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FOREWORD

FOREWORD

Through the Québec component of the Regional Adaptation Collaborative (RAC-Québec),
the Ouranos Consortium awarded a grant to the Centre de recherche et d’expertise en
évaluation (CREXE) of the Ecole nationale d'administration publique (ENAP) for a
research project originally titled "Development of indicators for the evaluation of planning
related to adaptation to climate change (ACC).”

After discussions at a meeting of the project steering committee in Québec City on
September 12, 2011, the project scope was clarified in terms of a proposed frame of
reference on ACC evaluation that would simplify the organization of knowledge on the
subject. This frame of reference would present all elements to consider when evaluating
adaptation planning. It would involve, on the one hand, modeling the ACC problem and, on
the other, identifying the many indicators in the literature pertaining to adaptation and
situating them in relation to this problem.

This report is based first on a good understanding of the variables having an influence on
the planning processes leading to the definition and implementation of ACC. Next, from a
literature review in both the ACC and evaluation field, we suggest a number of general
indicators of ACC performance that let us evaluate the processes that lead to the
identification, planning and implementation of adaptation measures.

The project then examines two focus areas of RAC-Québec (forestry and the built
environment and infrastructure in Southern Québec) to illustrate how these indicators could
be used in the context of activities specific to RAC-Québec.

The continuation of work started here, particularly through empirical validation of the
proposed indicators, can lead to the development of operational indicators that actors
involved in ACC can use to carry out their duties.
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EXECUTIVE SUMMARY

Since it will sometimes take several decades to determine if the choices made regarding
ACC are going in the right direction, the Ouranos Consortium asked CREXE to consider
how to develop indicators allowing to evaluate the development of an ACC capacity. This
report therefore proposes i) a frame of reference for the evaluation of ACC in the RAC-
Québec context and, ii) two examples of applications of this frame of reference in sectors
specific to RAC-Québec: forestry and the built environment and infrastructure in Southern
Québec.

In order to develop indicators situated farther upstream to monitor and evaluate short-term
effects of ACC, it seemed essential to identify the complex causal chain of phenomena
produced between the adaptation measures currently implemented and their ultimate effects
in ACC. Two models were devised to conceptualize these ultimate effects and identify
direct and intermediate adaptation targets to consider for an early evaluation of the
performance of ACC actions in the RAC-Québec framework: the problem model and the
logic model. The problem model is a diagram setting out symptoms of the social problem
that we are trying to resolve and their causes (in this case, the problem of ACC). The logic
model, for its part, establishes the connections between intermediate and ultimate ACC
targets, on the one hand, and, on the other, the rationale of interventions in ACC, their
targets and objectives, the program theories (nature of strategies deployed), the amount of
resources allocated, the outputs produced, and the expected or obtained effects on the direct
targets of the action. By juxtaposing the problem and logic models, we can sketch a
complete theory of the intervention and identify the entire zone of effects around which the
frame of reference is organized.

The ACC problem model was developed following a review and consultation of literature
from documentary databases and the virtual libraries of national and international
institutions involved in tackling CC. The logic models were developed by consulting
documentation on ACC actions undertaken in the RAC-Québec framework along with
scientific literature on CC in the context of forestry and the built environment in Southern
Québec. The component on indicators began with a survey of the principal existing
frameworks for ACC evaluation as well as scientific literature on this subject. Finally, the
indicators surveyed were systematically analyzed and classified.

In setting out the issues associated with developing a public intervention on ACC, the
problem model represents the decision making process leading to the adoption of an ACC
measure. It identifies the essential elements around which the indicators of effects of ACC
planning were developed:

« Assessment of the socio-ecological system’s vulnerability

« Assessment of adaptation options and solutions, particularly in terms of costs and
efficiency

« Decision to adopt an ACC measure based on selected criteria and determinants
(political considerations, efficiency and equity considerations)

« Effects of the ACC measure on the system’s vulnerability
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« Effects on collective well-being

The problem model also identifies the principal determinants of decision making by a
stakeholder faced with adopting an adaptation measure: organizational resources and
expertise, institutional incentives and constraints, political and social pressures, and
advances in scientific knowledge.

Our model does not deny the contribution of existing impact models in sectors faced with
climate change (CC). These models rigorously attempt to assemble indicators to simulate
the behavior of a resource beset with climate disturbances (for example, in the area of
water runoff, coastal erosion, land ecosystems, etc.). Our model is situated at another level
and concerns the decision making process experienced by ACC stakeholders. It should not
be seen as a substitute for specific models of sectoral impacts of CC.

For its part, the analysis leading to the RAC-Québec logic model identified the points of
contact between the problem and the strategies (in the RAC-Québec context) for resolving
the adaptation problem. RAC-Québec seeks to act on this problem by creating capacities
among adaptation stakeholders in terms of knowledge and tools to make the right
adaptation decisions. However, to benefit from the research findings placed at their
disposal, these stakeholders must receive the findings and use them, hence the importance
of considering the dimension of knowledge transfer and use in the ACC evaluation frame
of reference. A final dimension is thus added to the five others mentioned above, namely:

« Knowledge transfer and use

The problem and logic models that were developed produced a generic decision making
model. From this model, we were able to derive five indicators around the components of
effects that must be considered in an evaluation of ACC planning in the RAC-Québec
context (the dimension of “effects on collective well-being” was left out given its distance
from the ACC planning process). These indicators represent:

« Level of knowledge among adaptation stakeholders on risks and vulnerabilities and
their potential impacts on the system

« Level of knowledge among adaptation stakeholders regarding 1) costs inflicted on the
economic, social and environmental system if no ACC measure is implemented, and
their distribution over time and probability of occurrence; 2) costs and benefits of the
planned adaptation measure or its net benefits (costs of planning, preparation,
implementation and monitoring of measures); 3) residual costs of CC and sharing of
costs

« The decision made on the ACC measure to adopt
« The extent of use of knowledge and tools produced in the RAC-Québec framework

« Change observed in the state of vulnerability of the system due to the adaptation
measure adopted and compared to the overall change of vulnerability owing to other
factors

Although our models (problem model and logic model) and their associated indicators
possess an undeniable generic quality, they are quite suitable to represent the major issues
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of specific problems (forestry, built environment, water, etc.). However, this specific aspect
is not found in the models, but rather at the level of sectoral indicators that give greater
detail on certain variables of the model. In the last chapter, we show how these five generic
indicators could be applied in the two specific sectors mentioned above: forestry and the
built environment in Southern Québec.
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INTRODUCTION

INTRODUCTION

Recognizing the importance of risks associated with climate change (CC), the Québec
government has been highly active on this front for many years—Implementation of the
United Nations framework convention on climate change: Québec action plan; Québec
Action Plan on Climate Change 2000-2002; 2006-2012 Climate Change Action Plan
(CCAP); Cadre de prévention des principaux risques naturels; Civil Protection Act;
Québec Water Policy; Sustainable Development Act; and support for research and
development activities. Although the CCAP is largely devoted to measures aimed at
mitigating greenhouse gas (GHG) emissions, a significant place has been given in recent
years to the study of regional impacts and adaptation to climate change (ACC), notably in
2001 with the creation of Ouranos, and next with the 2006-2012 CCAP. Along this line,
and following research conducted within Ouranos in particular, a first ACC strategy is
being developed for inclusion in the next CCAP.

The Ouranos Consortium was created in 2001 to develop the knowledge and information
needed to enable its members and their constituents to adapt to climate change. With
specific funding from Natural Resources Canada (NRCan), Ouranos developed and
managed RAC-Québec. The creation of RAC-Québec followed observations that a
multitude of regional problems tied to climate change had emerged. Implemented between
2009 and 2012, the general objective of RAC-Québec is to contribute to reducing
vulnerability to CC of the built environment in Northern and Southern Québec, water
management and three important socio-economic activities (forestry, agriculture and
tourism) by generating relevant information developed in a framework that 1) involves the
adaptation stakeholders at every step, 2) harmonizes with the adaptation actions of the
Québec government, and 3) is consistent with the respective missions of people,
mechanisms and organizations already in place to advance adaptation. Specific objectives
are also associated with each of the activity sectors mentioned above (Ouranos, 2009, p.2)

Acting through RAC-Queébec, Ouranos directs its effort to creating capabilities among
adaptation stakeholders to foster the emergence of leadership cores and thereby advance
decision-making in adaptation matters. This creation of capabilities depends on the award
of conditional grants to fund scientific research projects aimed at producing knowledge
about CC or developing adaption tools.

In many cases, it will take several decades to determine if the right adaptation choices are
being made now. Moreover, since RAC-Quebec activity focuses on the creation of
capacities among stakeholders rather than on direct intervention, indicators must be
developed that report on the creation of an ACC capacity and not on the adaptation action
itself. These indicators must show if the ACC component is going in the right direction,
and if the knowledge and tools produced and transferred really allow decision makers to
integrate the new climate reality in their decisions to a growing degree (Bourque, March 1,
2011).

CREXE — ENAP 1
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Approach to conducting the research project

There are three main difficulties in identifying indicators to report on ACC results, whether
to monitor a process for planning adaptation measures or to evaluate progress made
towards reaching ultimate targets1 related to ACC. First, it is important to determine what
constitutes an ultimate result in ACC, i.e., the strategically (and ultimately) desired effects.
Next, because these ultimate effects will not be visible for several years in many cases, any
indicator pointing solely towards these effects would be insensitive and unsuitable for
reporting on the early effects of actions undertaken now. Finally, because adaptation
usually aims to avoid the harmful effects of CC, the results will be measurable only against
probable future scenarios that by definition will not materialize. Furthermore, they must be
distinguished from the effects of other determinants that often have as great if not a greater
influence on CC.

An adequate appreciation and interpretation of the effectiveness and efficiency of ACC
measures thus calls for developing a better knowledge of the complex causal chain of
phenomena that arise between actions taken now and their ultimate effects on ACC. This
makes it possible to develop indicators situated more upstream for monitoring short-term
effects. This knowledge can be developed only by a mapping of phenomena and events that
report on ACC and that are produced in principle between the variables? selected as direct
targets and those associated with climate change.

These considerations are at the heart of the approach taken in this research project.
Accordingly, two models—the problem model and the logic model—were developed to
conceptualize the ultimate effects in ACC and identify targets for direct and intermediate
intervention to consider for an early evaluation of the performance of ACC measures in the
RAC-Québec framework. Only after developing these two models could a structure of
indicators and indicators be identified.

« The problem model

The problem model is a diagram of symptoms of the social problem that we are trying to
resolve and their causes (in this case, the ACC problem). The model is a graphical
representation of the principal variables having an influence on the planning processes
leading to the definition of adaptation measures. It reports not only on the issues associated
with developing public intervention in adaptation (both from a general viewpoint or else in
specific sectors such as forestry and the built environment), but also on the determinants of
decision making of stakeholders faced with the adoption of an adaptation measure.

! As stated below in Chapter 2, the targets refer to unsatisfactory situations or problems that a program seeks
to change. For the evaluation, the targets are the dependent variables that are influenced by interventions
made under the program. Three categories of targets are generally distinguished: direct targets (short-term),
intermediate targets (medium-term) and ultimate targets (longer-term) (Marceau, Otis and Simard, 1992).

2 According to Fortin, Coté and Filion (2006), a variable is defined as a quality or characteristic of
individuals, objects or situations studied in a research project and to which a value is attributed. Depending on
the different qualities or characteristics measured, the attributed values can change.
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o The logic model

Once all elements of the problem have been mapped, it is important to locate ACC actions
within them. It was in this optic that a logic model of RAC-Québec was developed. The
logic model establishes the connections between intermediate and ultimate ACC targets on
one hand, and, on the other, the rationale for ACC interventions, their targets and
objectives, the nature of strategies deployed, the amount of resources allocated, the outputs
produced, and the expected or obtained effects on the direct targets. This RAC-Québec
analysis identifies, for the needs of the project, the points of contact between the
problematic situation and strategies to resolve the adaptation problem.

Taken together, the problem and logic models identify the components around which
adaptation indicators can be developed. The juxtaposition of the two models makes it
possible to establish a “proto-theory” (i.e., a theory in the process of formation or a
primitive theory) whose scope includes both the problem and the intervention and leads to
the identification of the zone of effects in relation to progress in adaptation. The indicators
must be chosen within this zone of effects: from the process of planning adaptation
measures to the ultimate targets of ACC.

Since the research project called for illustrating how this process could be applied in
specific contexts, two sectoral logic models were developed (forestry and the built
environment in Southern Québec) in addition to the more general logic model concerning
RAC-Québec. The creation of these two sectoral models clarified the nature of anticipated
effects of RAC-Québec action on forestry and in the domain of the built environment in
order to frame a proposal for custom made indicators.

« Methodology

The ACC problem model was developed following a survey and consultation of certain
literature, in particular documentary databases (Sage, JSTOR, Wiley Interscience) and
virtual libraries accessible on the websites of national and international institutions
involved in the fight against climate change (Ouranos, Ministere du Développement
durable, de I’Environnement et des Parcs [MDDEP], NRCan, National Round Table on the
Environment and the Economy (NRTEE), Governance and Social Development Resource
Centre (GSDRC), Eldis climate change adaptation dossier, UK Climate Impacts
Programme (UKCIP), weAdapt, Intergovernmental Panel on Climate Change (IPCC),
Tyndall Centre for Climate Change Research, Institute of Development Studies (IDS))

This consultation of the literature (scientific and grey) on ACC in general, but also on the
economics of CC, the logic of collective action and the influence of scientific knowledge,
not only identified the components deemed essential around which the ACC planning
process must revolve. It also made it possible to identify the effects of this process on the
vulnerability of a social and ecological system as well as the principal determinants of
decision making in adaptation.

The logic models, more focused on RAC-Québec, were developed by consulting the
documentation sent by Ouranos on ACC actions undertaken in the RAC-Québec
framework. Their development was rounded out by consulting certain scientific literature
on CC in the contexts of forestry and the built environment in Southern Québec.
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The “indicators” component started first with a survey of the main existing ACC evaluation
frameworks and scientific literature devoted to this question. Next, the indexed indicators
were systematically analyzed and classified in such a way as to associate them with one or
more components of the problem model. This classification gave a meaning to the whole. It
also revealed that certain components of the problem and logic models were not covered by
the indexed indicators. The team therefore drew on the scientific literature to cover the
orphan components.

The work of identifying indicators was first done from a general point of view, paving the
way to indicators of a generic nature, i.e., transferable from one RAC-Québec theme to
another. The same exercise was then applied in a sectoral perspective (forestry and the built
environment in Southern Québec), but taking into account the issues and specific features
of these two activity sectors.

« Structure of the report

This report is organized in four chapters. In Chapter 1, the ACC problem model is
proposed. Chapter 2 reviews RAC-Québec through an analysis of its intentions,
identification of the intervention theory that underlies it, and a description of its
implementation plan and desired effects. Chapter 3 presents a discussion on the
measurement and evaluation of ACC and includes generic measurement indicators. Finally,
Chapter 4 suggests ACC indicators in the sectors of forestry and built environment in
Southern Québec; this attempt is based on the creation of two logic models for these two
sectors.
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CHAPTER 1

CHAPTER 1
PROBLEM THEORY
OF ADAPTATION TO CLIMATE CHANGE

Climate studies indicate an upward trend in average temperatures of the Earth in recent
decades. Whatever the causes of this phenomenon, climate warming is likely to spark
climate disturbances that seem to constitute a threat to the viability of ecological systems
and human activities organized around these systems.

Policies to combat CC are based on two lines of action, namely, mitigation and adaptation.
In recent decades, priority has generally been given to measures for mitigation of CC
(Fussel, 2007). However, public authorities are becoming increasingly aware of the need to
introduce adaptation measures. This awareness is reinforced by the difficulties experienced
in reaching and implementing restrictive international agreements that include targets to
reduce greenhouse gas emissions (Ebert and Welsh, 2011).

This chapter presents an analysis model for decision making on ACC. Its purpose is to
clarify the factors that influence decision making and the effects of these decisions. In
explaining the incentives and constraints of decision makers, and the effects of their
choices, the model suggests the mechanisms by which scientific research in general and
Ouranos activities in particular are likely to influence ACC planning.

This chapter is composed of three sections. The first is devoted to defining ACC, while the
second analyzes factors that influence ACC practices. The third section describes the
effects of adaptation measures.

1.1 Adaptation to climate change

ACC can be defined as a set of actions or processes aimed at reducing the vulnerability of a
social and ecological system to CC, or benefiting from it (Robledo and Forner, 2005;
Ackerman and Stanton, 2011). It implies changes in natural and social processes, practices
and functions and the perceptions of risks, all with the goal of reducing the socio-economic
and environmental costs of CC and drawing benefits where possible (Ackerman and
Stanton, 2011; Robledo and Forner, 2005; World Resource Institute, 2009).

There currently exist a variety of ACC responses. Among the types of ACC, spontaneous
adaptation can be distinguished from planned adaptation (Robledo and Forner, 2005;
Ackerman and Stanton, 2011). Spontaneous adaptation is the automatic reaction of a social
and ecological system to a natural phenomenon. Planned adaptation denotes the set of
deliberate strategies and actions intended to minimize the adverse impacts of CC and
maximize the positive impacts (Robledo and Forner, 2005, Ackerman and Stanton, 2011).
Unlike spontaneous adaptation actions, which are generally taken by individuals as private
stakeholders following a climate event, planned adaptation usually stems from public
policy aimed at reducing the vulnerability of the social and ecological system to current or
forecast climate changes (Ackerman and Stanton, 2011; Fussel, 2007). However, we can
imagine planned adaptation actions designed in a private context, for example by farmers
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or hydroelectricity producers (Hydro-Québec). Similarly, the existence of dynamic private
companies is another key factor in rapid and effective adaptation to CC.

Adaptation activities can be further divided into actions to develop adaptive capacity and
adaptation actions themselves (Robledo and Forner, 2005; World Resource Institute, 2009;
Agrawala, Bosello and Carraro, 2010). The development of adaptive capacities refers to
actions to enhance the capacity of a social and ecological system, particularly its
institutions, to cope with CC. Adaption activities themselves are concrete actions to protect
against CC or mitigate its impact. Water-saving programs to better manage low-flow
problems are an example of this second type of activity.

ACC planning is thus a process that can take various forms and affect several aspects of the
economic, social and environmental activity of a community. The next section presents a
model illustrating the different factors that exert an influence on ACC decision making.

1.2 Adopting measures for adaptation to climate change

From here on, the reader is invited to consult the diagram of the problem model (Figure 1).
Items in bold in the text represent parts of this model. We look at the case of a public or
private decision-making unit acting within the limits of its knowledge and skills to
implement ACC measures. Its decision-making process consists of assessing the needs and,
as far as possible, designing and implementing effective actions to reduce the damages and
maximize the benefits of CC. The decision maker's choices, which ultimately depend on
costs and benefits in play, uncertainty, time horizon and attitude towards risk, are also
influenced by the resources and expertise of the organization, the incentives and constraints
of the institutional framework, political and social pressures and, finally, advances in
scientific knowledge.

1.2.1 Analysis of the effects of climate change
Social and ecological system

Social and ecological systems feel the effects of CC. A social and ecological system is
defined as a system composed of a natural subsystem and a social subsystem (Gallopin,
2006). The significance of this concept stems from the recognition that the effects of CC
depend on how these two mutually interacting sub-systems react to CC (Gallopin, 2006).
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FIGURE 1: PROBLEM MODEL OF ADAPTATION TO CLIMATE CHANGE
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CHAPTER 1

Modeling of the resource's behavior

A rigorous analysis of the effects of climate change should be based on a modeling of
climate change and the reaction of the social and ecological system to CC (the resource’s
behavior). Next, the analysis of CC effects on the social and ecological system must
consider the system's vulnerability to CC.

Vulnerability to climate change

Vulnerability is the degree to which a system is sensitive to, or unable to cope with,
adverse effects of climate change, including climate variability and extremes (IPCC, 2007).
Vulnerability is a measure of the propensity of a social and ecological system to feel the
positive and negative effects of CC (Robledo and Forner, 2005). In Africa, for instance,
recurrent droughts often result in famine, epidemics and major population displacements.
However, the scale of consequences differs depending on the setting and the adaptive
capacity of the social and ecological system. For example, a drought in the southern United
States, a region with modern infrastructures and ample technical and financial means, will
clearly not have the same consequences in a region like the Sahel.

The purpose of analyzing vulnerability is to assess the possible impacts of CC on the
environment, public health, economic and social activities, and so on. This analysis is an
important step in the decision-making process because it makes it possible to assess CC
adaptation needs and envision appropriate solutions (Malone and Engle, 2011).

Vulnerability is a function of the system's exposure, sensitivity and adaptive capacity to
CC (IPCC, 2007; Malone and Engle, 2011; Gallopin, 2006).

« Exposure of the system to climate change

The concept of exposure is used to analyze the degree to which a social and ecological
system is affected by CC (Gallopin, 2006). The following factors are generally considered
in analyzing the exposure (Gallopin, 2006; Robledo and Forner, 2005):

1. The nature of the exposure, such as droughts, hurricanes, etc. A social and

ecological system can therefore be more vulnerable to some natural phenomena
than to others

2. Intensity of the exposure, i.e., the force to which a social and ecological system is
exposed

3. Duration of exposure to climate disturbances

4. Frequency of exposure of the social and ecological system to CC.
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« Sensitivity of the system

Sensitivity is "the degree to which a system is affected, either adversely or beneficially, by
climate-related stimuli. The effect may be direct (e.g., a change in crop yield in response to
a change in the mean, range or variability of temperature) or indirect (e.g., damages caused
by an increase in the frequency of coastal flooding due to sea level rise.” (IPCC, 2007).

Sensitivity refers to the magnitude of the adverse or beneficial effects of CC on a social and
ecological system (Gallopin, 2006). Sensitivity varies depending on the type of economic
and social activities. The effects of CC will therefore be greater for climate-dependant
activities, such as agriculture (Nath and Behera, 2011). Characteristics of the ecological
subsystem must also be taken into account, since some natural environments are more
fragile towards CC than others.

In a society, sensitivity (and hence vulnerability) also depends on the economic structure
and the population. An economy dominated by primary activities or highly dependent on a
single resource will be more vulnerable than a diversified economy. Similarly, a society of
older people, in poor health or displaying nutritional problems, may be more vulnerable
than a young, affluent, educated and healthy society.

« Adaptive capacity to climate change

Adaptive capacity to CC refers to the set of resources, structures and processes of a social
and ecological system that can be mobilized to design and implement ACC measures
(Westerhoff, Keskitalo and Juhola, 2011; Gallopin, 2006). These are attributes of a social
and ecological system that are present prior to exposure to CC (Gallopin, 2006) and enable
it to anticipate and adapt to these changes (World Resource Institute, 2009).

Agrawala, Bosello and Carraro (2010) distinguish specific adaptive capacities from generic
adaptive capacities. Specific adaptive capacities primarily address CC threats through, for
instance, R&D activities on CC or by establishing warning systems. Generic adaptive
capacities are related to the socio-economic development of a country or region and
include such factors as the existence of a public health system to cope with epidemics,
transportation systems to bring help to the people affected, the protection of infrastructure,
or the degree of wealth and economic diversification.

ACC capacity is determined by several factors:
1. Financial resources

ACC measures may involve costly activities such as massive investment in infrastructure.
The availability of financial resources promotes the introduction of ACC policies and
programs (Nath and Behera, 2011; Robledo and Forner, 2005; World Resource Institute,
2009; Westerhoff, Keskitalo and Juhola, 2011).

2. Expertise and competencies

A social and ecological system needs information generated by reliable sources, i.e.,
individuals and organizations that have developed credible expertise on exposure to CC
and its effects. It must also be able to develop and use the adaptive technologies and

10 CREXE — ENAP



CHAPTER 1

measures needed for this purpose (Nath and Behera, 2011; Robledo and Forner, 2005;
Westerhoff, Keskitalo and Juhola, 2011).

3. Infrastructure (Robledo and Forner, 2005)

The presence of an effective transportation system that can evacuate disaster-stricken
populations or bring assistance and a public health system able to contain epidemics
induced by CC are examples of the role played by infrastructure in reducing a social and
ecological system's vulnerability to CC.

4. Institutions (Robledo and Forner, 2005; World Resource Institute, 2009; Westerhoff,
Keskitalo and Juhola, 2011)

Institutions are vehicles of cooperation that can mobilize a community's resources to take
action in the public interest. A society's capacity to respond effectively to natural
phenomena is strengthened by the existence of public or private organizations with
specialized personnel and budgets earmarked for combatting CC.

Potential impacts of CC

The analysis of potential effects and impacts of CC is a crucial step in the decision-
making process. It lets us know if the social and ecological system is confronted with
natural phenomena that threaten its balance and if ACC measures are required. The
problem model considers that when CC threatens the viability or well-being of a
community, it becomes an important issue that merits the attention of decisio