoimgstimated that if the

summer drought conditions continue year over year, the City will need to increase its
replanting efforts and reconsider which trees have to be replanted in order to reduce the
number of | osses. The Ci é&wavescoming fromrthe soath of ¢ o n s
invasive pests and diseases that are seizing mostly green ash and Amerid&icekndson

2010)

These threats led the City to develop the first Urban Forest Management Plan (UFMP) in
2006 . T h e P ltoahave a diversesandaustainable ufban forest that enhances the
beauty of Edmonton and contributes to wedlbeingand guality of life for future generatich
(Wheeler 2010)

The main objectives developed for this plan were:

1 fATo provide Edmonton with a comprehensive plan for effectively managing,
sustaining and ensuring the growth of the

1 To educate the general public, otheity agencies, neighboring communities and
community partners about the importance of the urban forest, forestrgsissud
management best practices; and

T To protect native forest and tree stand
Natural Areas, wlgh is responsible for the natural areas and the Natural
Connections Strategic Plan(Wheeler 2010)

For capturing these objectives, the City developed strategies such as creating an inventory of
the urban forest, and at the same time developing a replacement strategedoloste
reviewing existing planting strategies, as well as creating a fire and disaster management plan
and disease control plan for more preparation against future climate change affects
(Richardson 2010)
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2.2.5 Sudbury

The Regional municipality of Sudbury is located in Northern Ontario (Figures 2.3 and 2.9)
(EmbassyWorld.com Inc 201&oogle Map 201 and includes seven separate
municipalities Sudbury, Capreol, Nickel Centre, Onaping Falls, RayBid&our, Valley
East,andWalden (Wikipedia 2011). In 1993, Sudburyvaschosen as a one @&fl Ontario
municipalitiesto bestudiedto identify barriers and develop solutions to implementing energy
efficient activities forthe Ontario municipal sectoramed ashe Ontario Municipal Energy
Collaborative (OMEC). The project “Energy Management and CO2 Reductiowas
developed in Sudbury armbordnated by ICLEIEszes 200Q)and sponsored by the Ontario
Ministry of Environmentand EnerggOntario Ministry of Environment and Energy 2012)

In 1995, the Region ghed a partnership agreemavith ICLEI to developa strategic energy
plan in a payback period of seven yeas decreasehe municipality's energy usage @n
reduce implementation cost in teaergy sectorThe objective waso use ICLEI's expertise

to increase their knowledge in environmental managen(észes 2000)

Figure 2-9: Aerial Photo of Sudbury (Source: Google Map, 2012)
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As part ofthe implemenation of this project, themunicipality engaged thgublic and the
private sectof(Greater Sudbury 2012)cludingregional staffcouncibrs, provincial utlities,
local utilities, and external consultants to contribtat an auditingplan for existing energy
use,to measure potential energy awedst saving in the community, ando analyz the
economic and environmental benefit of this proj@€szes R00) This project cost $6.4
million dollars in total, and bymplementing the project, thRegion expects to save $1.1
million in energy saving peannum,and a CO2 emission redtion of 28%. The annual

savings they expected will return the costs ofptegect in 5.8years(Eszes 2000)

Aft er f i nEadrgy Managgment and CO2 Reductionp r o j e ¢Eszes2600)1 9 9 7

t he Regi onal Muni ci pal it gitiesofor ClBnatd Protecgion | oi n e
Campaign (CCP) to implement its planthin the context of th&CCP campaign milestones

(Eszes 2000)

On the other hand, since 2003 the community has been developing the local action plan for
sustainabi |l i EathCara Sudbury Acsion Plane f 6 r Il ncreasing t
and Ivability in the community and for controlling continuously the GHG emission and the
ecosystem’ s (Goeater Buddury 2000 a |l t h
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2.2.6 Dawson Creek

Dawson Creek is @ity located in northeastn British Columbia Dawson Creek has a
population ofmore than 11,00@eople The cityis located ina strategicjunction of several
railways and highways, and this strategic locatioa t he mai n r ecaenenecn o f
prosperity(FCM 2001)

Figure 2-10: Aerial Photo of Dawson Creek. (Source: Google Ma[2012)

Dawson Creek expectgrowth of 1,000 residentsannually through tdhe year 202l1as a
consequence of its economic potentidhd, through this additional populatiprthe city
expecs significant development in commercial and industrial sectotedargrowingcity. To
achievethe ¢ t exXpexcteduture population growtligoals it had been applyings strategic
plan known as theDfficial Community Plan (OCP) anithe Capital Workers PlarNow the
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City of Dawson Creelhasdevelogd a Comprehensive Emanmental Development Plan
(CEDP) that provides an upto-date long-term strategy to deliver municipal infrastructure

service in an efficient, cogfffective andenvironmentally responsible wélfCM 2001)

The first priority in this plan is water sereiémprovementTherefore the city is promoting
water conservation, manag stormwater flow, and redugy the environmental impacts of

wastewater.

This plan was developed in three stdpsthe first step thecity gathes data for completing
the supply andlemand rquirementgo recognizethe currenusedlands and th@otentialof

remained lands to mettte project's demand.

Next, the project team prepadaheinfrastructure report t@nalyz2 how water, sanitson,
sewer, storm drainage and roads coulédcifihe project's annual growth demand. The third
step isto prepae afinancial reportandto present the financial improvement strategieann
environmentally responsible and cestective way(FCM 2001)

The result of the CEDP's implementatidemonstratedhat theexisting wastewater system
was sufficient for forecasted growtlbut it recommended stronger guidelines for new
subdivisions to minimize erosion, rungdind environmental impacts of urban drainégem
2001)

Table 2.5 shows the sumary of the discussed communities, with a brief discussion about

e ach c¢ o mssusngoasgntabjectives, process and actios. Althoughshows how

each of theseommunitiesn different areadealing with their specific climate issues through
working ondeveloping and implementing adaptation strategies for pending climate change

by using International protocohsilestonegTable 2.4) or develapg local action plans

Consequently, comparing and combining thes@munities exper i encmetandhel ps

and to develop a more ideal adaptation framework for coastal communities.
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Community Issue Goalsand Objectives Process Action
How changes in stormwater runoff Develop effective planw protect Securepolitical interest and supporldentify
guantity and qual|communitiesfrom flooding ang wateshed problems and opportunitie
Metro Vancouver ISMP

many urban and ral salmon and trout

results in no net loss to

Develop objetives and alternative scenario

NRCan, 2010 streams environmental quality Collect meamgful data and refine scenariq
Evaluate alternates and develop compone
plans, Develop an implementation prograr
Refine the plan through adaptive manageme

Populations at risk from extresheat Help public health agencies Increase awareness of problem related to
weather identify heat stress conditions extremeheat, contributed to the developmen
Toronto _ Toronto Hot
that are likely to be harmful to H of new program and measures to combat th
Weather i .
NRCan, 2010 human health so they can Response Plan urban heat island effect, and helped facilitat
implement appropriate health the partnering of various city departments
services.
Rising sea level, increased storm | Help to mainstream climate Further consultation with property owners ar
intensity and associated wawasd change mitigation and adaptatig ClimatsSMART other stakeholders to obtain feedback on
Halifax storm surges into municipal planning and options and strategieslodeling exercise to
decision making. accurately predict the impact of heavy wave
NRCan, 2010

action on harboufront properties
Development of a risk assessment database

containing information on the vulnerability of
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harboutfront propertiesCreation of measureg
that could include mininm ground elevation
for new development, engineered solutions
such as raising sea wall heights, and land u
and development regulations for flopdone

areas
Urban tree threaten by recent drought{ Having a diverse and sustainak 9 To provide Edmonton with a
insect infestations, disease anorsts urban forest that enhances the comprehensive plan for effavely
Edmonton UFMP . . .
beauty of Edmonton and managing, sustaining and ensuring t
NRCan,2010 contributes to the welbeing and growth of the Cif
guality of life for future
1 To educate the general public, other

generations

Provide a plan, effectively
managing, sustaining and
ensuring the g
urban forest, educate the gener
public about the importance of
the urban forest, and forestry
issues, protect native forest and

tree stands in conjunction with

city agencies, neighboring
communities and community partner
about the importance of the urban
forest, forestry issues and managem

bestpractices

To protect native forest and tree star
in conjunction w

Natural Areas, which is responsible f

Page b5



M.Sc Systems Science

llghelich Nadimi

the city’'s Off

the natural areas and the Natural

Connections Strategic Plan.

Sudbury

ICLEI, 1995

The cost of energy usagacreasing
level of CO2 emission

Reduce greenhouse gas emissi

Energy Strateqgiq
Plan

Saving energy cost and reduce CO2 emissi
andThemunicipalityengaged thpublic
and the private sectoand external
consultants to contribeto an auditing
plan for existingenergy useto measure
potential energy andost savingin the
community, ando analyz the economic

and environmental benefit of this project

Dawson Creek

FCM,2001

Community development plan for
designing communi

future growth

Provides a longterm strategy to
deliver municipal infrastructure
services in an efficient, cost
effective and environmentally

responsible way

CEDP

Gatheing data for completing the supp
and demand rpiirementgo recognizethe
current used lands and thepotental of
remainedlands to meet project's demar
the project team prepa¢heinfrastructure
report to analyg how water, saniteon,

sewer, storm drainage and roads cg
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affectthe project's annualrgwth demand
to prepae afinancial reportandto present
the financial improvement strategiesan
environmentally responsible and co

effective way

Table 2.5: Case Studies Summary
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2.3 The Scientific Method of Problem Solving

Management science is the metha@signed to help solve mamamgent problems
scientifically. Management science is very wide in scope so that the developed techniques
can be used in different fields of business)., economics, finance, marketing, accounting,
etc., to satisfy similar kids of problem solvingneed, such as improving the process and

efficiency of organizations as well as incriegghe success ratd implementation

The problem solving approach is the logical and scientifidzdlyed approach of
management science to s management related problems and help to make better
decisions. Thimet hod has become known as the “scie
(Taylor2007).

As shown in the Figure 2.1this method is generally developed in five steps as follow:
(1) Observéon
(2) Problem definition
(3) Model construction
(4) Solution, and

(5) Implementation

The scientific method of problem solvimgexplained briefly, and then AHRhe Analytical
Hierarchy Process tool to implemena specific scientifidbbased method of problem swig
with respect to multicriteria decision problemsdiscussedn more detail below and with

specific reference to this research

In this study for designingan ideal protocol for the coastat 0o mmu n iadaptagion’
frameworks existing protocols are veewed and the experience, effectiveness, and results of
these approacheslative to management science and problem solving are examined. To this
end, the scientific method of problem solvirsgpresented as the evaluative framework in
which to evaluate daptive frameworks for problem solving. Tis¢epsof the scientific

method of problem solving @aused as specified thefigure below(Taylor 2M1).
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The approach starts with observation, and it consiniéh problem definition and model
construction, wich leadsto the productionof model solutios. The approach is finalized
with implementation of the solution resulésxd monitoring and review of the ongoing
impacts

Observation

—>

Definition

+

Model

Problem I

—>

Constr uction

Feedback

— Solution ‘

Information

€ |Implementation

Figure 2-11: The Management Science Process (Tayl@001)

As shown in Figure 2.11, the hierarchy for the scientific method of problem solving is broken
down into 5 main steps, as explained below.
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1) Observation This istheinitial step of the scientific method of problem solving hierarchy
(Taylor 2001) The main concerris the identification othe problem in the system through
observing the system. Therefore problems cdddidentifiedas soon ashe occurin the

system.

2) Problem definition. The step after identification dhe problemis problem definition.
Since the previous steps shows the problem gxisam has to take action to define the
problem clearly. This step demonstrates how clear definition of problem ldweds

organization to resolve the problem as soon as it occurs again in the future.

3) Model construction The third step in the scientific method of problem solving is the
construction of a mathematical model; this model will be notion of organizationsnturr

problem.

4) Solution. The fourth step is developing the solution. In this skepdefined problem in
step (2)is solved through the model developed in step (3).

5) Implementation. The final step and criterion is the implementation of the recommended
solution to the defined problem. This is the developed model, or the solutitive fxisting

problem.
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2.4The Analytic hierarchy process (AHP)

Multiple criteria decision making (MCDM) is developed to help decision makers
make decisions in complexnultiple objective problem situations. In these problems, a
number of alternatives are evaluated with respect to multiple criteria to find a preferred
ranking of the alternatives. There are several methods available for solving MCDM problems
including: smple scoring methods, ideal point approaches, and structural problem
hierarchical methods (Lane 2010h this study, AHP is selected as an effective MCDM
procedure to apply in the case due to its ease of use and understanding as well as its ability to
combine subjective and objective measures without concern for sqaloidems (Zeleny
1998, Xu 2001)

The Analytic hierarchy process (AHR3 a multicriteria decision making (MCDMjupport
method for analyzing problems that may be described by quantitatarel qualitative
measuresAHP is used as a decision making tool to solve unstructured problems singe 1977
and make supportive decisions that involve complicated and conflicting multiple criteria
(Saaty 198Q)

As part ofthe decision makingprocess, AHP assists decision makaranalyzingcomplex

problems in the form of a simple structured hierarchy format enabling decomposition of the
problem irto aplain hierarchical structurgcane 2007) A HP’ s a pwweiglnisatathe gi v e
multicriteria factors that then enables evaluation of decision options that contribute
differently to these criteriéSaaty 198Q)

As shownin Table 26 AHP’ s capability of gualitative a
five components, namely: possibdpithetsof equal, Somewhat more, Much more, Very

much more, and Absolutely more importéinée, Yoon et al. 2007)
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Objective of
the problem

Criterial Criteria2 Criteria 3 | ===eeeeeeeees Criteria n

Sub-Criteria 1 Sub-Criteria 2 Sub-Criteria3 | s=sssssssceas Sub-Criterian

Figure 2-12: Structure of hierarchical Structure of AHP model, Source: (Lee, Yoon et
al. 2007)

The AHP defines four steps for its process method as:

1. “Decomposition- In the first leve] the objective and goals of the project are
placed ina hierarchical structure. Main itgria and sufzriteria are placed inthe
secondandin thethird levek of the hierarchy, respective{gs shown irFigure
2.12. This structure allows for additionaleasurablesubcategorief indicators

to be created as needed.

2. Prioritizing - In this step decision makengrovide a pairwise comparisoon a

Likert scalebetween criteria in each lev@lable 2.6).

3. Synthesis- The decision maker weigkteach criterion in each level basedtbe

pairwise comparisoanalysis done in the previous step.

4. Sensitvity analysis— In this step, decision makers make an overall assessment
among different alternatigebased on gathered criteria through the given weight
established in previous stepél._ee, Yoon et al. 2007)
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Intensity of Importance Definition Explanation
1 Equal importance Two factors contribte equally to the objective
3 Somewhat more important | Experience and judgment slightly favor one otber other.
5 Much more important Experience and judgment strongly favor one dber other.
7 Very much more important | Experience and judgment veryrangly favor one over thg

other. Its importance is demonstrated in practice.

9 Absolutely more important | The evidence favoring one over the other is of the higheg

possible validity.

2,4,6,8 Intermediate values When compromise is needed

Table26: Saatyodos AHBouRa (LeenYgon Stala2D0F).

For example, in the case ofcBiteria comparisons there are 3 pairwise comparisons to

review. These are captured in the relative scale valtig4y;, wherei is not equal to j, and

ij=1,2,3.

The resulting 3x3 matrix (see below) has a characteristic eigenvector that is determined and
scaled to 1 so that the resulting elements of the vectors are considered as thewgeights

importance of ezh criterion(Saaty 1980Q)

1 1 1
v H'rwl W HIWE v H'IWE
2 2 2
v HfrWl v HIWZ W f{w3
w3 ?le w3 ?{wz w3 ""IWE

Across the levels of the hierarchy the overall weight for each alternktige
determined by the score of each alternatiie,with respect to the criteria,by multiplying

the respective derion weight,w,, i=1,2,3, anda;,,, k=1, 2, ..., n where n i s
alternatives. Then:

Page B3



M.Sc Systems Science llghelich Nadimi
A = L= Wi a,

where Alternative overall scored, are scaled to obtain the overall alternative relative

ranking.

In conclusion, AHP helps decision makers to understandrdngiing ofavailable
alternativesvi t h respect to each alternative’s cont
relative importance to the decision makleane 2007)

2.5 Summary of literature review

In this chapter, the international protocols in the areaofmunity adaptatioframeworks to
climate changsuch aghose thadeveloped by ICLEI, FCM, UNDP, ECCP, anedbange
are analyzed, and their milestones and stepgrasentedCase studies of select€nadian
communities, their climate related issugsd vulnerabilities as well as their local action

plamingtargetirg adaptiorof thecommunitiego changing climate are analyzed.

Thescientific method of problem solving is defined, and the usage of problem solving steps
is presented andiscussedThe AHPmodel isintroduced as a tool weal explicitly with
multicriteria problemsand the provision of decision support, as needed in this research on

adaptation frameworks for coastal communities

In the next chaptethe Methodology used in this studypresentd andthe modelng and
researclprocess established througsing the backgrouniiteraturewill present The criteria
taken from the protocols wildl be ccC&mpeared p
software andthe highest ranked protocdsh osen i n order to ©oful fil/

developinganideal protocol foladaptation frameworks appliedd¢oastal communities.
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3 Methodology

This chapter presents the research methods used in this thesis. These methods are based in
part on the analysis of the literature discussed in the previous chapéelapted for the

current research.

The aim of the research methods is to devel
framework using the scientific method of problem solving in order to assist coastal
communities to develop and implement their owfficient adaptation plans for the
management of their changing coastal environments. The framework provided in this chapter
explains the basis and process of analyses done in order to meet the final research objectives.
Specifically, this chapter explairise research process for the assessment of the international
adaptation protocols as discussed in Chapter 2, and the application of AHP for ranking the
protocols with respect to the scientific method of problem solving. The chapter also describes

the methd of research analysis of the CanadiaiClitange communities also applying the

steps of the scientific method through AHP.

In the following, subsection 3.1 presents the phases of the research process. Subsection 3.2
details the criteria and subcriteria ¢fie scientific method of problem solvingand
subsections3.3 to 3.5 present the details of the Phaseto B of the research process.

Subsection 3.6 provides a summary of the research methods.

3.1Research Process

Three phases are defined for the aggilon of the methodology process. These phases are:

Phasd.. Evaluation ofinternational adaptation protocols (as presented in Chaptierc2igh
using AHP formulated with a hierarchyefined by the scientific method of problem solving.
This phase inclues ranking and comparison of the application of the scientific method of
problem solving to the adaptation protocols, and identification of best practices.
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Phase2. Application of the scientific method of problem solving to theCkange
communities througkhe evaluation of the scientific method of problem solving via the AHP
model defined in Phase 1. This phase involves ranking and comparison of results among the
Canadian &Change communities and the identification of best practices among

113

communities. tad o i ncl udes a gap anal ysi sChange t he

C 0 mmu nwotkitoalate.

Phase 3.Development ofCommunity Guidelines for adaptation. This phase identites
rolesand responsibilities of community members in the event adraironmental threat to
the community as well as the determination of Community Action plans for the preparation

of community groups.

These ordered phases apply the research methods at each step in the process. The following

sections present the researoétihods:

1 Defining the scientific method of problem solving as well as defining and describing
the specific steps of the scientific method of problem solving.

1 Formulating the AHP multicriteria decision support model based on the steps and
understanding ofhe scientific method of problem solving, and developing the AHP
model using the Expert Choice Software.

1 Evaluating the performance and sensitivity of the international protocols and the

communities for comparison ardtce@mtarcdsic ea

adaptation framework and problem solving.

3.2 Scientific Method of Problem Solving

As discussed in Chapter 2, the scientific method of problem solving is used to identify

defined research problems in this study. The scientific methodbfgon solving hierarchy,

presented by Taylor (Taylor 2001, Figure 2.

as the approach of this research problem is to evaluate alternative approaches to manage

adaptation as defined in Chapter 1.
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As shown inFigure 3.1 below, the hierarchy for the scientific method of problem solving is

broken down into 5 main steps, as explained below.

1) Problem Identification This initial step of the scientific method is defined as al¢opl
criterion of the multicriteia problem formulation of the AHP hierarchy. This criterion
contains four relevant variables that are defined asstdyia. The following suleriteria for

this criterion are developed and applied to the AHP hierarchical formulation: (1.1) Problem
Definition, (1.2) Affected Clients, (1.3) Declaration of Objectives, and (1.4) Constraining

Factors.

2) Data. This step identifies the second tigwel criterion and the relevant factors defined for

it. These factors are: (2.1) Availability, (2.2) Measurabil{@.3) Cost and Issue, (2.4) Data
Management and (2.5) Profiling Risk/Priorities. This criterion demonstrates how required
information in the community is available and how these available data are measurable. If the
reliable data were not available, thés criterion determines how much it would cost to find

and process relevant data in the project. Other issues related to data are managing the data in
the community, for example, updating data in specific time periods and prioritizing the data
systematially. This step demonstrates how we could find relevant data in each step of the

project accurately.

3) Model building for problem solvingrhe third step in the scientific method of problem
solving is the construction of a mathematical model. As ter@wn in the AHP hierarchy,
model building has four subordinate factors defined as: (3.1) Static/Dynamic Modeling, (3.2)
Relevance of Model Objective(s), (3.3) Model Communication and (3.4)
Deterministic/Probabilistic Modeling. The objective of definihgge factors is to show that
the analysis done in modeling devel ops a
objectives.

4) Testing/Sensitivity/ValidityThe fourth step is model testing and validation. The factors for
this criterion are: (4.1) Analysisn Place, (4.2) Robustness and (4.3) Feedback for
Adjustment. This process requires us to analyze the data in each step and update the system

with feedback on the robustness of each phase.

5) Monitoring and Contral The fifth step in the scientific methasl the ongoing monitoring

and control of the recommended problem resolutions. This criterion has the following
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factors: (5.1) Advantageand Ongoing Verification of Objectives, (4.2) Switching
Capabilities of Objectives, and (4.3) the Control Processhifnstep the system has to be
monitored and updated to control the process to make sure implementation and the results of
actual indicators of the system parallel the defined objectives.

6) ImplementationThe final step and criterion is the implemerdatiof the recommended
solution to the defined problem. For this criterion, two-stiteria of the model are defined:

(6.1) Evidence of Results, and (6.2) Guideline of Decision Method for Preparedness.

1) Problem Identification

A
2) Criterion Data

A

3) Modelbuilding for problem solving

!

4) Evaluating (Testing/Sensitivity/Validity)

A
5) Monitoring and Control Method

A

6) Implementation

Figure 3-1: Steps of the Scientific Method of Problem Solving based on Figure 2.11
(Taylor 2001)

In the following, the framework of Figure 3.1 is developed into the applied hierarchy in AHP
and implemented into the Expert Choic&t®are(Expert Choice 2004)
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3.3Phase 1:Evaluating Adaptation Protocolsby AHP

Since the goal of this study is to develop a framework for coastal communities, so the
hierarchy model is deveoped t hrough wusing scientific me
objectives. Using AHP, the approach for assessing the adaptation protocols was established.
According to AHP, weights and ranking of the criteria are developed in each level of the
processas shown in Figure 3.2. Next, pairwise comparison was completed among the criteria

and subcriteria at each level.

B Goal

—& Problem Identification (L: .264)

—& Criterion Data (L: .223)

—& Modelling (L: .133)

—& Testing/Sensitivity/Validity (L: .238)
—&8 Monitoring and controling (L: .090)
— Implementation (L: .053)

Figure 3-2: Tree view- Expert Choice output. Source: (Expert Choice 2004)

As shown inFigure 3.2 Problem Identification, Data, Modeling, Testing, Monitoring, and
Implementatiorwere defined as tejevel and main criteria as the steps of scientific method
of problem solving presented in subsection 3.2. Figure 3.3 shows the main critedangnc
their subcriteria elements also as noted in subsection 3.2 above to faomiblete AHP

formulation of the scientific method of problem solving in Expert Choice format.
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B Goal
—8 Problem Identification
—& Problem definition

—& Affected dients

—& Declaring objectives

—& Constraining factors

—8 Criterion Data

@ Availability

—@ Measurability

—& Cost and Issue

—& Data Management

—@ Profiling risk / Priorities

— Modelling

@ Static / Dynamic

—8 Relevance to objectives

—& Communication (interpretation)
—@ Deterministic / Probabilistic

—& Testing/Sensitivity / Validity

—8 Analysis in place

—& Robustness

—@ Feedback for adjustment

—& Monitoring and controling

—8 Advantage and ongoing verification of objectives
—& Switching capabilities for Objectives
—& Control Process

—3 Implementation

—& Evidence of results

—8 Guideline of decision method for preparedness

Figure 3-3: Detail AHP hierarchy model for the Scientific Method of Problem Solving
formulation. Source: (Expert Choice 2004)
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All top level criteria and the sutriteria levels were evaluated by pairwise comparison by
followingSat y’' s nscalegas ghawin abbve in Table 2.6). These evaluations were
made independent of the problem alternatives (to follow) and provide the basis for evaluating

these alternatives (protocols and communities) and their own valuations.

The pairvise comparison values for the tgvel criteria and withidower level suleriteria
were determined by the researcher based on the literature related to the scientific method, and
the relative importance applied to the steps of the process. The resuttsfanse of these

pairwise comparisons are discussed in Chapter 4.

The AHP method, through the use of the Expert Choice software provides relative weights
for each criteria and su@riteria. The assignment of the pairwise comparison value was
applied whie maintaining the consistency level under 0.1 for each criterion comparison in

each level.

It is noted that the Figure 3.3 hierarchy is applied to both Phase 1 (international adaptation

protocols), and Phase 2-Change community comparison).

3.4Phase2: Application of scientific methodsto C-Change communities

In Phase 1, the developed hierarchical framework (Figure 3.3) is used for comparing the
analyzed international protocols (Chapter 2). Therefore the same steps and milestones of the
evaluation of le international protocols are applied in the scientific method steps as
developed in AHP. Weights are assigned for each criterion in comparison to other criterion in
the same level as well as in relation with the higher level criteria. The final feefiback

this application develops the final framework for applying best practices.

After all these analyses have been applied for the international protocols, the final framework

is applied in Canadian &@Change communitieslgle Madame Gibsons, Igaluit, and
Charlottetowl to discover how problem solving in the communities are ranked and
compared. Therefore, in this part, communities will be analyzed and criteria will be weighted
and compared regarding to communitiresuof speci

this analysis, the researcher aeterminehow to assisthe community develapg its local
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action planand guideline Through this analysis of the applied protocols in Canadian

communities, selecting thpreferred elementsf the adaptation fraework is developed.

3.5Phase 3 Development ofCommunity Guidelines for adaptation

Through theanalysisdone inPhase2, guidelines are developingfor the GChange coastal
communities. These guidelines define the roles and responsibilities of the keyuoiyn

leaders involved at all levels, including the governments (federal, provincial, local
government, and municipality), and househol
other participant organizations duties are generally discussedhthiene h o émergency

kits assessed. Consequently, the Community Action Plan is developed for all community
members through information provided in this guideline. This Action Plan ccevsis
manageshe activitiestakingplace in the community during storntsgzards or other natural

events when the community is called upon to implement a preparedness plan.
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3.6 Summary of the Chapter

In this chapter, the application of the scientific method of problem solving and its break down
as a multicriteria hierahical problem is presented. The AHP formulation using Expert

Choice is explained.

The phases of the research processpaowided. In Phase 1, the International protocols are
analyzed and their specific elements compared through the AHP problem $olamugation
of the scientific method of problem solving. Rinase 2, the best practices application among
Canadian @hange communities is developed. And finally, in $hd, theCommunity

Action Plans guidelines are developed.

In next chapter, theesuls of the research process are preseriféeé AHP Expert Choice
softwareis applied to identifybest practice from the rankedprotocok and the coastal

communities
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4 Analysis and Results

This chapter presents the applied analysis and resuttee research methods and process

presented in Chapter 3. This chapter includes the following sections:

4.1) preparation of the AHP formulation of the scientific method of problem solving
by developing the pairwise comparisons of the importance of the dhétmo
adaptation frameworks thereby establishing the weighted hierarchy for general

application of the formulation

4.2) evaluation and comparison of the applied scientific method of problem solving of
the International protocols for managing adaptationughthe application of the
AHP model forMulti-Criteria decision making by applying the Expert Choice
software(Expert Choice 2004Phase 1 analysis)

43) i1 denti fication of ‘ntereational gratoeots for mamaging a mo n
adaptation result from the sensitivity analysis of the AHP model (Phase 1 results) ;

4.4) evaluation and comparison of the applied scientific method of problem solving of
the GChange Canada communities for managing adaptativough the

application of the AHP model (Phase 2 analysis); and

4.5) Gap analysis of the ranked-Change Canada communities including lessons
applied from the best practices of the International protocols for managing
adaptation resulting from the sensitwianalysis of the AHP model (Phase 2

results).

Lastly, the results of these analyses are provided as an aid to the determination of contents for
the community adaptation action plans and guidelines (Phase 3). These guidelines, presented
in Chapter 5, aréhe consequence of the action plans, best practices, and observations about
the international adaptation protocols, as applied to thd&hge Canada communities. As

such, the guidelines presented in Chapter 5 provide the recommended template fdr applie
adaptation planning and implementation for th€l@ange Canada communities based on the
construction of the scientific method of problem solving and its expected implementation in

practice.
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In this chapter, théAHP Expert Choice softwalie used a a a&cisionmaking support toaio

rank alternatives in a multicriteria setting and to deterntiast practice in adaptation
planning and actionThe results of this structured comparison of international protocols
permits prioritization of the specificcriteria that are required and are most effective in
practice toward satisfying the adaptation needs of coastamunitiessuch as the €hange

ICURA project communities in Canada.

4.1 Preparation of the AHP Weighted Hierarchy

This section presents the paise comparison estimates for the general scientific method of
problem solving problem as formulated in section 3.3 and Figure 3.3. The weighted hierarchy
of Figure 3.3 is determined lmomparing:(i) eachtwo criterion in a pairwise manner; and

(i) eachtwo subcriteria also in a pairwisenodeas discussed in sections 2.4 and 3.3 above.
The following Tables 4.1 to 4.7 provide the hierarchy pairwise comparison information that
is used in this thesis to define the weighted hierarchy for the scientific methmdblem

solving problem formulation.

Table 4.1, shows thealues wereassignedbetween each pair of the first level critenma
pairwise comparisanAs shown in the table, there are noted differences between the
Modeling and the Testing criteriané Testing is set dseing more importarthan Modeling

i n terms -OflLikerf scad(Tables2.6.1As discussed n Tayl or’ s mana
science process in Figugl, the Modelingexercise is carried out prior fitesting ormodel
validity and model @rametersensitivity analysis take plac&he purpose offestingis to
analyze model issues and difficultieas well asaddress these by adjusting the model
accordingly to makeecessaryorrections.This troubleshooting stage helps to improve the
developd model. Therefore in the analysi$ Table 4.1 the Testing/Sensitivity/Validity
criterion is given more relative importance with sgore of+4 relative to the Modeling
criterion scoredue tothe importance othe Testing, Sensitivity and Validity analgsof the

model

In arother casgeas shown in the Tabld.1l, Modeling receiveda higher scoreof +4 in
compaison to the Implementation criterionHigher score assign for modeling compare to

implementationbecausein general for any project successful mlodeust construct for
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successful implementatiohereforethe pairwise comparison dongetween théVlodeling

and Implementation critexj theModelingcriterionreceivedthehigher score (+4).

Similar arguments were applied to developing the set of sdaeshe 15 pairwise
comparisos done amongll 6 first level criteria, as provided in Table 4.1 and Appendix A
Scientific Method ofProblem SolvingAHP Hierarchy Pairwise Comparison Inputs and

Criteria and Subcriteria Weights.

Circle one number per row below using the scale:
1=Equal 3=Moderate 5=Strong 7= Verystrong 9 =Extreme

1| Problem Identifiatio 9 8 7 6 5 473 2 1 2 3 4 5 6 7 8 9 CiterionData
2| Problem Identifiatio 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Modeling
3|Problem Identifiatio 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Testing/Sensitivity/Vi
4|Problem Identifiatio 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Monibbringand contr
5|Problem Identifiatio 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Implementaton
6 Criterion Data 9/8/ 7|6/5|4|3 88 1/ 2|3/ 4|5|/6|7|8)|9 Modeling
7| Criterion Data 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Testing/Sensitivity/V:
8| Criterion Data 9 8 7 6 5 4 3 21 2 3 4 5 6 7 8 9 Monibringand contr
9| Criterion Data 9 8 7 6 5 4.3 2 1 2 3 4 5 6 7 8 9 Implementaion
10| Modelling 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Testing/Sensitivity/Vi
115 Modelling 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Monitringand contr
12| Modelling 9 8 7 6 54 3 2 1 2 3 4 5 6 7 8 9 Implementaton
13| Testing/Sensitivity/i 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Monitringand contr
14| Testing/Sensitivity/i 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Implementation
155 Monitoringandconr 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Implementation

Table 4.1: Pairwise Comparison the relative importance with respect to: Goal.
Source: Expert Choice 2004.

After the first level criteria pairwise comparisoase completeas shown in Table 4.1
pairwisecomparison of thé pairs ofthe 4second levesubcriteria of Problemlidentification
is presenteth Table 4.2 As shown in Table 4.2, all tferoblem Identificatiorsubcriteriaare
assumed to havequal importance in this project. For examtiés argued that the Problem

definition and Constraining factorsubcriteriaar e assi gned a coimpari sc

meandoth of theseubcriterionare assumed toavethe same relative importangeorder to
fulfill the goal of the projectidentical scores are given to all subcriterreder the Problem
Identification criterion which assumes the same level of importance for identifying the

problem as a first step in defined model in Figure 3.1 for all these four subcriteria.
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1| Problem definition (For 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Affected Clients ( How»
2 Problem definition (For 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Dedarng objectives? ("
3 Problem definition(For 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Constraining factors (Bt
4| Affected Clients(How' 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Decaring objectives? ("
5 Affected Clients(How' 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Constraining factors (Bt
6 Declaring objectives?(" 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Constraining factors (Bt

Table 4.2: Comparison the relative importance with respect to Problem
Identification (Expert Choice 2004).

Table 4.3 shows the comparison and relationship between each pabiooiteriaunder the
Criterion Data. Unlike the redubf Table 4.2, Table 4.3 experiences a more diverse result
meaning that the degrees of relative importance here are very different between thach
subcriteria For example, the Cost and Issuécriterionis assumed to be stronger than the
Availability subcriterionandtherefore received higherrelative score (+8)compared tdhe
Availability subcriterion This score was assignéécause data available specifically in this
studywas crucialand wouldotherwisebe costly for the organization. The Castd Issue
subcriterionis assigned to bslightly moreimportant (at +2) compared to the ProfiliRigk
subcriterion In generglcost and riskare analyzed in parallel in most casesd, sincen
some caseorganizations(e.g., municipalitieshave totake somerisk to implement vital
projece (r el at ed t o, os mfrastractuseforsexamp@le) then Cost and Issue
criterion become the basis for strategy comparison and accordingly are assibigdteia

score comparedith Profiling the risk.

Similar arguments where applied to devahgpthe set of scores for the Ifhirwise
comparisons othe 5 secondry level subcriteriafor Criterion Data, as provided in Table 4.3
and Appendix A- Scientific Method of Problem Solving AHP Hierarchy Pairwise

Comparison Inputs and Criteria asdbcriteriaWeights.
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1| Availability

2| Availability

3| Availability

4| Availability

5! Measurability

6| Measurability

7| Measurability

8| Cost and Issue
9| Cost and Issue

10| Data Management
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Measurability

Cost and Issue

Data Management
Profiling risk / Prioritie:
Cost and Issue

Data Management
Profiling risk / Prioritie:
Data Management
Profiling risk / Prioritie:
Profiling risk / Prioritie:

Table 4.3: Comparison the relative importance with respect to Criterion Data
(Expert Choice 2004).

Table 4.4 shows below ti& pairwisecomparisorscores assigned to thesdbcriteriaunder

theprimarylevel criterion* Mo d e .lIntmsgdse, it is argued that the Static/DynaBub-

Criterion isassigedthel owe st

scor e

(at

scores of

8"

other subcriteriafor Modeling. The othe subcriteriapairs are less different and more

comparable (with str e s

behind this scoring methddr example, assigns momaportance withrespecto whether the

of

2 'theirpairdise ‘c@nparisorscoes. The logic

specific projects Deterministic or Probabilisticompared to bein§tatic or Dynamic.

Similar arguments where applied to devetgp the set of scores for the @airwise

comparisons of alldur secondevel subcriteriafor Modeling as provided in Table 4.4dnd

Appendix A- Scientific Method ofProblem SolvingAHP Hierarchy Pairwise Comparison

Inputs and Criteria andubcriteriaWeights.

1| Static / Dynamic (short
2| Static / Dynamic (short
3 Static / Dynamic (short
4| Relevance to objective
5| Relevance to objective

6| Communication (interpi
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Relevance to objective
Communication (interpi
Deterministic / Probabil
Communication (interpi
Deterministic / Probabil
Deterministic / Probabil

Table 4.4: Comparison the relative importance with respect to Modeling (Expert Choice

2004).
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The Testingcriterion has just threeelated second leveubcriteria The assigned pairwise
comparisos show that Robustness is almostqual with both othefTesting subcriteria
(Analysis in place, and Feedback for adjustment), but the Analysis in qlbcdterion is
judged to beslightly more important than Feedback for adjustment. The argument about this
assignedscore account®r the notion thatn Testing we needto consideicarefully Analysis

in placeas being assigneal higher scordecause in the fieJdhefirst thing that needs to be
tesedtoward projecimplemenation is theanalysisin placeprior to carriesout therestof

thetestingprocedures

Similar arguments were applied to devehgp the set of scores for the Bairwise
comparisons ofhe threesecondevel SubCriteriafor Testing as provided in Table.g8and
Appendix A- Scientific Method ofProblem SolvingAHP Hierarchy Pairwise Comparison

Inputs and Criteria ansubcriteriaveights.

23456 7 8 9 Robustnesyis there fle:
2345 6 7 8 9 Feedback foradjustmer
23456 7 8 9 Feedback foradjustmer

1| Analysis in place 9/8(7|6|5
2| Analysis in place 9/18(7|6|5
3|Robustness(istherefle; 9 8 7 6 5

S B B
LS I &6 B &6 |
{ SRR NS I
—_ =

Table 4.5: Comparison the relative importance with respect to Testing (Expert Choice
2004).

The Monitoring criteria havethreesubcriteria and thethreepairwise comparison scores are
shown in Table 4.6. Monitoring is assumed experience a similar phenomentm the
Testingcriterion (Table 4.5) in comparison betweis subcriteria In Table 4.6, the pairwise
comparison assigned to Switching capabilitge assigne@lmost equal value asre the

other twosubcriteriain this gioup, namely, Control process, and Advantage and ongoing
objectives. However, Advantage and ongoing objectives is noted as being slightly more
important than Control process. The logic herth& for Monitoring the proces#\dvantage

and ongoing objectisgeare more important than contiolg the processand thereforghe
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Monitoring step with Advantage and ongoing objectigaterion canbe shiftedamong the

other twosulxriteria.

Similar arguments were applied to devehgp the set of scores for the Barwise
comparisons ofhe three seconlével subcriteria as provided in Table 4&nhd Appendix A
Scientific Method ofProblem SolvingAHP Hierarchy Pairwise Comparison Inputs and

Criteria andsubcriteriaveights.

2345 6 7 8 9 Switching capabilttes fi
23456 7 8 9 Control Process
23456 7 8 9 Control Process

1| Advantageandongoing 9 8 7 6 5 4 3
2| Advantageandongoinc 9 8 7 6 5 4 3
3| Switching capabiltiesfc 9 8 7 6 5 4 3

~ ro o

Table 4.6: Comparison the relative importance with respect to Monitoring (Expert
Choice 2004).

The last pairwise comparison is between thimgle pairwise comparison of the

| mpl ement at i o BubCriteriat ramelyoBvigrnce of nesult, and Guideline of

design model (Table 4.7) Thest udy’ s mai n o0 b jthe Guidelimeeothes ugge s
design model is moderatetyiore important than Evidence of ressilvith a scoreof “ 3 7 ) .

This is because without the Guideline of desinodel, the Evidence of resutoes not make

sense.

{ Biidercecfrestts 9 8 7 6543212345678 9 Gidelneof decsonm

Table 4.7: Comparison the relative importance with respect to Implementation
(Expert Choice 2004).

After providing the pairwise comparison values for the scientific method of problem solving
AHP hierarchy formulation, these givealues are used to weight the relative importance of
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the overall hierarchy for general application to alternative adaptation frameworks and, in

particular, for evaluating the international protocols of Phase 1 of the research process.

After all the pairwse comparisan have been assigndmbtween thecriteria at all levek
(Figure 4.}, theweightedhierarchy modetan be developet form the completaveighted
AHP formulation of the scientific method of problem solving in Expert Choice format. In
Figure4.1, final weight aregiven to each criterion in all levels. The wesglatre scaled to 1
across the first level criteria, and for each set of second $&ueCriteria For examplethe
Probleml d e nt i fSuleCaiteria wenght summatioracross its foulSub-Criteria yield:
0.221+0.257+0.239+0.283 =0DQ
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Goal
—3 Problem Identification (L: .264)

—& Problem definition (For each protocol is the problem well defined?) (L:
.221)

—& Affected ients ( How well are the affected clients survive? With
respect to participation and result) (L: .257)

—i& Declaring objectives? (Target) (L: .239)

—& Constraining factors (Budget-resource) (L: .283)

—3 Criterion Data (L: .223)

@ Availability (L: .046)

—i8 Measurability (L: .042)

8 Cost and Issue (L: .492)

—& Data Management (L: .158)

— Profiling risk / Priorities (L: .262)

—& Modelling (L: .133)

—@ Static / Dynamic (short-term / Long-term) (Strategic) (L: .051)

— Relevance to objectives (L: .454)

—8 Communication (interpretation) (Are model result useful?) (L: .220)

—@ Deterministic / Probabilistic(more detailed) (L: .175)

—& Testing/Sensitivity/ Validity (L: .228)

—& Analysis in place (L: .571)

—& Robustness(is there flexibility) (L: .286)

— Feedback for adjustment (L: .143)

—=& Monitoring and controling (L: .090)

—8 Advantage and ongoing verification of objectives (L: .571)

—& Switching capabilities for Objectives (L: .286)

—& Control Process (L: .143)

—@ Implementation (L: .053)

—& Evidence of results (L: .250)

— Guideline of decision method for preparedness (L: .750)

Figure 4-1: Detail AHP hierarchy model for the Scientific Method of Problem
Solving formulation with assigned weight(Source: Expert Choice 2004)
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26.4% Problem ldentification

22.3% Crterion Data

13.3% Modelling

23 8% Testing/Sensitivity/Yalidity
9.0% Monitoring and controling

h.3% Implementation

Figure 4-2: Mai n Cr al dcaes.iSauics:. (EkpernChoice 2004)

Figure 4.2 shows theeightedimportance of the first level elements of the defined hierarchy
from the pairwise comparison scorésthis Figurethe importance of 8riteria Problem
identification, Criterion dateand Testing/Sensitivity/Validity are more heavily weighted than
other elements and account for a combined 72.5% of the hierarchy total weight (of 100%).
Hence we can conclude these factors eglativelymore important than other factors in

regardto the decision of managing community adaptafirameworks

4.2  PhaselEvaluation of International protocolsfor managing adaptation

In thisinitial step thelnternational protocolfor managing adaptation presented in Chapter 2
areanalysed one by one atitkir criterion data for the scientific method of problem solving

assessed. This is achieved by scoring each protocol independently with respect to the
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measures and indicators associated with the subcrtigha lowest level hierarchy elements

of the AHPmodel Section 3.3 Figure 3.3.

llghelich Nadimi

As presented in the review of Chapter 2, the international protocols for managing adaptation

are as follows:

1) ICLEI - thelnternational Council for Local Environmental Initiatives

2) FCM - the Federation of Canadian Municiizs

3) CARE- Cooperative for Assistance and Relief Everywhere

4) UNDP - The Unted Nations Development Program

5) EU-ECCP- The European Commissionguropean Climate Change Programpart
i dent i f i ctleKyoto Rroteal d

of EU’

The scores for the 5 international protocols are presented below in Table 4.8 fd8uhe 3

s strategic

deve

Criteria of the Problem Identification first level criterion. The derivations and assignment of

the protocol scores are discussed further below.

INCR INCR INCR
Problem Problem Problem
Identification Identification Identification
Problem definition Affected Clients ( Declaring objectives?
(For each protocol How well arethe (Target)
Alternative is the problem well affected clients (L:.239)
defined?) survive? With
(L: .221) respect to
participation and
result)
(L: .257) _
v ICLEI 9 8 [ 8
v FCM 5 | 2 ] 5
v Care 4 [ 4 [ 6
v UNDP 9 | 9 _] 9
¥ EU Commission 3 | 7 | 7
C-Change 2 | 3 [ 9

Table 4.8: Data Grid scores (protocols). Source: (Expert Choice 2004)
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In Table 4.8the score given fothe Roblem Identificationcriterion and theSub-Criterion

Problem definitionof the hierarchyfor each protocolasks the quesin whetherthe
adaptationproblem is weldefined As shown in Figure 8, regarding the scores given to

each protocolit is obvious the response to this question is different among these introduced
protocols, especiallypetween ICLEI andhe EU Commissbn (ICLEI score is 9versus a

score of 3 for theEU Commissioip For this particular examplehese scoresire given

because ICLEIs consi derabl e experience in definin
types of client communitie®©n the other haneU Commi ssi on’ s fr amewor
help thebroaderEU countries reduce GHG emissssnd adapto climate changes much

less specific in terms of problem definitiols such, his protocol isrelatively new, andthe

EU with less experience than ICLES$ still proceeding in the initial phases of defining the

project problem. Therefore the EU Commission receives a lower weighth{@)Affected

client Sub-Criterion comparison betweetine same two protocols shows different resulh

this case the scemssignedo ICLEI and EU Commissioarealmost same (ICLEI = 8, EU
Commission = 7). The reason for these scores is because both wetggmrted very well

the affected clients, even though the variety of communities supported by ICLEI are very

diversethan the communities supported by EU Commission.

Other examples analyze¢he third subcriterion under Problem Identification Declaring
Objectives. Analyzing the scorassigned tgrotocols under thisubcriterion in Table 4.8
shows all protocols receidemore or less similar scores in this case thedowest score is 5
for FCM. The logic behind these resulissumes thahese protocal aretrying to follow
their target and theimain purpose andthereforetheseprotocols receive high scaeCare
and FCM were assigned lower scores compared witiher protocols because these two
protocols are still dealing with new communitieshat are continuing tadevelop their
priorities andarefacing issuesdevelopng their frameworksand receiing furtherfeedba&k
from them.
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The score given to all criteria (Data Grid Scores) for the International Adaptation Protocols

analysis are presented in AppendixCP r o t data Gric s’

Anotherimportant element affecting the scoring process is about utilitysaoned it s s ho
through gray areas in Table 4.8. Sincedhaph (Appendix B) in this study st linear and
regarding to the first level criteria have to make cuireégure 4.3) These curves affecting

the value of scores given for egmtotocolthroughthe following system:

Advantage and ongolng verification of objectives (L: .571)

=0 20 a0 £l 30 ]
Figure 4-3: Utility Curve

In Figure 4.3 theurveis divided in different parts anall scores higher than 6 can be
considered acceptabl€he marginal utility for this case deases as we proceed from the

minimum to maximum anchor points.

The marginal utility for this case (Figure 4.3) decreases as we proceed from the minimum to
maximum anchor points. This implies that gains made (in utility) are expected to fall as the
scoresmncrease, e.g., if the score is very low (3), the gains in utility from moving to 4 or 5 are
higher than the gains in utility moving from a higher utility (7) to 8 or 9. This interpretation

refl ects decision makers understand of t he
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After scoring the protocols foreach subcriterion, the most important criteriare
classified through theiweighted priorities of the hierarchy that follow from Figure 9.

regarding each 0 mmu nspecifyc crieria.

The overall scores for each protocol are calcul#tesligh the summation of weighted scores
given to the criteria of thé&HP scientific methodformulation (Figure 4.2), i.e., Problem

identification, Criterion data, Modeling, Testing, Monitoring, and Implementation

Figure 44 provides the final score f@ach protocol after the abovementioned calculation is
done for each protocol. Regarding the result shown in F§Gréhe scores for ICLEI

(22.3%) and UNDP (22.6%) ahegher than the other protocols due to their extent of activity.
These two protocolsdve expanded their scope in all ksrad communitiese.g, rural urban,

in developing and developed countries.

22.37% ICLEI
19.1% FCH

16.3% Care

22.6% UNDP

19.6% EU Commission

Figure 4-4: International Protocols final AHP overall scores.(Source: Expert
Choice 2004)

AHP Sensitivity Analysis

After doing the analysis for the International protocols as above, the next step is the
Sensitivity Analysis to lsow the robustness of the results. Figufeshows thain the first
level criteriacomparison between ICLEI and FCM, ICLEI scored more than FCaJ,
ICLEI is dominant in all criteria in compigaon with FCM. In some criterione.g., Problem
Identificaion and Modeling and Testinthis dominaceis much more obvious than in other
criteria. Inothercase, such asMonitoring and Implementatigrthe dominarce is very low
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but through looking athe overall comparisomat the bottom of the figurdt is corcluded that
ICLEI is dominant in comp#&on to FCM. ThereforeICLEI is expectedto be a more
appropriate overall protocol for application to theC8ange coastal communitiéBhase 2)

See als®ppendix B “Protocols AHP outpuSensitivity Analysis.

ICLEI <> FCM

Iden

C on Da

lling

/Sens

Monitpring a

——

Implejpentati

——

Overall

L L L i 1
.90% 6.67% 4.45% 2.22% 0% 2.22% 4.45% 6.67% 8.90%

Weighted head to head between ICLEI and FCM

Figure 4-5. Weighted head to head Protocols Comparison. Source: (Expert Choice
2004)

In thefinal point of discussion abotite International protocolsankings the analysis of all
protocols and the first level criteria is prethin Figure 4. This Figure showthe scores

given to each criterion with the related International Protocols.

As shown in figuret.6, ICLEI and UNDParedominant in all criteria compariserThis
dominance is more obvious somecriterionsuch asvodeling. Dominance is reduced over
other protocols in criterioauch asmplementation Overall for all criteria theanalysisof
ICLEI and UNDPmaintaintheir dominaceandare assignetigher scorecompared to

other protocols.
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Moreover asshown infigure 4.6 UNDP and ICLEI arevery close to each other and both of

them haveamuch higher score than other protocols in all crité@riee highest score belongs

to the Modeling criterion and again, ICLEI and UNDP received highest score among all
protocols with respect to the Modeling criterion, and CARE assigned 3, the lowest score.
Furthermore, the lowest score for all protocols is in Implentientariterion due to progress

of implementation of all these protocols. Therefore, changing Implementation score assigned

to these protocols could make a significant change in overall result of this analysis.

In summaryjn this part (PhaseHll the intenational préocols introduced ilChapter 2 are
assessed artbe ientific method of problem solving stepeeapplied in AHP Expert

Choice software to do pairwise comparison between the criteria of these protocols in all
levels to obtain best practicd®degardingheresults obtained from AHP and analysis done
among these data, ICLEI and UNRBRechosen athe best practices. These two protocols get
thehighest rank in all criteria and it & a result ofears of experience in the field, and
developng andimplemening their framework in partnshipwith different group of

communities in developed and developing countries.

In thenext step (Phase ,2he AHP hierarchy for thescientific method of problem solving
appliedamong Canadian-Change commutiesto find the best case practice and hereby

developa preferred and mod&amework for coastal communities.

Moreover, as shown in the above Figures 4.4, and 4.5, UNDP and ICLEI have much higher
scores than other protocols in all criteria. The highestesbelongs to the Modeling criterion

and again, ICLEI and UNDP received the highest scores among all protocols with respect to
the Modeling criterion, while CARE assigned 3, the lowest score. Furthermore, the lowest
score for all protocols is in Implemiion criterion due to progress of implementation of all
these protocols. Therefore, changing the Implementation score assigned to these protocols

could make a significant change in overall result of this analysis.
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43l denti fication of Obest practiceséo

This step discugs thédent i fi cati on of ‘best practices’
managing adaptation resulting from the sensitivity analysis of the AHP model (Phase 1

results) from section 4.Regarding the results obtauhfrom the analysislone in Phase, 1

| CLEl and UNDP are chosen as models of “best
highest rank in all criterial his is attributed ttheir years of experience in the field, afod

developing and implementing theidaptatiorframeworks in partnership with different

groups of communities in developed and developing countries. Thisisamlittive tothe

overall datasinceboth of these protocols are dominant, and reddigbighest weiglg

among all analyzed protocols.
The reason these twprotocolsarechosen asbest practices i n:c | ude
1 These protocols suppatvariety of communities in different regismf the world

1 ICLEI and UNDP are implementing their framework on developing and developed

countries, in urban and rurateas.

1 ICLEI and UNDP have proven methodolegand reliable databaseith a variety of

successful cases

1 Both of these protocols develop in the communities through training local authorities

and transferring knowledge and experience to the community

1 Helping the communities to develop their own framework through using their basic

reliable framework.

Moreover, ICLEI and UNDP are chosen as highest ranking protocols that demonstrate best
practices in delivery of community based adaptation. These protactf#bate to the

specific elements of the constructed model framework. Analyzing all aspects of these
protocols in comparison with the other international protocols indicates where the preferred
protocols make specific gains on others. The result ofrtaklysis of best elements chosen

through pairwise comparison provide the ranked protocols with better performance with
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respect to problem solving. As well, insight gained from the hierarchical structure and

scoring of the protocols permit direct compariséthe different protocols and communities.

In summary, in this part (Phasea)l the international protocols introduced in Chapter 2 are
assessed according to their treatment and experdpplying the scientific method of

problem solvingwithin theadaptation framework. Regarding the results obtained from the
AHP anal ysi s, | CLEl and UNDP are chosen as
protocols obtained the highest rank in all criteria as a result of years of experience in the field,
and developig and implementing their framework in partnership with different groups of

communities in developed and developing countries.

In the next step (Phase B)e AHP hierarchyandthe scientific method of problem solving
steps will be applied among Canad@tChange communities to find the best case practice

and hereby develame characteristics of a preferredmework for coastal communities.
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4.4Phas 2- Application of scientific methods on GChange communities

Phase 2 is part of ICURA-Change project.t Te | CURA’ s mai n goal IS
change adaptation capabilities among coastal communities in Canadhea@dribbean

through connecting the communities with research groups in universities throughout Canada
and the University of the West Indiegtwork in the Caribbeaginternational Community

University Research Alliance (ICURA) 2007 herefore, the related goal defined for this

study is to develop a preferred adaptation framework for coastal communities to assist them

in adapting to coastal climate changes and to apply the developed framework toectirapa
C-Change Canadian communities. Hence, the analysis of Phase 1 among the international
adaptation protocols through applying the scientific method of problem solving and the
AHP’ s hierarchy, these devel oped nketfdunds ar

Canadian &Change communities.

The Canadian €hange communities are analyzed below with respect to their social,
economic, cultural, and environmental profiles. Then, the four communities are compared
regarding their estimated ability to preséme scientific method of problem solving through

applying the AHP hierarchy as before.
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4.4.1 Isle Madame, Nova Scotia

Figure 4-7: Aerial Photo of the Town of Isle Madame (Source: Google Map, 2012)

Isle Madame is located in the sowgaistern part of Cape Breton Island in Nova Scotia,

Canada. The islanarchipeligoconsiss of three main island comunities: Isle Madame

propet PetitdeGr at t o the east, and Janvrin’s I sl an
of Richmond County and is separated from mainland Cape Breton Island by a narrow channel
named Lennox Passage to the n@iiternational CommunityJniversity Research Alliance

(ICURA) 2007)(Figure 47).

Storm surge andea level riseare considered as the biggesbastal environmentassues
facing Isle Madame. Since most of the infrastructreads, water treatment, wharves) are
built close to shoreit makes the community more vulnerabléo sbrm surge (from more

frequent severe storms) and pending sea leve(RPmledel 2011)
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4.4.2 Gibsons, British Columbia

Figure 4-8: Aerial Photo of the Town of Gibsons (Source: Google Map, 2012)

The Town ofGibsons is a growing coastal community which is located in southwestern
British Columba on the Strait of Georgia. Gibsons is 64km north of Vancouver, in the area
known as British Columbia’ s Sunshine Coast

Vancouver and by air.

Average annual temperatures for Gibsons (and the Sunshine Codstrarshghtly higher

than that of Vancouver (13 versus 12 degrees Celsius)@Ghdons has on average more
frost free days (334 versus 329 for Vancouver). Winters are relatively mild and lots of rain
makes this area green and blooming year rqurdted Nations Development Programme
2012)
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In 2009, Gibsons earneah anternational recognition when it was named the "Most Liveable
Community under 20,000" in a worldide competition by the UNbacked International
Awards for Liveable Communities. Il n 2005,
Springs International Wat Tasting Award as the Gold Medal Winn@nited Nations
Devebpment Programme 2012)

The Town of Gibsons addresses climate issues by developing the community energy and
emission plan to reduce the energy usagbeerommunity and GHG emissions as well. The
community targets to reduce the energy consumption and &ni&sion until 2031. Gibsons
designed the following action to achieve their reduction gé&gip 2010)

U fASupport Energy Efficient Land Use Practices

U Reduce Dependence on Single Occupant Vehicles
U Enhance the Green Building Sector

U Expand Local Renewable Energy Opportunities

U Reduce and Ree Solid Waste as a Resource

U Strengthen the Local Economy

U Manage Brownfield Sites

U Foster a Culture of Conservation in the Commumity

This plan is designed to be updated during the implementation phase since reporting and

monitoring are done continual({pp 2010)
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4.4.3 lgaluit, Nunavut

Figure 4-9: Aerial Photo of the Town of Igaluit (Source: Google Map, 2012)

Igaluit is Canada's most northern capital of the territory of Nunavut, which is located on the
head of Frobisher Bay overlooking &esse Inlet on the southeastern coast of Baffin Island.
Igaluit, once known as the community of Frobisher Bay, is the largest community in Nunavut
with a population of more than 7,250 (2010 estimate). The temperature in lgaluit in January
averages30°C,and in July it is about 15°C. There are nearly 24 hours of daylight per day in
June whereas in December there @mly 6 hours of daylight per day. The long cold winter
begins in September and the ground is usually stmxered until June. The summer manth

are July and AugugtUnited Nations Development Programme 201

lgaluit &key environmental factors include permafrost and ground ice, but also surface
hydrology, sea ice, drifting snow, storms and flooding hazards. The macro tidal setting
creates spectacular tidal flats and challenges for shipping. Climate cimatiye area is
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imposing change®n a number of species, including seals, which are among the most

important country food besides fifdnited Nations Development Programme 2012)

Global warmingis thebiggest climate issue in recent yeéXielsen 2007) mostly affecting
extreme changein weather. Igaluithas recently experienceddifferent climate charg
impacs including extreme weather changé€increase in temperature and wind speed and
guantity of rain), change in precipitation( quantity of rain and snow in the different months)
, and coastal environmental charige sea level rise and ice melginSince infrastructure in
the Arctic areais built based on past climate conditg&extreme changen climatesuch as
heavier snow or rain falihay causeserious damagt all infrastructures irthe community.
Furthermore global warmingcontributesto sea level rise, coastal flooding, storm surge as
well as land fallingi.e., subsidencduildings, road, and other infrastructure in this araa
becoming morerulnerable andhere is a neetb developa new plan to helghe community
adaptto the chanigg climate conditios (Nielsen 2007)
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4.4.4 Charlottetown, Prince Edward Island

Royalty -5

Falconwood

Figure 4-10: Aerial Photo of the Town of Charlottetown (Source: Google Map, 2012)

Charlottetowris thecapitalof the Canadian Province of Prince Edward Islandistatated

on the south shore ofiRce Edwardsland just off the eastern shore of Canada in the Gulf of
the St. Lawrence. The city is situated on Charlottetown Harbor, which is formed by the
confluence of three rivers and which opens into the Northumberland Strait. The City of
Charlottetown has an impressive inventofyarks and green spaces (approximately 400
acres), which provides a range of passive and active experiences, including the award
winning Confederation Landing Paiknd a beautifully landscaped waterfront park.
Charlottetown has an extensive and digtarchitectural heritage including individual
heritage buildings as well as a heritage area located in its dow(litt@mational
CommunityUniversity Research Alliance (ICURA) 2007)

As mentioned in Natur al R e s dgetowrche h&lanada’
problemswith storm surge and land fallifgubsdence) Hartt (2010, storm surge affects
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shoreline infrastructures includintie harbo, buildings and roads in Charlottetowiihe
local stormof January2000 cost almost $20 million to local governmentepair the

damages

4.4.5 Community result analysis

After the brief background explanation above abouElange communities theclimate

change related vulnerabilities and needs, the same procedure as applied in Phase 1(Evaluation
of international protocols), is applied here to rank the communities. EaChaGge
community is assessed and scored for the AHP problem formulatidtheamesultant score

sets analyzed together to rank the adaptation frameworks of the four communities.

The criteria developed in AHP hierarchy of Phase 1 for the scientific method of problem

solving is applied among t sereccomparedni t i es, an

Similar to the procedure of Phase 1, the AHP hierarchy criteria and subcriteria were
prioritized using the same weights as in Phase 1 (Figure 4.1).

Ideal mode ' INCR ‘ INCR INCR
Problem Criterion Data Criterion Data
Identification Availability Measurability
Constraining (L: .046) (L: .042)
factors
< (Budget-resource)
Alternative (L: .283)

VI1sle Madame 3 6 6
vVIGibsons 6 7 7
VIIqaluit 4 5 5
VI Charlottetown 5 8 8

Table 4.9: Communities Data Grid score. Source: (Expert Choice 2004)
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The scoregor the four communities angrovidedfor the hierarchy subcriteria measures as in
Phase 1For instancethe score given fothe Roblem Identificationcriterion, sub critera
Constraining factors (Budgeesoure) are shown inTable 4.9. Gibsonsand Charlottetown

have higher scores (6 and 5 respectively) than Igaluit and Isle Madame (4 and 3 respectively).
These scoreare assignetlecausésibsonsis a relatively rich community anaasresources

and infrastructtes to develop the framework in the community. On the other hand,
Charlottetown is one of the more developed communities in an urban setting, with local
action plans in place and so a considerable community database and forecast analyses about
future climae impacts. Therefore, these two communities are justified in receiving higher
scores than the other two communities regarding Constraining faBtaigetresourceThe

Criterion data availability subcriterion comparison between communities shaokiferent

result. Even though again Gibsons and Charlottetown have a higher score compare than the
other two communities, the score given to all communities are almost same (Gibsons = 7,
Charlottetown = 7, Isle Madame = 6, and Iqaluit= 5). The reason for tbhesss 3s because
communities’ cl i mat e thdnemssarinfrastriecture fiorrdévelopimp t i o n
the framework are availabld he difference in scores indicates how each community has

more potential in the new framework implementation regardatg availability.

Another example is Criterion data measurability, the second subcriterion under Criterion
Data. Analyzing the score received by communities under this subcriterion in Table 4.9
shows all protocols received similar scores in this castlze lowest score is 5 for Igaluit.

The logic behind these results is becatisse entirecommunities keep updated climate
related data and information, and the data available in these communities could be used as a
initial step of data gathering in golem identification. The difference between scores comes
from the quality of the data available, and the infrastructure each community currently has.
Therefore, as in the previous examp®&bsonsand Charlottetown receive slightly higher

scores in compé&on to the other two communities.

The score given to all criteria (Data Grid Scores) for the Canad@h@ nge communi t

analysis are presentedAppendixE-“* Communi ti es Data Grids?”.

After scoringeach criteriorfor each communitythe applicationof the AHP to these data,

including the weighted hierarchy enabled a ranking of the communities in terms of their
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adaptive framework status to date. The results of the cooperative ranking of the four

communities are provided in Figure 4 delow.

24 7% lzle Madame

26.1% Gibsons

22 9% Ig_gluit

26.3% Charlottetown

Figure 4-11: Alternative Community comparison. Source: (Expert Choice 2004)

The overall scores for each community (in Figure 4.11) are calculated through summation of
scores given to scientific method elements (Figure 4.1) (Broldentification, Criterion

data, Modeling, Testing, Monitoring, and Implementation) for that particular community.
Regarding the result shown in Figure 4.11, all communities scored similarly. The scores for
Gibsons (26.1%) and Charlottetown (26.3%) daghér than the other two communities due

to their extent of activity. These two communities are active in developing local action plans,
have established historic databases about past climate impacts and employ expert dedicated

staff on the issue of locabastal adaptation.

The next step presents the Sensitivity analysis to show the robustness of the Figure 4.1
results. As shown in Figure £1in most of the first criteria comparison between Isle
Madame and Charlottetown, Charlottetown scored higher tekn Madame. In some

criterion like Criterion data and Modeling this dominance is much more obvious than in other
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criteria. Even though in some cases like Testing and Implementation, Isle Madame was
assigned a higher score but the overall comparison @nbtiitom of the figure we can
conclude Charlottetown is dominant in comparison to Isle Madame. Therefore we expect it to
be a more appropriate overall community for the application of the adaptation framework to
the GChange coastal communitieSee alsoAppendix F - CommunitiesAHP output

Sensitivity Analysis.

Isle Madame <> Charlottetown

F'lohle.
Clileli-
.
TeI!S ens

Monit

Ienmli

Overall

I 1 1 1 1
I r T 3 T y T y 1
3.39% 2.55% 1.70% 85% 0% .85% 1.70% 2.55% 3.39%

Weighted head to head -between Isle Madame and Charlottetown

Figure 4-12: Weighted head to head Communities comparison. Source: (Expert Choice
2004)

In the final step of discussion abouGhange communities, the analysis of all protocols and
the first level criteria is presented in Figdrd3. In this figure, all fluctuations are shown

regarding to the scores given to each criterion with the related communities.

As shown in the figures belo@harlottetowrand Gibsons are dominant communities in most
criteria except in the Testing and Iraplentation criterion. In the Testing criterion Isle
Madame is assigned a higher rank in comparis@htarlottetown, and in the Implementation
criterionlsle Madame and Igaluit are assigned higher rankttiaother two communities.

SinceCharlottetowrand Gibsons are still in their initial step of applying process
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implementation. Overall for all criterig§harlottetowrand Gibsons kept their dominance and

are assigned higher scores compared to other two communities.
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Figure 4-13: Communities detailed comparison. Source: (Expert Choice 2004)
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Moreover as shown in Figure 8,Jall communities are very close but Charlottetown and
Gibsons are more stable in comparison to the other two communities, theregerénb

communities have higher overall scores.

4.5 Gap analysis of the ranked GChange Canada communities

This section includes:

1 Lessons applied from the best practices of the International protocols for
managing adaptation resulting from the sensitiaitglysis of the AHP model

(Phase 2 results)

1 Comparisorof communitieswith respect taheir overall ranking and statement
of why some are better than others and the gaps that communities need to

address to “improve”, e.g., more dat a,

In this part (Pase 2) all the €hange Canadian communit@® assessed and the
Scientificmethods of problem solving steaseapplied in the AHP Expert Chacsoftware
(Expert Choice 2004). Regarding the results obtained from AHP and analysis done among
these data, arlottetown and Gibsoressechosen as the communities that euerentlybest
preparedor theapplication of their adaptation frameworK$hese two communitiesttain
the highest rank imostcriteria(as discussed in section 4.4.83,a result of years

experience in the developing local action plans, and their source and preparedness

Regarding Community data (Figure @) 1lisle Madameshouldbe expected to
improve its Criterion Data, Modeling, and Monitoring criteria. Consequently, this community
needs to prepare background information abou:
threats and vulnerabilities, and develop a concise monitoring plan to track the current climate
changes in the community. For this purpose, the community needs to develop a
organizational chart of responsibilities to determine all involved organizations in the

adaptation process. Isle Madame also has to develop its Model and framework specifically.
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Igaluit as other community analyzed in this study faces serious issumE®aKGsoN
with Isle Madame. As shown in Figure 4,1the community of Igaluit needs to improve in all
aspects relative to the scores for Isle Madame. For example, more resources (technical and
financial) need to be provided for the community, which shbalee the authority to train

and develop the community’s background cl i ma

Igaluit <> Isle Madame
- |
- -
Modeting
Tos
-l
.,,l.
Seotsmeetat

Overall

L 3 3 3 1l
r T U T 1
339% 295% 1.70x o5 ox #h% 1.70% 2.55% 139%

Figure 4-14: Weighted head to head comparison between Isle Madame and |gtl

In thenext Chapter (Phase 3je Community Action Plan and guidelinedeveloped

through the analys andresultsof Phase 1 anéhase 2.
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5 Community Action plan and Adaptation Guideline

This chapter presents the Community Action Plan and Adaptation Guidelines for applying the
adaptation framework. The Action Plan is developed from lessons learned to date from
applied community adaptation planning, eig.the international protocols and community
cases, and from the recorded experience (e.g., Chapter 2, Section 2.4), and the best practices
and gap analysis discussed in Chapter 4 above. The Community Action Plan and Adaptation
Guidelines presented hesge intended to inform the-Change project communities in

Canada and the Caribbean.

Developing adaptation guidelines at the community level requires consideration of particular

characteristics. These characteristics are:

1 Background information and Community Profile — the collecion of community
context informationregarding he c o mmuni t y’ s ¢ Impattg,taed hi st
vulnerabilities and threats includirdemographidactorsas well as other important
social, cultural characteristics.

1 Community Prioriti es - evaluaion regarding he c o mmuni t y’' s speci f

geographical, economicand cultural preferences

1 Simplicity and Engagement— Community Action Plans and Adaptati@uidelines
are to be simple and understandabdéed apply to community leadeirghand
governance, as well as to community family and individual units equally, and in so
doing, are required to engage all members of the community from seniors to youth, to

professionals and volunteers.

1 Delivery Format — Community Action Plans and Adagitan Guidelines are expected
to be delivered to community members in multiple formats that include prgpar
checklist, sahatthe communityis preparedor an emergencyevent.The initial step
in checklist preparation willapply the general community pofile background
information a n d Il ncorporate t h aforntatbom ri@anmmuntity * s pr

AdaptationGuideline preparation starts by planning within families, and educates and
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informs family members. This wilbyeabhe del i
family in the community. As well, the Community Action Plan and Adaptation
Guidelines develop procedures in the event of emergencies that trigger action by
community leaders in response. The roles and responsibilities of the Action Plan are

laid out.

1 Integrating the Action Plan in Community Activities - Community Action Plans
and Adaptation Guidelines requirassing awareness in the community and
establishing and enhancing the partnership among tebairge organizationand

communityleaders

1 Event Simulation and Monitoring - Community Action Plan and Adaptation
Guidelines include a regular period of repeat simulation, training, and monitoring of
emer gency events rueppr ecfe ntpiongntai a“l moeken
implementation of the Aain Plan and involve all representative community groups.

The result of event simulation is a revision in the roles and responsibilities of

community members and lessons learned from the exercise.

The following sections incorporate the above criteriahia development od Community

Action Plan and Adaptation Guidelines and inctude
5.1. General Guideline and action plan
5.2. Assignment of Responsibilities
5.3. Family Emergency Plan, and

5.4. Conceptual Action Plan website output
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5.1General Guideline and Action Plan Framewaks

According to | CLEI ' saredlefified hyi atseriesnof acthites indhe Pl a
community to reduce the <climate change’ s fu
preparedness in the community with the targeted goals such as: imgppalic health and
community liveability (Peterson 2011)This guideline is action items discussed since
protocols presented in chapter 2. Presenting the Guideline in this stage shows the application

of the adbn and applying the problem solving method in the community.

Following on the ICLEI definition and the characteristics noted abGeeamunity Action
Plan and Adaptation Guidelines can beken down into five steps as follow@New

Brunswick Emergency Measures Organization 2001)
Step1. Categorizing vulnerable populations and places

One ofthe major task in developinga guideline for the communitiess categorizing the
vulnerable populatisand places in each community and deisigrihefuture action plario
assisthem intheshortest timgossible

Step2. Set community priorities

This is Core guideline applicable for all communitidhe developmentfoa guideline
requiressetting the priorities in the communities through identifying the main vulnerabilities
and riskgNew Brunswick Emergency Measuresy@nization 2001)

Step3. Assign responsibilities

In third step we can develop responsibility plans to manage and highlight the persons
responsible andhe description ofthe rolesfor each person and organization in the

community.
Step 4. Communicate theplan

The communitycould be educated about thgecifiedvulnerabilities andhep | an’ s det ai |
local media: TV, Newspapers, as well as getting informatidartolies throughschools and

developing workshapfor students andducatinghem about locaénvironment issues.
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Step 5. Monitor the plan

Responsible organizations have to monitor the action phaosderto make needed updates

tothecommuni ty’s c¢limate and society changes.

In the development of the Community Action Plans and Adaptation Guedeior Canadian
communities three levels of government are considered: (i) local (regional and municipal),
(i) provincial, and (iii) federal levelsbut since in the following step the plan discussed in
community level in followingchart shows inFigure 5.1 the planstart from the local
government leve(New Brunswick Emergency Measures Organization 206igure 5.1
shows the responsible organizationgrarchical chart as well as household emergency

activities (72 Hours).

With respect to the local governmerttetlist of organizations responsible for first acterd
response are as folloldew Brunswick Emergency Measures Organization 2001)

Fire department
Police department

Ambulance and hospitals

= =2 =4 =4

Red Cross Canada
1 Municipality coordinators
Initial actions that take place in any community during aahd, e.g., severe storm, are as

follows (New Brunswick Emergency Measures Organization 2001)

) Analyse the community’ s sielgusotm sorge, Sean t he

level rise, hurricane, flood, and coastal storm;
i) Respond via the local action plans;

iii) Implement responsibility chart at high, medium, and low levels to involve all
community members in implementing the adaptation lsamhrdresponsestrategies;
and

iv) Recognize the more vulnerable parts of society and prioritize first response action
accordingly.
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Executive level

Local Gowvemnmment

=

Operational Level

Team of Decision
maker

llghelich Nadimi

Police Department

Transportation
|Ex: OCTranspo)

Fire Department Red Cross

Health Degartrment

Family Flan

_—

Provide Emergency Contact
information for kids

Pravide emergency kit for
people with special heath

needs

Develop safe hame
— instruction

Prepare the emergency kit

Figure 5-1: Action plan Organization chart Source: (New Brunswick Emergency
Measures Organization 2001jPublic Safety and Emergency Prepardness Canada 2011)

The following sectiondiscusses eaochr gani zati on’ s

and responsibilities for all authorities mentioned in Figure 5.1.

d u t g tleesolesi
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5.2 Assignment ofResponsibilities

In this step the responsibility checklistdeveloped to showveryorgan i z at i owhers dut i

the climate hazardccurs inacommunity.The Town of Mattawa’'s Emer

as a reference source of the assignment of

noted in Table 5.{Corporation of the Town of Mattawa 2008hese responsibilities help to

i mpl ement the developed model I n Section 5.

in the implementation stage. Through these specdsgigned responsibilities, community
decision makers are provided instruction to manage the organization during an emergency,
and this leads to a more effective and more efficient operation flow and a more successful
operation overall. These assigned remsoilities help to avoid confusion among the
operational teams and they help to maximize the productivity of all operational components

The qguidelines developed in this section show the application of action items for a
community and their leaders in teeent of an emergency event in the community. Evidence
from community emergency planning exercises are applied to the specific cases of the coastal

communities.
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Table 5.1 states the community’ s Mmigpar ' s r
government.

No. Action Group Lead

1 Declare an emergency to exist. Municipal Control Group | Mayor

2 Declare the emergency terminated Municipal Control Group | Mayor

3 Request senior Government assistan( Municipal Control Group | Mayor

4 Inform other members of Council ¢ Municipal Control Group | Mayor

incident status from time to time

5 Consult with the Administrator/ Clerk Municipal Control Group | Mayor

Treasurer on press releases

6 Head of Council, and Chair th Municipal Control Group | Mayor
meetings of the Municipal Contr(

Group

Table 5.1: Mayor 6s r eSeyrce:@Gaporhtion of thei Tews of Mattawa 2008)
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The Table 5.2outlines theMunicipal Control Groups responsibilities during the climate

hazards:
No. Action Group Lead
1 Declaring an ememrncy to exist Municipal Decision group | Mayor
2 Designating emergency areas Municipal Decision group | Mayor

3 | Authorizing expenditures of funds f¢ Municipal Decision group | Mayor

implementing the emergency plan

4 Evacuating buildings or selectiol Municipal Decision group | Mayor

within an emergency area

5 Discontinuing utilities or service Municipal Decision group | Mayor
provided by public or private concer
without advising any consumers in t

municipality if necessary

6 | Arranging for accommodation ar Municipal Decision group | Mayor
welfare on a temporary basis of a
residents who are in need of assista
due to displacement as a result of

emergency

7 Calling in and employment of ar Municipal Decision group | Mayor
municipal personnel and equipme

which is required in the engegncy

8 Arranging assistance from  oth| Municipal Decision group | Mayor
agencies (Volunteers) as may

required by the emergency
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Establishing a reporting and inqui| Municipal Decision group | Mayor

centre to handle individual requests
information cacerning any aspect (¢

the emergency

Table 5.2: Responsibilities of the Municipal ControlGroup (Source: Corporation
of the Town of Mattawa 2008)

The Police force counts asenf the important organizations in the community for

controlling public safety, and helping as part of rescue team. Therefore, the following

responsibilities are defined ftire police force in general.

No. Action Group Lead

1 Provide information and dwice on law| Police Force | Head of Police
enforcement matters department

2 Control operations at the scene of | Police Force | Head of Police
emergency (If necessary) department

3 Seal off the area of concern Police Force | Head of Police

department

4 Control, and disperse crowds within t| Police Force | Head of Police
emergency area department

5 Control the movement of emergency vehid Police Force | Head of Police
to and from the site of the emergency department

6 Coordinate police operations with het | Police Force | Head of Police
municipal departments and arrange department
additional supplies and equipment wh
needed

7 Conduct evacuation of buildings or arq Police Force | Head of Police

department
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when ordered by Head of Council

8 Arrange br maintenance or law and order| Police Force | Head of Police
temporary facilities department

9 Protect property in the emergency area Police Force | Head of Police
department

10 Arrange for additional police assistance,l Police Force | Head & Police
department

required

Since the fire department works as a rescue team in the community, they are prepared for
emergencies as part of their general duties. The Figaiaent is one of the important

assets to control the situation during an emergency in the community. Therefore the general

Table 5.3 Pol i ce f or c eCorporation ®fpgthe Tiosvn db Maktawa i e s
2008)

duties named for the Fire Department are as follows (Table 5.4).

No. Action Group Lead

1 Provide Head of Council witl Fire department| Head ofFire
information and advice orfirefighting department
matters

2 Develop and maintain a system { Fire department| Head of Fire
alternating  MCG members in & department
emergency

3 Control operations at the scene of | Fire department| Head of Fire
emergency (If necessary department

4 Inform the Mutual Aid fire coordinatg Fire department| Head of Fire
and trigger mutual aid arrangements department
the provision of additionafirefighting
manpower and equipment (If needed)
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5 Determine if additional or specig Fire department| Head of Fire

equipment is needed and recomms department

possible sources of supply

6 Provide assistance to other munici] Fire department| Head of Fire
departments and agencies and department
prepared to take charge or contribute
non  firefighting operations  (lf

necessary)

7 | Assist the Police Department Fire department | Head of Fire

conducting any required evacuations department

Table 5.4 Fi r e de pspangdibititeesnQoparation of the Town of
Mattawa 2008)

Anotherimportant first response team during emergencies is Ambulance and health services.
Since the possibility of negative human impacts during natural hazards iscieageg a
prepared healthnit will help to handle such problems. The responsibilities mentioned below

are classified for the community health team.

No. Action Group Lead

1 Establish facilities at the incident si  Health department | Head of

for on-scene triage and communicatig Health
with local hospitals Department
2 Coordinate the response of Health department | Head of
Emergencies Medical and Hospi Health
Department

services and facilities

3 |Arrange for  mass ambulan Health department | Head of
Health
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transportation where required Department
4 Arrange for a balance distribution Health department | Head of
casualties to hospitals. Health
Department
5 Arrange for relocation of patients Health department | Head of
other hospitals outside of tt Health
L Department
municipality (If necessary)
6 Coordinate and develop individu  Health department | Head of
Hospital Contingency Plans Health
Department
Table 5.5: Ambulance and health services responsibilitiesQorporation of the
Town of Mattawa 2008)
Last but not | east here in Taehdfdlow. 6 communi
No. Action Group Lead
1 Provide social services assistance to| Health department | Head of Health
person in need of food, accommodati Department
clothing, financial and person
counselling due to the emergen
situation
2 Arrange for the opening, operatig Health department | Head of Health
direction and supervision of sufficie Department
Emergency Welfare Centres requir
providing the immediate emergen
social services needed
3 Arrange for and coordinate assistaq Health department | Head of Health
from the volunteer agencies within t Department
community to carry out the soci
services functions (e.g. Red Cro
Salvation Army, Church Groups, af
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Local Business & Industyy

Arrange for the establishment
registration and inquiry centre
centres as required with the assista

of the local Red Cross

Health department

Head of Health
Department

Advise the Emergency Opei@is
Control Group if Senior Governme
assistance is required for emergel

social services

Health department

Head of Health
Department

Establish and maintain an interrn
Contingency plan for the provision

emergency social services

Health departmen

Head of Health
Department

Table 5.6: Community services responsibilities Corporation of the Town of
Mattawa 2008)
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5.3Family Emergency Plan

After the | ocal organi zation’s responsibilit
responsibiliies in the community. This step provides clear milestones for families to help

them to recover faster during natural hazards. In this part, family plans take the form of 72
hours family preparation pl ans. Suchd pl ans
Emergency Preparedness Canada” program whict
of this plan is to require family units to be prepared to live autonomously without power,

heat, and water for 72 hours after a hazard has happened in the comihisitiime is

estimated to allow rescue teams time to come to the famity help (Public Safety and

Emergency Prepardness Canada 2011)

Canada’ s Publ i c s afednesg plamnfodfamdiesdas ghe following ptepe p a r
in time of emergency as shown in the Table 5.8 be{Pwblic Safety and Emergency
Prepardness Canada 2011)

Step Action Description
1 Identify the escape routes

2 Establish meeting places

3 Plan for children

4 Address special health needs

5 Make plars for pets

6 Make a plan for specific risk

7 Record emergency contact information

Table 5.7: 72 hour plan for families, Source:(Public Safety and Emergency
Prepardness Canada 2011)
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The first step in the pdentifying thesescaghraute®. i Inn tthlei S
part emergency exits from each room of the home, and escape routes from the neighbourhood

in case of evacuation order are determined and communicated to all family members.

I n the next step, me et i n glished far¢he fmmily toneet Ypmu st e r
at a designated safe platdote that meeting places should be designated on the same side of
the street as the home, so as to awnabsng the street into traffic or in front agfmergency

vehicles(Public Safety and Emergency Prepardness Canada.2011)

In the third step, specific plans for children are determinechseof an emergency during
school hoursvhendesignatd personsare responsible fgoicking up children from daycare
or school. Parents need to ake surethat the school or daycare has updated contact
information for parents and caregivgRublic Safety and Emergey Prepardness Canada
2011)

The fourth step @dresgesspecial health needmd means that support network of friends,
relatives, healtitare providers, caworkers and neighbourseeds to be establishedho
understandhe special needs. At the same d@ndetails about medical conditions, allergies,
surgeries, family medical history, medications, health screenings, recent vaccinations,
emergency contacts and insurance informationst be specified with respect to all

household members' special ne@igblic Safety and Emergency Prepardness Canada.2011)

After family planning, the fifth step is to have a plan for family petfie most important
thing to protect pets is to take thewth the familyif there isneed to evacuate. This requires

advance planning as pets are not allowed in some public shelters or hotels.

In the sixth step, a plan is made tbe specific risks of the local region. These should be

written down instructiongor the risks that are most likely to occur in your region.

In the seventh and final step, families needédoordall emergency contact information
Remembethatfamilies maybe separated in the event of a hazdrd family Plantherefore
includeshow to meet or contact one anothdiis includes a idcusson among family
membersaboutwhat to do in different situationglike: fire, storm, and earthquales)d the
recording of the local and cof-town emergency contact numbgiBublic Safety and

Emergency Prepardness Canada 2011)
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Finally, family members should all be aware of tbealions of fire extinguishes, water
valves, electrical panal gas valve and floor drais (Public Safety and Emergency

Prepardness Canada 2011)

During and after their implementation, plans must be continually monitored and data and
equipment regularly updated for improvemeuatgoses in the future. The monitoring phase
playsani mportant role in future i mplementation

and individuals needs al ways occur and car

situation.

One of the main commumyi education and communication awareness sources will be the
schools. Schools play a very important role in educating future generations through providing
new i nformati on, devel oping wor kshops and
environmental and climatissues as well as its dynamic vulnerabilities. Therefore, students

will one day be more responsible citizens and, in turn, they can teach and communicate their

new knowledge to their families.

Through these steps, families are encouraged to prepareweiemergency kits. This kit
may be different for each specific family, accordingtheir needs. But, in general, all
emergency kits consist of some basic and essential i(Boisic Safety and Emergency

Prepardness Canada 201These items include:

U0 Water— two litres of water per person per daypdude small bottles that can be
carried easily in case of an evacuation order)

U0 Food-that won't spoil, such as canned food, energg bad dried foods (remember
to replace the food and water once a year)

U0 Manual can opener

U Flashlight and batteries

U Batterypowered or windup radio (and extra batteries)
U First aid kit

U Special needs items prescription medications, infant formula or equgmh for
people with disabilities

U Extra keys-for your car and house
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U0 Cash-i ncl ude smaller bill s, such as $10 bil
change for payphones

U Emergency plar- include a copy of it and ensure it containstawn and ot+of—
town contact informatiofPublic Safety and Emergency Prepardness Canada.2011)

5.4 Conceptual Action plan website output

In this section, as part of the output of this stualgonceptual model of the Action Plan is
presented in the form of an online database and source of reference. This online database is
designed to assist federal decision makers to develop this database resource as a product for
local governments to applgward the formation of Community Action Plans and Adaptation

Guidelines.

Through this database, local governments develop local action plans specific to their needs

and vulnerabilities. Database inputs are the issues of communities (Steps 1 and2)pthe li
responsible organizations along with threles( St ep 3), and I nternati or
criteria and milestones. Therefore, as shown in Figure 5.2, all the infornttiermined

through the steps discussed earlier is provided as inpubifoidatabase. The interface is

illustrated in Figure 5.2 below.

Initially, as a local community member, the user chooses the relevant region in the Canada

map. Thus, regarding the chosen region related data will be called in the database.
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C  © www.NadimiActionPlandeveloper.ca SHCERY

[ Choose theregion ]

[ Check responsible Organization ]

»Drought

[ Choose offered criteria ]

»Storm severe
»Increased storm surges
»Flooding
»Extreme-Cold Weather

»Hot weather

C-CHANGE

——E
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10:3PM
18/06/2012

BN LB

Figure 5-3: Database homepagelssues

In the next step (and screen), as shown in Figure 5.3, issues are chosen that reflect the
communities concernand vulnerabilities. (Alternative lists of issues appear depending the
region selected at the previous step). Users may choose as many issues as they face in their

community.
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[ Choose theregion ]
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»Police department
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»Red Cross Canada

»Municipality coordinators

C-CHANGE

Eose de gesson

@ TELFER

Shod of Mansgeren

G Ch['ome Most visited g ther devices Recently dosed Web Store

2

03M |
187062012

L O

Figure 5-4: Database homepgeOrganizations

In following step (Figure 5.4), the user chooses the organizatiovolved in the
community’s act i eeorggnizatios yieldS theé eetated nespondibitities
recalled from the database.
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C  © www.NadimiActionPlandeveloper.ca

[ Choose theregion
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Check ible Organizati

[ Choose offered criteria

C-CHANGE
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TELFER

Schodl of Mangerers

@ chrome

QProvide the Head of Council with information and advice on law
enforcement matters.

QIf appropriate, appoint an ,,on-site coordinator™ to control operations at the
scene of an emergency.

QSeal off the area of concern.

O Control and, if necessary, disperse crowds within the emergency area.

O Control the movement of emergency vehicles to and from the site of the
site of the emergency.

O Coordinate police operations with other municipal departments and
arrange for additional supplies and equipment when needed, i.e., barriers and
flashers etc.

QO Conduct evacuation of buildings or areas when ordered by Head of Council.

e FORag

10:3PM
18/06/2012

Figure 5-5: Database homepageesponsibilities

Figure 5.5 details the related responsibilities in the local action plan from the Action Plan

database.
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In the following step, the criteria of the scientific method of problemisglare provided
including the AHP togevel criteria, and subsequent subcriteria (as developed in AHP

model). The user may choose subcriteri that are related to their local climate issues.

Mo fe & o B a BB o B a =

C  © www.NadimiActionPlandeveloper.ca <) @ Q
[ Choose theregion ]
[ Choose Issues ]

[ Check responsible Organization ]

¥>Problem Identification
J»Data analysis

»Model Construction

»>Test Validity

J>Sensitivity Analysis

»>actual application

C-CHANGE »Monitoring and controlling
SEAR »Implementation
TELFER
G chrome Most visited Other devices = Recently closed Web Store :

S 23PM |
A BOMN Y 5

18/06/2012

Figure 5-6: Database homepageriteria
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[ e " & o B a BB o B e a =

C  © www.NadimiActionPlandeveloper.ca @A

Offered Action plan

C-CHANGE

@ Ch]on‘]e Most visited A Other devices Recently dosed Web Store '?

03M ||
1870672012

NaBOfhas

Figure 5-7: Database homepag®ction plan

Finally, after all these steps have been selected, the user can execute the database which then
produces a draft final Community Action Plan that involves: Milestones, description of each

milestone with detailed responsibilities and related action and involved organizations.
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Mot "e & o B &a BB . B a

C @ www.NadimiActionPlandeveloper.ca <) @ Q

Community Action Plan

»Organizations
> Responsibilities

»Climate Change hazards

C-CHANGE

@ TELFER

hool o Managerent

Modify the Plan

6 Chroﬂ‘]e Most visited Other devices Recently closed

:

03M |
18/06/2012

NaBOMas

Figure 5-8: Database hanepagemodifications

After generating a draft community action plan framework as mentioned in Figure 5.8, the
system allows the user to modify the draft framework to their specific needs and local issues.
After modification, the offered framework can beedsn the community as a starting point,

and updating of the plan can take place before final implementation.

In conclusion, this Community Action Plan and Adaptation Guideline framework
development can be used to assist all communities. Further, endiraiek systems will
i mprove and could offer a more developed fra

issues and problems.

The following final chapterdiscusses the findings of this research project, provides a
consolidation of the research results aethdnstrates how this work satisfies the objectives
of this project presented in the introduction of the thesis. As well, it recommends how the

proposed framework will facilitate further studies in coastal community adaptation practices.
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6 Conclusions andRecommendatiors

This chapter summarizes the findings of this research project. The first section of this
chapter provides a consolidation of the research results and demonstrates how this work
satisfies the objectives originally stated in the introductd the thesis. The second section
of the chapter recommends how the proposed framework will facilitate further studies in

coastal community adaptation practices.

6.1 Conclusions

The conclusions of this study relate to the research objectives preseftiedpiter 1. These

objectives are summarized as follows:

1. Identifying the suite of specific protocol and adaptation processes currently in

place through known international initiatives and local case studies.

This objective is fulfilled in the literature riewv of Chapter 2, Section 2.Global
Adaptation Protoco)s The identified International adaptation protocols include ICLEI, FCM,
Care, UNDP, and the EU Commission. The international protocols processes, methods,
milestones, action plans, and applicatians presented and analyzed. These initiatives
provide a framework for the development and application of local comrbastyd

adaptation protocols.

2. Defining and applying the scientific method of problem solving as the muki
criteria framework to compare and evaluate adaptation processes for

international initiatives.
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The scientific method of problem solving is researched and presented in the literature
review of Chapter 2. Further, the steps of the method are detailed in the methodology of
Chapter 3n order to prepare a formulation of the method in terms of a{Tnitkiria decision
problem. The formulation corresponds to the hierarchy for an AHP model developed using
the Expert Choice software by applying the prioritized steps of the scientificootheth
problem solving to the AHP model hierarchy and evaluated pairwise comparison of the
criteria and sulzriteria attributed to the scientific method. Relative to the AHP problem
formulation, the International protocols are scored to identify the rgrdithe protocols for
identification of best practices (Phase 1). In this part, all the international protocols
introduced in Chapter 2 are assessed and the scientific method of problem solving steps are
applied in the AHP Expert Choice software. Regagdime results obtained from AHP and
analysis done among these data, ICLEI and UNDP chosen as the best practices. These two
protocols obtain the highest rank in all criteria as a result of years of experience in the field,
and developing and implementingeth framework in partnership with different groups of

communities in developed and developing countries.

3. Applying the adaptation framework to determine best practices for coastal

communities through current protocols, an

As for the analysis of the International protocols through AHP, the same hierarchy
formulation of the scientific method is applied to the set of Canadi@hdhge communities
to evaluate and rank the relative performance of the community adaptation procétises
work is presented in Chapter 4 and the AHP complete results providgmbendices Eand
F.

Through theassignedneasuremestamong the first levetriteriaof the defined AHP
hierarchy in Chapter @rigure 4.1(, theweighing of the importance o8 criteria Problem
identification, Criterion data, and Testing/Sensitivity/Validity are much more than other
criteria in the formulationHence it canbe concludel thatthese factors are more important

than other factors in rafionto all components athe problem solving framework
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4. Detaiingpthe key components and guidelines of
change action plans including identifying roles and responsibilities, and
operational activities of community members from best practices of evahced
based examples.

Through the international protocols and previous studies done in this area, an
appropriate framework for applying community adaptation guidelines is developed for the C
Change communities Action Planning requirement of that projdat. work of Chapter 5
presents the community guideline framework, including the community organization (in
general) along with the roles and responsibilities of local government and first responders
during emergency situations. The guidelines also includsuaehold plan for family units to

follow as part of their individual contribution to the overall community action plan.

As final goal of this study, t he Action Pl &
introduced an online website and databaseadaptation action plan content and checklist.
The checklist develops how communities provide the required information of the local

community adaptation action plan.

This guideline framework can be applied to all coastal communities. Expansion of the
community database, input data, and some modification can be used to assist other coastal

communities in Canada and Caribbean toward managing their adaptation strategies.
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6.2 Recommendatiors for Future Research

This thesis analyzed the Internatad protocols and applied best practices in four Canada C

Change communities. Further research is suggested in the following areas:

6.2.1 Developng Applications for Community Use

The proposed online database is in its conceptual stage. In the future hreseean develop

this database through some coding language like: C++ or Java and test amoi@ghtneg€
communities in actual area. With ongoing monitoring and reporting of adaptation strategies
(as a required element of the scientific method of protdelving), scholars can update the
database after each implementation so it will be more reliable and useful in the future. The

online database is also a good gateway for communities to share their experiences.

Mobile (cell phone and computer pads) App.(i&plications) could also be added to the
online database to remind leaders of their responsibilities during the hazard to the person or
organization in charge, and provide emergency contact numbers to members of the
community so that everyone could ditly contact people in charge during emergency

situations.

6.2.2 Further Analysis of Cases (and identification of best practices)

In this study, four Canadian-Change communities introduced and analyzed, for further
research, accurate data should be gatheosd these communities to improve the reliability
and validity of the study as well as develop more appropriate framework for the communities,
finalizing the protocols evaluation, using the best practices in protocols to app@har@e
communities, contiuing ongoing evaluation of -Change communities, and preparing of

guidelines for each community.
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6.2.3 Further analysis of the AHP hierarchy and a more objective means of assigning

pairwise comparisons and data grid scores

Since International protocols ardllsin the developing and implementing phase, the data
provided for AHP model in this study may be considered preliminary with respect to how
well these protocols deal with the elements of the problem solving method. Therefore, in
future research, reseamrs could use actual developed data taken from International

protocols and their implementation results, and apply it in the AHP model.
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Appendices

Appendix A. Scientific Method of Problem Solving AHP Hierarchy Pairwise
Comparison Inputs and Criteria and Subcriteria Weights

In this Appendixfollowing Scientific methods of problem solving input will present:

1 Scientific methodtep,anddefinedsub criteria

llghelich Nadimi

1 The pairwise comparison between criteria and the criteria ranking

9 Hierarchical model of Scieffic method

First Tableshows all the pairwise comparison between each two first level criteria. As
shown in the table most difference is between modeling and testing criteria, and Testing is
Mo d e | i nmgyTablee2¢6 aThedniexih Tables o

will examine the pairwise comparison in more details {serttions).
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Table A.1: Pairwise Comparison the relative importance with respect to: Goal

This Table shows the comparison between Problem Identificatioergaba andyzed. As

shown in the Table, all the elements have equal importance in this project. Therefore, for

Sa

example Problem definition and constraining factors comparison got score 1, it means both of

these sufzriterions have a same value of importance regarirfglfilling the project main

objectives.
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1| Problem definition (For
2| Problem definition (For
3| Problem definition (For
4| Affected Clients ( How
5| Affected Clients ( How
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After assessing the swtiteria of the problem identification in previous Table, below

Criterion Data.

Table A.2: Comparison the relative importance with respect to Problem Identification

Table shows the comparison and rielaship between each two saliterion under the

1 Availability
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Table A.3: Comparison the relative importance with respect taCriterion Data

This Table shows the comparison between the criteria under the Modeling exposed

important than others.

this factor has almost two diffent group of criterion and some of them are much more

1| Static / Dynamic (short
2| Static / Dynamic (short
3 Static / Dynamic (short:
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Table A.4: Comparison the relative importance with respect taVlodeling
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Testing has just three swihiteria, and pairwise comparison with them shows Robustness is
almost equalvith both other suferiteria (Analysis in place, and Feedback for adjustment),

but the Analysis in place is slightly more important than Feedback for adjustment.

1 Analysis in place 987 65432123456 7 8 9 Robustnessistherefle:
2| Analysis in place 9 8765432123456 7 8 9 Feedbackforadiustme
3|Robustness(istherefles 9 8 7 6 5 4 372 1 2 3 4 5 6 7 8 9 Feedback foradjustme

Table A.5: Comparison the relative importance with respect talresting

Same as Testing, Mdoring has three sutriteria, and as shown in the Table below.
Monitoring experiencing same phenomena as experienced in Testing in comparison between
the subcriteria. In this Table pairwise comparison shows Switching capabilities almost have
equal valueas other two subriteria (Control process, and Advantage and ongoing
objectives), but the Advantage and ongoing objectives is slightly more important than

Control process.

1/ Advantageandongoinc 9 8 7 6 5 4 32 1 2 3 4 5 6 7 8 9 Switching capabilities fi
2| Advantageandongoinc 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Control Process
3| Switching capabiltiesfc 9 8 7 6 5 4 3.2 1 2 3 4 5 6 7 8 9 Control Process

Table A.6: Comparison the relative importance with respect taVlonitoring

Thelastpai r wi se comparison done between the
(Evidence of result, Guideline of design model), through the information provided in
previous chapter (Chapter 2, Chapter 3), an
Guideine of design model is moderately important than Evidence of result because without
the Guideline of design model the Evidence of result does not make sense and we have to

develop guideline first.

1|Evidenceofresuts 9 8 7 6 543212345678 9 Guidelineof decisionm

Table A.7: Comparison the relative importance with respetto Implementation

The Analytical Hierarchy Process (AHP) result shows the hierarchy developed
through scientific method of problem solving steps among the coastal communities.
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Goal
—i3 Problem Identification (L: .264)

—= Problem definition (For each protocol is the problem well defined?) (L:
.221)

—& Affected ients ( How well are the affected clients surwive? With
respect to participation and result) (L: .257)

—i& Declaring objectives? (Target) (L: . 229)

—& Constraining factors (Budget-resource) (L: .283)

—& Criterion Data (L: .223)

@ Availability (L: .046)

—3 Measurability (L: .042)

— Cost and Issue (L: .492)

—& Data Management (L: .158)

—& Profiling risk / Priorities (L: .262)

—3 Modelling (L: .133)

—@ Static / Dynamic (short-term / Long-term) (Strategic) (L: .051)

— Relevance to objectives (L: .454)

—& Communication (interpretation) (Are model result useful?) (L: .320)

@ Deterministic / Probabilistic(more detailed) (L: .175)

& Testing/Sensitivity/ Validity (L: .238)

—H Analysis in place (L: .571)

—& Robustness(is there flexibility) (L: . 286)

—3 Feedback for adjustment (L: .143)

—& Monitoring and controling (L: .090)

—8 Advantage and ongoing verification of objectives (L: .571)

—& Switching capabilities for Objectives (L: .286)

—& Control Process (L: .143)

— Implementation (L: .053)

—& Evidence of results (L: .250)

—™ Guideline of decision method for preparedness (L: .750)

Figure A.1: Detail AHP hierarchy model for the Scientific Method of ProblemSolving
formulation

The output results analyzed are shown in the Figure below, the measurement shown
regarding the first level elements of the defined hierarchy. In this Figure the importance of 3
elements: Problem identification, Criterion data, and img&bensitivity/Validity are more
heavily weighted than other elements and account for a combined 72.5% of the hierarchy
total weight (of 100%). Hence we can conclude these factors are more important than other
factors in relevance to the decision of manggommunity adaptation.
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26.4% Problem Identification
13.3% Modelling
23.8% Testing/Sensitivity/¥Yalidity
9.0% Monitoring and controling
5.3% Implementation
TR Sl S R TRl T R Rl
Figure A. 2: Main Criteriats
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Appendix B. Data Grid Utility Function

The Analytical Hierarchy Process (AHP) results shoats drid utility curvesthese
curves as shown below are divideddifferent parts, in this caséwo sample curve chosen
here to compare as shown in the Figurelow, first curve belong to Advantage and ongoing
verification of objectives, and the other one belong to robustness crjterifnst curvedue
to errors (qualitative ears) it cannot be distinguished, therefore all scores higher than 6 can

be considered acceptable.

On the other hand because middle part of the scale, statistically is the most selected

area in the researches so in this study scores in this area kept close.

As in qualitative studiethe worst orthe lowest score should be very different than
the scores are one level higher because statistically worst score in research is marked (closed)
when the parameter is really low on that particular analysis

As shown kre for robustness curyveve divided the curve in two pas, one is less
than 4 and other part is more tharitdneanghatfor this curve the values less thaarénot
acceptable and all the given values to protqdbieore than 4arealmostthe sameand they

are acceptable.
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Advantage and ongolng verification of objectives (L: .571)

|
o

/

40

El

Robustness(is there flexibility) (L: .286)

30

0

40

(]

Figure B.1: Data Grid output curves
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AppendixC. Pr ot oData Grids

Data inu t i n Protocol ' s e vThdselidata ishoshe scorabat a g
given to each protocol regarding to their relation with eachstyiis of scientific methods of
problem solving.The scores in pairwise comparison between the elements are provided
through the specific relationship between that element and the higher level criterion. For
instance, the score given for Problem Identifarat element (sub criterion: Problem
definition, for each protocol is the problem is well defined?), as shown in Figure 4.8, is very
different between ICLEI and EU Commission (ICLEI score is 9 and for EU Commission is
3). The logic behind these differencess t ha't regarding to this
protocols are compared and scored through their level of relation with the objective of this
thesis. For this particular example, these scores are given because ICLEI received highest
score due to experiea in defining milestone for different type of communities. On the other

hand, EU Commi ssion’s framework developed t
emission and adapt with climate changes in that particular area. This protocol is new and EU
still proceeding initial phases of defining project problem, and solution process still is not

practically implemented therefore this protocol receive lower weight (3).

INCR INCR INCR
Problem Criterion Data Criterion Data
Identification Availability Measurability
Constraining (L: .046) (L: .042)
factors
. (Budget-resource)
Alternative (L: .283)
IV ICLEI 9 8 8
vV FCM 7 6 6
v Care 6 3 5
v UNDP 9 9 9
IV EU Commission 8 6 7

Table C.1: Data Grid scoreqProtocols)
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INCR INCR INCR
Criterion Data Criterion Data Criterion Data
Cost and Issue Data Management Profiling risk / Priorities
(L: .492) (L: .158) (L: .262)
Alternative
WV ICLEI 9 7 7
VFCM 7 5 5
v Care 2 6 8
vV UNDP 9 9 9
[V EU Commission 6 4 4
Table C.2: Data Grid scores(Protocols)
INCR INCR INCR
Modelling Modelling Modelling
Static / Dynamic | Relevance to Communication
(short-term / objectives (interpretation) (Are model
Long-term) (L: .459) result useful?)
. (Strategic) (L: .320)
Alternative (L: .051)
W ICLEI 8 8 9
V FCM v 6 2
v Care 4 2 2
v UNDP 9 9 8
¥ EU Commission 5 4 4

Table C.3: Data Grid scores(Protocols)
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INCR INCR INCR

Modelling Testing/ Sensitivity Testing/Sensitivity/Validity (
Deterministic / /Validity ( Robustness(is there
Probabilistic(more Analysis in place | flexibility)
detailed) (L: .571) (L: .286)

Alternative )

WV ICLEI 8 8 8

vV FCM 5 5 7

v Care 2 B 5

v UNDP 9 9 9

vV EU Commission 4 7 7

Table C.4: Data Grid scores(Protocols)

INCR INCR INCR
Testing/ Sensitivity Monitoring and Monitoring and controling
/Validity ( controling Switching capabilities for
Feedback for Advantage and Objectives
adjustment ongoing (L: .286)
. (L: .143) verification of
Alternative objectives
(L: .571)
v ICLEI ) 8 1l 9 T 9 I
VFCM 7/ 8 7
v Care 2 2 5
v UNDP 9 8 9
IV EU Commission 5 4 6

Table C5: Data Grid scores(Protocols)
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INCR INCR INCR
Monitoring and Implementation Implementation
oontroling Evidence of results  Guideline of decision method
Control Process for preparedness
(L: .143) (L: .250) (L: .750)
Alternative
WV ICLEI 9 8 9
vV FCM 8 6 7
v Care 5 & 5
v UNDP 7 8 9
IV EU Commission 6 6 8

Table C.6: Data Grid scores(Protocols)
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Appendi x D. Poutput ocol 6s AHP

All the scores for each protocol calculated tlglo summation of scores given to scientific
method elements (Figure 4.1) (Problem identification, Criterion data, Modeling, Testing,

Monitoring, and Implementation) under that particular protocol.

Consequently, this Figure provided the final score for @astocol after abovementioned
calculation done for each protocol. Regarding the result shown in Figure below, the scores for
ICLEI (22.3%) and UNDP (22.6%y)ave slightly higher than other protocols due to their

extent of activity ( These two protocols aeganded their scope in all different kind of
communities; rural, urban, in developing and developed countries).

22.3% ICLEI

19.6% EU Commission

Figure D.1: International Protocols final AHP overall scores
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Synthesis with respect to:

Goal

Overall Inconsistency = .10

ICLEI 228
FCM 191

care 163

UNDP 220
EU Commission .15 |

Figure D.2: Synthesis with respect to: Goal

Sensitivity Analysis

After doing the analysis for International protocols in previous parts, next step will be
the Sensitivity analysis to show the robustness of results.

ICLEI <> Care

. Iden

Criterion Da

=

Overall

il + 1 + ]
T ! T X 1
1.58% 3.16% 4.74% 6.32%

Weighted head to head between ICLEI and Care

I " 1 "
I X T )
6.32% 4.74% 3.16% 1.58%

Figure D.3: Weighted head to head Protocols ComparisodfCLEI and Care)
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ICLEI <> EU Commission

Iden

Crithllon Da

Te; /Sens

ring a

Implefentati

—_—

Overall

! + 1 + il + 1 - ]
I T T y T 1
6.32% 4.74% 3.16% 1.58% 0% 1.58% 3.16% 4.74% 6.32%

Weighted head to head between ICLEI and EU Commission

Figure D.4: Weighted head to headProtocols Comparison(ICLEI and EU)

ICLEI <> FCM

- Iden
ElileriI Da

lling

/Sens

Moniring a

Impleghentati

Overall

} + } + } " 1 " ]
I T T T 1
6.32% 4.74% 3.16% 1.58% 0% 1.58% 3.16% 4.74% 6.32%

Weighted head to head between ICLEI and FCM

Figure D.5: Weighted head to head Protocols ComparisoiCLEI and FCM)
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ICLEI <> UNDP

Probleh Iden

CliteliIl Da

Modglling

Teslin\lﬁens
Monii»rinu a

Implementati

Overall

I } } } 1
I 2 T % T y T ¥ 1
6.32% 4.74% 3.16% 1.58% 0% 1.58% 3.16% 4.74% 6.32%

Weiaghted head to head between ICLEI and UNDP
Figure D.6: Weighted head to head Protocols ComparisofCLEI and UNDP)

Protocol s compari son

As shown in figures below UNDP and ICLEI amry close to each other and both of
them have much higher score than other protocols in all criteria. The highest score belongs to
modeling criterion and again ICLEI and UNDP with almost 9 have highest score in this
criterion, and CARE with 3 get lowestae. Furthermore, the lowest score for all protocols

is in implementation part due to progress of implementation of all these protocols
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Appendi x E. Communities Data Gridos

Data input i n Co mnauwnds partldhese data shbws thé scares given td a t
each Community regarding to their relation with each sub steps of scientific methods of
problem solving.The scores in pairwise comparison between the elements are provided
through the specific relationghibetween that element and the higher level criterion. For
instance the score given for problem identification element (sub criterion: Constraining
factors, Budgetesource) as shown in Figure 4.9 is almost same for all communities but in
closer look Gibsns and Charlottetown have higher score than Igaluit and Isle Madame, these
scores given because Gibsons is a rich community and have resources infrastructures to
develop the framework in the community on the other hand Charlottetown is one of the
communites developed so many local action plans so have a huge database about community
situation and forecasted analysis about future climate impact, therefore this two communities
get slightly more scores than other two communities regarding to this criteost(&@ning

factors, Budgetesource).

Ideal mode _ INCR INCR INCR
Problem Problem Problem Identification
Identification Identification Dedaring objectives?
Problem definition |Affected Clients( | (Target)
(For each protocol [How well are the |(L: .239)
- is the problem well affected clients
SliSmatee ot defined?) represented with
(L: .221) respect to
participation and
results?
(L: .257)
VIIsle Madame .815 8 7 4
VIGibsons .863 5 5 3
VI Iqaluit .760 5 8 3
V| Charlottetown .868 7 6 4

Table E.1: Data Grid scores(Communities)
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Ideal mode INCR INCR INCR
Modelling Modelling Modelling
Static / Dynamic | Relevance to Communication (interpretation)
(short-term / objectives (Are model result useful?)
Long-term) (L: .454) (L: .320)
< (Strategic)

Alternative (L: .051)

isle Madame =

ViGibsons i

VIqaluit | .

icharottetonn I |

Table E.2: Data Grid scores(Communities)
Ideal mode INGR INCR INCR

Criterion Data Criterion Data Criterion Data
Cost and Issue Data Management Profiling risk / Priorities
(L: .492) (L: .158) (L: .262)

Alternative

isle Madame 1§

“icibsons 1

¥ilqaluit =

¥ Chariottetown 1

Table E.3: Data Grid scores(Communities)
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Ideal mode INCR INCR INCR

Modelling Testing/Sensitivity | Testing/Sensitivity/Validity (
Deterministic / /Vvalidity ( Robustness(is there flexibility)
Probabilistic(more Analysisin place |(L:.286)
detailed) (L: .571)

Alternative (= 12h)

Viske Madame I |

ViGibsons | _n

gl =

¥iChariottetown |10 7 [

Table E.4: Data Grid scores(Communities)
Ideal mode INCR INCR INCR

Monitoring and Implementation | Implementation
controling Evidence of results Guideline of dedsion method for
Control Process preparedness
(L: .143) (L: .250) (L: .750)

Alternative

V/1sle Madame

VIGibsons

VI 1qaluit

V| Charlottetown

Table E.5: Data Grid scores(Communities)
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Ideal mode INCR INCR INCR
Testing/Sensitivity Monitoring and Monitoring and controling
/Validity ( controling Switching capabilities for
Feedback for Advantage and Objectives
adjustment ongoing (L: .286)
= (L: .143) verification of
Alternative objectives
(L: .571)

Visle Madame .

“ieibsons — ®m

igalut _ mm

Vichariottetoun —— =

Table E.6: Data Grid scores(Communities)
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Appendix F. C-Change CommunitiesAHP output.

Anal yti cal Hi erarchy Process ( Afiguesbelevse ul t s f
all the scores came from pairwise comparison of the protbooirs

All the scores for each community calculated through summation of scores given to scientific
method elements (Figure 4.1) (Problem identification, Criterion data, Modeling, Testing,
Monitoring, and Implementation) under that particular protocol.

Congquently, this Figure provided the final score for each community after
abovementioned calculation done for each community. Regarding the result shown in Figure
above.even all communities almost receive similar result, still Gibsons and Charlottetown
hawe higher rank than other two communities, due to their extent of activity ( These two

communities are active in developing local action plans, have established historic database

about past climate impacts and expert staffs ).

24 7% lsle Madame

22.9% lqaluit
[ ———

26.3% Charlottetown

Figure F.1: Communitiesfinal AHP overall scores
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Alternatives
Isle Madame 247
Gibsons 261
Igaluit 229
Charlottetown 263

Table F.1: Communities final AHP overall scores

Sensitivity Analysis

After doing the analysis forChange communities in previous parts, next step will
be the Sensitivity analysis to show the robustness of results.

Isle Madame <> Gibsons

Pl Iden

Criteri

Testing#s ens

Monit:

ImDIenlali

Overall

I " ' + 1 " ' + ]
I 3 T : T T T : 1
3.39% 2.55% 1.70% -85% 0% -85% 1.70% 2.55% 3.39%

Weighted head to head between Isle Madame and Gibsons

Figure F.2: Weighted head to headCommunities Comparison (Isle Madame and
Gibsons)
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Isle Madame <> Iqgaluit

' Iden
-
Modelling
.IS ens
Mllinu a

Implementati

Overall

I 1 !
T T 1
3.39% 2.55% 1. 702 -85% 0% .85% 1. 702 2.55% 3.39%

Weighted head to head between Isle Madame and Iqaluit

Figure F.3: Weighted head to headCommunities Comparison (Isle Madame and
Iqaluit)

Isle Madame <> Charlottetown

Plohle.
Cvileri-
.
llSens
MonllI
Ienlali

Overall

3. 39% 2.55% 1 704 .85% 0z .85% 1. 707 2.55% 3. 3SZ

Weighted head to head between Isle Madame and Charlottetown

Figure F.4: Weighted head to headCommunities Comparison (Isle Madame and
Charlottetown)

As shown in Figure below, all communities are very close but Charlottetown and Gibsons are
more stable in compare to other two communities, therefore these two communities have

higher score through their score regarding to all criteria.
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Figure F.4: Communities Comparison
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