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Climate change is one of the most pressing challenges mankind currently faces,
being a matter of great concern to people living in both industrialized and devel-
oping countries. Due to its scope and its implications to the economy of countries,
to properties, and to human health and well-being, it is essential to make sure that
we are able to adapt to climate change.

But even though the need for adaptation is a perceived one and in many parts of
the world, urgent action in the field of climate change adaptation is needed, there is
a paucity of scientific publications which tackle the subject matter of climate
change adaptation in a holistic way.

In an attempt to address this problem and at the same time provide a contribution
to foster a better understanding of the various aspects of climate change, the
International Climate Change Information Programme (ICCIP)—in cooperation
with Springer—have prepared this landmark multivolume reference work. This
handbook is aimed at fostering a broader understanding of what climate change is,
what it means to people, and how its impacts on the environment and ecosystems
can be reduced via climate change adaptation strategies.

Consistent with its editorial aims, this Handbook is structured along four parts:

Part I. Climate Change Impacts and Management (handling climatic, physical,
human, and biodiversity impacts on land and water ecosystems)

Part II. Policy and Climate Change (handling policy measures, planning proce-
dures, and concrete action to cater for adaptation efforts)

Part III. Climate Change Adaptation, Agriculture, and Water Security (handling
concrete examples of adaptation efforts in the field of agriculture and water
capture, storage, and use)

Part IV. Climate Change Adaptation Technologies (presentation of examples of
technologies which allow adaptation to be pursued and implemented in the short
and medium term)

A set of cross-cutting issues have been included across all parts, such as the
socioeconomics of climate change, resilience, trade, growth, development, justice,
poverty, health, populations, security, international politics, the UN process,
democracy, education, as well as information and communication. Although the
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Handbook is on the one hand grounded in the best science and meets the highest
scientific standards, it aims on the other hand to be inclusive methodologically and
be practice based.

Specialists from across the world have provided a wide range of contributions
addressing many of the variables associated with climate change adaptation with
examples, case studies, and projects from all geographic regions. Their efforts are
commendable since their willingness to document and disseminate their ideas,
approaches, and projects via this Handbook makes it a very rich publication.

I want to thank all the authors who contributed to this Handbook for their time
and effort. It is hoped that this Handbook may not only be used as a tool toward the
greater understanding of different variables associated with climate change
adaptation.

All in all, we have managed to produce a groundbreaking publication, which will
hopefully provide practical assistance and support to climate change adaptation
initiatives across the world. We also hope that it may serve as inspiration and
guidance to many others, helping to tackle a problem which is global in its scope
but often local in its impacts.

Walter Leal Filho
Editor-in-Chief
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Abstract

This chapter presents a methodological framework to build an index for participa-
tory vulnerability assessment of rainfed agriculture in Ngayokheme rural commu-
nity, Senegal. Through a participatory approach, the chapter identifies components/
resources of rainfed agricultural system, evaluated their exposure, sensitivity, and
adaptive capacities to climatic and non-climatic stressors. A review of the main
vulnerability indices developed in the literature highlighted gaps. And based on the
weaknesses of the existing indices, a new index combining exposure, sensitivity,
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and adaptive capacities is proposed. A tool for vulnerability assessment replicable
in different contexts and accessible to all disciplines has been built. The vulnera-
bility of the whole system of rainfed agriculture as well as each of its components
was quantified using a participatory approach. The chapter attempts to provide a
detailed framework for assessing vulnerability to climate change of the rainfed
agriculture, in such a manner that all countries of the region can follow it. Climate
change is affecting rainfed agriculture in Senegal. To mitigate impacts of climate
change and increase the resilience of the sector, a good vulnerability assessment is
required. This is why an index for assessing vulnerability to climate change of the
rainfed agriculture has been suggested. This focused on strengthening the vulner-
ability evidence base to support climate change policy, advancing knowledge and
training to understand climate change impacts, and implementing adaptation
measures. The framework presented on this chapter could yield substantial benefits
for Senegalese and other Sahelian countries.

Keywords
Index « Vulnerability « Assessing ¢ Participatory approach

Introduction

The adverse effects of climate change on natural and human systems are becoming
more and more severe and complex. This is why the question of understanding the
level of vulnerability of natural and human systems has become a major concern
and a challenge for the academic, political, and development practitioners’ com-
munities. Several studies on vulnerability analysis have been undertaken. Many of
them were performed using the participatory approach. The participatory approach
has emerged with the “Activist Participatory Research” during the 1960s. Ever
since, several variants of participatory approach have been developed. Thus, in the
1970s, variants such as “Field Research on Farming Systems,” “Participatory
Research (PR),” “Rapid Rural Appraisal (RRA),” and “Agro-ecosystem Analysis”
have emerged. Later, in the 1980s, other variants of the participatory approach were
developed and strong. Thus, “Applied Anthropology” and ‘“Participatory Rural
Appraisal (PRA)” have emerged. The 1990s saw the emergence of Participatory
Action Research (PAR) (Chambers 1994). The participatory approach has been
experimented, initially in developing countries’ rural areas, and has enabled com-
munity to share their perceptions and identify, prioritize, and appraise issues from
their knowledge of local conditions (Rabinowitz 2013; Van Aalst et al. 2008).
A participatory approach is a process in which every stakeholder in the intervention
has a voice. Everyone who has a stake should be invited to the table. In a
participatory approach, all stakeholders’ voices are heard and respected and that
everyone has some role in decision-making (Rabinowitz 2013).

Researches that have used participatory approach have proved useful because
they have informed on how natural and human systems are vulnerable to climate
hazards. However, these studies have failed to meet the needs of academia,
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policymakers, and practitioners to quantify the vulnerability in order to understand
its severity level and plan responses to climate change effects.

To fill this gap, researches to quantify vulnerability to climate change have been
made. The modelers have undertaken most of them and limited vulnerability
assessment to analysis of climate change impacts on a number of sectors such as
agriculture, health, water resources, forests, etc. However, these studies had shown
some limitations related to the fact that impacts of climate change are measured on
a limited number of parameters although studies generally focused on systems. So,
understanding the vulnerability of such a system cannot be reduced to impact of
climate change on few elements of the system. In addition, social, cultural, eco-
nomic, and political aspects are barely considered in these models. This is why
studies using modeling do not give a full measure of the vulnerability of a system.

In recent years, we have witnessed emergence of new studies trying to combine
qualitative and quantitative approaches to vulnerability. These studies are to quan-
tify the vulnerability using the participatory approach. They seek, through commu-
nity participation, to provide a quantitative measure of vulnerability and to explain
it. These researches are based on the definition of a conceptual framework that
allows them to start identifying determinants or parameters of vulnerability. These
studies propose models of relationship between parameters of vulnerability to
calculate the value of the vulnerability and produce vulnerability indices.

According to the definition of vulnerability, several types of model relationship
between the determinants have been proposed. However, most models that estab-
lish relationship between determinants of vulnerability do not accurately express
the link between these determinants. Many models build on subtraction or addition
relationship or combine both. However, these two types of relationship do not
sufficiently reflect the relationship between the determinants of vulnerability. This
arises the following question: which model faithfully expresses the relationship
between the determinants of vulnerability?

The aim of the present chapter is to feed thought and efforts made to construct
appropriate vulnerability index. More specifically, the present chapter proposes a
methodological framework for building an integrated index to assess vulnerability to
climate change of rainfed agricultural system in Senegal through a participatory
approach. To do this, a review of approaches to vulnerability will be made in the first
place. This review will be followed in a second phase of a critical analysis of
computational models of vulnerability. In a third step, a model of the relationship
between the various determinants of vulnerability will be offered, followed by a
description of the methodological framework to construct the index of vulnerability.

Review of Vulnerability Approaches and Indexes

Climate change mainly is manifested in adverse effects on livelihoods in develop-
ing countries that are most vulnerable. The effects are often complex and difficult to
understand. The need for understanding vulnerability justifies that of analysis and
assessment of vulnerability.
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Vulnerability has been abundantly analyzed and defined, especially in the
climate change literature (Luers et al. 2003; Fuissel 2009). However, first definitions
arose from geography and ecology (Cutter 1996). Timmermann (1981) has pro-
vided to the scientific community with the first reference definition of vulnerability.
He defined vulnerability as “the degree to which a system acts adversely to the
occurrence of a hazardous event. The degree and quality of the adverse reaction are
conditioned by a system’s resilience (a measure of the system’s capacity to absorb
and recover from the event).” But it is in risk and disaster management and recently
in environmental change and in development and environment areas that the word
vulnerability is mostly used. Indeed, during the past two decades, the concept of
vulnerability acquired an important place, especially with the IPCC Assessment
Reports. Owing to the abundance of the analysis of the concept, further work on
vulnerability assessment, including approaches, methods, and tools, had been
undertaken and several conceptual and methodological approaches of vulnerability
have been developed (Cutter 1996).

Despite this important scientific production, fundamental conceptual differences
remain about definition and approaches of vulnerability. Broadly, there are three
major schemes of vulnerability frameworks. The first one distinguishes biophysical
and socioeconomic vulnerability (Fiissel 2009). The second scheme recognizes
external factors that are not part of the system and internal factors that are part of
the system. A third scheme that can be presented as the most comprehensive deals with
vulnerability as contextual (starting point) and vulnerability as an outcome (end point)
(O’Brien et al. 2007; Brooks 2003; Fissel 2009; Kelly and Adger 2000; Turner
et al. 2003 ; Maru et al. 2014). The key element on which the focus is put when
explaining vulnerability of human or natural systems distinguishes these approaches.

Biophysical Approach

The biophysical approach highlights the key role played by external/natural hazards
in the occurrence of vulnerability of human and natural systems. Thus, Gabor and
Griffith (1980), Mendelsohn et al. (1994), Polsky and Esterling (2001), and Sanghi
et al. (1998) have emphasized how cash income of farmers is affected by natural
hazards. Adams (1989), Kaiser et al. (1993), and Olsen, Bocher, and Jensen (2000),
Kurukulasuriya and Mendelsohn (2006) also studied the vulnerability of agriculture
by linking climate change stressors to agricultural yields. Similarly, Martens
et al. (1999) in health sector; Du Toit et al. (2001), FAO (2005), Xiao
et al. (2002) in food security and water availability sectors, and Forner (2006)
and Villers-Ruiz and Trejo-Vazquez (1997) in ecosystems sector studied climate
change effects. All these studies put the focus on natural/external factors as causes
of economic, social, agricultural, health, and vulnerability.

This approach has the advantages of providing relevant and measurable infor-
mation. It helps to know the extent of the impacts of natural hazards on different
natural systems. However, this approach often adopts a negativistic, futuristic, and
quantitative perspective of impacts of climate change. In addition, this approach
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often has a negativistic and futuristic perspective of the impacts of climate change.
The impact assessment focuses on the damage areas and is based on the predictions
of climate models and other agricultural, economic, and health models. Thus, any
comprehension of the current vulnerability is provided (Gabor and Griffith 1980).
It also gives only quantitative data. Certainly very informative, this approach
however does not demonstrate what these impacts mean for communities.
For example, 50 % of lower yield due to climate change does not mean the same
thing for a Senegalese farmer and for an American farmer. In the same vein, even if
development of mosquitoes due to climate change can drive the resurgence of
malaria, this increase will not have the same effect for two individuals or commu-
nities that have unequal access to health services and monetary income. This
physical/natural approach does not take into account the adaptive capacities of
systems having been affected by the climatic stimuli.

Social Sciences Approach

This approach emphasizes factors related to the socioeconomic and political status of
individuals and communities, in short, the social system, including changes in status
between individuals and communities (Fiissel 2007, 2009). This approach considers
that there are a variety of social status between individuals and between and within
communities (Fiissel 2007). These differences can be approached through gender,
social and political class, education level, wealth, access to health services, natural
resources, credit, agricultural inputs, technology, formal and/or informal social capital,
etc. (Adger 1999). These factors are major social determinants of vulnerability (Allen
2003; Kelly and Adger 2000). This socioeconomic approach of vulnerability has the
advantage of highlighting importance of internal resources available to an individual, a
community, and a sector or system to reduce the negative effects of a shock. It shows
that an individual, community, or system does not remain inert when it is attacked.
It often responds to attacks drawing on its resources. The vulnerability is seen as an
internal state of a system before the external forces of nature occur (Allen 2003).

The limitations associated with this approach are related to the low inclusion of
natural/external factors. Yet, the role of the latter cannot be ignored when
interpreting vulnerability. For example, two communities with similar socioeco-
nomic conditions, but subject to natural hazards of different intensity and fre-
quency, do not have the same level of vulnerability. Although socioeconomic
factors are crucial in explaining the vulnerability, neglecting natural factors leads
to a partial understanding of the vulnerability. Reconciling the two approaches
seems to provide benefits to the full understanding of vulnerability.

Integrated Approach

However, although having obvious benefits in terms of vulnerability assessment,
both biophysical and social approaches do not have less limitation from the
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perspective of an integrated assessment of the socio-environmental dimensions of
vulnerability. Reconciling the two approaches seems to be advantageous to take the
full measure of vulnerability. This is the main characteristic of the integrated
approach that combines both social sciences and biophysical sciences approaches
to determine vulnerability (Fussel 2007). In this regard, an adaptation of the IPCC
definition of vulnerability can help reconcile the approaches of biophysical and
social sciences into an integrated approach. The IPCC defines vulnerability as “the
degree to which a system is susceptible to, or unable, to cope with the adverse
effects of climate change, including climate variability and extreme weather con-
ditions” (McCarthy et al. 2001, p. 995). While the IPCC definition specified directly
to change climate, particularly to climate risks, an integrated approach of vulner-
ability needs to integrate biophysical and socioeconomic factors in addition to
climate risks. The adaptation of IPCC conceptualization integrates internal and
external factors and biophysical, socioeconomic, and climatic stressors. Vulnera-
bility according to IPCC depends on the nature, extent, and rate of climate variation
to which a system is exposed and the sensitivity and adaptive capacity of the
system. The exposure parameter includes external factors, while sensitivity encom-
passes internal dimension as for adaptive capacity.

An Overview on Vulnerability Index

Based on these approaches, indices have been developed to better quantify and assess
vulnerability level. Adger (1996, p. 49) developed a vulnerability index where vulner-
ability to climate variability is function of social vulnerability and environmental risk:

1. Vulnerability to climate variability = f(social vulnerability, environmental risk)

where environmental risk can be indicated by the return period of a threshold
physical hazard: Environmental risk = Impact * Pr

where Pr = 1/R (Pr = probability and R = recurrence interval (years)).

Although this index takes into account the natural and social factors, the
relationship between the parameters is not clearly established. It considers vulner-
ability as a function of social vulnerability and environmental risk, but does not
clearly indicate the type of relationship between these parameters. In addition, the
adaptive capacity parameter is not explicitly taken into account in the calculation of
vulnerability. It is not clear whether it lies in social vulnerability or not.

Moss et al. (2001) determined vulnerability index (VI) by assigning a negative
value to sensitivity and a positive value to adaptive. They establish relationship
between parameters through this equation:

2. Vulnerability = (adaptive capacity)—(sensitivity + exposure)

This equation considers vulnerability as the difference between adaptive capac-
ity and sum of exposure and sensitivity. This relationship model has a number of
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limitations. The relationship between sensitivity and exposure does not seem to be
well translated by an addition as shown in this equation. The addition relationship
links two parameters of a similar nature. However, sensitivity is totally different
from exposure as sensitivity mainly refers to the internal structure system, while
exposure is related to external factors. Also, the order of the parameters in this
equation is not appropriate. Before talking about adaptive capacity of a system, it
must have been exposed to and affected by a hazard. A system never adapts ex
nihilo, it adapts to a hazard. So the exposure and sensitivity should come before
adaptive capacity. That is why adaptive capacity should come after in the order of
parameters, because it has to be deducted from the exposure and sensitivity, and not
the contrary. In addition, the adaptive capacity plays an attenuator or dissolving role
of effects of exposure and sensitivity. In this regard, the subtraction is not the best
type of relationship.

Yohe et al. (2006) have developed indices of (aggregated outcome) vulnerability
to climate change that vary according to different assumptions regarding climate
sensitivity, development of adaptive capacity, and other calibration parameters.
The aggregated vulnerability is calculated as

3. Vi(r) = 249,

whereby ATi(¢) is the projected change in national average temperature (i.e., a
rational-scaled variable) and ACi(t) is a normalized index of national adaptive
capacity (i.e., an ordinal-scaled variable) (Brenkert and Malone 2005).

This index has a specific climate and futuristic orientation. The risk in question
here is a projected climate risk and is neither a current risk nor a non-climatic risk.
Furthermore, the sensitivity parameter which is very important in the vulnerability
of a system or sector is not integrated into the development of this index.

In summary, these indexes that have been developed have two main limitations.
The first is related to the inappropriate nature of the relationship posed by these
indices. The second limitation is related to the fact that these indices do not incorpo-
rate both natural and socioeconomic as well as the adaptive capacity of the whole area
in question. In short, these indices are not based on a systemic approach of the systems
studied. A third shortcoming of the indices is related to the fact that many of them are
built for a national level and not do not take into account local specificities.

Methodological Framework for Building an Integrated
Participatory Assessment Vulnerability Index

Conceptual Definitions
The development of a new vulnerability index in this study is yet based on the IPCC

definition of vulnerability, but goes beyond. It is not focused exclusively on climate
change as a hazard, but includes all significant factors that are sources of
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vulnerability for rainfed system at community level. The IPCC (2007) definition
shows that vulnerability depends on three parameters: exposure, sensitivity, and
adaptive capacity. However, the relationship between them is not specified (Fussel
2009). Before proposing the relationship between these three parameters and that
result in a situation of vulnerability, it is important to make an analysis of these
three parameters

Exposure. The first parameter of the vulnerability in the IPCC definition is
identified by a group of words, namely, the nature, magnitude, and rate of climate
variations to which a system is exposed. It is in this expression that the term
exposure appears. So exposure is closely related to risk and hazard. Exposure is
defined as the situation or position to which a system, a sector, a social group, or an
individual is within the reach of a hazard. Being exposed is to be not sheltered from
a risk; being exposed is to be in a situation where one is potentially reachable by a
hazard.

One can note that exposure involves a hazard and a system. To be exposed, there
must be a stressor and a stressed object. It also requires that the characteristics,
nature, extent, and strength of the stressor allow it to reach the exposed system.
However, it should be noted that exposure does not necessarily mean being in
danger. People can be exposed without running the risk of being damaged, to see
their physical or moral integrity affected. In addition, exposure can be assimilated
to risk in the sole condition that there is a possibility of damage to the exposed
element.

Sensitivity and impact. The second parameter of the IPCC definition of vul-
nerability is about sensitivity. Being sensitive is reacting (positively or negatively)
if one is affected by an external force. A system is when it reacts and changes state
regardless of the time, when it loses its trajectory, its identity, and its natural
properties be it temporarily or permanently. Sensitivity is the susceptibility of a
system to react, to respond to an attack, change positive or negative when the agent
reached it. It mainly depends on the constitution of the internal structure of the
system. The sensitivity is very important in the sense that regardless of the strength
of a stimulus, if the system has no sensitivity, the stimulus can never be a risk, the
system cannot be considered exposed.

Sensitivity is closely related to the impact which is the result of the sensitivity of
a system and the nature of the shock that affects the system. The impact is a product
of the sensitivity of a system and the intrinsic characteristics of stress (magnitude,
force, rhythm, frequency of the stress).

Adaptive capacity. Adaptive capacity is defined as the set of resources available
to a system to reduce the negative effects of stressors or to take benefit from them. It
is a function of human resources, technology, social and cultural resources, access
to information, and institutional, economic and financial, and physical and natural
resources.

Vulnerability. Based on these conceptual definitions, it can be noted that the
exposure and sensitivity when they increase or decrease tend to produce the same
type of effect on a system. Their common growth increases the vulnerability of an
element, while their decrease reduces vulnerability. However, adaptive capacity has
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an opposite effect on the vulnerability. Indeed, when the adaptive capacity
increases, it tends to reduce vulnerability and vice versa. The relationship between
exposure and sensitivity as well shows that if each increases by one unit, the
resulting increase is more than the sum. The relationship is better expressed as a
multiplication. Adaptive capacity does not play a role of subtracting the combined
value of the exposure and sensitivity, but tends to diminish or invalidate effects
produced by exposure and sensitivity. Adaptive capacity acts as divisor of the
product formed by the exposition and sensitivity. In this regard, the best relation-
ship that binds adaptive capacity to exposure and sensitivity is a division relation-
ship. The division is the best relationship that leads a factor toward zero.

Given the relationship between exposure and sensitivity on the one hand and
between these two parameters to adaptive capacity on the other, we propose to
calculate vulnerability using the following formula:

\Y4 :EXS/
Ac

where

V = Vulnerability

E = Exposure

S = Sensitivity

Ac = Adaptive capacity

An adaptation of the IPCC definition that incorporates the nature of risks or
hazard (continuous or discontinuous hazard) could lead to consider vulnerability as
function of the magnitude and rhythm, or force and probability of a hazard,
sensitivity, and adaptive capacity of the system.

Approach for Building the Integrated Index

Participatory Evaluation of Parameters of Vulnerability Through Focus
Groups
To build the integrated index, the rainfed agriculture has been approached as a system.
Our unit of analysis corresponds to community level. Designed as a system, rainfed
agriculture then includes several components or resources, including climate. With
farmers of Ngayokhéme rural community as the study area, the various components of
the rainfed system resources have been identified. These are climate, soil, water, seeds,
fertilizers, mechanical equipment, draft animals, labor, the values attached to agricul-
ture, vegetation, and slopes. In terms of hazards, it not only undergoes the weather but
is also affected by economic nature and social, cultural, institutional, political, and
biophysical vagaries. So to understand the vulnerability of agriculture, it is necessary
to take into account all the resources but also all types of hazards.

Given the large number of organizations and the size of the study area, we had
identified four zones based on socioeconomic and ecological criteria. Each zone
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comprised between four and six villages and hosted two gendered focus groups. In
total, eight focus groups with men and women had been organized. The practical
course of these grouped interviews relied on research protocols. These consisted of
matrices drawn on the flipchart and pasted on the walls of the room where the focus
groups were held. Each matrix contained as many columns and rows as identified
components and stressors of rainfed agricultural system. Each stressor was crossed
to each component to identify the impact. To mention each impact on the flipchart,
we had to find a consensual response of all members of the group. Once the
components and stressors of the farming system and the impacts are identified, the
following step was to proceed with the evaluation of the parameters of vulnerability.

In a second stage of building the index, the determinants of vulnerability which are
exposure, sensitivity, and adaptive capacity were assessed in a participatory way. The
evaluation was made based on a scale from 0 to 5 which were defined with commu-
nities. The rating scale is defined by mutual agreement between the different actors.
Each scale value represents a level of each of these three parameters. Level O corre-
sponds to a total lack of vulnerability. Levels 1, 2, 3,4, and 5 correspond, respectively,
to 20 %, 40 %, 60 %, 80 %, and 100 % of vulnerability. However, the evaluation was
conducted with a small number of farmers (05), compared with focus groups. Indeed,
as the matter is to assign numerical values to these parameters, members of the focus
group should have a certain level of instruction that enables them to fully understand
the meaning of each level but also the parameters of the vulnerability. They should
also be active farmers that have experienced effects of climate change and be able to
remember them. As we worked with the Federation of Farmers Associations, persons
meeting these criteria have been provided by the Federation. Reaching consensus on
the value to assign to exposure, sensitivity, and adaptive capacity of each component
or resource guided the evaluation phase of the vulnerability.

Weighting of the Components
The components of the rainfed agricultural system do not have the same weight.
Each component had been attributed a weight. This weighting was done by con-
sultation with experts in the rainfed system who have accumulated extensive
experience in the study area but also with the local farmers with a certain level of
education allowing them to assign weights to the various components. Experts
comprised agronomists (03), agricultural extension agent (01), professor (01),
practitioners (01), and leaders of farmers’ organizations (04). They were called at
first to correct or validate the component inventory of rainfed system identified by
grassroots communities in the focus groups. And secondly, they assigned a weight
to each component of the system on a scale of 100. For components, some changes
in terms of merging were made. Indeed, the experts asked for a definition of the
content of each component. Once this is done, no significant changes in terms of
addition or removal of components have been made. The values assigned by each
expert were averaged to obtain the weight of each component of the system.
After attributing value to exposure, sensitivity, and adaptive capacity of each
component regarding the stressors that affect them, and after pondering
each component, the equation has been applied to quantify the level of
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vulnerability of each component and the global vulnerability of the rainfed agri-
cultural system by multiplying each component to its weight.

Discussions

The objective of this chapter was to propose a methodological framework for
building a vulnerability index to assess vulnerability of rainfed agriculture.

The analysis of various studies and vulnerability assessments revealed several
gaps due to their sector or inappropriate nature. Vulnerability to climate change has
been analyzed and assessed in an exclusive climate perspective or at national level.
This gives an incomplete understanding of the whole impacts of climate change.
Indeed, climate change does not only act directly on the elements of the natural and
human systems. It also affects them indirectly through other elements. This indirect
action is not always taken into account by the study and assessment of vulnerability
to climate change.

The index proposed here integrates both vulnerabilities to climatic and to
non-climatic shocks. In this respect, it gives the full measure of vulnerability to
climate change. In fact, it takes into account the direct and indirect impacts of
climate change. The construction of this index which is based on a participatory
approach has shown that the qualitative and quantitative approaches can be inte-
grated. This index and the approach that enabled to build it are applicable in
different contexts because of their flexibility to adapt to different environments.

Despite these advantages of this index, it should be noted some limits. The first
relates to the lack of precision that is associated with values assigned to the
exposure, sensitivity, and adaptive capacity as well as components of rainfed
system. Another limit refers to the fact that there is no differentiation made between
farmers. The integrated index is done at community level.

Conclusion

This tool for vulnerability assessment is replicable in different contexts and acces-
sible to all disciplines. The vulnerability of the whole rainfed agriculture as well as
each of its components was quantified using a participatory approach. This tool
provides a detailed framework for assessing vulnerability to climate change of
rainfed agriculture, in such a manner that it can be applied by all countries in the
region. Climate change is affecting rainfed agriculture in Senegal. To mitigate the
impacts of climate change and increase the resilience of the sector, a robust
vulnerability assessment is required. This is why an index for assessing vulnerabil-
ity to climate change for rainfed agriculture has been suggested. This chapter
focused on strengthening the vulnerability evidence base to support climate change
policy, advancing knowledge and training to understand climate change impacts,
and implementing adaptation measures. The framework presented in this chapter
could yield substantial benefits for Senegal and other Sahelian countries.
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Abstract

The chapter aims to estimate the climate change impacts within a probabilistic
multi-model framework. The suggested approach attempts to improve the reli-
ability of the climate change impact assessment approach by considering the
three main sources of uncertainty.

Climate change impacts on the climate variables in Iran’s Zayandeh-Rud River
Basin have been evaluated. Multi-model ensemble scenarios are used to deal with
the uncertainty in climate change projection for the study period (2015-2044).
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The probabilistic multi-model ensemble scenarios, which include the 15 GCMs,
are used to project the temperature and precipitation for the near future period
(2015-2044) under 50 % risk level of climate change.

Downscaled climate variables suggest that generally temperature will rise in
the Zayandeh-Rud River Basin while the level of temperature increase varies
between. The maximum monthly precipitation reduction will occur in winter.
This can be of considerable importance for the basin having a semiarid Medi-
terranean climate in which winter precipitation is the main source of renewable
water supply.

In the proposed framework, the uncertainties of GCMs, emission scenarios,
and climate variability of daily time series are handled by the combination of
change factors and a weather generator. Covering the full range of potential
climate change, such framework can provide the valuable lessons to policy
maker for adapting to climate change.

The Zayandeh-Rud River Basin has been constantly facing the water stress
problem during the past 60 years. The results of the climate change impacts on
the basin’s climate variables can provide the policy insights for regional water
managers to address well the water scarcity in the near future.

Keywords
Climate change * Impact assessment ¢ Climate variable « Zayandeh-Rud ¢ Iran

Introduction

Climate change is a significant change in the weather conditions in long-time
periods. It may be the changes in weather parameters or in the distribution of
weather events (i.e., more or fewer extreme weather events). Climate change is
considered as one of the major factors that will affect the water availability and life
in the future (Bates et al. 2008; Eslamian et al. 2011).

Humans have been the significant contributors to greenhouse gas emissions
by different industrial and household activities. The Intergovernmental Panel on
Climate Change (IPCC) stated that in the Fourth Assessment Report of climate
change (AR4), the air temperature increased by 0.74 °C from 1906 to 2005
(IPCC 2001).

Increased evaporation (resulting mainly from the higher temperatures), com-
bined with regional changes in precipitation characteristics (e.g., total amount,
variability, and frequency of extremes), has the potential to affect mean runoff,
frequency and intensity of floods and droughts, soil moisture, and water supplies for
irrigation and hydroelectric generation, which are the little effects of climate
change in the recent years (Ghosh and Mujumdar 2009; Zhang et al. 2010; Eslamian
et al. 2011).

Projections of climatic variables globally can be performed with General
Circulation Models (GCMs), which provide the projections at large spatial scales.
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These models are considered as the most credible tools for the projections of future
global climate change (IPCC 2007).

An important limitation in the GCMs’ application is the some sources that
prevent from finality in the model outputs. These limits are often expressed as
uncertainty (Moss and Schneider 2000). These include:

1. Estimating the amount of greenhouse gas and aerosol emissions is hard and has a
lot of uncertainties (related to the emission scenarios) (Parry et al. 2004).

2. There are some uncertainties in GCMs (Sajjad Khan et al. 2006).

3. Global climate model sensitivities don’t have the finality (Elmahdi et al. 2008).

The uncertainty in the global model configuration has long been recognized as
one of the most important parts of the overall uncertainty, especially considering
the first decades of the twenty-first century when the different emission scenarios do
not lead to dramatically different climate responses (Benestad 2004).

To resolve these uncertainties, the different methods based on physical and
mathematical relationships are presented in climate change modeling (Schaefli
et al. 2007).

There are two general approaches for using of the GCMs. The first method is
using a single GCM model for predicting future data (Jones and Thornton 2003;
Guo et al. 2010). This may lead to an incorrect estimate of the calculated parameters
in climate change models (Lee et al. 2011).

In the second method, multiple climate change scenarios are produced by the
different GCMs to capture probable range of climate change impacts. This method
helps to identify, better understand and more realistic modeling of the climate
change (Medellin-Azuara et al. 2008; Kloster et al. 2010; Abrishamchi et al. 2012).

There are many researches in the literature for the use of multiple impact
assessment models to better represent and manage these uncertainties (Tao
et al. 2009; Lizumi et al. 2009; Tao and Zhang 2010; Daccache et al. 2011;
Ozdogan 2011). In the recent studies, probabilistic outputs from ensembles of the
GCMs models and emission scenarios have been used to achieve a better represen-
tation of uncertainties and comprehensive impact assessment. Some of them
suggested that an average over the set of GCM outputs provides a dominant climate
simulation related to any individual model (Bader et al. 2008; Liu et al. 2010).
Elmahdi et al. (2008) have used seven AOGCMs from the IPCC third assessment
report to project the future temperatures. They generated 1,000 samples of air
temperature time series for uncertainty analysis and risk assessment of water
demand.

This chapter aims to assess a multi-model framework for climate change impact
assessment. In this framework, the uncertainties of GCMs and emission scenarios
are handled by an innovated downscaling method (combination of change factors
and a weather generator). The suggested approach attempts to improve the reliabil-
ity of the climate change impact assessment approach by considering the three main
sources of uncertainty as discussed earlier.
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Methodology Outlines

In this study, the multi-model ensemble scenarios within the risk framework are used
in order to manage uncertainty of the GCM outputs and emission scenarios. This
probabilistic framework has been constructed by the combination of change factor
and LARS-WG methods in the downscaling of ensemble GCMs. A detailed flow-
chart of this methodology has been shown in Fig. 1. According to Fig. 1, the major
stages of this study consist of three steps: (a) generation of temperature and precip-
itation climate change scenarios by 15 GCMs for the case study, (b) generation of
cumulative distribution function for climate change scenarios and extraction of
climate scenarios corresponding to 50 % probabilities, and (c) generating temperature
and precipitation daily time series by the LARS-WG stochastic downscaling method.

Climate Change Scenarios Generation

Generating climate change scenarios is the first step to achieve probable patterns
of the future climate based on assumptions of future atmospheric concentrations.
The AOGCM-derived scenarios of climate change are the most common scenario
type in the impact assessments. In this chapter, 15 GCMs outputs under two emission
scenarios (A2 and B1) from the Fourth Assessment Report (AR4) of the Intergov-
ernmental Panel on Climate Change (IPCC) are used (IPCC 2007). The detailed
description about these models is shown in Table 1. A2 scenarios assume rapid
population growth coupled with slow economic and technological development until
2100. B1 scenarios are characterized by very rapid global socioeconomic growth and
population rising until 2050 and then declining toward the end of the century.
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Table 1 Description about 15 GCMs from the Fourth Assessment Report (AR4) IPCC

Model Abbreviation | Center

HadCm3 HADCM3 UKMO (UK)

ECHAMS-OM | MPEHS MPI-M (Germany)

CSIRO- CSMK3 ABM (Australia)

MK3.0

GFDL-CM2.1 GFCM21 NOAA/GFDL (USA)

MRI- MRCGCM MRI (Japan)

CGCM2.3.2

CCSM3 NCCCSM NCAR (USA)

CNRM-CM3 CNCM3 CNRM (France)

MIROC3.2 MIMR NIES (Japan)

IPSL-CM4 IPCM4 IPSL (France)

GISS-E-R GIER NASA/GISS (USA)

BCM 2.0 BCM Beijing Climate Center (China)

CGCM3 T47 CGCM Canadian Centre for Climate Modeling and Analysis

ECHO-G ECHO Meteorological Institute, University of Bonn Meteorological
Research

INMCM 3.0 INMCM Russian Academy of Science, Institute of Numerical
Mathematics

NCARPCM NCRPCM National Center for Atmospheric Research (NCAR), USA

In the first step, monthly temperature and precipitation variables for the baseline
period (1971-2000) and future period (2015-2044) have been extracted from the
Data Distribution Center (http://www.ipcc-data.org) (DDC) of IPCC. The values of
difference for the temperature and relative change for precipitation between the
30-year monthly average baseline period and future period are calculated for each
month. These values represent the climate change scenarios for the temperature and
precipitation’s 30-year monthly averages. Here, climate change scenarios in the
future period to baseline period are created separately for the different AOGCMs
under two emission scenarios.

Risk Assessment of Climate Change Impacts

There are the high levels of uncertainties in the results of the AOGCM climate
change scenarios. These uncertainties affect the choice of method and the confi-
dence that can hurt the results in the impact assessment studies. There are many
methods for uncertainty management, for example, expression of the results as a
central prediction, central prediction with error bars, known probability distribu-
tion function, a bounded range with no known probability distribution, and a
bounded range within a larger range of unknown possibilities (OECD 2003).
Here, a bounded range with known probability distribution (Gohari et al. 2013a)
is used for managing uncertainties due to use of ten AOGCMs, which is created
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from the weighting of the AOGCMs. This probabilistic multi-models approach
includes the three following steps.

Weighting the AOGCMs

The ranges of monthly climate change scenarios are not the same due to different
abilities of the AOGCMs to local climate simulation. So, each of the 15 GCMs used
in this study separately has been weighted based on the mean observed temperature-
precipitation (MOTP) method. In this method, each AOGCM has been weighted
based on the difference between average of temperature and precipitation simulated
by AOGCM in the base period from corresponding observed value, following the
study by Massah Bavani and Morid (2005):

W, = - (I/ANTU‘)
Z,‘QZ{:] (I/ATU)

where W; is the weight of each model in month i and AT; is the temperature and
precipitation change field for GCM j in month i.

6]

Probability Distribution Function (PDF)

In this step, probability distribution function (PDF) is made, where the X and Y
values represent the temperature or precipitation monthly changes and the weight of
corresponding AOGCM, respectively (Fig. 2). In order to produce a time series of
temperature and precipitation for the future period, the temperature and precipita-
tion long-term monthly averages are needed. Therefore, discrete probability distri-
butions of climate change scenarios must be converted to continuous probability
distribution. Due to a high correlation and having a low number of parameters, the
two parameters beta distribution function as one of the best function can be fitted on
these discrete distributions:

x —a)P (b —x)4!
g = 0=

— Bpa)b_ a)p+q71 akgxgb;, p,q>0 2)

where x and p and q are the variable and shape parameters for beta distribution
function respectively, and B(p, q), the beta function.

The values of p and q are changed to get the best fit based on the maximum
likelihood estimation method. Here, the sum of squared error (Eq. 3) is used to show
how well the beta function fits the data:

SSE=Y " (v —¥) 3)
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Fig. 2 Discrete PDFs, relating monthly temperature and precipitation changes to the weights of
corresponding GCMs. Graph (a) shows the developed PDF of relative precipitation changes in
May and graph (b) shows the developed PDF of temperature changes in February

where y; is the data point, ¥; is the estimation of beta function, and # is the number of
data points (n = 15). The small size of sample data set can affect the goodness of fit.
This is indeed a limitation of this type of assessment caused by having access to a
limited number of GCMs.

Cumulative Distribution Function (CDF)

In this step, the developed PDFs are converted to CDFs. Cumulative distribution
function (CDF) curve is made, where X and Y values represent the temperature or
precipitation monthly changes and corresponding exceed probability (P;). Since
there is no possibility to use each point of these CDF in the impact assessment
models, the monthly temperature and precipitation change scenarios have been
extracted corresponding to 50 % discrete probabilities as a moderate-risk level of
climate change (Fig. 3).

Stochastic Downscaling

The direct use of the AOGCM-derived climate scenarios could be impossible in
impact assessment models due to large deviation of these model-derived downscale
variables time series (i.e., temperature and precipitation, etc.) with real data. But
long-term monthly averages of these variables are highly correlated to the real data
(Semenov 2007). The downscaling techniques bridge the gap between the AOGCM
outputs and required inputs by the impact assessment models (Wilby and Wigley
1997). One of the downscaling tools to generate daily climate scenarios is a
stochastic weather generator (WG) (Wilks and Wilby 1985; Semenov 2007).
A WG is a model, which has an ability to simulate synthetic time series of daily
weather for the future by using predicted climate change scenarios from GCMs.
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Fig. 3 Developed CDFs based on the presented PDFs in Fig. 2

LARS- Weather Generator

LARS-WG is one of the stochastic WGs that generate synthetic daily time series of
minimum and maximum temperatures, precipitation, and solar radiation (Semenov
2007). The LARS-WG can generate the daily time series from monthly climate
change scenarios. In the first step, the weather generator parameters calculate based
on the probability distributions of locally observed daily weather variables (Semenov
2007). So, the semiempirical distributions of observed data such as frequency distri-
butions calculate for the wet and dry series duration. Fourier series are used for
describing the precipitation amount, solar radiation, and minimum and maximum
temperatures. In the next step, LARS-WG generates synthetic weather data by
combining a climate change scenario file for precipitation amount, wet and dry series
duration, mean temperature, temperature variability and solar radiation with the
resulting parameter files. In the final step, the observed data statistical characteristics
are compared with those of synthetic data. A number of statistical tests (i.e., the
chi-squared test, Student’s t-test, and F-test) are used in this comparison to determine
the differences between the distributions, mean and standard deviation values of the
synthetic and observed data set (Semenov and Barrow 1997; Semenov et al. 1998).

In the present work, future daily time series of maximum and minimum tem-
peratures and precipitation are generated for 2015-2044 based on observed daily
time series and climate change scenarios for 50 % probabilities using LARS-WG.
For generating 30 years daily time series, 300 years daily time series (10 x 30 years
daily time series) for future period are generated by this WG and then the average
daily values of these ten time series are calculated.

Case Study

The Zayandeh-Rud River Basin with an area of about 26,917 km? is located in
central Iran (Fig. 4). In recent decades, due to high agricultural and industrial
development potential, the basin has witnessed economic growth and increased
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Fig. 4 Zayandeh-Rud River Basin

population (Madani and Marino 2009). Currently, more than 3.7 million people
are living in the basin, making it the second most populated watershed in Iran.
As the major water consumer, agriculture sector uses more than 73 % of water
supply (Zayandab Consulting Engineering Co. Report 2008). Cultivation of
high-water-demand crops (i.e., rice, corn, wheat, and barley) and low irrigation
efficiency of 3442 % contribute to the high agricultural water demands
(Gohari et al. 2013b).

The Zayandeh-Rud River with an average flow of 1,400 million cubic meters
(MCM), including 650 MCM of natural flow and 750 MCM of the transferred flow,
starts from the Zagros Mountains in the west of the basin and flows into
the Gav-Khooni Marsh in the east of the basin (Gohari et al. 2013b).
The Gav-Khooni Marsh is recognized as an international wetland under the Ramsar
Convention (1971). The river has been tapped for increasing water consumption
within and outside the basin. This makes the river the most important water
resource of the basin for its residents and their urban, industrial, and agricultural
uses, as well as for the survival of the ecosystem of the Gav-Khooni Marsh.

Two climatological stations and a rain gauge station are selected in the study
area. Table 2 presents the description of these stations.
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Table 2 Brief description of the selected observation stations

Geographical position

Station name Longitude Latitude Elevation (m) Type of station
Damaneh-Fereydan 50° 29 33° 01 2,300 Climatological station
Chelgerd 50° 05’ 32027 2,300 Rain gauge station
Isfahan 51° 68’ 32° 63/ 1586 Climatological station

Impact of Climate Change on Climate Variables

Large Scale Climate Change Scenario for Temperature
and Precipitation

The results of temperature changes for Isfahan synoptic station projected from
ECHO-G model are presented in Table 3. Mean monthly temperature changes are
generally expected to increase under climate change. Most GCMs suggest higher
future temperatures in the study region while the range of expected temperature
changes varies between months.

Uncertainty of Climate Change Projection

Weighting of AOGCMs

The weights of 15 GCMs for Isfahan station are shown in Table 4. The values of
AOGCM weights vary between different months. The maximum weight is assigned
to the CGCM3.0 model in July. The comparison of average weights of different
models shows that minimum weight is assigned to the NCARPCM. The average
monthly weights show that the maximum contribution of different months is related
to July.

Probability Distribution Function

The discrete PDFs of climate change scenarios are developed for each month. The
parameter estimation method is used to convert the discrete PDFs to continuous
ones. Table 5 shows the values of SSE and beta distribution parameters for
continuous temperature. The low values of SSE underline the suitability of beta
distribution.

Regional Temperature and Precipitation Changes

Figures 5 and 6 respectively, show the estimated local (downscaled) temperature
for Damaneh-Fereydan and Isfahan stations under climate change for various risk
levels. Generally, temperature increases are expected for all months under climate
change. But, the levels of increase vary between the months. The maximum
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Table 5 The estimated Month o B a B SSE

values for beta distribution 6

parameters in Isfahan Jan 5.00 .00 0.54 1.52 0.01

station (temperature) Feb 5.78 5.00 0.30 1.49 0.01
March 6.36 4.00 0.19 1.33 0.00
Apr 4.13 6.00 0.22 2.35 0.00
May 5.00 4.88 0.11 1.95 0.00
Jun 5.00 4.00 0.44 1.73 0.01
July 3.24 6.00 0.05 3.01 0.02
Aug 6.00 3.85 0.09 1.75 0.03
Sept 3.00 5.00 0.25 2.50 0.02
Oct 5.83 4.78 0.41 1.43 0.01
Nov 391 6.00 0.37 1.75 0.01
Dec 2.56 7.00 0.53 2.48 0.01
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Fig. 5 Comparison of the baseline (1971-2000) and future (2015-2044) period 30-year average
temperature under A2 and B1 emission scenarios in Damaneh-Fereydan station
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Fig. 6 Comparison of the baseline (1971-2000) and future (2015-2044) period 30-year average
temperature under A2 and B1 emission scenarios in Isfahan station
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Fig. 7 Comparison of the baseline (1971-2000) and future (2015-2044) period 30-year mean
monthly precipitation under A2 and B1 emission scenarios in Chelgerd station
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Fig. 8 Comparison of the baseline (1971-2000) and future (2015-2044) period 30-year monthly
mean precipitation under A2 and B1 emission scenarios in Isfahan station

temperature changes in Damaneh-Fereydan are expected in spring and summer
months, respectively, under A2 and B1, while maximum temperature change fields
in Isfahan station are simulated in summer and fall months, respectively, under
A2 and B1.

Unlike the results for temperature, the local precipitation changes do not show a
general increasing trend (Figs. 7 and 8). The results show that the maximum
monthly precipitation decreases in Isfahan and Chelgerd stations in January under
A2 and B1.

The projected annual and seasonal changes of 30-year mean temperature
and total precipitation were calculated under A2 and B1 (Tables 6 and 7).
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I}?z;leeg (;g?ﬁiﬁ:u;id Isfahan Damaneh-Fereydan

area inder different ’ Month A2 Bl A2 Bl

emission scenarios Jan 0.13 0.10 0.10 0.03
Feb 0.05 0.02 0.00 —0.11
Mar 0.95 0.71 1.05 0.91
Apr 0.77 0.95 1.00 0.65
May 1.03 0.93 0.78 0.89
Jun 0.70 0.31 0.46 0.53
Jul 1.45 0.54 0.61 0.94
Aug 1.81 1.27 0.62 0.75
Sep 1.01 1.34 0.69 0.82
Oct 1.05 1.11 0.39 0.62
Nov 1.12 1.28 0.72 0.55
Dec 1.31 1.22 0.55 0.36
Max 1.81 1.34 1.05 0.94
Min 0.05 0.02 0.00 —0.11
Mean 0.95 0.82 0.58 0.58
Winter 0.38 0.28 0.38 0.28
Spring 0.83 0.73 0.75 0.69
Summer 1.42 1.05 0.64 0.84
Fall 1.16 1.20 0.55 0.51

Table 7 Precipitation Isfahan Chelgerd

changes (%) in the study

area under different Month A2 Bl A2 Bl

emission scenarios Jan —0.57 —-0.52 —0.62 —0.27
Feb —0.39 —0.28 —0.52 —0.17
Mar 0.07 0.01 0.37 0.31
Apr 0.66 0.43 0.27 0.24
May —0.44 —0.15 0.19 0.01
Oct —0.29 —0.34 0.23 0.63
Nov —0.39 0.42 0.44 0.52
Dec —0.05 —0.10 0.03 —0.07
Max 0.66 0.43 0.44 0.63
Min —0.57 —0.52 —0.62 —0.27
Mean -0.17 —0.06 0.05 0.15
Winter —0.30 —0.26 —0.26 —0.05
Spring 0.11 0.14 0.23 0.13
Fall —-0.24 0.00 0.23 0.36

With 5-15 % decrease in Chelgerd’s precipitation and 0.58 °C increase in
Damaneh-Fereydan’s temperature at annual scale, the upper subbasin will face
warmer and drier conditions under climate change. The results of Isfahan station
indicate that the lower sub-basin will experience warmer (0.82-0.95 °C) and dryer
(6—17 % reduction in precipitation) conditions than the upper subbasin in the future.
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Conclusions

In this study, 15 GCMs are used under two emission scenarios to estimate
climate change impacts on climate variables in the Zayandeh-Rud River Basin.
To deal with the high uncertainty in the estimated temperature and precipitation
changes under climate change, the weighted ensembles of GCMs’ outputs
were generated and climate change variables at 50 % risk levels (a medium-risk
level) were estimated. The results suggest that generally temperature will rise
in the study area while the level of temperature’s increase varies between the
months. Monthly precipitation changes do not show a general increasing or
decreasing trend.

Upper subbasin precipitation especially in winter is known as the main resource
of surface water in the Zayandeh-Rud River Basin. The results indicate that
maximum monthly precipitation reduction (5-26 %) will occur in winter and
annual precipitation is expected to decrease by 5—15 %. This can be of a consider-
able importance for the Zayandeh-Rud River Basin with semiarid Mediterranean
climate in which winter precipitation is the main source of renewable water supply.
Temperature rise will lead to more precipitation falling as rain, instead of snow, and
the snowpack will melt earlier in the spring. The reduced snowfall due to increasing
temperature in winter months will generally lead to more severe water shortages in
such arid and semiarid regions under climate changes.
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Abstract

Community-based adaptation (CBA) is gaining popularity as an approach to
supporting vulnerable communities to adapt to the impacts of climate change,
but in an environment of competing financial demands, to what extent is CBA
economically efficient?

Empirical research from NEF Consulting (New Economics Foundation) using
an extended social cost-benefit analysis (SCBA) of qualitative and quantitative
data gathered from four communities compares and contrasts the benefits and
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investment in CBA initiatives carried out by the Adaptation Learning Programme
(ALP), implemented by CARE International in Dakoro, Niger.

The results suggest a high return on investment on ALP’s CBA activities in
Dakoro and an increase in the economic capital of communities (revenue and
savings) as well as social and environmental capitals. Even only taking into
account the benefits ALP has generated to date (over 4 years), findings suggest
that for every £1 invested in communities, there has been a return of more than £4.
In order to capture the future value of community-based adaptation, the evaluative
model was extended further to forecast evolutions to 2020 using three core climate
scenarios to evaluate the impact on the different forms of communities’ capital
under a no intervention scenario, compared to an intervention scenario. Even under
a high discount rate, results remain positive and returns are high, proving that CBA
is both an economic and socially effective approach to adaptation.

Keywords
Climate change « Community-based adaptation ¢ Social cost-benefit analysis

Introduction

Climate change is one of the greatest threats facing poor and marginalized
communities (Parry et al. 2007). As the possibility of keeping global temperature
increase to 2 °C looks increasingly unlikely under current projections (IPCC
2013), societies will be faced with the challenge of adapting to the imminent
impacts of climate change. The impacts of climate change will exacerbate
existing challenges such as economic crises, natural disasters, environmental
degradation, and conflict (Buhaug et al. 2008). This poses new challenges for
development practitioners, policy-makers, and national and local governments,
who will increasingly need to take into account future impacts of climate change.
This will require building resilience and capabilities within communities to
respond to the impact of climate change. With this in mind, new research
conducted by NEF Consulting (New Economics Foundation) sought to answer
the question of which adaptation strategies are the most effective and would
therefore benefit from most investment.

Community-based adaptation (CBA) has been growing in popularity as an
approach to supporting communities to adapt to the impacts of climate change
(ITED 2009). The key aspects of the approach are a focus on both “hard” and “soft”
adaptation strategies, the importance of action at all levels (community, regional,
and national), embedding adaptation practices and actions into community life by
codesigning approaches to adaptation, and stressing the importance of both quick
win activities (such as disaster risk reduction measures) as well as building longer-
term adaptive capacity (Ensor and Berger 2008). In short, CBA provides an
effective, practical, and integrated approach which strengthens adaptive capacity
and supports planning and implementation of DRR and climate-resilient develop-
ment, informed by knowledge of climate information and risks. It seeks to address
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broader underlying causes of vulnerability which, if left unchallenged, would
prevent the achievement of resilient outcomes (Ensor and Berger 2008).

There are a range of research methods which are suitable for testing the effi-
ciency and effectiveness of adaptation strategies promoted as part of CBA, includ-
ing both quantitative and qualitative methods (GIZ 2013). Social cost-benefit
analysis (SCBA), including its variants like social return on investment (SROI),
is widely regarded as one of the most appropriate methods for assessing effective-
ness and efficiency from a socioeconomic perspective. By comparing the wider
benefits (economic, social, and environmental) generated by an intervention against
the costs, SCBA determines whether available resources are used in an efficient and
effective way (Dreze and Stern 1987). This enables an analysis of which strategies
are most effective in delivering intended change when compared against others.

This chapter presents the research conducted by NEF Consulting using a SCBA
approach to evaluate and appraise the adaptation strategies promoted as part of the
CBA approach by the Adaptation Learning Programme for Africa (ALP),
implemented by CARE International in Niger. CARE International launched ALP
in 2010 with the aim of identifying the problems faced by communities in the
context of climate change, determining potential current and future solutions both
for communities and the wider region, and building a robust community-based
adaptation approach, which takes into account broader macro-institutional condi-
tions and strategies, both regional and national. The ALP is carried out in four
countries in Africa — Kenya, Niger, Mozambique, and Ghana. The program aims to
generate learning on community-based adaptation to climate change in order to
inform best practice for adaptation and development practitioners as well as local,
national, and regional policy- and decision-makers (Fig. 1).

ate change knowledg;

“Clim

Climate-
resilient
livelihoods

/ Local adaptive & Disaster risk \
“ organisational ) ‘
‘ capacity reduction \
| |
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Fig. 1 Scope of Adaptation Learning Programme
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Purpose of the Evaluation

In 2011, NEF Consulting carried out a socioeconomic analysis of community-based
adaptation interventions carried out by ALP in Kenya. This created much interest and
discussion in the efficiency and effectiveness of investing in community-based
adaptation (Nicholles and Vardakoulias 2012) although the methodology used
remained entirely forecastive. It was therefore agreed that a follow-up study using
an evaluative approach to analyze ALP was needed to deepen understanding in this
area. ALP started work in Niger in 2010 which meant that it was a good location for
the study due to the longevity of the project. The objectives for the research were as
follows:

¢ To use extended cost-benefit analysis methodology to conduct a socioeconomic
analysis of community-based adaptation

« To analyze the results against the “broader” picture, i.e., comparing community
based to no adaptation and/or to other development interventions that do not take
adaptation into account

In addition to this, the assignment aimed to simplify the original cost-benefit
model used in Kenya so that the approach, learning, and results could be used by
ALP and local government stakeholders to make decisions about the allocation of
funds for activities which support climate change adaptation.

Climate Change in Niger

Niger is one of the most vulnerable countries in the world and is highly dependent
on climate conditions due to the nature of its geographical location and socioeco-
nomic characteristics (Republique du Niger 2006). Niger’s economy and the liveli-
hoods of its population are highly sensitive to the impact of climate changes due to
40 % of its GDP being based on agriculture and 80 % of the population being
dependant on agriculture for their livelihoods (World Bank 2013).

Over the years Niger has been consistently affected by droughts which are one of
the drivers of vulnerability in terms of food crises, with no less than seven severe
droughts since 1980 (World Bank 2013). This has resulted in successively
undermining agricultural and livestock production on which most of the population
depend. This is exacerbated by a number of other factors and risks including
recurrent locust outbreaks, floods, desertification, land degradation, and poor
resources and infrastructure to deal with these shocks. Figure 2 presents the
economic impacts of these shocks from 1980 to 2010.

Climate vulnerability is therefore just one of many interrelated pressures —
climatic, socioeconomic, institutional, and ecological — that Niger’s agricultural
sector experiences (World Food Programme 2010). It is also important to note that
while agricultural production has increased as shown in Fig. 2, production per
capita has been decreasing since the 1960s (Ozer 2007). Therefore, agricultural
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production is not keeping up with population increase, which means that an
increasing number of households are at risk of malnutrition.

In the Sahelian zone, there is broad agreement that there is a decreasing trend in
rainfall since the mid-twentieth century (Held et al. 2005). However, after a dry
period lasting until the 1980s, rainfall has been increasing ever since. It is important
however that these average conditions do not hide the increase in extreme rainfall
events, anomalies in rainy seasons, and the fact that due to the chaotic nature of the
climate system, the current wetter period might not last. In fact some downscaled
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global models predict that there will be a slow but sure decrease in rainfall across
the Sahel rather than an increase as well as changes in the seasonality of pre-
cipitations (Held et al. 2005; Yayé et al. 2013; Fig. 3).

Even if, as some downscaled models predict, overall precipitation will slightly
increase or remain stable, all models agree on significant increases in mean
temperature for the region. The impact of this increase in mean temperature on
soil fertility and moisture is unlikely to be balanced out by the increase in precip-
itation. Furthermore, most models forecast a decrease in the length of growing
period (LGP) and therefore a decrease in agricultural production as a consequence
of temperature increase (Yayé et al. 2013). Looking at the overall picture, the
climate projections for the Sahel region, coupled with population growth, are likely
to increase existing vulnerability in Niger (Fig. 4).
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Fig. 4 Projected yields of rain-fed sorghum under different precipitation and temperature
scenarios
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The department of Dakoro, where the ALP is operational, experiences precipita-
tion anomalies typical of the Sahelian zone. The study was unable to find climate
model forecasting for the region of Dakoro, but by looking at past historical records,
it is clear to see just how vulnerable the region is. The province has been hit by six
severe or catastrophic droughts between 1981 and 2000, this is equivalent to one
severe or catastrophic drought happening every 4.8 years (World Bank 2013).
The study took raw data from the weather station in Maradi (120 km south
of Dakoro) and analyzed it revealing that precipitation patterns in the region are
chaotic, demonstrating high vulnerability on a year-on-year basis (INS Niger 2010)
(see Box 1). This presents a major challenge for rural communities who are depen-
dent on rain-fed agriculture, as demonstrated by the economic analysis conducted by
the World Bank which suggests that output of major crops is correlated to rainfall by
a factor of 0.60 (World Bank 2013).

Box 1: Rainfall Evolution in the Region of Maradi (1965-2013)

Rainfall evolution
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The sample communities which are the focus of this research are therefore
situated in a particularly vulnerable environment where the predominant form
of agriculture is rain-fed and water resources are limited — particularly during
the dry season of October to May.
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Methodology: Understanding Change and Impact

This study takes a socioeconomic perspective of community-based adaption, which
is not only useful in understanding the impact of CBA but also provides an effective
framework for evaluation.

The three factors are interrelated; if people have enough access to resources and
also have the skills and knowledge to use them in the most effective way possible,
then they are less likely to need or deplete their resources when a shock occurs. It is
this assumption that is tested in this evaluation (Fig. 5).

Following on from the study which was conducted in Kenya in 2011, this
research combines a traditional cost-benefit analysis approach with the underlying
principles of SROI (Lawlor et al. 2008). This results in a three-pronged approach to
the methodology:

« Developing theories of change (ToC) through engagement with primary stake-
holders and the ALP team

* Measuring quantitative social and economic capital evolutions using empirical
research with primary stakeholders

» Assessing quantitative environmental capital evolutions and climate variability
through extensive literature reviews and secondary desk-based research in order
to fill gaps identified in empirical analysis

The evaluation is composed of two main components, modeling the resilience of
communities to shocks relative to a business-as-usual scenario and then modeling
how this resilience impacts on the long-term prospects of communities — relative to
a business-as-usual scenario. In short, the evaluation analyzes the value created by
ALP’s interventions in economic, social, and environmental capital in comparison
to investment.

ALP works in 20 communities across four communes in Dakoro; therefore, the
study was undertaken in a representative sample of communities chosen for the ALP.

| Community-based adaptation supports communities to: |

1. Have access to resoureces 2. Acquire knowledge and
— physical, social and skills to manage, adapt and
financial captial. use resources.

Reduce the need for
communities to deplete their
economic capital to finance
Fig. 5 ALP’s framework for their needs when responding
. . to an exogenous shock.
community-based adaptation
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Table 1 Sample construction based on level of vulnerability

Total D = extremely C = very A = moderately

households vulnerable vulnerable B = vulnerable vulnerable Total
Maiwassa | 230 6 5 1 1 13
Dan Ijaw 124 1 4 2 8
Kouggou 49 0 1 2 1 4
Gomozo 81 2 2 1 1 6
Total 484 9 12 6 4 31

The communities chosen for the sample were Maiwassa, Dan Ijaw, Gomozo, and
Kouggou. This was based on three key selection criteria, ethnic group, level of
vulnerability, and proximity to the Tarka valley, as these factors are considered to
have the most impact on the effectiveness of community-based adaptation. There are
three main ethnic groups in the communities, Hausa, Fulani, and Toureg, with Hausa
being the dominant group among the 20 communities. In order to ensure this
distribution, two Hausa, one Fulani, and one Toureg community were selected.
It was decided that the most feasible sample size would be 5 % of households within
the communities, broken down by vulnerability levels.

The levels of vulnerability were defined by taking into account household
income and assets, and the vulnerability categories were defined by communities
themselves. Communities were asked to collectively determine and identify which
households were to be classified as “extremely vulnerable” through to “moderately
vulnerable” based on a number of criteria including amount of assets (land,
livestock, tools, etc), agricultural production output, social position within the
community, quality of housing, and nutritional coverage.

Vulnerability was assessed and weighted across the levels, this was to account
for the fact that in some cases, 5 % resulted in less than a whole household
(see Table 1).

Theory of Change

Qualitative data on how the four communities selected for this research experi-
enced the impacts of climate change prior to the start of ALP in 2010 and in 2013
when this research was conducted was collected via stakeholder engagement.
Communities were asked to retell their stories across a range of parameters
including social and economic impacts. A counterfactual scenario was also
explored to find out how communities felt they would have experienced climate
change in the absence of ALP. This can be illustrated through a theory of change
diagram which presents the need for ALP as expressed by the challenges induced
by climate change (Fig. 6).

The prevailing conditions are the reasons why ALP intervenes in the communities
because collectively they increase vulnerability to a climate shock. When a climate
shock does occur, this often results in weakened economic capital (crop failure or
weak livestock), and a vicious cycle of not being able to plan and develop strategies
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Fig. 6 Theory of change for business as usual

for forthcoming shocks ensues. These, alongside the prevailing conditions, increase
communities’ vulnerability from an economic perspective.

According to the communities, one of the longer-term impacts of increased
vulnerability is rural to urban and peri-urban migration which can lead to a number
of impacts including breakdown in community infrastructure, increased resource
pressure on both urban and rural areas, interruption in children’s education, and a
detrimental impact on both physical and mental health.

ALP has clear strategies to prevent these longer-term outcomes from occurring:
to increase communities’ resilience to the uncertainty and impacts of climate
change. Denoted by the green stars in Fig. 6, ALP intervenes to address the lack
of local information about climate change, the lack of economic diversification, and
women’s economic role within communities. It then works to address weakened
economic capital and poor planning, which is about focusing on the core needs of
the community to build their resilience. This is where ALP is aiming to influence, as
denoted by the line of accountability. The line of accountability is a tool that allows for
understanding of ALP’s sphere of influence and for better measurement of impact.

Once communities articulated the need for ALP’s intervention, they then shared
the social, economic, and environmental outcomes they had seen following the
adoption and integration of adaptation strategies. Figure 7 presents the theory of
change as captured through the stakeholder engagement.

ALP supports the process of action planning for community-based adaptation,
which enables communities to decide on relevant and locally appropriate adaptation
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strategies. Each community applies a mixture of adaptation strategies selected by
them. Indeed, this point is crucial to understanding the theory of change: communities
determine their own strategies, select the recipients, and make the decisions about who
is responsible and how resources are allocated. These decision-making processes are
informed by climate vulnerability and capacity analysis, and climate information in
some form. Adaptation strategies are multiple and usually involve activities related to
livelihoods, risk reduction, or advocacy initiatives. These aim to reduce vulnerability
and risk and result in climate-resilient and more equitable livelihoods, which are
adapted over time. Example strategies range from improving crops (such as drought-
resistant crops), community-based hedging mechanisms (known as warranting),
small-scale rearing (one or two goats), and women’s collective savings structures.

The qualitative information to create the theories of change provided a guide for
which hypotheses needed to be tested and evidenced through quantitative data
collection. These hypotheses are that:

» Economic capital improves through increasing production (either agricultural
productivity or land; increasing the value of sales or reducing livestock vulner-
ability), economic diversification (mostly where women undertake economic
activities), and improving savings. All contribute to greater resilience from an
economic perspective.

» Social capital improves through learning new skills and acquiring knowledge and
making collective decisions. Communities reported having better relationships
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and a sense of cohesion, improved sense of self-worth as a result of feeling more in
control of their future, and better general educational and health outcomes for
families and children. The decision-making role of women changed through
ALP’s work, as many of the strategies are run by women, and they reported
enjoying their newfound role within their families. Interestingly, while the men
showed support for the women’s active participation and management of eco-
nomic resources, women’s increased independence (such as allowing women to
go to the market) was not experienced in the same way across all the communities.

¢ Environmental capital improves through strategies that encourage better land
management and the strengthening of ecosystem services. Tree plantations and
the restoration of degraded land support the maintenance of critical ecosystem
services in fragile ecosystems of the Sahel.

The hypothesis is equally that these three forms of capital interact in various
ways. An improvement of ecosystem services, for example, underpins the eco-
nomic sustainability of communities by preventing land degradation, which could
reduce incomes from agriculture. Similarly, economic capital impacts on social
capital, for instance, by preventing the breakdown of communities and/or emigra-
tion of youngsters from the communities. Finally, institutional empowerment can
be a critical economic driver, by ensuring that communities are able to adapt and
build resilience strategies in the future.

Environmental, Economic, and Social Outcomes

The research used a questionnaire to measure the quantitative change in economic,
social, and environmental variables. The aim was to see whether the interventions
carried out by ALP have affected broad economic, social, and environmental
outcomes. These include communities’ income from agricultural activities, educa-
tion, health, social capital, and the key ecosystems on which communities rely.
This required data collection which evidenced change in adaptive capacity and
change in typical development outcomes. Change was measured using a retrospec-
tive approach to assess the level of capital before the start of the ALP (2009) to
provide a baseline and then post intervention in 2013. This approach gives a
measurement of “gross” change, in other words a level of change which does not
take into account the counterfactual (what would have happened anyway) or the
attribution of other actors/factors in influencing this change. Below is a summary of
the key results for each type of capital.

Key Economic Outcomes

The communities in which ALP works in Niger are highly dependent on agriculture
and livestock for their livelihoods as described earlier. The economic data collected
therefore focused on the evolution of agricultural and livestock returns since the
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beginning of the ALP. In addition to this, savings and degree of diversification were
also assessed.

The data collected in relation to agricultural activities shows three main findings:
there has been an increase in productivity of all major crops, there has been an
extension of agricultural productivity, and there has been an increase in agricultural
revenue since the start of the program. Sorghum was the only major crop where a
decrease in productivity was experienced, but it is difficult to ascertain why this might
be. One possible reason might be that the increase in agricultural land might represent
an extension into more marginal (less productive) land which can have an influence
on overall productivity. Furthermore this slight decrease must be considered along-
side a business-as-usual scenario (see section on additionally) (Figs. 8 and 9).

In addition to this, there has been an increase in agricultural returns across all
crops during the same period, as represented in Fig. 10. It is important to note that
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Fig. 11 Change in net revenue from crops

agricultural returns are different to agricultural yields. One of the reasons why
agricultural yields per hectare may have increased more than actual agricultural
productivity could be due to the impact of the warrantage system in Niger, an
adaptation strategy which involves storing excess produce at the end of the rainy
season and selling it on the market when prices are higher although this theory
would need to be tested.

The combination of intensification, extensification, and warranting has resulted in
a 41.8 % average increase in agricultural revenue between 2009 and 2013, as shown
in Fig. 11. This figure is net of debt repayment and costs of production inputs.
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Crop diversification is another factor which has an impact on economic assets
and therefore should be considered alongside intensification and extensification.
Based on the data collected, only a very modest diversification of crops has taken
place in the communities during the period under investigation (2009-2013), as
presented in Box 2.

The development of livestock activities is a more complicated picture. While
there seems to have been a slight decrease in total ownership of livestock — as
determined by headcounts of cattle, goat, sheep, donkeys, camels, and poultry (see
Fig. 12) — the total value of and revenue derived from livestock and poultry have
increased (see Box 3).

Furthermore, a decrease in livestock headcounts can also be indicative of
communities placing more emphasis on and investing more resources in agricul-
ture. The two hypotheses are not mutually exclusive.

Box 2: Structure of Agricultural Production
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Fig. 12 Total livestock and poultry expressed in headcounts

Just like with agricultural production, the evolution of livestock headcount and
livestock revenue needs to be compared against the counterfactual. A decrease of
livestock headcount could be considered as a negative evolution only if the coun-
terfactual scenario is a stable or increasing number of livestock. However, in many
circumstances, a business-as-usual trend might actually consist of a greater
decrease of the stock. In this case, anything over and above this decrease could
be considered a positive impact.

The main economic findings are presented in Table 2.

On average, the empirical data suggests that there has been a positive evolution
of yearly household budget as well as yearly savings, albeit to a lesser extent.
These findings are in line with existing development literature which suggests that
the ability of the poorest households to save is very low. This is due to the fact that
a household with a low income is more likely to spend extra income rather than
save it, so although savings do increase with income, they do not do so
proportionally.

Finally, households were asked to estimate how much time they would need to
replace lost income and assets following a significant drought event pre- and post-
ALP intervention. This was done by asking communities how much time it took
them to replenish their stocks after the last drought event and how much time
they thought this would have required if ALP had been operating during the last
drought event. Responses suggest a faster recovery rate of nearly half the time
following ALP.
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Box 3: Average Income from Livestock and Evolution of Value per Type
of Animal (FCFA, 2013)

Evolution of value of livestock (FCFA) 20102013
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Table 2 Main economic findings

2009 2013

(pre-ALP) | (post-ALP) | % change
Average yearly household budget (FCFA 2013) 266,449 399,353 +49.8
Average yearly savings, including in-kind savings | 63,083 86,056 +36.4
(FCFA 2013)
Average time required to replenish lost income 4.6 years 2.5 years —44.7
and assets after a drought
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Social Outcomes

The main focus of ALP’s work is on generating social outcomes. The empirical work
was therefore aimed at capturing these social outcomes based on the theory of change
which had been developed with the community. When measuring social outcomes,
some are easy to quantify based on established academic methods — such as health
and education — while other softer social outcomes such as social capital, institutional
capital, or changes in gender dynamics are harder to quantify. However, such soft
indictors should not be overlooked due to the difficulty in quantifying them as they are
no less important in building resilience or in enhancing development more broadly.
Institutional strengthening, for example, can create positive externalities such as
community members’ participation in decision-making as well as broader economic
outcomes. Another example is women’s economic empowerment which is known to
drive socioeconomic change. Furthermore, it is widely acknowledged that building
resilience is not just about creating changes in material conditions but is a
multidimensional process which involves the flexibility of institutions, of social
structures, and of collective knowledge and skills in communities. The changes in
social outcomes are presented in Table 3 below.

The indicators which have been used for health and education are the ones which are
well established in the respective fields of health and education economics. Quality-
adjusted life years (QALY's) were calculated by asking sample households to rank their
health condition both on physical and mental health grounds (see Box 4). To capture a
change in education, the number of children attending school was combined with the
average school attendance in order to obtain the extra school years gained (Fig. 13).

Social capital was measured by assessing the evolution of solidarity circles of
households, i.e., the number of other households directly supporting the livelihoods of
the sample households. An enlargement of this circle is used as a proxy indicator for
social capital within communities. Subjective indicators were also used to capture the
community perceptions of changes in the evolution of women’s role on decision-making
structures and the evolution of trust in household and community adaptive capacity.

Table 3 Evolution of key social variables

% evolution

Type of outcome Indicator (2009-2013)
Health Quality-adjusted life years (QALY’s) +128
Education Number of children attending school >6 months per +33
year
Social capital Number of persons in the “solidarity network” of the +23
household
Gender (and Five-point scale on the extent to which women have an | +112
institutional influence in community and household decision-
capital) making
Adaptive capacity | Five-point scale on the extent to which community +258

members believe in their capacity and knowledge to
establish resilience strategies in the future
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Box 4: Quality-Adjusted Life Years

The QALY is a measure of the value of health outcomes. Since health is a
function of length of life and quality of life, the QALY was developed as an
attempt to combine the value of these attributes into a single index number.
The basic idea underlying the QALY is simple: it assumes that a year of life
lived in perfect health is worth 1 QALY (1 year of life x 1 utility value =
1 QALY) and that a year of life lived in a state of less than this perfect health
is worth less than 1. QALY are therefore expressed in terms of “years lived
in perfect health”: half a year lived in perfect health is equivalent to 0.5
QALYs (0.5 years x 1 utility), the same as 1 year of life lived in a situation
with utility 0.5 (e.g., bedridden) (1 year x 0.5 utility). QALYs combine
subjective data (e.g., self-stated physical and mental health conditions) with
objective data (e.g., life expectancy) to measure the disease burden associated
with different health conditions. It can also be used for measuring the value of
different health conditions — notably in cost-benefit analysis — through a
combination of the empirical data obtained and measurement of the “statis-
tical value of life.”

3.5

Adaptive capacity Decision-making
perception capacity

[l 2010 (0-4 scale) 2013 (0-4 scale)

Fig. 13 Change in perception of adaptive capacity for men and women and decision-making for
women only
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Table 4 Evolution of key environmental indicators

Evolution
Outcome Indicator (2009-2013)
Avoided deforestation and Number of trees planted or +64,165
reforestation maintained
Improved land management Hectares of degraded lands +1,575.6
restored

Key Environmental Outcomes

The two environmental outcomes which were measured in this research both relate
to desertification which is the greatest ecological threat facing Sahel ecosystems.
ALP has tried to address this challenge through building the capacity of households
to implement sustainable land management techniques, providing resources for
reforestation, avoiding further deforestation, and restoring of degraded lands.

The environmental outcomes are intricately linked to the ecosystem services that
are directly supporting the socioeconomic livelihoods of the communities. For
example, reforestation and deforestation can directly provide resources such as
timber and fodder to communities. Equally, sustainable land management and the
restoration of degraded lands can avoid a further extension of agricultural land to
less productive spots. Finally, both can affect microclimate patterns in the commu-
nities. The results of the environmental outcomes are presented in Table 4.

According to the data, the number of trees maintained (not deforested) or planted
since the start of the program amounts to approximately 64, 165 in the four
communities. This equates to an average of 75 trees per household. A total of
1,575 ha of degraded lands have been restored. This represents an average of
1.85 ha per household.

Measuring Additionality

The outcome data presented so far is only representative of “gross impact,”
i.e., the total impact across different forms of capital before you take into account
what would have happened in the “counterfactual” or if a business-as-usual
approach had been followed and ALP had not implemented CBA approaches
in Dakoro. Determining the counterfactual makes it possible to estimate the
role of the ALP in creating outcomes. This allows for calculation of the “net”
or “additional” impact.

Due to the nature of the number of active stakeholders in Dakoro, this study
asked communities to list the organizations and actors that contributed to the
changes observed and to estimate the proportion of contribution from these differ-
ent actors to the outcomes. The results are presented in Table 5 below.

It is interesting to note that communities perceive the impact of ALP differently
for each outcome. ALP is perceived to have had the most impact in creating positive
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Table 5 Proportion of contribution of different organizations operating in the area

Economic impacts Social impacts Environmental impacts
Local government 9 7 8
ALP 53 55 60
Other NGOs 15 14 11
State programs 15 18 14
Community actions 8 6 7
Total 100 100 100

environmental outcomes rather than social or economic ones. It is also important to
note that there is a risk of social desirability of answers in this sort of exercise,
meaning that respondents answer according to what they think the interviewer
wants to hear, and it is possible that respondents in this research provided socially
desirable answers. However, it is also worth noting the value of subjective ques-
tions which provide an opportunity for communities to share their perspective and
perception. These answers therefore are assumed to be indicative and they are fed
into the analysis of the counterfactual.

While these results are important and a useful exercise, they do not capture
evolution due to climate variability. 2009 was a bad year overall for average rainfall
and duration of the rainy season. The four following years were relatively good
which might explain in part the increase in agricultural and livestock revenue and,
by extension, the improvement in social and environmental conditions in the
communities (see Box 5).

Therefore it is important to capture the counterfactual; in order to do this, two
methodological approaches were considered:

Option one: using national-level data on the evolution of agriculture and
livestock production and productivity and comparing this data to observed
changes in ALP communities

However this approach could involve substantial biases. Firstly, national
(or even regional) data can mask substantial disparities in production and
productivity among different sites and locations, for example, comparisons
between production in marginalized communities and production in areas
with relatively intensive/modern practices. This means that aggregate aver-
ages might be poor proxies for understanding what would have happened in
marginalized communities in Dakoro in the absence of ALP. Secondly, as
articulated earlier, despite an increase in total agricultural production
throughout the past three decades, the existing evidence suggests that pro-
duction per capita has been decreasing (Ozer 2007). Given that the data
gathered by this research is for household-level agricultural production, it
is neither comparable to per capital production nor aggregate production
figures. Therefore, benchmarking the change in agricultural production,
relative to national-level data, was excluded due to a lack of directly
comparable data.
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Box 5: 2009 Versus Post-2010 Rainfall Patterns

Rainfall evolution (2009-2013)
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Option two: using regression analysis to understand the extent to which
evolving climate patterns might have determined the increase in production

and productivity

This method can be used to estimate the extent to which the observed increase
in production can be explained by weather patterns across different years and
therefore provide an estimation of the production that should have been expected
had the intervention not taken place. Despite this approach being more robust, it
is important to stress that regression analysis is dependent to a great extent on the
quantity and quality of available data. For instance, although climate patterns are
sufficiently documented, the occurrence of other external shocks, such as
locusts, is poorly reported — beyond whether they occurred or not. However,
this approach was considered less imprecise than option one.
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Due to the limits of the first option, this study used regression analysis to
determine the contribution of climate evolutions to agricultural production and
livestock. This was done by using a historical data series for the region of Maradi,
the closest possible to Dakoro (see Figs. 14 and 15).

Rainfall pattern (1932-2013)
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Table 6 Measurement of the counterfactual for major crop production (expressed in kg)

Estimated 2013 Actual Gross
Production | production under production impact of Net impact
Crop 2009 BAU 2013 (ALP) ALP of ALP
Millet 267,053.88 | 271,733.88 307,584.03 +40,530.16 | +35,850.16
Cowpeas | 81,993.42 86,673.42 141,207.48 +59,214.06 | +54,534.06
Sorghum | 123,304.26 | 127,984.26 129,470 +6,165.74 +1,485.74

The results suggest that for each extra mm of rainfall, 120 additional units of
agricultural output are generated. Conversely, a decrease of 1 mm in rainfall
induces a loss of 120 units of output. By using this coefficient for the period
2009-2013 in the sample communities, it was determined that agricultural produc-
tion for the three major crops (millet, sorghum, and cowpeas) should have been
expected to increase by 3.75 % throughout the period 2009-2013, compared
to 30.80 % as the findings suggest. As such, the net increase (impact due to ALP)
is of the order of 27 %. Taking into account the contribution of other actors to
the program, ALP has directly contributed to a 13.8 % increase of agricultural
production. Table 6 presents the counterfactual for all major crops and the net
impact of ALP.

A similar approach was replicated to determine the quantitative link between
livestock returns and rainfall patterns. The coefficients determined for economic
capital were then transposed to social and environmental capital to calculate net
impact. Although not a precise approach, this was deemed to be the most robust
way of assessing the business-as-usual scenario and environmental capital evolu-
tion. The net economic, social, and environmental impacts of ALP, factoring for
counterfactual and attribution, are presented in Table 7 below.

Approach to Social Cost-Benefit Analysis

Determining what is included and excluded from a socioeconomic analysis is of
critical importance in order to understand the results of a social cost-benefit
analysis. The approach taken in this analysis can be summarized as follows:

¢ To include not only strict economic outcomes but also broader social and
environmental outcomes. Such an approach therefore considers three forms of
capital (economic, social, and environmental) rather than just one. This requires
the monetization of social and environmental outcomes in order to be compared
like-for-like with economic outcomes and with investment in the program.
Although monetization of nonmarket goods entails uncertainties, excluding
these from the analysis means that an entire range of benefits become automat-
ically invisible. In short, while accepting the shortcomings of “pricing the
priceless,” this analysis takes the stance that an imprecise number is better
than excluding outcomes which matter to communities.
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« To focus on a restrictive set of outcomes that can reflect broad aggregates or
the “big picture” for communities and decision-makers rather than an
exhaustive list. This means not focusing on the turnover of hedging schemes
or the impacts of micro-lending within the community, for example, investigat-
ing instead whether and to what extent this set of micro-interventions have
influenced broad aggregates such as revenue, health, or education. This responds
to a need to replicate the analysis in different contexts, which is made possible by
establishing a common set of outcomes that can be used in other contexts.

e To consider not only strict typical disaster risk reduction outcomes but
equally more classic development outcomes. Indeed, the frontiers between
an adaptation intervention and a development one are blurred and often artificial.
As such, it is sensible to consider whether and to what extent adaptation
enhances human development and vice versa.

* To create the framework for the analysis in the spirit of community-based
adaptation. The outcomes and impacts have been co-determined through a
bottom-up process, and only then complemented with objective indicators, in
order to measure what matters.

Table 8 outlines the variables used in the SCBA, as well as valuation approaches
and sources. An overview of the process is presented in Fig. 16 below.

As outlined earlier, this analysis considers both the counterfactual and the potential
contribution of other actors, including the autonomous strategies of communities, to
the outcomes identified. The benefits generated by the intervention are then compared
to the financial investment of ALP in the communities. Financial costs include both
programmatic expenditure and management costs associated with these.

Time Delineation
The study involved running two distinct modeling simulations:

» A strict evaluative simulation that focuses only on the costs borne and benefits
generated throughout the period 2010-2013.

* An analysis combining evaluative data with a forecast to 2020. While the results
of the former can be considered more reliable and the latter more hypothetical,
there is a clear rationale for forecasting potential impacts into the future.

Firstly, benefits do not suddenly cease to occur as a consequence of artificial
time delimitations. For instance, the impacts of the introduction of improved crop
varieties are unlikely to stop happening this year. As such, analyzing up to 2013
only may considerably underestimate the benefits generated by community-based
adaptation. Indeed, one of its key characteristics is the focus on sustainability: by
embedding new practices, knowledge, and skills into community structures,
community-based adaptation aims precisely to ensure the sustainability of adapta-
tion beyond the time span of ALP’s intervention.
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benefit analysis process

In short, although an evaluative model may be perceived to be “safer” in terms of
deriving conclusions on strategies that are already in place, forecasting into the future
can, despite complexities, depict a better representation of the magnitude of benefits.

Forecasting and Uncertainty

Forecasting into the future requires a consideration of likely climatic evolutions
over the next 7 years. Indeed, the evolution of economic capital (and, by extension,
social and environmental capital) is critically dependent on climate variables —
most importantly rainfall patterns. As evidenced earlier, however, the rainfall and
temperature patterns in Dakoro are far from linear and do not point to a clear trend.
Similarly, the available data does not show clear trends in the distribution of rainfall
during the rainy season as well as demonstrates potential interruptions to the start/
end dates of the rainy season.

Numerous scenarios are therefore required in order to forecast uncertainty and
the evolution of capital, and these need to be based on historical data. These
scenarios are outlined in Table 9.

A “no drought” scenario was excluded from the analysis. This is because Dakoro
has experienced six severe or catastrophic droughts in the past 29 years.
This represents a frequency of one drought every 4.8 years, on average. It is also
synonymous with a 20 % probability of drought occurrence per year.

Through datasets of the Nigerien climate center Agrhymet, the study was able
to determine the impacts of shocks on agricultural production for the region of
Maradi. Through an econometric analysis, the impact of the level of rainfall
on agricultural production and livestock was estimated. The coefficients derived
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Table 9 Different scenarios for a forecastive analysis

Scenario Description

Replicating the 1980s An average rainfall of 411.5 mm per year throughout the

scenario (worst case) period and four major drought events — three of which
consecutive

Replicating the 1990s An average rainfall of 489 mm per year throughout the

scenario (moderate case) decade and one major drought event

Replicating the 2000s An average rainfall of 495.2 mm throughout the decade and

scenario (best case) one major drought event

allowed for forecasting the evolution of production under a business-as-usual
scenario (what would have happened without ALP) compared to the evolution
of production post-ALP. While, evidently, community-based adaptation does
not shield nor exempt communities from shocks, a higher level of savings
and other initial conditions prior to the shock mean that the reduction can
be less dramatic and that communities are apt to bounce back more rapidly, as
evidenced earlier.

Findings

Table 10 presents the results of the evaluative analysis for the four communities
combined. The results suggest that under any discounted rate, the intervention
yields highly positive returns even if not taking into account further impacts
beyond 2013.

More importantly, even if accounting only for economic returns, cost-benefit
ratios range from 1.9 to 2.06. That is, even when social and environmental impacts
are left out of the equation, the intervention still yields between £1.9 and £2.06 per
pound invested. Further, returns are still positive at the highest discount rate of
12 %, with economic capital representing most of the value (see Fig. 17).

When forecasting over a longer time span, the benefits of the program increase
even further (see Table 11) and this is due to a combination of two factors:

1. The investment period of ALP ends in 2014, while benefits continue to accrue to
communities. The net benefits therefore increase compared to costs, which
remain stable after 2014.

2. A critical assumption in the model is that the time required to recover from a
drought post-ALP is approximately half that required in a no intervention
scenario (2.5 years vs. 4.6 years). This substantially increases the output gap
between the business-as-usual and the intervention scenario. It also means that
the worse the climate scenario, the higher the returns generated by community-
based adaptation (see Table 11). When relaxing this assumption, by assuming
that the same time is required to recover regardless of the intervention, then
returns are still positive, albeit lower.
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Table 10 Results of evaluative analysis (time span: 2010-2013) in £2013

Net present value (net discounted benefits) Cost-benefit ratio
0 % discount rate £184,129.84 4.45
5 % discount rate £158,044.91 4.34
12 % discount rate £129,330.39 4.19
£7,076.51

£38,085.59

£73,620.19

Fig. 17 Net present value of
different capitals under a = ECONOMIC NPV = ENVIRONMENTAL NPV

12 % discount rate = SOCIAL NPV

Table 11 Results of combined evaluative and forecastive analysis (time span: 2010-2020) in
£2013

Economic
Net present value Cost-benefit | C-B ratio
(net discounted benefits) | ratio only
The 1980s 0 % discount rate | £399,413.48 9.8 4.5
scenario 5 % discount rate | £340,751.38 8.5 3.9
(worse) 12 % discount | £230,426.50 6.1 2.8
rate
The 1990s 0 % discount rate | £321,080.23 7.9 3.6
scenario 5 % discount rate | £273,922.99 6.8 3.1
(moderate) "5 ¢ giscount | £185,235.10 49 23
rate
The 2000s 0 % discount rate | £286,934.97 7.06 3.2
scenario 5 % discount rate | £244,792.66 6.1 2.8
(best) 12 % discount | £165,536.28 44 2.06
rate

These results need to be put into perspective. Table 12 compiles the results of
a sample of previous cost-benefit analyses on adaptation and DRR programs.
The results from this analysis suggest that ratios ranging from approximately £4
to almost £10 per pound invested are indicative of a highly socially profitable
investment. Indicatively, the ratios found in this study are indeed higher than the
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Table 12 Indicative cost-benefit ratios of a sample of DRR and climate adaptation interventions

Type of Cost-benefit
Country intervention ratios Source
Nepal Adaptation 1.13-2.04 Willenbockel (2011)
Nepal DRR 1.55-5.81 White and Rorick (2010)
India DRR 3.17-4.58 Venton (2004)
Sudan Adaptation 2.4 Khogali and Zewdu (2009)
Malawi Adaptation 37.3 Tearfund (2010)
Belarus, Georgia, and DRR 3.1-5.7 World Bank (2008)
Kazakhstan
Kenya Adaptation 0.93-3.13 Nicholles and

Vardakoulias (2012)

Source: NEF Consulting compilation

ratios of all previous analyses except for one, which suggests an extremely high
result $37.3 per $1 invested. However, this analysis does not consider explicitly the
counterfactual and attribution, which means that results might overestimate
the benefits of the program compared to costs. Further, this comparison is only
indicative. Indeed, these studies are not comparable like-for-like: first and foremost
because the outcomes they consider are different and second because the time
frames considered are highly variable among different analyses.

Conclusion

This research aimed to answer the question: is community-based adaptation an
efficient and effective approach to climate change adaptation? While previous
research conducted by NEF Consulting, published in the report Counting on
Uncertainty (Nicholles and Vardakoulias 2011), was based on a solely forecastive
approach (the impacts of strategies which had not yet taken place), this research
is based on solid, evaluative data. The findings from this suggest that returns
are considerably higher than the ones which were previously predicted. Returns
on investment range from £4 to almost £10 per £1 invested, which is high
by any standard. There is a high level of confidence in these results for two
main reasons:

1. The sensitivity analysis conducted suggests that even if considering strict quan-
titative economic benefits only, returns are still positive. As such, even for those
skeptical of monetization (i.e., those who do not place confidence in nonmarket
valuation), the fact that economic returns are positive on their own is sufficient to
consider community-based adaptation as cost-effective.

2. This analysis has taken into extensive consideration both the counterfactual and
the contribution of other actors in achieving the outcomes identified in the field.
It is therefore highly unlikely that impacts are overestimated or inflated.
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Considering the breath of positive outcomes presented in this analysis,
community-based adaptation approaches appear to present multiple dividends:
not only does a community-based approach enhance the decision-making capacities
of communities at a local scale but equally impacts considerably on “hard” out-
comes, such as increase of agricultural production. This means that a community-
based approach seems to increase the “uptake” of adaptation and development
activities, e.g., the introduction of improved seed varieties.

Similarly, community-based adaptation impacts on overall development of
communities. Indeed the benefits considered in this analysis are based on typical
development outcomes such as health and education. The findings suggest that
community-based adaptation responds both to short-run disaster mitigation mea-
sures and long-run development needs.

Finally, the approach and findings from this study have led to a number of recom-
mendations for future upscaling of the analysis and design of adaptation strategies:

« Replicate the analysis to appraise and evaluate different adaptation strategies.
Comparing results across different adaptation interventions could indicate the
most cost-effective adaptation strategies.

» Determine a common set of outcomes which should be considered when eval-
uating adaptation interventions. Only this would allow a robust comparison of
different socioeconomic appraisals.

¢ Take note that wide uncertainties regarding climate variables, such as future
rainfall and temperatures patterns, mean that different scenarios need to be
considered when forecasting the impacts of adaptation interventions into the
future. This especially holds for analyses at a local level, where climate uncer-
tainties are considerably high.
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Abstract

This chapter highlights the benefits of framing adaptation to climate change as
an issue of climate risk management and describes a number of methods and
approaches that may be applied in the process of developing adaptation strate-
gies. A key consideration when developing adaptation strategies is to have a
sound understanding of how a given system functions in response to changes in
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both climate and non-climate factors, and thus the need for a causal model which
represents this understanding. There are a range of methods and tools that may
be applied to assist with developing this system understanding in a climate risk
assessment, and a number of these are described here. Moreover, given that
adaptation planning is to a large degree about forward planning, all adaptation
strategies will need to appropriately consider the implications of uncertainty on
their likely effectiveness. This chapter provides a discussion of the ways in
which adaptation strategies can be developed and decisions made when apprais-
ing different adaptation strategies. As such, it provides a basis upon which users
can assess how they may approach adaptation as an issue of climate risk
management and select and apply suitable methods. It provides a useful accom-
paniment to any practitioner or organization, as they proceed on their adaptation
journey.

Keywords
Risk management « Climate change * Adaptation ¢ Climate information ¢ Impact
assessment ¢ Adaptation assessment * Robust decision making * Uncertainty

Introduction

Adaptation is an iterative process of defining a problem, planning and
implementing action, and monitoring and reviewing these actions, in the light of
new or changing risks, regulations, policies, and/or new information about a given
system response. Adaptation action involves making changes in management
practices and business systems in order to reduce the potential for harm or negative
consequences and maximize or exploit any opportunities or positive consequences
that may arise under climate change (Adger et al. 2007). These actions may range in
size from relatively small changes, or larger transformations, depending on the size
and scale of the adaptation problem.

Adaptation will need to take place in order to cope with the impacts of climate
change over the shorter term, e.g., due to climate variability and extremes, and to
ensure that business objectives are able to be met over the longer term, and thus will
involve long-term forward planning. Moreover, adaptation to climate change is not
just about thinking in terms of how the climate may change in isolation. Adapting to
the impacts of climate change should be integrated into all climate-sensitive areas
that an organization may have, and thus any adaptation actions will need to fully
consider the non-climate factors that are key to understanding the impacts of
climate change in their proper context. Only by doing this will a sound foundation
be laid for developing adaptation measures and strategies. Dealing with adaptation
as part of an overall organizational risk management strategy should ensure that
climate impacts are not considered in isolation, and make it easier to address
adaptation as an issue of risk management.

It is also important to state that adaptation may not be successful. The success of
adaptation will depend on a wide range of factors including the size and/or
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complexity of the problem, good governance structures, adequate resourcing, a
sound understanding of system function, and appropriate incentives (Moser and
Boykoff 2013). Chief among these factors will be the size and complexity of the
problem. The larger the changes in climate and associated impacts, the less likely it
is that adaptation will be successful as physical, technical, and social limits of
adaptation are approached (Dow et al. 2013). This discussion leads to a suitable
definition of adaptation as:

Adaptation involves changes in social-ecological systems in response to actual and
expected impacts of climate change in the context of interacting nonclimatic changes.
Adaptation strategies and actions can range from short-term coping to longer-term, deeper
transformations, aim to meet more than climate change goals alone, and may or may not
succeed in moderating harm or exploiting beneficial opportunities. Moser and Ekstrom
(2010)

Adaptation is about forward planning in both the short and long term and as such
involves large uncertainties: these include uncertainty about the possible future
climate, uncertainty about the possible future development of human society, uncer-
tainty in understanding the sensitivity of a given system to changes in climate and
non-climate factors, and uncertainty around the effectiveness of any adaptation
strategies that may be implemented. These uncertainties need to be appropriately
considered when developing adaptation strategies. These characteristics of adaptation
make a risk management framework particularly well suited to dealing with adapta-
tion (Jones and Preston 2011). This chapter provides an overview of the risk manage-
ment process within an adaptation context, a summary of key issues, and methods and
approaches that may be applied at the risk assessment and adaptation appraisal stages
of the risk management process. As such, this chapter provides a useful accompani-
ment to any practitioner or organization, as they proceed on their adaptation journey.

What Is Risk and the Risk Management Process?

The International Standards Organization (ISO) 31000 (2009) defines risk as the
“Effect of uncertainty on objectives.” Organizations will have a wide range of
objectives which operate under conditions of uncertainty, and the impact that this
uncertainty has on being able to successfully meet objectives is the focus of the risk
management process. These objectives include strategic objectives, such as the
reputation of an organization with its stakeholders; operational objectives such as
meeting certain levels of service provision, e.g., ensuring a reliable water supply to
a city or region; and objectives relating to compliance with legal and regulatory
requirements, e.g., chemical concentrations in industrial effluents or water dis-
charge temperatures. All of these kinds of objectives may be influenced in some
way by changes in climate.

In this chapter, the ISO 31000 (2009) calculation of risk is used, being the
combination of the likelihood of an event and its consequences:

Risk = Likelihood * Consequences.
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If the likelihood of a given event is assessed as being zero, then there is no risk;
likewise if there are no consequences from an event, then the risk is also zero.
Generally, when the likelihood and consequences are higher than the greater the
risk, however, things are more complicated than this, as the significance of a given
level of risk is what matters to organizations, when deciding whether the risks need
treating.

The consequences of an event may be positive, which may sometimes be
referred to as opportunities, or negative, which may be referred to as threats or
vulnerabilities. In this chapter, threats and opportunities are used to refer to
negative and positive consequences, respectively. An organization may face more
than one event which presents a risk to the achievement of objectives, and manag-
ing one risk may have implications for the management of other risks, and so it is
important to consider risk interactions — this is particularly relevant for reducing the
potential for maladaptive strategies. The likelihood of an event can be assessed in
qualitative or quantitative terms.

In the context of risk and vulnerability, it is worth stating that in the climate
adaptation research arena, a lot of effort has been devoted to investigate the
vulnerability of various countries and communities to climate change, to the extent
that it has become a widely applied method (Malone and Engle 2011). For adap-
tation in practice, a risk management framework can incorporate vulnerability
analyses as part of a risk assessment.

Regardless whether the risks that a given organization may face have positive or
negative consequences, in order to adapt to climate change, a coherent framework
is needed within which these risks can be managed. The risk management process
provides such a framework. The ISO 31000 (2009) defines the risk management
process as the:

Systematic application of management policies, procedures, and practices to the activities
of communicating, consulting, establishing the context, and identifying, analysing, evalu-
ating, treating, monitoring, and reviewing risk. (ISO 31000 2009)

The various stages involved in the risk management process and their intercon-
nections are shown schematically in Fig. 1. The focus of discussion in this chapter is
on the risk assessment stage and assessing adaptation measures as part of the risk
treatment stage (Fig. 1).

What Are the Benefits of a Risk Management Approach?

There are various reasons as to why adopting a risk management framework to
address adaptation to climate change is attractive and powerful; these include
(adapted from ISO 31000 2009; Jones and Preston 2011):

e It is all about uncertainty: adaptation to climate change is characterized as
operating under uncertainty and deep uncertainty, in relation to the future
development of climate and socioeconomic systems, and what this may mean
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Communication and Consultation
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Adaptation Strategies
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Fig. 1 Adaptation as a process of risk management. The various stages involved in the risk
management process and their interactions, as applied to climate change adaptation (Source:
Adapted from the ISO 31000 (2009) risk guidelines. The risk management process may not
proceed in a linear process from step 1 through 7, and in practice steps 3 and 5 may be performed
in combination. The steps are separated out simply to enable clarity of explanation

for a given organization. A risk management framework involves explicit
consideration of uncertainty in climate risks, their likelihood, and consequences.

e It is solution focused: adaptation is about taking action in the real world,
reducing threats, and seizing opportunities presented by climate change. This
means finding and implementing effective solutions. The risk treatment stage in
the risk management process makes this focus on finding solutions explicit. In
addition, in relating the level of risk determined in the risk analysis to what is
significant for an organization, a rational basis is provided on which to stimulate
action.
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* Communication and consultation is integral: key to developing effective
solutions is establishing the proper context for identifying risks, having sound
causal models of how a system functions, and identifying and being able to
implement adaptation strategies. All these activities demand that there is effec-
tive communication and consultation with a range of people, to ensure that the
right people are on board in gaining knowledge and understanding, formulating
and asking the “right” questions, and identifying practical adaptation strategies
and any potential for maladaptation.

e It is a well-established method: risk management is not new, and many
businesses and organizations will already have risk management strategies in
place. As such, it may be possible to incorporate climate risk existing mecha-
nisms rather than requiring new mechanisms to be implemented. This familiarity
can aid the uptake and mainstreaming of adaptation into all relevant business
activities and can increase the chances of considering climate as an additional
factor in managing risks.

o It is an iterative process: adaptation takes place in a dynamic environment
where external and internal factors change over time, there are deep uncer-
tainties, and new information is developed which may be brought to bear in
informing decision making. As such, adaptation is a continual process and as
such requires an iterative process.

« TItis flexible: a range of different methods may be applied to the discovery and
generation of information in relation to climate impacts and considering and
planning adaptation options. Thus, the risk management process can be tailored
to the information needs and level of detail required to analyze a particular
adaptation problem.

« Facilitates a learning environment: while a range of different methods can be
applied in carrying out a risk assessment (described in section “Methods and
Tools for Climate Risk Assessment”), it is the case that the very act of com-
mitting to a process of considering how changes in climate (and other factors)
may impact on business objectives can provide an environment in which
much learning about how an organization operates is obtained. In addition,
where the adaptation problem involves a range of stakeholders with different
values and perspectives, the process provides a forum in which these issues
can be discussed, networks built, and knowledge shared and contested,
thus facilitating social learning (Yuen et al. 2013). The process will also
generate learning about which factors were instrumental in being able to engage
with stakeholders, and possibly arrive at mutually agreeable adaptation
strategies.

That a risk management process provides an attractive framework for
approaching adaptation is also evidenced by its use in other countries, for example
in the UK (Willows and Connell 2003). Adopting a risk management framework
was also one of the recommendations from the US national research project,
America’s Climate Choices (NRC 2010), which sets out the direction in which
the USA should deal with climate change.
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Methods and Tools for Climate Risk Assessment

In order for an organization to assess how their business objectives may be affected
by changes in climate, and other non-climate factors, and thus understand how
large a threat or opportunity may exist, methods and tools are needed with which
an evidence base can be generated to help answer these questions. Understanding
how a given system responds to climate and non-climate factors is central to
successful adaptation planning. The greater the understanding of how a given
system functions, the more guidance there is as to which factors could be acted
upon in order to manage the risk and thus aid the search for, and development of,
successful adaptation strategies. Consequently, all risk assessments need a causal
model that links the changes in climate and non-climate factors to the risks. These
models can vary from conceptual to quantitative impact models (Jones 2001; Jones
and Preston 2011).

It is the case that there will be many adaptation problems and issues that are so
complex that there will not be existing quantitative impact models available for a
given system. Thus, it may be necessary to develop a new model, or modify existing
models, if a quantitative approach is sought. Alternatively, an adaptation problem
may be so complex and poorly quantified that it will be necessary to generate
conceptual models whereby the way in which expected changes in climate may
impact a system is thought through, using methods such as brainstorming sessions,
workshops, and logical reasoning.

The choice then as to which method or tool to use will depend upon a number of
factors, chief among which will be the complexity of the adaptation problem (which
may mean a complex or more simple method is pursued), the available resources
(time, financial, expertise), and the nature of the uncertainty involved in the
problem (ISO 31010 2009).

While it should be clear that the kinds of climate risks that organizations face
are generated by both climate and non-climate factors, there is a focus, in this
section, on describing those methods and tools that may be used to investigate what
the impact of changes in climate may have on a given system. It is important to
state, however, that this is not an exclusive focus, for example, the use of scenarios
for forward planning can be applied to both climate and non-climate factors.
Moreover, many of the methods can make use of and may even in some way
depend on the use of socioeconomic and sociopolitical data. A wide range of
statistical data of past changes in economy and society, as well as some projections
of future changes, e.g., population change, are available from various national
governments and international organizations, for example, the UN and the
World Bank.

Scenarios and Scenario Planning

Adapting to climate change and variability essentially means developing plans or
strategies that are able to reduce the negative consequences and maximize any
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positive consequences that may occur. This clearly implies the need to think about
the future and how a given system may function or respond, under future conditions
of changed climate and non-climate factors. It is not possible, however, to predict
the future with certainty and as such there is uncertainty as to what the future may
hold. The use of scenarios is one way of dealing with this uncertainty (Rounsevell
and Metzger 2010). The value of scenarios as a forward planning tool is to consider
the effect that different plausible futures might have for the achievement of
business objectives. Scenarios are used in various economic sectors, and perhaps
one of the most successful examples of the development and use of scenarios is
Royal Dutch Shell Plc, who, through the use of scenarios, were well prepared to
respond to the oil price shock of the 1970s (http://www.shell.com/global/future-
energy/scenarios.html). Other examples of scenarios are those developed by the
International Energy Agency (IEA) (http://www.iea.org/publications/scenarios
andprojections/), the World Business Council for Sustainable Development Vision
2050 (http://www.wbcsd.org/vision2050.aspx), and the IPCC Special Report on
Emissions Scenarios (SRES) (Nakicenovic¢ et al. 2000).
Scenarios may be defined as:

A plausible and often simplified description of how the future may develop, based on a
coherent and internally consistent set of assumptions about driving forces and key relation-
ships. IPCC (2007)

Scenarios are, thus, not predictions about how the future will turn out, rather
plausible possibilities or alternatives that may appear. As such, they serve as an aid
to critical thinking when developing strategies or policies to manage or ensure
success under different futures. In other words, they provide a framework for asking
questions such as: How would our existing strategy work under different future
conditions? How might alternative strategies perform under future conditions?
Scenarios may be qualitative or quantitative, and often the two are combined,
with a qualitative scenario being used to run a quantitative simulation model
under the assumptions contained in the qualitative scenario. For example, global
climate models are used to generate quantitative scenarios or projections, of how a
range of different climate variables may change in the future, based on the assump-
tions in the SRES qualitative scenarios. Qualitative scenarios are normally accom-
panied by a “storyline,” which provides a narrative description of how a given
scenario materializes.

In adaptation planning, the need for developing scenarios will most likely
center around developing scenarios in relation to changes in the non-climate
factors, for example, how a water supplier would be able to meet a possible rise
in water demand of 25 % over the next 25 years. The need for an organization
to develop customized climate scenarios (based on climate models) is likely
very low, since there are a number of climate scenarios which are available and
as such may be used as “off-the-shelf” products, which can then be tailored
according to the needs of a given organization. The task then is linking these
scenarios which describe different plausible futures to a model of how a given
system functions.
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Scenarios thus offer a potentially powerful means of supporting adaptation
planning, but key to the process is the accurate identification of the key driving
forces, how these are then characterized, and the avoidance of bias in thinking about
uncertainties (Reed et al. 2013).

Making Use of Climate Information

What Kinds of Climate Information Are There?

Essentially there are two main kinds of climate information of relevance to adaptation
planning, derived from observational and modeled data. Observational data are
clearly most useful for learning about past and present changes, while modeled data
can be used for both learning about the past and also possible future climates. Using
these two sources, it is possible to generate information relating to basic changes in
climate variables, e.g., surface air temperature, climate indices, and extremes, for
example number of days when summer maximum temperature is >25 °C, and to
generate projections of possible future climates.

Deciding which kind of climate information to use will depend largely on the
time horizon over which a given adaptation strategy may be operative, and the
available expertise and resources. If time or planning horizons are relatively short,
i.e., the next one or two decades, then adapting to recent climate variability and
trends based on observed data may be sufficient. When the lifetime of a given
strategy or action has implications for many decades, the performance of adaptation
measures should be investigated across a range of climate change scenarios, and
modeled climate information will be needed. The focus in this section is on the use
of modeled climate information for informing adaptation planning.

Simulating Future Climates

In order to be able to assess future climate risks, it is necessary to have some idea as
to how future climate may change, and for this some kind of model is needed. The
most sophisticated tool for this is to make use of global climate models (GCMs). It
is, however, also possible to simulate or construct future climates using synthetic
data (e.g., Lempert and Groves 2010). Performing a climate risk assessment
however is not simply about changes in climate, it is also necessary to understand
what effect or impact possible changes in climate may have on a given system of
interest. In the following sections, some of the main methods and tools that may be
used to assess climate risks are described, and the various issues that are associated
with their use and application discussed.

What Is a Global Climate Model?

A global climate model (GCM) is a numerical representation of the various
processes that take place in the Earth’s atmosphere, ocean, cryosphere, and land
surface. These models are based on well-established physical laws and observations
of physical processes. They simulate, for example, incoming and outgoing radia-
tion, cloud formation and atmospheric and ocean circulation, and they also try to
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simulate the interaction of these various processes (McGuffie and Henderson-
Sellers 2005). GCMs are highly complex and are extremely computationally
demanding, making the use of supercomputing a prerequisite. GCMs solve these
various processes mathematically at a series of grid points in the atmosphere and
ocean, and across the land surface, and as such have both horizontal and vertical
resolution. Because of the complexity, GCMs are only currently tractable when run
at relatively coarse spatial resolutions, on the order of 100-300 km.

How Is Future Climate Model Information Generated?

Future climate will be largely determined by the concentration of greenhouse gases
(GHGs), and aerosols in the atmosphere, and the changes this leads to in the
functioning of the Earth system. Future atmospheric concentrations of GHGs and
aerosols will be determined in large part by human activities. In order to be able to
simulate future climates, it is necessary to make some assumptions about the way in
which human activities will be organized in the future, and thus produce plausible
scenarios of how concentrations of GHGs and aerosols may develop. The IPCC
Special Report on Emissions Scenarios (SRES) (Nakic¢enovic et al. 2000) represents
a major activity which has formed the basis for the generation of a large number of
climate model simulations. These scenarios make various assumptions about, for
example, global human population development, how our economic affairs will be
organized, what technologies might be employed, and the fossil fuel intensity of
human activities. Recently, a new set of emissions scenarios has been developed by
the science community to try and address some of the constraints that use of the SRES
scenarios placed on the climate simulations. These new scenarios are called the
Representative Concentration Pathways (RCPs) and take a different philosophical
approach to that of the SRES (Moss et al. 2010; van Vuuren et al. 2012). Whereas the
SRES scenarios assumed a given pathway of socioeconomic development would lead
to a particular level of emissions, the RCPs do not. Instead, many different develop-
ment pathways may be consistent with the level of emissions and thus concentrations
of GHGs and aerosols, under the RCP scenarios. A new set of socioeconomic
scenarios have been developed, called the shared socioeconomic pathways (SSPs),
which may be used in conjunction with the RCPs (O’Neill et al. 2013). Using these
emissions or concentration scenarios with global climate models allows future climate
projections (or scenarios) to be made, which are conditional upon the assumptions
made in a given emissions scenario. In this way, it is possible to obtain quantitative
information on the way in which future climate may evolve.

What Kind of Information Can These Models Generate?
Global climate models can be used to generate information for a few months ahead
and these are known as seasonal forecasts; for the next decade — these are known as
decadal predictions; or for many decades ahead, i.e., 20—100 or more years — these
simulations are known as multi-decadal or centennial projections.

To date, most focus in adaptation planning has tended to use multi-decadal
projections, which is a function of the relative maturity of this field, and data
availability, compared to the seasonal and decadal projections. Seasonal forecasts
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do have some skill in some parts of the world and are used to help people adapt
particularly in less developed nations (Lizumi et al. 2013). Decadal predictions on
the other hand also have some skill in predicting certain climate variables and
phenomena in certain parts of the world and/or at the global scale. However, these
predictions are very much an experimental research area (Meehl et al. 2009).
As such, despite their clear appeal in terms of the time horizon, a major amount
of progress is needed in this area before they may be suitable for assisting with
typical adaptation planning problems (Tollefson 2013).

Deciding which climate model data to use, and for which emissions scenarios,
will depend upon the nature of a given adaptation problem, and specifically the
associated planning horizon. Clearly, if there is a business decision that needs to be
made which is climate sensitive but can be adjusted within a short time period, then
using observed data, statistical relationships, or learned experience may be a
suitable approach, rather than using modeled data. If, however, there is a business
decision whose lifetime will extend over a couple of decades or more, then climate
change and climate models will need to be consulted and incorporated into the
planning and decision-making process.

Downscaling Global Climate Model Data

Global climate model outputs are not particularly well suited to the kinds of
questions related to adaptation planning, owing to their coarse spatial resolution.
In order to bring the results of global climate models closer in line with the needs of
users, the global climate data may be downscaled (Fowler et al. 2007; Jacob
et al. 2013). There are two main approaches to downscaling climate information
to the regional level, dynamical and statistical downscaling. Dynamical downscal-
ing proceeds through the use of regional climate models, whereas statistical down-
scaling can proceed via a range of methods, for example, regression analysis.
A precondition for all downscaling, however, is the realistic representation of
large-scale circulation patterns from the driving GCMs.

Uncertainty in Climate Model Information and How to Deal with It
Uncertainty in climate model information stems from three main sources: natural or
internal variability, model uncertainty, and emissions uncertainty (Hawkins and
Sutton 2009). This issue is discussed in more detail in the chapter by Bowyer
et al. (2014) in this volume.

The most common way in which uncertainty is quantified is through the use of
probability. This can mean specifying a percentile range or possible variation to be
expected, through to generating full probability density functions (CCSP 2009;
Collins et al. 2012). The way in which uncertainty is quantified is important for the
meaning that may be attached to the results of any model or statistical analysis, and
thus how this may be used and interpreted in informing the adaptation decision
support process.

Given the sources of uncertainty in climate modeling, when generating data that
may be used in support of adaptation planning, one would ideally have data
available that were generated from multiple different climate models which had
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each been run multiple times, exploring a very wide range of uncertainty in
parameter values. This would also ideally be done for a range of different future
emissions or concentration scenarios. Unfortunately, because of the large compute
time required to run GCMs, this is not practical at the present time, although
progress is being made (Sexton et al. 2012).

What options exist for dealing with this uncertainty? One approach for which
suitable data are currently available is to make use of what are known as multi-model
ensembles (MME). Because different international climate modeling centers have
different models, and structure them in certain ways, combining these simulations into
an ensemble is one way in which uncertainty can be explored in the climate modeling.
A multi-model ensemble is then a collection of different climate model simulations
obtained from a number of different models. Overall, the MME approach does not
explore a lot of variation in uncertain process parameters, with typically only a small
number of simulations being performed with each model. As such, this approach
provides a limited quantification of uncertainty (Stainforth et al. 2007).

An additional way in which uncertainty can be dealt with is to generate what is
known as a perturbed physics ensemble (PPE). In this approach, a single climate
model is used, in which a large number of model parameter values are varied across
their plausible range of values, and the climate model run for each instance. This
approach allows the generation of a large number of model versions, each one being
part of the ensemble. There are, however, very few examples of such PPEs being
generated, owing to the fact that they are so time consuming to generate (Sexton
et al. 2012).

Climate Indices and Extremes

Both observed and modeled data can be used to obtain information on changes in
climate indices and extremes (defined as any change above a commonly accepted
statistical measure of rarity, e.g., 95th or 99th percentile). In relation to adaptation
planning, it is often the case that direct experience of, or information related to,
extremes can often provide the stimulus for action, in that the direct experience of
an extreme weather event creates a so-called window of opportunity (Adger
et al. 2007), raising awareness of climate risks, and that action may be needed to
address them.

Often, information relating to extremes is presented in the form of indices, e.g.,
the number of summer days with mean temperature above 25 °C. Information on
climate indices and extremes can be used to form either a quantitative or qualita-
tive assessment of what the changes may mean, or indicate, for being able to meet
business objectives, either in the past or in the future. It is also worth stating that the
use of observed changes in indices and extremes, and any trends in these, can be
very powerful in raising awareness of climate change, establishing an evidence
base, and helping build a case for the need for adaptation. If the observational data
sets can show a clear trend of change, then this can often be sufficient evidence to
stimulate adaptation action.

Climate indices contain information relating to changes in climate variables,
which may be of relevance to different economic sectors, for example, in the energy
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sector, the number of cooling degree days and heating degree days is used to help
plan and manage energy demand. Indices may be derived or calculated directly
from climate observations or modeled data.

Information on changes in extremes is highly in demand particularly for future
time periods, from, for example, insurance companies. Figure 2 provides exam-
ples of ways in which climate extremes may change under a changed climate.
Possible changes in the mean, variability, and shape of climate statistics will lead
to different possible changes in the frequency and magnitude of extremes. It
should be clear from Fig. 2 that even relatively small changes in the climatology
of a given variable can have significant implications for the frequency and
magnitude of extreme events (Coumou and Rahmstorf 2012; Rahmstorf and
Coumou 2011).

Simulating the Impacts of Climate Change

While the use of climate change data may be of use to develop a broad understand-
ing of possible ways in which a system may be affected under climate change, for
example, as part of risk identification, or a preliminary risk screening exercise, the
question that really needs to be answered however is: How will a given system be
impacted by these changes in climate, and thus the ability of an organization to
meet its business objectives? This section provides a discussion of some of the main
methods and approaches that can be used to develop an understanding of how a
given system functions.

Modeling Climate Impacts

A powerful way of obtaining more detailed information on the way in which a given
climate-sensitive system may respond to changes in climate is through the use of
environmental modeling tools, which may also be referred to as climate impact
models (Challinor et al. 2009). These may be either statistically or physically based
models and are used to model various environmental systems and economic sectors,
e.g., water, agriculture, forestry, coastal systems, energy, and food. Impact models
will typically be driven by climate variables, and other system relevant variables,
and may offer some scope for the inclusion of socioeconomic variables. These
models may be used to perform sensitivity analyses (discussed in section “Model
Sensitivity Analysis”), to try and understand better the way in which a given system
responds to climate, and should ideally be able to simulate or integrate the action of
adaptation measures or strategies on the system function (Lempert and Groves
2010).

Using impact models can often be a very resource-intensive approach, particu-
larly if a number of climate model simulations, or ensembles, are to be investigated
to quantify uncertainty. This need not be the case, however, but careful consider-
ation should be given to the level of detail that is needed in order to answer the kinds
of adaptation questions or problems that may exist, and thus using impact models
may only be deemed necessary for particularly significant risks.
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Fig. 2 The effect of changes in temperature distribution on extremes. Different changes in
temperature distributions between present and future climate and their effects on extreme values
of the distributions: (a) effects of a simple shift of the entire distribution toward a warmer climate,
(b) effects of an increased temperature variability with no shift of the mean, and (c) effects of an
altered shape of the distribution, in this example an increased asymmetry toward the hotter part of
the distribution (Source: IPCC (2012))



Adaptation as Climate Risk Management: Methods and Approaches 85

Model Sensitivity Analysis

A model sensitivity analysis quantifies the way in which the model output responds
to variation in the model inputs, and can be used to determine the relative impor-
tance of the model parameters in driving variation in the model output (Saltelli
et al. 2000). Using a given impact model, sensitivity experiments can be conducted
where a wide range of known or expected variation in the relevant climate and
non-climate parameters is explored and then analyzed to see how the given system
(model) responds. This could be done with modeled climate data, or a less resource-
intensive approach would be to generate synthetic climate data. Sensitivity analysis
can be used to help identify those factors which are most important to control or
which have most influence on the functioning of a system, and thus can be very
instructive in the search for adaptation measures or strategies. Moreover, it may be
possible to explore the efficacy of potential adaptation measures across a large
range of possible futures, using a sensitivity analysis. This would serve to highlight
where, or under what conditions, a given adaptation measure may be suboptimal or
less robust. This kind of information is potentially very informative in the process
of selecting adaptation measures.

Model sensitivity analysis provides a powerful means of learning about
the functioning of a system and is less resource-intensive than generating an
ensemble of impacts based on a climate model ensemble. The results of a model
sensitivity analysis can also be used to generate what are known as impact response
surfaces.

Climate Impact Response Surfaces

Model sensitivity analyses can lead to the identification of a set of model
parameters which are most influential in driving the system response. Using
this approach, it may be possible to generate a functional relationship between
a small set of model parameters and the system response (Fronzek et al. 2010).
In so doing, it is possible to generate what is known as a climate impact response
surface, which represents this functional relationship. This system response could
be a threshold value of high relevance to a given business objective. For example,
it may be necessary to have a certain water level in a river to allow transportation
of manufactured goods or river water temperatures which may place a constraint
on the availability of cooling water for power stations (van Vliet et al. 2012).
An impact response surface could be used to investigate how often in the future
this threshold level would be exceeded, and thus help support decisions in
relation to developing adaptation measures. An example of an impact response
surface is shown in Fig. 3.

This method provides a rapid, quickly updateable and reusable tool for under-
standing the effects of changes in climate on the system response. As new climate
data sets become available, they can simply be plotted over the existing surface
(assuming no change in the functional relationship), and analyze if new informa-
tion leads to any change in the exceedance of a valued threshold. This attractive
feature of reusability and being easily updateable as new climate information
becomes available or, as business objectives change, means that this approach
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Fig. 3 An example impact response surface for Lake Malaren in Sweden. Diagonal black lines
are the likelihood in percent of summer water level being below the target operating threshold for a
consecutive period of 50 days for the change in summer temperature and precipitation. Climate
projections for the time period 2031-2050 are shown as probability density plots in the colored
area, which encloses approximately 90 % of all projected outcomes. The colored dots are pro-
jections from regional climate models (Source: van der Linden and Mitchell (2009))

may represent a good return on any investment made to develop such tools, and is
easily incorporated and used as part of an iterative review process of climate risk
management.

This approach is most suitable for systems whose response is driven very
strongly by a few climate variables, e.g., in the water and forestry sectors
(Prudhomme et al. 2010; McDaniels et al. 2012). Also, the accuracy of these
surfaces compared to a full modeling approach should be assessed and reported.
Also consideration of the uncertainty in the modeled response itself needs to be
considered in the sense that a different impact model may give a different surface.
These response surfaces serve to highlight visually when business objectives may
be vulnerable, or alternatively, where a particular risk may become worth
exploiting. Challenges arise when this response surface cannot be defined
with less than four parameters, because one of the big attractions of response
surfaces is the rapid assessment that visualization provides. With more than three
parameters, visualization becomes difficult.
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Decision Making Under Uncertainty

The foregoing discussion has focused on a range of methods and tools that may be
applied at the risk assessment stage of the risk management process, in order to
establish a basis upon which the significance of any risks can be assessed. Any risks
which are deemed to need treating will then require an adaptation strategy and will
need to appropriately consider the issue of uncertainty.

Because of the various sources of uncertainty in adaptation decision making, it
is simply not possible to accurately predict what the future world will be or look
like. The only credible way of acknowledging and dealing with this uncertainty is
to explore as wide a range of different possible futures as possible. The task then
is to endeavor to understand what this may mean for the functioning of a given
system, and the effect it may have on an organization being able to successfully
meet its business objectives, and thus planning and implementing adaptation
strategies. Moreover, it is also a fact that developing an effective adaptation
strategy will also need the approval of a range of different stakeholders, who
will have different values and priorities. As such, developing an adaptation
strategy is not simply about having an evidence base and information but
obtaining stakeholder engagement and buy-in. This adds another layer of
uncertainty to the process, such that it may be said that adaptation takes place
under conditions of deep uncertainty. Lempert et al. (2004) characterize deep
uncertainty as being the situation where “decision makers do not know or cannot
agree on (1) the system models, (2) the prior probability distributions for inputs to
the system model(s), and their interdependencies, and/or (3) the value systems
used to rank alternatives.”

Given this reality, an organization is faced with the question of how best to
make decisions in these circumstances. Should an organization seek to predict the
future and strive to optimize an adaptation strategy around what is determined to
be the “most likely” future? Or, instead, should an organization acknowledge that
pursuing an optimizing approach is highly vulnerable to futures different from
what was considered to be most likely, and accordingly seek robust adaptation
strategies that perform reasonably well across a range of different possible
futures?

This section discusses the implications of deep uncertainty for developing
adaptation strategies, whether to optimize, or hedge and seek robust decisions
(Weaver et al. 2013). In addition, a discussion of the robust decision-making
framework is provided.

To Hedge or Not to Hedge: That Is the Question

In the context of using climate information to support adaptation planning
and decision making, there are two alternative decision frameworks that are
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applied, a predict-then-act framework and a robust decision making (RDM)
framework (Weaver et al. 2013):

1. Predict-then-act: this has been the most commonly adopted framework, under
which optimal strategies are sought which seek to maximize the expected utility
of a given adaptation strategy. This framework relies on the ability to predict the
“most likely” future (Lempert et al. 2004). To determine the “most likely” future
requires that probabilities are assigned to model predictions.

2. Robust decision making: this framework has more recently gained traction in
the adaptation arena (Lempert et al. 2006; Lempert and Groves 2010;
Kunreuther et al. 2013). This framework seeks to minimize the regret associated
with a given adaptation strategy, by evaluating a number of different strategies
and selecting that strategy which performs relatively well compared to the
alternatives, across a large range of possible futures. This relative performance
measure is the robustness criterion and, because it does not seek to provide an
optimal outcome under one “most likely” future, provides a hedge against
uncertain futures. The performance criterion is the level of robustness offered
by a given strategy, in the sense that it fails to meet its objectives on fewer
occasions, or is less sensitive to uncertainties, than the alternative strategies.

Deciding which of these two frameworks is most suitable for application essen-
tially comes down to how seriously a given adaptation strategy is, or may be
afflicted by, the issue of deep uncertainty. Clearly, deep uncertainty will be more
or less important depending on the decision context and nature of the uncertainty
associated with a given strategy. If the strategy does not affect external stake-
holders, has a short decision lifetime, has flexibility, and/or is a no, or low regret,
option, then the predict-then-act framework may be suitably applied. If, however,
the strategy has a long decision lifetime, has limited flexibility, and/or involves
external stakeholders, then an optimal strategy designed under the predict-then-act
framework may be too vulnerable or risky in the face of futures different from what
was considered most likely when the decision was made. In addition, pursuing a
predict-then-act approach will also be more vulnerable to the occurrence of sur-
prises. In these cases, a robust decision-making framework is likely to be more
suitable. It is worth stating that there may also be pragmatic reasons for adopting
one or the other decision framework.

Robust Decision Making

Under the robust decision-making framework, one accepts that there are multiple
plausible futures, and seeks to explore how a given business objective may fare
under a range of different futures (Weaver et al. 2013). The approach starts first
with the candidate adaptation strategies and then uses a modeling framework which
samples a range of uncertainty in the main decision relevant system driving vari-
ables to generate a large number of scenarios. The question then asked is, under
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Fig. 4 Steps involved in a robust decision-making analysis (Source: Adapted from Lempert and
Groves (2010). In operation, the RDM method combines steps 3 and 5 of the risk management
process (risk analysis and adaptation option appraisal))

what future conditions would a particular adaptation strategy fail to meet its
business objectives, as represented by some performance criterion (Lempert and
Groves 2010)? The RDM approach is an iterative method which tests out different
candidate adaptation strategies, seeking to characterize the vulnerabilities associ-
ated with each and using this information to inform and identify alternative
strategies that may be more robust. The RDM approach is summarized schemati-
cally in Fig. 4.

As originally conceived, RDM was a quantitative computational model
approach (Lempert et al. 2006) and as such can require a lot of resources. However,
the principles involved in the approach can be equally well be applied to qualitative
conceptual models of how a given system functions, which provides a much less
resource-intensive approach, as recently demonstrated by McDaniels et al. (2012).

Conclusion

Framing adaptation as an issue of climate risk management provides a range of
attractive features which should ensure adaptation can be understood and acted
upon within existing management structures. A range of different issues are
involved at the different stages and these need proper consideration in adaptation
planning. There are several different methods and tools available that may be
applied to help carry out a risk assessment, in order to generate an evidence
based upon which the significance of climate risks can be assessed, and the
necessity of treating them analyzed. Key to the risk assessment stage is having or
developing a causal model which explains the way in which changes in climate can
lead to impacts on the activities of a given organization and thus understanding how
a given system functions. This understanding is central to the search for effective
adaptation strategies.

Developing adaptation strategies also involves a range of different issues, not
the least of which is how best to develop a strategy in the face of deep uncertainty.
The two main approaches of predict-then-act and robust decision making can
equally well be justified in practice, depending on the exact nature of the uncer-
tainty associated with a given adaptation problem and strategy. The key issue in
thinking about adaptation and making decisions is that it is an analytical process
which needs to draw on a wide range of different expertise and stakeholder
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involvement. At different stages of the adaptation process, different information,
skills, and approaches are needed. A risk management framework provides a well-
established method which can accommodate all these different aspects.

Acknowledgments The authors acknowledge the work of the EU-funded FP6 integrated project
ENSEMBLES (contract number 505539), from which Fig. 3 is reproduced.

References

Adger WN et al (2007) Assessment of adaptation practices, options, constraints and capacity. In:
Parry ML, Canziani OF, Palutikof JP, van der Linden PJ, Hanson CE (eds) Climate change
2007: impacts, adaptation and vulnerability. Contribution of working group II to the fourth
assessment report of the intergovernmental panel on climate change. Cambridge University
Press, Cambridge, UK, pp 717-743

Bowyer, P et al (2014) The Role of Climate Services in Adapting to Climate Variability and
Change, In this volume

CCSP (2009) Best practice approaches for characterizing, communicating, and incorporating
scientific uncertainty in decision making. [Granger Morgan M (Lead author),
Dowlatabadi H, Henrion M, Keith D, Lempert R, McBride S, Small M, Wilbanks T (Contrib-
uting authors)]. A report by the climate change science program and the subcommittee on
global change research. National Oceanic and Atmospheric Administration, Washington, DC,
96 pp

Challinor AJ et al (2009) Methods and resources for climate impacts research. Bull Am Meteorol
Soc 90:836-848. doi:10.1175/2008BAMS2403.1

Collins M et al (2012) Quantifying future climate change. Nat Clim Change. doi:10.1038/
NCLIMATE1414

Coumou D, Rahmstorf S (2012) A decade of weather extremes. Nat Clim Change. doi:10.1038/
NCLIMATE1452

Dow K et al (2013) Limits to adaptation. Nat Clim Change 3:305-307

Fowler H et al (2007) Linking climate change modelling to impacts studies: recent advances in
downscaling techniques for hydrological modelling. Int J Climatol 27:1547-1578

Fronzek S et al (2010) Applying probabilistic projections of climate change with impact models: a
case study for sub-arctic palsa mires in Fennoscandia. Clim Change 99:515-534. doi:10.1007/
$10584-009-9679-y

Hawkins E, Sutton R (2009) The potential to narrow uncertainty in regional climate predictions.
Bull Am Meteorol Soc 90:1095-1107

IPCC (2007) Synthesis Report. In: Pachauri RK, Reisinger A (eds) Climate Change 2007:
Contribution of Working Groups I, II and III to the Fourth Assessment Report of the Inter-
governmental Panel on Climate Change IPCC, Geneva, Switzerland, pp 104

IPCC (2012) Managing the risks of extreme events and disasters to advance climate change
adaptation. In: Field CB, Barros V, Stocker TF, Qin D, Dokken DJ, Ebi KL, Mastrandrea
MD, Mach KJ, Plattner G-K, Allen SK, Tignor M, Midgley PM (eds) A special report of
working groups I and II of the intergovernmental panel on climate change. Cambridge
University Press, Cambridge, UK/New York, 582 pp

ISO 31000 (2009) Risk management — principles and guidelines. http://www.iso.org/iso/home/
store/catalogue_tc/catalogue_detail.htm?csnumber=43170

ISO 31010 (2009) Risk management — risk assessment techniques. http://www.iso.org/iso/home/
store/catalogue_ics/catalogue_detail_ics.htm?ics1=03&ics2=100&ics3=01&csnumber=51073

Jacob D et al (2013) EURO-CORDEX: new high-resolution climate change projections for
European impact research. Reg Environ Change. doi:10.1007/s10113-013-0499-2


http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=43170
http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=43170
http://www.iso.org/iso/home/store/catalogue_ics/catalogue_detail_ics.htm?ics1=03&ics2=100&ics3=01&csnumber=51073
http://www.iso.org/iso/home/store/catalogue_ics/catalogue_detail_ics.htm?ics1=03&ics2=100&ics3=01&csnumber=51073

Adaptation as Climate Risk Management: Methods and Approaches 91

Jones RN (2001) An environmental risk assessment/management framework for climate change
impact assessments. Nat Hazard 23:197-230

Jones RN, Preston BL (2011) Adaptation and risk management. WIREs Clim Change 2:296-308.
doi:10.1002/wcc.97

Kunreuther H et al (2013) Risk management and climate change. Nat Clim Change. doi:10.1038/
NCLIMATE1740

Lempert RJ, Groves DG (2010) Identifying and evaluating robust adaptive policy responses to
climate change for water management agencies in the American west. Technol Forecast Soc
Change 77:960-974

Lempert R et al (2004) Characterizing climate-change uncertainties for decision-makers. Clim
Change 65:1-9

Lempert RJ et al (2006) A general, analytic method for generating robust strategies and narrative
scenarios. Manag Sci 52(4):514-528

Lizumi T et al (2013) Prediction of seasonal climate-induced variations in global food production.
Nat Clim Change. doi:10.1038/NCLIMATE1945

Malone EL, Engle NL (2011) Evaluating regional vulnerability to climate change: purposes and
methods. WIREs Clim Change 2:462—474. doi:10.1002/wcc.116

McDaniels T et al (2012) Using expert judgments to explore robust alternatives for forest
management under climate change. Risk Anal 32(12):2098-2112. doi:10.1111/j.1539-
6924.2012.01822.x

McGuffie K, Henderson-Sellers A (2005) A Climate Modelling Primer, Third Edition. Wiley, pp
296

Meehl GA et al (2009) Decadal prediction, can it be skilful? Bull Am Meteorol Soc 90:1467-1485

Moser SC, Boykoff MT (2013) Successful adaptation to climate change linking science and policy
in a rapidly changing world. Routledge, Abingdon

Moser SC, Ekstrom JA (2010) A framework to diagnose barriers to climate change adaptation.
Proc Natl Acad Sci U S A 107:22026-22031, http://www.pnas.org/content/107/51/22026

Moss R et al (2010) The next generation of scenarios for climate change research and assessment.
Nature 463:747-756. doi:10.1038/nature08823

Nakicenovi¢ N et al (2000) Special report on emissions scenarios: a special report of working
group III of the intergovernmental panel on climate change. Cambridge University Press,
Cambridge, 600 pp

National Research Council (2010) Informing an effective response to climate change, America’s
climate choices: panel on informing effective decisions and actions related to climate change.
The National Academies Press, Washington, DC

O’Neill BC et al (2013) A new scenario framework for climate change research: the concept of
shared socioeconomic pathways. Climatic Change. doi:10.1007/s10584-013-0905-2

Prudhomme C et al (2010) Scenario-neutral approach to climate change impact studies: applica-
tion to flood risk. J Hydrol 390:198-209

Rahmstorf S, Coumou D (2011) Increase of extreme events in a warming world. Proc Natl Acad
Sci U S A 108(44):17905-17909, www.pnas.org/cgi/doi/10.1073/pnas.1101766108

Reed M et al (2013) Participatory scenario development for environmental management: a
methodological framework illustrated with experience from the UK uplands. J Environ
Manag 128:345-362

Rounsevell MDA, Metzger MJ (2010) Developing qualitative scenario storylines for environmen-
tal change assessment. WIREs Clim Change 1:606-619

Saltelli A et al (2000) Sensitivity analysis. Wiley, Chichester, 494 pp

Sexton DMH et al (2012) Multivariate probabilistic projections using imperfect climate models
part I: outline of methodology. Clim Dyn 38(11-12):2513-2542

Stainforth DA et al (2007) Confidence, uncertainty and decision-support relevance in climate
predictions. Philos Trans A Math Phys Eng Sci 365:2145-2161. doi:10.1098/rsta.2007.2074

Tollefson J (2013) The forecast for 2018 is cloudy with record heat. Nature 499:139-141


http://www.pnas.org/content/107/51/22026
http://www.pnas.org/cgi/doi/10.1073/pnas.1101766108

92 P. Bowyer et al.

van der Linden P, Mitchell JFB (2009) ENSEMBLES: Climate Change and its Impacts: Summary
of Research and Results from the ENSEMBLES Project (Met Office Hadley Centre), Exeter,
UK

van Vliet M et al (2012) Vulnerability of US and European electricity supply to climate change,
Nature Climate Change, 2, 676-681, doi: 10.1038/NCLIMATE1546

van Vuuren D et al (2012) The representative concentration pathways: an overview. Climatic
Change. doi:10.1007/s10584-011-0148-z

Weaver C et al (2013) Improving the contribution of climate model information to decision
making: the value and demands of robust decision frameworks. WIREs Clim Change
4:39-60. doi:10.1002/wcc.202

Willows R, Connell R (2003) Climate adaptation: risk, uncertainty and decision-making. UKCIP
technical report. UKCIP, Oxford

Yuen E et al (2013) Climate change vulnerability assessments as catalysts for social learning: four
case studies in south-eastern Australia. Mitig Adapt Strat Global Change 18:567-590.
doi:10.1007/s11027-012-9376-4



Adapting Nature-Based Seasonal Activities
in Quebec (Canada) to Climate Change

Stéphanie Bleau, Sylvie Blangy, and Michel Archambault

Contents

INtrOAUCTION ...t 94

Literature ReVIEW ... ... e 96
Climate: TOUTSIN .. .ouutt et 96
Climate Trends and Environmental Change ..., 97
Impact Assessments on Recreation and Sports Tourism ............ccceeeiiiiiiieee.... 97
Adapation .....oouiii i 98
Frameworks and Adaptation Planning ... 99
Introducing a Collaborative Approach ... 99

MELhOMS ...t s 100
Study Scope and ODJECHIVES . ......eetiniiit ettt 101
Participatory Workshops . ..........oiiiiiiii e 102
Regional Brainstorming SeSSIONS ...........eiiiiiiiiiiiiiie it eaiiiiieeeenn. 104

FINAING .. oo e 105
Process OULCOMES . ....uuuttttttt ettt ettt ettt ettt e e e 105
Qualitative and Quantitative Results ..........ovviiiiiiiiiiiiiiiiiiiiiiieeeeeeees 106
What We Know and What We Can Expect .............oooiiiiiiiiiiiiiiiiiiiiiii e, 106
Factors Hindering or Promoting the Development of Cross-Country Skiing
and SNOWMODIIING .. ..ot 107
What We Are Already DoOINg ........uuiiiiiiiii e 109
What We Could Do Together ..o 110
Brainstorming Sessions: Synthesis of the Five-Step Plan ......................oot. 110

DISCUSSION . ...t 111
Project Structure and Management ............ooeiiiiiiiiiiiie et eaanns 112
Researcher Stance ..ot 113
PAR PIOCESS ...ttt 114

S. Bleau (<) « M. Archambault

Transat Chair in Tourism — Montreal’s School of Management, University of Quebec at Montreal,
Montreal, QC, Canada

e-mail: bleau.stephanie@uqam.ca; stefanie_bleau@hotmail.com; archambault.michel@uqam.ca

S. Blangy
Centre d’Ecologie Fonctionnelle et Evolutive, CEFE-CNRS UMR 5175, Montpellier, France
e-mail: sylvie.blangy@cefe.cnrs.fr

© Springer-Verlag Berlin Heidelberg 2015 93
W. Leal Filho (ed.), Handbook of Climate Change Adaptation,
DOI 10.1007/978-3-642-38670-1_44


mailto:bleau.stephanie@uqam.ca
mailto:stefanie_bleau@hotmail.com
mailto:archambault.michel@uqam.ca
mailto:sylvie.blangy@cefe.cnrs.fr

94 S. Bleau et al.

Mobilizing Stakeholders ... ......oouuuiiiiii e 114
Strategies and MEASUTIES . .....ouutttttttttt et 115
Research Needed to Integrate Adaptation .............ooouuuiiieiiiiiiiiiiiiieeeennn. 115
(7034 Tod 1315 ) & 116
RETEICNCES .. .ottt et et 117
Abstract

This chapter attempts to illustrate the socioeconomic implications of climate
change on alpine and cross-country skiing, golf, snowmobiling, and nature parks
at a local and regional level. A transdisciplinary approach is used to create a
framework for adaptation responses relevant to the Laurentian and the Eastern
Townships regions. Participatory Action Research (PAR) process through social
analysis tools and techniques www.sas2.net (SAS?) leads to better comprehen-
sion of perceived changes and business realities, recognition of climate risks, and
identification of actions to manage CC-related risk. This process establishes an
environment for dialogue, transparency, and progressive awareness about spatial
and temporal repercussions for subsectors and regions. Consequently, growing
concerns relate to the need to plan adaptation solutions by combining them to
other significant business challenges. Interests now focus on feasible adaptation
responses to the current effects and projected climate, along with its interrelated
socioeconomic risks. The main aim here is to outline a more personalized
approach by encouraging business-driven solutions, in such a manner that it
can be used as a model to other tourism regions in the province of Quebec.

Keywords

Adaptation process ¢ Climate change ¢ Collaborative Participatory Action
Research (PAR) « Regional tourism regions Businesses ¢ Transdisciplinary ¢
Quebec ¢ Canada

Introduction

A 2011 report by the National Round Table on the Environment and the Economy
(NRTEE) suggests that climate change (CC) could cost Canada roughly CANS$5
billion per year by 2020 and from $21 billion to $43 billion per year by mid-century.
As a highly climate-dependent industry, tourism will be significantly affected by
global warming (Becken and Hay 2012). One key way to reduce the impact on
operating costs is adaptation (REDD 2011).

Even though Northeast America is not considered a CC vulnerability hotspot for
tourism, other scientific fields are gathering significant evidence of environmental
transformation across Canada and Quebec (Allard and Lemay 2012; Ouranos
2010a). Some of these changes will have important impacts on seasonal, nature-
based recreation and sports tourism (MDDEP 2012; Simpson et al. 2008; Scott
et al. 2007a; Scott and Jones 2007).
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Climate change (e.g., the changing hydrological cycle) and related physical and
environmental effects (e.g., regional water and snow scarcity) trigger cascading
repercussions on local businesses, destinations, and regions (REDD 2011). As
provincial supply extends over the entire southern portion of Quebec, opportunities
and risks will arise from climate variability and conditions that are extreme in terms
of magnitude, frequency, and intensity, particularly in major economic regions such
as the Eastern Townships and Laurentian regions, that offer golf, alpine, and cross-
country skiing, snowmobile trails, and parks.

The nature-based and sports activities provided by tourist operations play a
crucial role in regional and local economies (Ministére du Tourisme du Québec
2012, 2009; CQRHT 2010; Scott et al. 2008; ASSQ et al. 2008). CC can thus be
considered a threat, and tourism managers and operators should plan accordingly to
reduce their exposure (NRTEE 2012).

Uncertainty about the current and future climate conditions will alter visitation
and participation rates (Scott et al. 2011). Predicted CC scenarios, such as changes
in precipitation patterns and temperatures, and the increased occurrence of natural
hazards such as heavy rains and intense storms, flooding, as well as indirect
consequences of biodiversity loss and vector-borne diseases will have major impli-
cations for tourism (Scott et al. 2002; Bourque and Simonet 2008).

In the past years, severe meteorological and hydrological phenomena have
affected outdoor tourism operations in Quebec and tested decision-making and
response mechanisms. Highly unpredictable and variable conditions (i.e., heat
waves) in Northeastern Canada led to early closure of ski resorts, with an 8 %
decrease in attendance over the previous year (Archambault and Germain 2012).
A small consolation for Quebec, the National Ski Areas Association (NSAA and
RRC Associates 2012) found that the 2011-2012 season ended in a major frequency
drop, making it the worst in 20 years, with visits to Northeast USA down to 20 %.

Interviews conducted by analysts from the Transat Chair in Tourism (University
of Quebec at Montreal) with ski resort managers show a marked change in attitude:
for example, in the last decade most operators used different ad hoc adaptation
strategies that focused primarily on marketing and snowmaking, despite limitations
and sustainability of the last approach. As the awareness of the long-term nature of
CC grew, ski resorts have developed their own adaptation strategies that tend to
focus on technology, activity diversification, and resort partnerships (alliances) as a
means of coping with changing snow conditions (Archambault and Germain 2012).

The changing climate presents opportunities for industry transformation. As
pointed out by the NRTEE, Just as businesses must readily manage financial and
regulatory uncertainty, they must also understand the risks and potential opportu-
nities presented by a changing climate and position themselves to respond
appropriately.

Recent circumstances call for new sustainable operational and management
skills (McBean 2012; IPCC 2012; Ministére du Tourisme du Québec 2012 - PACC
2013-2020). Despite the fact that environmental impacts can affect the value and
supply chain and natural assets (McBean 2012; NRTEE 2012; Gossling et al. 2012;
Felmate et al. 2012; Vescovi et al. 2009; Scott and Jones 2006a, 2007),
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the tourism industry still does not fully grasp the need to adapt (Weaver 2011;
see Bramwell and Lane 2007).

In many cases, tourism coverage in CC literature is virtually nonexistent or is
discussed too generally to help key players develop adaptation strategies or mea-
sures (Scott et al. 2012). Knowledge of appropriate adaptation mechanisms for
specific outdoor recreation and tourism sectors is very limited (Agrawala 2007;
Scott and McBoyle 2007; Pelling 2011) or else restricted to specific regions such as
Quebec. The best way to involve partners in adaptation strategies is to create a
partnership between local and regional associations, universities, and different
levels of the government, thereby combining tourism expertise with the latest
climate science knowledge.

This chapter presents an integrated collaborative approach to adaptation.
Ouranos — a consortium on regional climatology and CC adaptation — and industry
associations from the private sector joined forces in a program (including collab-
orative Participatory Action Research [PAR]) that aims to initiate dialogue on
climate risk and create a flexible, realistic framework for local and regional
adaptation responses.

This exploratory study is original in many ways. It used a five-step plan to
achieve three research objectives: (1) scenarios/estimates, (2) workshops, (3) ques-
tionnaire, (4) benchmarking, and (5) brainstorm sessions. The article focuses on
steps 2 and 5 of the study. Results from each step informed subsequent steps. The
workshops were based on the modeling results. The strategic orientations of the
workshops provided a basis for the questionnaires, helped target adaptation strat-
egies and best practices outside Quebec, and validated individual, local initiatives.
Results from the first four steps were reported at two regional brainstorming
sessions, where discussion centered on critical strategic orientations for adaptation
to CC and the future of this project.

The following chapter will discuss the process analysis and research project
management, the stakeholder interaction, the workshop techniques and methods
used, the quality and relevance of results, and the benefits of collaborative research
in decision making.

In conclusion, recommendations are highlighted for future projects using an
action-based learning system to address climate risk and adaptation responses in a
transdisciplinary research context. It is expected that this type of collective brain-
storming will generate adaptation solutions that will lead to the creation of inter-
active documents through ongoing, collaborative authorship.

Literature Review
Climate: Tourism
Despite increased global awareness of the significant impact of climate change

(CC) on tourism, practical and effective responses remain limited (Becken and Hay
2012, p. 1; Berrang-Ford et al. 2011). In the last decades, research to better
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understand CC and its implications has intensified. Investigations started as early as
the 1960s through weather-/climate-related and tourism-/recreation-related articles
in research journals and lasted throughout the 1970s (Scott et al. 2005a). In 1970
Mandauer (as cited in Scott et al. 2012, p. 60) noted that the effects of weather on
tourist regions and the extent of weather-related effects on tourists were still largely
unknown.

Today, some experts feel that, while research publications on climate change or
climate/weather in the context of tourism display a more mature approach (Scott
et al. 2005a), the research field is not sufficiently developed (Fisher 2007). Knowl-
edge advancement is weakened by sparse weather and climate data and a geograph-
ical research imbalance largely dominated by northern countries (Fisher 2007).
According to Kajan and Saarinen (2013) despite more prolific output in the late
1990s, these observations still hold true today.

Climate Trends and Environmental Change

Changes have been observed both in mean conditions and also in the frequency and
intensity of weather and climate patterns across the province (Ouranos 2010a;
Allard and Lemay 2012). In southern Quebec, recent trends show decreased
snowfall patterns especially during the freeze-up cycle (Duguay et al. 2006;
Brown 2010). Estimates show that between 1981 and 2004, the summer season
has lengthened by an average of 0.8 days per year (Yagouti et al. 2006; Julien and
Sobrino 2009). With average temperatures above the climate normals of
1961-1990, the last 12 years have been the warmest on record (Ouranos 2010a;
Allard and Lemay 2012; WMO 2012).

Further alteration of climate conditions could intensify the hydrological cycle, as
well as drought, snow, and ice distribution patterns (Prowse et al. 2007; Allard and
Lemay 2012). More frequent low-pressure systems, decreased ice cover duration,
soil thawing, and rising mean that sea levels are already affecting southern Quebec.
These physical conditions weaken infrastructures and the built environment (Bleau
2012; Allard et al. 2008), biodiversity, ecosystems (Berteaux et al. 2010), and
communities (Savard 2010).

Impact Assessments on Recreation and Sports Tourism

Numerous studies have evaluated the risks that climate change poses to tourism and
outdoor recreation in environments similar to those in Quebec (New England —
Dawson and Scott 2007; Scott et al. 2008; Dawson et al. 2009; Ontario — Scott and
Jones 20064, b; Jones and Scott 2006a; McBoyle et al. 2007; Brown and Hunt 2007,
Finland — Sienvanen et al. 2005).

In Canada and the United States, the most vulnerable sectors are the snow-
dependent ones such as alpine skiing (Scott et al. 2003, 2008; Dawson and Scott
2007; Hamilton et al. 2007; Shih et al. 2009), snowmobiling, and cross-country
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skiing (McBoyle et al. 2007; Scott et al. 2011; Blangy et al. 2011). However, CC
scenarios have shown increased participation in various peak and shoulder season
activities, events, and festivals (Scott et al. 2005b), visits to provincial and national
parks (Richardson and Loomis 2005; Scott et al. 2007b; Jones and Scott 2006a, b),
and golf (Scott and Jones 2006a, b; Scott et al. 2011), that would generate economic
benefits. Still, further studies are needed to ascertain how the tourism industry must
change in order to reduce the risks and sustainably increase the benefits (Dawson
and Scott 2010).

Quebec has made little progress in understanding how CC will affect the
socioeconomics of regional recreation and sports tourism. While the impact
remains hard to quantify (Scott et al. 2005a), two studies addressing the relationship
between outdoor activities (alpine skiing and golf) and future climate scenarios
revealed preliminary results (Singh and Bryant 2006; Scott et al. 2007a). Although
incomplete, these studies clearly identified the risks of snow dependency for ski
resorts and the benefits for golf courses. Further investigation is required as neither
study assessed the direct relationship between climate, recreation, and the economic
impacts on regional tourism.

As previously mentioned, research has documented the current and anticipated
effects of CC on seasonal sport and outdoor recreation (Abegg et al. 2007; Moen
and Fredman 2007; Scott et al. 2009), also has highlighted the importance of
adaptation and mitigation strategies (Agrawala 2007; Scott et al. 2007a, 2011;
Dawson and Scott 2010), and identified some obstacles to implementation
(Lemieux and Scott 2011). However, further multidisciplinary research is needed
to assess vulnerabilities, inform tourism leaders — businesses, nongovernment and
government bodies, and academic institutions — of the costs and advantages of
adaptation, and provide them with the tools and insight to make targeted decisions
on adaptive responses to climate change.

Adaptation

Adaptation to climate change refers to an action-oriented process and the resulting
strategies and initiatives (Smit and Pilifosova 2001). It is defined by the Intergov-
ernmental Panel on Climate Change (IPCC) as the “[a]djustment in human or
natural systems to actual or expected climate change or their effects in order to
moderate harm or exploit beneficial opportunities” (IPCC 2007), and by the United
Nations Development Program (UNDP) as “a process by which strategies to
moderate, cope with and take advantage of the consequences of climatic changes
are enhanced, developed, and implemented” (UNDP 2005). CC means not only
protecting against the negative impacts of climate change but also taking advantage
of any socioeconomic benefits it may bring (EEA 2013, p. 14). Ouranos (2010b)
adds that adaptation affects all levels of decision making (individual, local,
regional, national, and international) and requires a global and integrated approach,
as issues often intersect and extend beyond administrative and territorial
boundaries.
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Frameworks and Adaptation Planning

According to Scott et al. (2012), tourism industry adaptation research and practices
lag 5-7 years behind other economic driver sectors. Several countries have
conducted or are currently conducting large-scale research projects on the adapta-
tion needs of sustainable tourism. Yet, according to a OECD/UNEP 2011 poll, only
2 out of the 18 countries surveyed had a tourism adaptation policy either at the
planning or implementation stage (Scott et al. 2012).

Several of the countries studied were committed to creating knowledge and
awareness among tourism players (OECD/UNEP 2011). However, tourism strate-
gies with concrete climate adaptation measures are still either rare or nonexistent
(Ministere du Tourisme du Québec 2012; Felmate and Thistlethwaite 2012). As
pointed out by Berrang-Ford et al. (2011), despite studies on the adaptation of
tourism practices to climate variability, most publications merely describe human
intentions and environmental vulnerabilities with no tangible actions from stake-
holders (Becken and Hay 2012). Apparently, the private sector in most countries is
not yet fully integrated into adaptation policy processes (EEA 2013, p. 8) even
though various impacts and vulnerabilities emerge at local and regional levels
(Adger et al. 2007; Frankhauser 2009; Swart et al. 2009).

As stated in the European Environment Agency’s (EEA) latest report from 2013,
this is because national frameworks and research activities often fail to prioritize
economic- and business-related topics. However, practical case studies on Cana-
dian and US businesses show that they recognize the benefits of acting now to
prepare for future climate realities. For instance, Whistler Blackcomb Holdings Inc.
has its own mitigation/adaptation strategy. The benefits of such strategies consist in
protecting value, reducing existing weather- and climate-related risks, and creating
value by strengthening market position (NRTEE 2012, p. 6). Still, information on
the obstacles to implementing private-sector measures and initiatives at the local or
regional level is limited, as national plans and strategies often fail to relate to the
needs of these organizations.

So far, it is acknowledged that Canadian companies have made little effort to
implement strategies and measures to effectively manage the increasing climate risk
(REDD 2011; NRTEE 2012). Given that new published tourism development
frameworks (2012) at both federal and provincial levels have left out adaptation to
CC, the adaptation actions taken by tourism operators are mostly reactive or
voluntary. However, consistency across ministries and agencies is now supported
by the provincial Ministry of Sustainable Development, Environment, wildlife and
Parks through the 2013-2020 Government Strategy for Climate Change Adaptation.

Introducing a Collaborative Approach
Studies on tourism and CC adaptation recommend tourism stakeholders to work

hard to identify relevant adaptation strategies with respect to activities, products, or
destinations (Wilson 2006; Nicholls and Holecek 2008). Stakeholder discussions
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will be more effective if supported by the best available climate change data and
industry impact scenarios (Wall and Marzall 2006). Other researchers also suggest
that adaptation planning must be an ongoing process and continue at different
levels, including at the territorial level (Wilson 2006; Scott and McBoyle. 2007).

In tourism, the process can be beneficial whether it takes place at the subsector
level (i.e., skiing) or at the destination level (i.e., Mont-Tremblant). Integrating
adaptation strategies into decision-making mechanisms and capacity building is a
highly variable and complex process, given that the sector includes many stake-
holders, diverse business models, territories, and resource needs (Scott 2006; Scott
et al. 2009; EEA 2013, p. 19). For example, adaptation strategies for a golf course
may involve water use restrictions, while for a four-season resort, these may be
associated with energy, water, insurance costs, or competitiveness.

Dubois and Ceron (2006) have pointed out that once potential climate change
impacts are known, it is easier and more efficient to focus on adaptation strategies.
Ongoing discussions with stakeholder groups at the regional and sectoral levels
may provide more valuable information of how businesses can adjust and what
incentives are required for feasible implementation (Simpson et al. 2008).
According to the NRTEE, decision makers — from operational managers to direc-
tors — should broaden their outlook by considering climate risk. Ideally, working in
partnership will provide for increased knowledge, data access, sharing best prac-
tices, implementing adaptive measures, and becoming advocates for policy change.

In this sense, a holistic approach, such as collaborative Participatory Action
Research (PAR), is required to help subsectors adapt. PAR is built on mobilization
and knowledge transfer and exchange, with all players, including the researchers,
sharing responsibility for gathering knowledge and committing to community
involvement (Anadon 2007). The challenge of PAR is for all players — subjects
and researchers alike — to make flexible use of the tools involved in a way that
structures the approach within an analysis context that is still undefined (Dubost and
Lévy 2003; Blangy 2014). Chevalier and Buckles (2013) participatory social system
analysis techniques (SAS?) provide such a methodological framework. A number of
the techniques from their set of 50 can be applied to tourism (Chevalier et al. 2011;
Blangy et al. 2010). An action-based learning system allows partnerships to be
created and skills to be developed in order to discuss issues and strategies and
integrate techniques. Over time, participants are empowered to engage in further
dialogue and develop sector-based competencies (Chevalier and Buckles 2013).

Methods

The approach used in this study is original in many respects. Its success is due to the
following factors:

* An ambitious and clearly defined specifications and program
 Intellectual and financial input from the private sector, including strong expec-
tations regarding the deliverables for each step of the project
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» Two pilot regions representing Quebec tourism in terms of products, visitation,
and geographic location

¢ The involvement of expertise for all five steps of the project: scientists from
different disciplines (socio-anthropology, climate science, and tourism), consul-
tants, regional tourism managers, local and provincial government representa-
tives, and sectoral associations

» The emphasis on participatory workshops and brainstorming sessions involving
experts in workshop design and facilitation

e A five-step project plan (scenarios and estimates, workshops, questionnaires,
benchmarking, brainstorming sessions) that allowed the group to learn, share,
and jointly produce knowledge

Study Scope and Objectives

The purpose of this study was to provide participants with a greater understanding
of the climate issue by using not only climate and tourism scenarios but also peer-
reviewed adaptation case studies and overseas research projects. Also, the aim was
to learn about the climate perceptions and seasonal business realities of subsectors
regarding the more recent climate conditions. Finally, an adaptation dialogue was
engaged based on learning and transparent discussions by sharing experiences and
subsector and regional transformations, expected to take place by 2020-2050
(cf. Table 1).

The goal of the above-mentioned process was to enable participants to recognize
the risks of climate change (CC) and identify regional and local adaptation initiatives
by making use of current scientific information. Raising awareness of CC is expected
to improve how public and private tourism stakeholders adapt to new realities and
provide the first major, multilevel recommendations for Quebec’s tourism industry.

Table 1 The three study objectives and the five steps to move forward

Three objectives Five steps

Assess potential socioeconomic impacts 1. Evaluate current and future impacts on tourism

of CC and the economy, using climate scenarios and daily
attendance (1998-2008) data

Assess climate perceptions within pilot 2. Organize five participatory workshops to assess

regions and sectors, and identify relevant | CC perceptions of impacts/risks and probability of

adaptation strategies recurrence

3. Conduct online questionnaires and phone
interviews to validate workshop results
(154 managers across all 5 outdoor activities)
4. Benchmarking: identify best practices and
adaptation strategies for Quebec
List potential adaptation measures and 5. Organize two regional (PAR) brainstorming
formulate recommendations for the sessions with the Laurentian and Eastern
tourism industry Townships representatives
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To achieve these goals, a working group met in 2010, consisting of the Transat
Chair in Tourism of University of Quebec at Montreal (ESG UQAM), as well as
19 businesses from the Quebec tourism industry organized into sectoral associa-
tions, the Ouranos consortium, and the Research Chair in Global Change and
Tourism at the University of Waterloo.

The Chair in Tourism initiated and coordinated the project. For many years the
Chair has been gathering intelligence on the Quebec tourism industry. Ouranos, the
consortium on regional climatology and adaptation to CC, played an important role
in the development of this project assessment by providing output from the Cana-
dian Regional Climate Model as well as climate-related expertise to the tourism
experts. This information is an essential building block for the assessment and
development of local and regional adaptation strategies.

Cooperation agreements were signed by the Chair and several sectoral associ-
ations (golf, camping, cross-country and alpine skiing, snowmobiling, and nature
parks), who together funded the research along with the Natural Resource
Canada.

Two pilot regions, the Laurentian and the Eastern Townships, were selected for
their diversified and mature seasonal products. This allowed us to investigate the
complexity and severity of the related socioeconomic risks and opportunities to
unfavorable weather and climate conditions and to determine the extent of CC
impacts on the above-mentioned nature-based and recreation sectors.

The Laurentian tourism region covers 20,559 km? and is located in southwestern
Quebec. The region is strongly influenced by its geography and settlement history.
From a demand perspective, the Laurentian region has the third highest visitation
levels in Quebec, with 2.9 million tourists in 2008 (Montreal and Quebec City rank
first and second in terms of total visitors). The Eastern Townships tourism region
covers 10,200 km? (about 0.6 % of the province) and is located in southern Quebec,
adjacent to the US border (Vermont). With 2.6 million tourists per year, the Eastern
Townships is the fourth most visited tourism region in Quebec (Ministére du
Tourisme du Québec 2009).

The following focuses on steps 2 and 5 of the project, in which researchers
engaged in ongoing dialogue, shared knowledge, and built joint strategies with
businesses (Fig. 1, Table 1).

Participatory Workshops

To implement a participatory approach, socio-anthropologist Jacques Chevalier
from Carleton University (Ottawa), an expert on Participatory Action Research,
was called upon (www.participatoryactionresearch.net). The originality of his
approach lies in the flexible use of a wide variety of group facilitation techniques
combined with fact-based thinking and analytical methods, so that the process
satisfies the needs and working methods of all stakeholders.

Although the sectoral and regional workshops had different yet complementary
designs, they yielded comparable results. The workshop structure was based on
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Fig. 1 The five steps process The 5 ste ps
of the project

Scenarios &
estimates

a progression that participants could readily understand: What we know; What we
can expect; What we are already doing; What we could do together. Participants at
the sectoral workshops explored in detail what factors hindered or promoted the
development of snowmobiling and cross-country skiing. They worked on sector-
specific strategic orientations in the areas of communication, diversification, trail
access, snowmaking, and club and ski center organization. Participants at the
regional workshops shared their perspectives on CC and discussed the likelihood
that such changes will recur.

The workshop exercises were supported by visual aids (radar and Cartesian
graphs), analysis software, stories, and a combination of plenary and small group
sessions (Table 2). These activities provided participants with an opportunity to
analyze extreme weather events and their perceptions of CC, share their knowledge,
and study both their individual strategies and the means of developing future
collective strategies.

Participants compared their current status with their target status by using the
evaluation wheel or radar graph. Each spoke of the wheel represented one of the
strategic orientations and conferred a score of 0—5. The gap between the current and
target statuses indicated by the wheel-enabled participants to assess the work
required to develop new strategies and put them into action. The discussion focused
on Where we are now and Where do we want to go from here and how collective
strategies can be improved.

Three regional and two sectoral workshops were organized over the 3-month
off-season between March and May 2011. Each workshop involved between 10 and
16 participants, for a total of about 100 participants. Those participants involved in
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Table 2 SAS? workshop techniques used and relating to examples from Figs. 2 to 4

Telling the story Timeline: tell a story of gradual CC and extreme weather events
from the past
Cartesian graph: understand CC perceptions through probability
and magnitude of impact (+/—) on seasonal products

Monitoring and project | The Socratic wheel: define the criteria, indicators, and information

evaluation needed to measure current, ongoing, and expected progress in
achieving project results
The Roman Carousel/projections: visualize what can be expected if
current trends continue (climate phenomenon perceptions and

probabilities)
Diagnostics and Force fields: identify ways to act on key contributing and mitigating
problem solving factors

Validation: discuss additional evidence and the stakeholder
involvement required to better understand the problem and make
plans

Working together Negotiation fair: assess what stakeholders can expect from each
other and negotiate those expectations, then plan concrete actions
to meet those expectation, and resolve key problems

the brainstorming sessions were leaders — presidents of sectoral, regional, or local
associations — along with provincial government bodies that promote local eco-
nomic development and support entrepreneurship, managers, tour operators, and
SO on.

At the very first regional workshop, cross-country skiing and snowmobiling
associations (which are especially affected by CC) asked that the first workshops
be devoted to their sectors. Less affected subsectors — golf, parks, and camping —
were prepared to wait for their turn. Participants received an illustrated report of the
workshop content, complete with pictures and graphs showing the processes,
techniques, and validated results (Blangy et al. 2011).

Regional Brainstorming Sessions

After this fourth benchmarking step, results were summarized and compiled into
reports, fact sheets, and PowerPoint presentations intended for all stakeholders.
This CC information package was used at the regional sessions that comprised the
final phase of the study and served as a basis for elaborating new tools for the
industry: video clips on such topics as climate system, impacts, extremes, and
adaptation, analyses by the Tourism Intelligence Network, case studies, and bro-
chures for sectoral associations.

At this stage of the adaptation process, the goal of pursuing the collaborative
approach with local and regional actors was to deepen insights on adaptation at the
regional level (i.e., the Laurentian and the Eastern Townships). Both sessions
focused on transferring newly acquired information to stakeholders from earlier
phases. The workshops and questionnaires revealed that it was imperative to bring
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stakeholder knowledge up to date and create a common basis for discussion, so an
information package was created and distributed to participants from both pilot
regions. These included commonly used terminology from adaptation and climate
sciences and two summary tables (see Bleau et al. (2012) and Tables 25 and 26).
The latter showed the impacts and consequences — both positive and negative — of
CC on winter and summer practices collected from workshops (Blangy
et al. 2011), web questionnaires of 154 managers, and phone interviews.

This information package required several weeks of work because of the large
amount of information collected during earlier steps, as well as the tools and
methods used. In addition, it was agreed that the methodology should be flexible
to match ground reality. These sessions led actors to define adaptation actions for
their territories and determine who would implement them. At this stage, concepts
of flexibility and time scales (short, medium, long) were important to continue a
dynamic process of gradual adaptation. These sessions promoted awareness build-
ing and problem solving rather than firm decision making.

Brainstorming session participants were asked to select two strategic orienta-
tions (themes) from among the seven orientations that were ranked in order of
importance in the workshops and to outline possible regional actions. This exercise
was followed by negotiation fairs, at which participants discussed both their needs
and the services they could offer. The outcome of this process was a set of
recommendations and possible specific actions involving major future actors.

The above approach generated a regional vision around the two selected
axes and helped identify obstacles and strengths for each region, while creating
the first set of broad recommendations for the tourism industry. However, the
brainstorming sessions did not reflect the full territorial offer because major actors
were missing.

Finding

Results provided multiple insights, both tangible and intangible, regarding the data
and participatory processes in general. Here the focus is solely on the workshop and
brainstorming session results.

Process Outcomes

This project was primarily successful because of the participatory approach, the
care taken to design and facilitate workshops and report the data.

Workshop design is crucial to the success of the participatory process. The
workshop facilitator also plays an important role, provided that he/she has the
tools to foster dialogue. A similar workshop design made it possible to compare
and confirm data trends. From the three regional workshops, five identical strategic
orientations emerged, while two other orientations revealed the different regions’
climatic and geographical differences.
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The workshops’ visual aids saved a great deal of time and energy. In a single
day, the sectoral groups made a diagnosis, identified factors that hinder or promote
their activities, developed adaptation scenarios, and wrote a draft strategic decision-
making plan.

The social analysis tools and techniques developed by Chevalier (Chevalier
et al. 2011) helped participants to set forth perceived environmental changes and
business realities, recognize climate risks, and identify actions to manage
CC-related risk. The workshops helped clarify adverse consequences for each
sector, created a sense of ownership, gave people a chance to share knowledge
and build bridges, and developed links between communities and operators so they
could work at the regional level.

Participants reportedly enjoyed the workshops and felt they created a strong
sense of momentum for future activities. Several leaders within each group voiced a
strong motivation to pursue discussions on urgent strategic orientations.

Qualitative and Quantitative Results

The workshops generated a concrete, comprehensive overview of the perceptions,
sources of change, strategic orientations, and actions that subsequently provided the
basis for identifying and grouping best practices and facilitating brainstorming
sessions. More specifically, the seven strategic orientations became guidelines for
the pilot projects chosen by the two regions.

During the Participatory Action Research (PAR) process, stakeholders were able
to specifically identify both recent climate impacts and their direct and indirect
consequences for various spheres of business. Mobilized stakeholders also identi-
fied seven areas for strategic intervention and four regional measures.

What We Know and What We Can Expect

Workshop participants were asked to tell their story and list climate and environ-
mental trends hindering or promoting their business. The Cartesian graph used
for this exercise helped stakeholders clarify their own CC perceptions by looking
at the probability of occurrences and the magnitude of impacts (positive or
negative) on seasonal products in the future (see Bleau et al. 2012; Blangy
etal. 2011).

Climate changes can have negative repercussions for sectors offering winter
products and positive effects for those operating mainly in warm or summer
periods. Despite these findings, there were more negative impacts from CC on
winter activities (i.e., climate shifts, rising temperatures, more rainfall, and extreme
events), and these outnumbered the positive summer impacts reported by some
businesses. Yet, all participants perceived a high probability that identified envi-
ronmental changes for both seasons will intensify by 2020 (Fig. 2).
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Fig. 2 Perceptions of CC: broad trends, future probabilities, and nature of impacts

Sectoral and regional workshop participants identified repercussions that are
already affecting their day-to-day operations. Faced with socioeconomic and envi-
ronmental challenges at all levels, businesses are adapting reactively to these
conditions.

For example, tourism operators must deal with seasonal offset and increased
freeze/thaw cycles, increasingly frequent mechanical breakdowns, changing
employment conditions, increased snowmaking demand, the changing geography
of native species, greater use of natural sites (golf courses and camping grounds),
and pressure due to energy and water resource limitations and costs.

Factors Hindering or Promoting the Development of Cross-Country
Skiing and Snowmobiling

The force field analysis was performed for the cross-country skiing and snowmo-
biling sectors (Fig. 3). This tool identified key contributing and mitigating factors
(i-e., economic growth and maintained practices). Participants also estimated their
degree of control over these factors.

For operators and entrepreneurs, the level of control and flexibility remains
highly variable. Results show that real estate development, equipment, and
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Fig. 3 Force field analysis: factors that hinder and promote the development of cross-country
skiing

investment can easily be controlled. Conversely, aspects associated with global
temperature (freeze/thaw cycles, rain, and their consequences) appear to be uncon-
trollable, thus proving that CC is not the main factor generating growth or
disrupting operations.

Climate change adds to the range of challenges that tourism sectors are already
facing or will be forced to address in order to remain competitive and maintain
sustainable growth (Table 3). Operators do not necessarily consider the climate as a
strategic risk, even though it affects their businesses at a number of levels they
cannot control, such as technical, human, financial, environmental, strategic, image,
reputation, and customer levels.

Results from the workshops and questionnaires confirm how each of the four
sectors (camping, golf, nature parks, and alpine skiing) rated the challenges. Only
alpine skiing mentioned CC as a major concern. Although nature parks indicated
severe impacts on cross-country skiing participation in their response to the ques-
tionnaire, CC does not appear in their top three concerns. This may be due to a lack
of awareness of the subject.
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Table 3 Top three challenges faced by operators (questionnaire results)

Camping Golf Nature parks Alpine skiing
First Evolving trends Aging population Labor shortage Climate
and customer change
habits
Second Climate change Competition between | Competition Evolving
destinations or between trends and
companies destinations or customer
companies habits
Third Competition Climate change Evolving trends Labor
between and customer shortage
destinations or habits
companies

What We Are Already Doing

The perceived and actual changes mentioned in the above exercise encouraged
participants to identify strategies already implemented in their businesses and to
think of new ones they wished to jointly develop. Six of the strategies listed were
selected as being the most relevant, and these were ranked in order of priority,
discussed, and illustrated in an action plan (Fig. 4): (1) communication and educa-
tion; (2) environmental and social responsibility; (3) research, development, inno-
vation, and technology; (4) diversification and maintenance of product quality;
(5) planning and infrastructure; and (6) changes to climate policies, practices, and
reserve funds.

Small differences were observed between the two regions, based on their
different characteristics. Participants from the Northern Laurentian, who are farther
and more isolated from the outbound markets (Montreal), insisted on building
reserve funds to promote private initiatives. In the Eastern Townships, numerous
environmental practices aimed at reducing the ecological footprint have already
been implemented and deserve to be highlighted in this study as a source of
inspiration for other Quebec regions.

Regarding communication, participants emphasized the need to improve in this
respect and provide customers with real-time, accurate information on both
regional and daily climate variations.

With regard to environmental responsibility, they agreed on the importance of
reducing their ecological footprint and specifically on improving water supply
management. On the research/development front, more detailed complementary
studies should be conducted, focusing on costs-benefit analyses and snowmaking
for cross-country ski centers. Finally, the diversification strategy consisted of
designing a four-season concept, developing a multi-activity approach, and com-
bining products in order to compensate for income lost due to changes in seasonal
patterns and extreme events.

Although participants had varying needs, this technique was useful to reach
common ground in six distinct areas and to think about ways of improving current
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measures and developing potential adaptation actions to reach the desired scores.
Based on the strategic orientations, participants concluded that mitigation actions
are far more numerous than adaptation actions, but they recognized that they often
confuse the two.

What We Could Do Together

A draft action plan was established based on the radar graph and resulting discus-
sions. This plan included a list of collective activities for improving existing
adaptation measures and implementing future ones. Sector-specific adaptation
actions were outlined for each of the six strategic orientations. The subsector
workshops arrived at this stage more quickly than the regional ones because of
their expertise in the area and the fact that they shared common interests.

Brainstorming Sessions: Synthesis of the Five-Step Plan

The final step of this study consisted of regional brainstorming sessions. To obtain
the first strategic adaptation framework specific to both the pilot areas, the two
groups agreed to select two urgent strategic orientations out of the seven proposed.

Despite the unanimous concern over water scarcity, given the absence of major
actors, the Eastern Townships participants agreed to focus on a combined diversi-
fication and communication/education (weather extremes) strategy rather than
choosing the environmental one. The group concluded that the variations in
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physical environments, micro-climates, and cross-sector issues prevented them
from creating an exhaustive regional view of localized adaptations. Instead, they
chose to integrate existing mechanism and policies, in order to accelerate early
adaptation to CC at the local level.

As for the Laurentian, that group worked on diversification/maintenance of
product quality and research/technology. The need to optimize water supply man-
agement to maintain product and service quality was a widespread concern. The
alpine skiing, golf, and camping sectors feared that restrictive measures will soon
be imposed by local governments. Given the current fact of water variability, a
regional cross-sectoral committee was proposed to address this matter.

The brainstorming sessions revealed an individual, territorial approach to adap-
tation and a need for more concerted action. It also highlighted that weather
instability and extremes are major concerns for most nature-based and sports
operators because weather forecasts can disrupt people’s destination decisions
and activity planning and thus affect attendance.

A summary of the discussions yielded two lists of potential adaptation measures
for different geographic areas and time frames that were later validated by partic-
ipants. Initiatives were proposed by public and private stakeholders and actors that
could support these actions, some were local (i.e., subregional), while others were
regional.

This fifth phase of the five-step plan was followed by ongoing dialogue with
regional leaders in order to implement the options that had been prioritized by both
regional tourism associations (RTA). Local development bodies emphasized the
importance of encouraging tourism entrepreneurs to integrate climate risks in their
business plans, in order to prepare for climate/weather uncertainties. The Lauren-
tian RTA has taken a leadership role in educating its outdoor operators on CC
impacts and adaptation. Growing awareness and ownership has encouraged local
and regional authorities to integrate CC risk management into existing internal
policies affecting tourism operations and management. As a result of these out-
comes, the tourism in Quebec is now encouraging the research unit to continue the
PAR process with other seasonal practices at the national level.

Discussion

This section will focus on the research project structure and management. Discus-
sion will center on how to move from the initial, top-down model to a more flexible
and continuous bottom-up approach as a means of addressing adaptation and action
implementation in tourism (Fig. 5). Lessons learned throughout the collaborative
process and adaptation measures are also featured. Finally, in order to move
forward past this initial project, research needs are highlighted by refining tourism
and climate scenarios and optimizing knowledge and subsector education in order
to promote understanding of regional territorial challenges for adaptation decision
making in nature-based and sports tourism.
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Fig. 5 Transdisciplinary process for progressive learning and management

Project Structure and Management

The use of a traditional structure to manage interconnecting phases and tool
production generated many questions with respect to the framework’s flexibility,
continuity, efficiency, and deadline requirements. This first collaborative experi-
ence with private-sector stakeholders has underlined the necessity of involving the
industry during initial brainstorming sessions to determine research project objec-
tives and pinpoint adaptation challenges and expectations. This unbiased partner-
ship optimizes trust and the connection between research and practical
transformational outcomes. It is argued that this allows the sector to expand
knowledge on more critical natural tourism areas, implicate missing subsectors
(such as agro-tourism and outfitters), promote greater involvement from nature
parks, and include assessment of horizontal issues (i.e., employment, energy
supply).

The deliverables for each phase of the research project were planned from the
outset. Over the course of the 3-year project, some tasks had to be dropped and
others modified because it took more time than anticipated to orchestrate work-
shops and brainstorming sessions, bring objectives in line with industry expecta-
tions, and analyze the vast quantities of data (Table 1 and Figs. 2, 3, and 4). Other
tasks were added to address varied levels of awareness and terminology
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comprehension and the time it was expected users would likely devote to reading
complex academic reports.

Communications had to be adjusted to take into account stakeholders’ varying
skills and awareness levels. Although this step was crucial to a collaborative
framework, it was also time-consuming and left less time for data analysis.
Coproducing documents means frequently retrieving data and communicating end
results to core team leaders who send out the new information. The type of
document was therefore called into question and adapted in order to better broad-
cast and downscale findings to tourism associations, operators, and managers and
involve other players.

It is highly suggested by the co-researchers to integrate more flexible media —
teaching materials, podcasts, and visual presentations — into the existing scientific
reports and technical canvas, as a more malleable data presentation format can well
mitigate these inconveniences.

Furthermore, increased trust in the co-researcher unit can facilitate the collection
of private primary data, and the more flexible, user-oriented approach will encour-
age industry leadership and foster ownership of results and tools by improving
communication skills and expertise. Also, data retrieval methods that authorities
and managers can easily access and understand played a key role in recovering
information. In other words, interactive co-construction of synthesis documents
from workshops increased accuracy of data retrieval and maintained exchanges
between involved parties between interconnecting steps (Figs. 1 and 5).

Subsector and regional experts are best suited to defining the complex business
interconnections, needs, and challenges with regard to climate conditions (REDD
2011). It is recommended by Bleau et al. (2012) to set up a permanent CC
committee composed of tourism practitioners and researchers (private and public)
to elaborate strategic orientations and address significant socioeconomic threats.
The ongoing partnerships created through this committee would foster knowledge
and information sharing, thereby creating an environment that is conducive to more
far-ranging tourism management and policy planning, strategic document formu-
lation, business coaching and education, innovative research, and funding
assistance.

Researcher Stance

The project’s originality lies in involving a large number of private-sector stake-
holders and obtaining their financial support, social engagement, and overall
acceptance of adaptation-related PAR techniques. Also, by gathering expertise
from a variety of disciplines in order to achieve research objectives, consultants,
experts, and researchers had to become more open to flexible structures and visions.
Figure 5 illustrates the transdisciplinary overlaps required to connect knowledge
systems. The degree of participation, action, and research is often not decided in
advance (Hughes 2008). While some tourism experts learn to use new methods and
become SAS (Social Analysis Systems) facilitators, climate scientists work on
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accepting empirical data in the context of social science analysis. Skills are
developed in all three disciplines to present climate data in plain language and
construct practical tools that are better adapted to the industry.

The collaborative approach linked fundamental questions from the research
units to the researcher stance. Researchers and stakeholders were asked to go
beyond their familiar scope and boundaries in order to engage knowledge systems
and change existing mechanisms (Fig. 5). As stated by Couture et al. (2005), the
research documents a process of change and is supported by a constellation of
actors who become co-researchers. This innovative approach uses a wide variety of
group facilitation techniques combined with fact-based thinking and analytical
methods so that the process satisfies the needs and working methods of all stake-
holders (Chevalier et al. 2013).

As argued by Daniels and Walkers (2001), an excellent facilitator is key to a
successful process. He/she sets the tone for interaction and ensures that the social
and physical space is tailored to the participants’ needs. Frequent turnover of
research personnel hindered not only workshop facilitation but also data analysis
and recovery. Expertise in workshop facilitation must be developed as stakeholders
wish to continue applying SAS, tools, and techniques.

PAR Process

Customizable SAS techniques were used to design workshops that were adjusted to
the multilevel (i.e., global to local) CC context. Indeed, the participants’ growing
concerns can now be channeled into planning adaptation solutions that are inte-
grated with other contemporary business issues. In other words, adaptation strate-
gies must take other current challenges into account rather than addressing climate
change in isolation.

Regional planning should consider all types of enterprises and destinations since
CC consequences affect decision making at all levels. Findings show that adapta-
tion strategies are customized in accordance with the pilot areas, the type of
recreation and sport businesses located there, and their ability to adapt. Moreover,
regions must consider the diversity of products offered in order to assess vulnera-
bility (supply) and make medium- and long-term adaptation decisions (Climalptour
2011). Companies that start by assessing product and service vulnerabilities have a
strong focus on risk management and bottom-line protection.

Mobilizing Stakeholders

It comes as no surprise that tourism stakeholders are displaying an increasing
interest in current and future CC impacts on seasonal practices, as current infor-
mation concerning climate change for Quebec’s industry is scarce to nonexistent.

Tourism stakeholders recommend pursuing an action-based learning system to
guarantee a dynamic, strategic regional plan for the future. The workshops met with
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widespread satisfaction, providing a forum for equitable and creative discussion of
climate issues. It was found that they helped educate stakeholder networks by
connecting knowledge from different disciplines. Moreover, informed leaders
play a key role in disseminating this integrated CC and adaptation information to
their colleagues. On the contrary, Muro and Jeffrey (20006) criticized the difficulty
of observing actual learning outcomes of participatory processes.

The process proved difficult at times, in part because various stakeholders had
different understandings of the problem, agendas, and priorities. Initially stated by
O’Brien (2009), research results also show that values and interests play an
important yet seldom-discussed role in climate change responses and influence
the adaptation strategies that are prioritized by different groups.

Strategies and Measures

Even if operators do not consider CC to be a strategic risk, it nevertheless affects
their businesses on a number of uncontrollable levels. Their response to the lack of
current information about weather and climate variations therefore consists of
flexible packages, investment in technologies, partnerships, and product diversifi-
cation. While there is nothing inherently wrong with these strategies, as the first
step, the tourism industry needs to focus on improving adaptation capacity and its
ability to assess vulnerabilities in areas of great natural and economic value.

Entrepreneurs in pilot regions generated solid information that led to seven
strategic development interventions and a list of potential adaptation measures
containing 30 new initiatives. The dynamic nature of these outcomes means they
can serve as a starting point for a second collaborative research project. Regional
tourism associations (RTA) have taken the lead by implementing adaptation in
existing practices and mechanisms such as management plans (Fig. 5).

Current local reactive and voluntary adaptation actions can be found in the final
report (Bleau et al. 2012). In practice, there were more mitigation than adaptation
measures. This can be largely attributed to the fact that first provincial framework
on CC overlooked the adaptation aspect of business planning.

While inspired by international initiatives, the business sector found them
difficult to transpose into their own socioeconomic context, because of the
Quebec-specific nature of national/regional/local structures, geography, and
cross-sector issues. Given the current lack of government incentives, their main
concern remains funding sources for future sustainable projects.

Research Needed to Integrate Adaptation

Future uncertainty makes planning a difficult task for small and medium-sized
businesses and regions. Based on the results of the PAR process, six elements
were identified as essential to provide future support to policy and managerial
decision making at all levels: (1) ground proofing (comparing case studies);
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(2) quantified information from cost/benefit studies; (3) connections between local
businesses/destinations and regions; (4) transformational change in existing mech-
anisms and business models; (5) applied tools for users; and (6) government bodies,
associations, and business coaching.

Conclusion

A collaborative research model developed specifically to better understand the
impacts of CC on Quebec’s nature-based and sports tourism has highlighted fruitful
elements for further exploration. The transdisciplinary approach resulted in a
learning process that led to team building and an exchange of methods and
techniques. Overlaps between disciplines are key focuses to the progressive adap-
tation of the tourism sector (Fig. 5). The project’s first diagnosis has clarified the
benefits of adopting a more flexible framework, developing continuous partner-
ships, and co-constructing interactive documents for regional and local adaptation
responses.

Throughout this project and hereafter, a sustained effort to democratize climate
science knowledge for multilevel tourism stakeholders has improved their under-
standing of adaptation and risk management. Indeed, CC has become a motive for
combined efforts to rethink core aspects of the tourism industry as a whole in light
of recent extreme events and future uncertainties. The outcome of this research
project calls into questioning the old economic development model and puts
forward a new model that repositions the industry with a focus on combined
economic growth and sustainability.

Committed participants now focus on evaluating both individual and regional
assets to improve and personalize territorial decision making. Also, prudent risk
management suggests companies should recognize outcomes and consider ways to
anticipate the effect of long-term climate trends. Furthermore, researchers must
take a nuanced approach when interpreting climate and tourism scenarios, as both
their results and scientific forecast tools are often called into question. In fact,
financial institutions are increasingly taking CC into account when granting and
guaranteeing loans. Already considered at risk by these institutions, the tourism
sector is sensitive to climate conditions. It is therefore in the interest of these
companies to put forward innovative CC adaptation strategies to minimize the
associated risks and take advantage of potential economic opportunities.

More than 200 businesses and 300 participants from different tourism subsectors
took part in this collaborative process to raise awareness and mobilize the industry.
The tourism sector expects guidance in the adaptation process. Pilot regions and
subsector leaders have become knowledge ambassadors and wish to use existing
synergies and identified potential adaptation responses to make further progress.
While Quebec’s tourism sector is inherently dynamic and flexible, it also foresees
the need to draw in other regions and get the provincial government involved.

The role of the Transat Chair in Tourism is to develop research expertise to
ensure knowledge advancement and support seasonal activities in the adaptation
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process in order to ensure collaboration and education. As a leading partner, the
Chair hopes to build partnerships with other tourism regions (both here and abroad)
to develop efficient coping strategies and pursue dialogue on sustainable develop-
ment and tourism in the context of CC.
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Abstract

This chapter introduces the institutional environment matrix (IEM), a diagnostic
and planning framework designed to analyze complex institutional environ-
ments and determine the institutional fit of climate change adaptation responses.
The framework argues that the institutional environment is comprised of rules,
social structures, and organizations. It establishes the vital role of institutional
arrangements in characterizing the functions and functional interdependencies
of institutions. The IEM framework has a dual layer design that allows complex
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institutional relationships to be examined across scales. The institutional envi-
ronment layer is a comprehensive inventory of institutions that outlines institu-
tional complexities. The institutional matrix layer is the system of institutional
arrangements that determines the functional interdependencies of institutions.
The matrix explores institutional interplay in relation to several general institu-
tional functions: reducing uncertainty, connecting individuals to society, foster-
ing adaptive capacity, and mobilizing resource utilization. By providing a
structure to examine complex institutional relationships, the IEM is a significant
innovation for assessing the institutional fit of and interplay between existing
and planned climate change adaptation responses. This framework may also be
used as an analytical tool in adaptation planning and evaluation.

Keywords
Institutions « Institutional environment « Climate change adaptation « Analytical
framework

Introduction

Urban and rural systems are increasingly subject to complex and uncertain prob-
lems such as climate change, biodiversity loss, land-use conflict, pandemic disease,
and rapid market fluctuations. These problems challenge the abilities of societies to
manage change in traditional ways. Subjective perceptions, cross-sectoral misun-
derstandings, and technological contingencies only increase this challenge
(Gunderson and Holling 2002; Crowder et al. 2006). Institutions play a critical
role in ensuring successful adaptation to rapid and unpredictable change yet are one
of the least examined and ambiguous aspects of climate change adaptation
(O’Riordan and Jordan 1999; Adger 2000; Adger et al. 2005a, b).

Following the works of North (1990) and Ostrom (1990), several facets of
institutions have been examined in the literature (Young 2002; Sabatier 2007,
Oberthiir and Stokke 2011). Recently, of particular interest to scholars are the
linkages between institutions, climate change, and adaptation with studies
addressing the effects of institutional barriers and constraints on adaptation
(Inderberg and Eikeland 2009), the fundamental functions of institutions in facil-
itating climate change adaptation (Rodima-Taylor 2012), and the institutional
requirements for adaptation (Adger et al. 2005a). Yet, despite these works, the
research area is still in its infancy, as evidenced by a number of competing
frameworks.

To analyze these institutional concerns more effectively, scholars have devel-
oped a variety of frameworks to examine the role of institutions in the context of
climate change adaptation. These analytical frameworks are differentiated by how
they define institutions — in essence, whether they consider institutions as rules,
social patterns of behaviors, or organizations. In other words, the types of analysis
that can be performed using these frameworks are bound by the frameworks’
institutional perceptions.
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For example, one framework that focuses on organizational institutions exam-
ines the institutional linkages between and among public, private, and civil society
institutions and the significance of institutional partnerships in enabling adaptation.
It provides a tool to analyze organizational partnerships and the impacts of these
associations on the access of vulnerable social groups to resources (Agrawal 2008).
Another framework that defines institutions in terms of rules, customs, and norms
concentrates on the intrinsic characteristics of institutions in influencing the behav-
iors of individuals and in fostering collective action. Essentially, this framework
deals with understanding and assessing the ability of institutions to raise the
adaptive capacity of society (Gupta et al. 2010).

This raises two significant issues. First is the disharmony in defining institutions
in the context of climate change. Research has focused on institutions as rules and
social structures (O’Riordan and Jordan 1999; Eriksen and Selboe 2012) and also as
organizations (Agrawal et al. 2008; Vallejo 2011). Therefore, as climate change
research advances, there is a discrepancy on how the concept of institutions is
founded. Second is the inability of the frameworks to simultaneously analyze the
various facets of institutions. If these gaps are not addressed, it can lead to a
divergence in institutional concepts and the direction of research.

To address the first concern, a conceptual framework was developed that defines
institutions as a triad of rules, social structures, and organizations in the context of
climate change adaptation. Thus, institutions are the commonly known and
acknowledged rules, social structures, and organizations founded on common belief
systems that transform individual acts and expectations into collective actions;
convert personal values into social norms and shared beliefs; and define the formal
and informal behavioral systems of human existence. As an extension of this
endeavor, this chapter develops an analytical framework that helps to examine
the complexity of the triad institutions in climate change adaptation responses.

Institutional interventions formulated and implemented to adapt to climate change
bring either conflict or harmony into existing institutions and arrangements (Young
2002; Nilsson et al. 2012). A framework that can be utilized to examine the relation-
ships between and among rule-based, social structure-based, and organizational
institutions is useful in planning for and evaluating the effects of these institutional
changes. Moreover, the efficiency and success of adaptation responses rest on how
they fit in the institutional environment and institutional arrangements that are in
place (Theesfeld et al. 2010). Every case has a unique institutional environment or
array of institutions that influence and affect climate change adaptation behaviors
and decisions. Therefore, the institutional fit of the adaptation measures, i.e., whether
adaptive institutional interventions are synchronized or in harmony with the existing
institutions, is vital to effectively implement an adaptation response. The more fitting
the adaptive institutions are with the other institutions in the system, the better each
institution performs and, thus, the more relevant each one becomes.

This chapter is divided into two major parts. The first establishes the theoretical
foundations of the framework by presenting the concept of institutions as rules, social
structures, and organizations in the context of climate change adaptation (Institutions
in Climate Change Adaptation Planning); examining the concepts of institutional
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Table 1 Definition of key terms

Term Definition

Rule-based institutions Constraints that structure political, economic, and social
interactions and determine decisions, actions, information,
payoffs, and actors in various conditions and situations
(North 1990; Ostrom 1990)

Social structure-based Self-sustaining, salient patterns of social interactions (Aoki

institutions 2007) that form individual and social expectations, relations,
conduct, interactions, and behavior (Agrawal 2008)

Organizational institutions Structures of power that form the social, economic, legal,
and political organizations of a society (O’Riordan and
Jordan 1999; Acemoglu and Johnson 2005)

Institutional arrangements Structures of the rules that govern human decisions (Tang
1991) or the specific guidelines designed to facilitate social
interactions (Klein 2000)

Institutional fit State where the adaptive institutional interventions are
synchronized or in harmony with the existing triad of
institutions — rules, social structures, and organizations

Institutional interplay Interactions and reactions between and among institutions
that build institutional linkages, relationships, and
interdependencies

Functional interdependencies Relationships built resulting from the interactions among the
arrangements that allow institutions to perform their
functions

Institutional environment (IE) Comprehensive inventory of the differing institutions —
rules, social structures, and organizations — that may
influence adaptation responses

Institutional matrix (IM) System of institutional arrangements that determines the
functional interdependencies of institutions

Institutional environment A planning and diagnostic framework designed to analyze

matrix (IEM) framework institutional environments and determine the institutional fit
of climate change adaptation responses

Sources: North (1990), Ostrom (1990), Tang (1991), O’Riordan and Jordan (1999), Klein (2000),
Acemoglu and Johnson (2005), Aoki (2007), and Agrawal (2008)

arrangements (Institutional Analysis and Institutional Arrangements); and classifying
institutional functions (Institutional Functions). The second part synthesizes these
concepts (Institutional Environment Matrix Framework) to form a framework termed
as the institutional environment matrix (IEM). In developing the IEM, this paper
adopts the definitions established by other authors and develops some new definitions
befitting the context in which they are used (Table 1).

Institutions in Climate Change Adaptation Planning
There are varying notions of what constitutes an institution. Institutions are rules,

procedures, conventions, and protocols in rational choice, economics, and game
theory; moral templates, cognitive scripts, and frames of meaning in sociology and
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Fig. 1 A conceptual framework for institutions in the context of climate change adaptation
(Source: Authors)

anthropology; and organizations in comparative politics and state theory (North
1990; Jordan and O’Riordan 1997; O’Riordan and Jordan 1999; Markvart 2009).

In climate change adaptation, institutions should have a synthesis of definition
that has cross-disciplinary relevance. Therefore, institutions are the commonly
known and acknowledged rules, social structures, and organizations founded on
common belief systems that transform individual acts and expectations into collec-
tive actions; convert personal values into social norms and shared beliefs; and
define the formal and informal behavioral systems of human existence. Hence,
rules, social structures, and organizations are all institutions.

The core relationships among the three forms of institutions are illustrated in the
Venn diagram (Fig. 1). Rules, social structures, and organizations are linked
through a system of beliefs that allow them to exist and continue to persist as
institutions. The beliefs associated with rules and organizations are significant
components shaping the self-enforcing expectations, which consequently affect
behavior and motivate individual actions (Greif and Kingston 2011). The belief
system itself is a part of what constitutes social structure-based institutions (Nelson
and Sampat 2001; Nelson and Nelson 2002).

Rule-based and social structure-based institutions are further linked through
informal rules. This linkage is shown in the overlap between the spheres representing
rule-based and social structure-based institutions (Fig. 1). Together with formal
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rules, informal rules such as practices, norms, and traditions comprise part of the
rule-based institutions.

Formal rules define the hierarchical structure, decision-making powers, con-
tracts, and property rights allocation in the political and economic systems
(Pejovich 1995). Meanwhile, informal rules determine individual interactions and
are engraved in society’s culture and heritage (North 1990; Hasan 2000; Hodgson
2006). These same social patterns of behaviors are the elements that form social
structure-based institutions (Nelson and Sampat 2001; Aoki 2007).

The conceptual framework considers organizations as an assembly of rules and
contracts that operate through some type of relationship among individuals. This
perception interlaces organizations — perceived as a “collection of rules” (March
et al. 2011, p. 239) — with the rule-based institutions. Organizations rely on the
norms and patterns of behaviors to be implemented (Hodgson 2006), which tie
organizations to the social structure-based institutions.

The formal and informal structures of organizational institutions are rationalized
by the formal rules and social customs, values, and beliefs, respectively (Meyer and
Rowan 1977; Shafritz et al. 2005). Formal rules are the written and legally
sanctioned rules, whereas informal rules are represented by the unwritten social
patterns of interactions and behaviors (Nabli and Nugent 1989). Formal rules are
usually applied, managed, observed, and monitored by formal political, legal, and
government institutions. Conversely, informal institutions fall under the private
realm (Williamson 2009).

Formal structures have a special relationship with informal rules (illustrated by the
broken arrow linking the two factors) (Fig. 1). Formal organizations are created
and legitimized by formal rules, whereas the relationships among the members
of formal organizations are typically governed by informal rules. Hence, “in every
formal organization, there arise informal organizations” (Shafritz et al. 2005, p. 205),
thereby forming an additional linkage between formal and informal organizations
(indicated by the broken arrow between the two entities). This relationship denotes
that informal organizations do not directly affect the structure, composition, or
creation of formal organizations. However, informal organizations are defined as
collective behaviors (in the form of organized groups of people) that influence the
choices and decisions of the formal organizations’ members. Meanwhile, formal
organizations directly affect informal organizations through the formal rules they
implement or the actions they perform (solid arrow in Fig. 1). In essence, “the root of
informal systems are imbedded in the formal organization itself and nurtured by the
very formality of its arrangements” (Shafritz et al. 2005, p. 205). For example,
a formal organization that funds the activities of an informal organization may
influence the latter to become formal itself, especially if formality is a requirement
to gain further financial assistance. Alternatively, the funds provided may have
allowed the informal organization to expand its operations, with the transition to a
formal structure being essential to continue these new activities.

This unified definition of institutions is vital in analyzing linkages among
climate-adaptive institutions. Climate change impacts include extensive aspects of
human existence (i.e., social, economic, political, ecological, and environmental).
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Hence an amalgam of ideas from various disciplines befits the concept of institution in
the climate change adaptation context. This synthesized definition should be further
investigated, particularly in relation to how rules, social structures, and organizational
institutions function together in systems where adaptation responses are applied.

Institutional Analysis and Institutional Arrangements

Institutional arrangements are critical to address the climate change challenge as
adaptation “never occurs in an institutional vacuum” (Agrawal et al. 2008, p. 2).
The success of adaptation practices rests on specific institutional arrangements, such
as well-defined property rights that address resource access and risk exposure
(Agrawal 2008). For example, building a seawall would not depend only on
the physical construction of the structure itself, the costs associated with it, or the
science that projects the rate of sea level rise. It also would be affected by the rules
governing property (Caldwell and Segall 2007), including the agreements on the
allowable height, thickness, and length of the structure; the social norms of
the communities affected by the predicted sea level rise and storm surge; and the
rights of private property owners. Therefore, developing suitable adaptation responses
entails institutional arrangements that enable these measures to be implemented
(Rodima-Taylor 2012, p. 12).

Arrangements in Rule-Based and Social Structure-Based Institutions

Institutional analysis assumes that institutional change will affect some areas of
reality that already are exposed to existing institutions. Therefore, the environment
where the institutional changes (e.g., the creation of new policies or amendments in
prevailing regulations) are to be implemented must be understood first before the
possible consequences of such changes can be determined (Theesfeld et al. 2010).
More importantly, intensive institutional analysis involves understanding the
detailed working rules and norms that influence people’s decisions (Ostrom 2011).

In rule-based and social structure-based institutions, these rules exist at three
levels, namely, operational rules, collective-choice rules, and constitutional-choice
rules (Ostrom 1990). Among the three, constitutional-choice rules are the most
extensive. They are the basis of all rules — the set which determines who and what
(specific rules) are authorized to create the other levels of rules. Next in the
hierarchy are the collective-choice rules — the rules created to resolve conflicts,
impose decisions, and formulate or transform operational rules (Ostrom 1990).
Essentially, they are the rules which underpin operational rules (Tang 1991). Lastly,
operational rules are those that directly influence the daily decisions about
who oversees the actions of others and how or who takes part in which situation,
what information must be given, what are the participants allowed to do, and what
rewards or penalties will be designated to various sets of acts and consequences.
Operational rules are typically known as policies (Ostrom 1990).
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Ostrom’s (1990) classic text, “Governing the Commons,” identified specific
processes at each level of rules. Operational rules cover appropriation, provision,
monitoring, and enforcement; the collective-choice level encompasses policy-
making, management, and mediation of policy decisions; and the constitutional
level includes formulation, governance, adjudication, and modification of consti-
tutional decisions. Through these rules, institutions are able to affect and influence
individual and collective actions. For instance, operational rules, such as those that
specify fishing technologies permitted at a particular fishing ground, constrain and
predict operational actions. Similarly, collective-choice rules are translated into
collective-choice actions and constitutional rules into constitutional-choice actions
(Schlager and Ostrom 1992). These levels of rules form the categories of institu-
tions (Feder and Feeny 1991). The constitutional-choice rules comprise the consti-
tutional order, whereas the collective-choice rules and operational rules constitute
institutional arrangements (Fig. 2) (Feder and Feeny 1991; Tang 1991).

Institutional arrangements are the structure of rules governing human decisions
(Tang 1991) or the specific guidelines which facilitate social interactions (Klein
2000). Institutional arrangements are also sets of rules or agreements with a common
objective (e.g., contract) that preside over the activities of people. For instance, a
group of farmers may enter into an agreement to jointly purchase agricultural inputs
or supply products to buyers, thus forming a producer’s organization (Eaton
et al. 2008). Institutional arrangements likewise identify an individual in relation to
others within the group that she/he belongs to, as well as with those outside the group.
For example, in property regimes, the property relation between individuals is defined
by the interest of one that is protected by virtue of the right and the duty of others to
follow the arrangement (Bromley and Cernea 1989). Institutional arrangements,
therefore, guide individual behaviors toward collective actions.
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Arrangements in Organizational Institutions

In terms of institutional organizations, institutional arrangements involve the
system of (organizational) units that plan, support, and/or implement programs,
practices, and actions. These arrangements include the linkages between and among
organizations at different administrative scales (national, regional, state, provincial,
and local) or sectors (economic, political, legal, social). They also represent rela-
tionships between government and nongovernment units such as households, com-
munities, and civic organizations (Mattingly 2002). As institutions, organizations
are governing structures that motivate collective behaviors and actions (Nelson and
Sampat 2001; Williamson 2009), while institutional arrangements are the gover-
nance arrangements (Klein 2000; Kooiman 2008). Institutional arrangements
oversee the relationships and interactions between, among, and within groups of
individuals and, thus, influence the variability of commitments of institutions to
governance (Klein 2000; Andersson and Ostrom 2008). These ideas are significant
because they link organizational arrangements to the rule-based and social
structure-based arrangements (Fig. 2). To illustrate, policy goals depend on the
set of dominant actors and ideas in the area and when these policy debates and
decision-making occur. Governance arrangements then determine the aims and the
general implementation preferences of policies, regulations, and state-society inter-
actions (Howlett 2009).

Institutional arrangements allow multiple types of linkages between and among
institutions (Heikkila et al. 2011). As guidelines, they are the means by which
institutional interplay (i.e., in the form of functional interdependencies or conse-
quences of institutional design and management) is implemented (Young 2002).
Accordingly, institutional interplay refers to the interactions among institutions that
build institutional relationships (Young 2002). Institutional interaction is determined
by the impact of one institution on another, thereby exhibiting causation (Gehring and
Oberthur 2009; Oberthiir and Stokke 2011). Thus, the effect or interaction will
not be observed without a stimulus and a receiver. The stimulus is the source
institution (independent variable), and the receiver is the target institution or system
(dependent variable) (Gehring and Oberthur 2009). For example, an introduced
institutional adaptive measure (the independent variable) will interact with the
existing institutions in the system (the dependent variable). Institutional interplay,
however, is not one directional. Interplay involves functional interdependencies
(Young 2002; Linnér 2006) and thus includes mutual influences or effects. Although
the interaction may be triggered by a stimulus, the outcomes or institutional linkages
are the result of the institutional integration. Therefore, the interplay exists in the .
institutional environment comprised of the adaptive institution and the other existing
institutions.

Institutional interactions may be complementary, neutral or coexisting, counter-
productive, conflicting, or overlapping (Gunningham and Grabosky 1998; Young
2002; Nilsson et al. 2012). In relation to the triad institutional concept introduced in
this chapter, institutional linkages encompass relationships within, between, and
among laws, policies, regulations, traditions, norms, practices, government units,
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civic organizations, and community groups, among others. Institutional linkages
must be understood to determine how institutions influence adaptation practices and
responses (Agrawal 2008). Consequently, institutional functions in the context of
this institutional definition should be determined to understand the institutional fit
of adaptation responses.

Institutional Functions

Institutions are crucial in promoting successful adaptation to climate change. They
influence key decisions in the system, shape the direction of adaptation efforts,
frame the adaptive capacities of systems, and enable collective action toward
attaining the adaptation goals (Nass et al. 2005; Agrawal et al. 2008; Eriksen and
Selboe 2012). Institutions accomplish these tasks through their innate characteris-
tics and the functions they perform.

Institutions, as rules, social structures, and organizations serve the same functions,
thus they are interdependent. These institutional functions can be classified into four
main types, namely, reducing uncertainty (by forming individual and social expecta-
tions), connecting individuals to society, fostering adaptive capacity, and mobilizing
resource utilization. These functions are performed by all institutional types, thereby,
strengthening the interconnections among these institutions (Fig. 3).

The different characteristics of rules, social structures, and organizations limit
their respective capabilities to perform some of these functions. For example,
organizations (as a collection of rules and bundles of relationships and interactions)
can establish systems of power and authority and identify the people included and
excluded from the organization. However, the entirety of organizations, including
their characteristic as “actors” (Gupta et al. 2010), constrains the organizations’
ability to create rights and entitlements but promotes their capacity to deliver
external resources into the system (Table 2).

Reduces Uncertainty

Institutions reduce uncertainty by forming individual and collective expectations
and by developing a constant structure of social interactions (North 1990; Ostrom
1990; Kirsten et al. 2009; Brousseau et al. 2011). They also provide stability and
predictability by establishing the power and authority systems (O’Riordan and Jordan
1999; Acemoglu and Johnson 2005; Berman et al. 2012) and creating rights and
entitlements (Ostrom 1990). Institutions also identify inclusions and exclusions by
determining which actions are permissible and the conditions by which to undertake
certain activities (North 1990; Ostrom 1990; Klein 2000). By outlining constraints,
institutions set up the boundaries for each individual and society as a whole (Ostrom
1990). For example, as an institution, property rights form expectations that the
claims to the property would be respected and be abided by all, thereby reducing
the uncertainty associated to these claims (Bromley and Cernea 1989).
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Fig. 3 Functions of institutions (Source: Authors)

Connects Individuals to Society

Institutions connect individuals to society by giving everyone a shared identity
(Jentoft 2004). They convert personal values into social norms and shared beliefs
as individuals get emotionally attached and identify with the institutions.
This function is specifically attributed to social structures, informal rules, and
informal organizations. Thus, institutions become the social standard for
understanding and reacting to circumstances, which accordingly become
the source of people’s compliance and submission to institutions. As such,
institutions influence and transform individual acts and expectations into
collective actions (Kirsten et al. 2009).

Institutions also create the incentive structure that determines the actions of
people as individuals and as a society (Agrawal 2008). Incentive structures incor-
porate behavioral patterns that encourage actors to change norms and practices,
implement the changes, uphold the changes, and stand by the decisions to change
(Biermann 2007; Gupta et al. 2010). Thus, incentive mechanisms enable individ-
uals to choose how to respond efficiently to goals and objectives such as those of
climate change adaptation (Young 2002). Conversely, institutions also influence
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Table 2 Institutional functions by type of institution

Types of institutions

Functions of Rules Social Organizations Features/

an institution Formal | Informal |structures |Formal |Informal | descriptions

Reduces uncertainty

Establishes v v v v v Actors and actions

systems of involved in

power and decision-making;

authority who has the
authority and what
kind of authority

Identifies v v v v v Scope and

inclusions jurisdiction

and of actors

exclusions (who) and actions
(what) allowed
and constrained

Creates rights | v/ v v X X Claims, privileges,

and etc. to resources, i.

entitlements e., access rights,
management
rights

Connects individuals to society

Converts v v v v v Social principles,

personal beliefs, and

values into philosophies

social norms

and shared

beliefs

Influences v v v v v Plans and

and programs for

transforms collective efforts

individual and actions

acts and

expectations

into

collective

actions

Creates (dis) v v v v v Rewards and

incentives for penalties; payoffs

individual on actions

and collective

actions

Coordinates v v v v v Management of

individual or multiple efforts

collective

behaviors

(continued)
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Table 2 (continued)

Types of institutions

Functions of Rules Social Organizations Features/
an institution Formal | Informal |structures |Formal |Informal | descriptions

Fosters adaptive capacity

Defines v v v v v Provision of
information information (who,
systems what, when,
where, and for
whom)
Mediates v v v v v Access to and
external management of
interventions outside resources
(how, what, when,
where)
Mobilizes resource utilization
Means of X X X v v Actors facilitating
delivery of access to outside
external resources (who
resources and for whom)
Determines v v v v v Integration of
transaction multiple efforts;
costs of internal costs
activities and (financial or
decisions otherwise)

Sources: North (1990, 1994), Ostrom (1990), O’Riordan and Jordan (1999), Jentoft (2004),
Acemoglu and Johnson (2005), Pfahl (2005), Agrawal (2008), Adkisson (2009), Dorward and
Omamo (2009), Kirsten et al. (2009), Gupta et al. (2010), Greif and Kingston (2011), and Berman
et al. (2012)

behaviors by providing disincentives or penalties to various actions and conse-
quences (Ostrom 1990). Thus, choosing to conform to institutional arrangements
becomes attractive.

Institutions are also the means by which people coordinate their beliefs,
interactions, and activities, thereby affecting how individuals and society make
decisions (Pfahl 2005; Adkisson 2009; Greif and Kingston 2011). For instance, the
local governing body in the Carteret Island in Papua New Guinea (i.e., the Council
of Elders) organized the voluntary relocation of community households to the main
island of Bougainville (Rakova 2009). Labeled as one of the first climate
change refugees, the Carteret people were forced to leave their homes due to the
accelerated sea level rise and the worsening extreme coastal events in the area
(Boano et al. 2008). The Council formed a nongovernment organization, named
Tulele Peisa, which designed and administered the Carterets Integrated Relocation
Programme (CIRP) (Rakova 2009; Boege 2011). In this case, the organizational
institutions such as the Council of Elders and the Tulele Peisa were vital in planning
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and mobilizing the relocation efforts. The community’s norms and traditions
authorized the organizations (specifically the Council of Elders) to make decisions
for the whole community. Meanwhile, the CIRP guided the people on how to follow
through with the community resettlement. Thus, the social and cultural norms,
organizations, and formal policies all affect how an individual, a household, and/or
a community responds to climatic and other stressors (Young 2002).

Fosters Adaptive Capacity

Institutions are critical in building the adaptive capacities of systems (Berman
et al. 2012; Pradhan et al. 2012). They affect information systems (Dorward and
Omamo 2009) and strengthen the ability of vulnerable communities to prepare for
the impacts of climate change. They influence the flow of information, the types of
studies undertaken, and the interpretations made from the research results (March
and Olsen 1996). Moreover, they influence the kind of information to be dissem-
inated (Ostrom 1990) and how this knowledge is disseminated (Agrawal 2008).

Institutions are mediators of external interventions that affect how individuals,
communities, and social groups utilize assets and resources (Agrawal 2008).
Institutions provide leadership, facilitate negotiations, and create networks with
other institutions such that external interventions can be systematically filtered,
effectively absorbed, accepted, or refused (Agrawal 2008; Rodima-Taylor 2012).
For example, a culture of solid community ties suggests an accommodating attitude
for external interventions promoting community-based management; but the
reverse can be expected if individualism is the norm.

Mobilizes Resource Utilization

In mediating external interventions, organizational institutions are the means by
which the external resources that facilitate adaptation are delivered, and they
accordingly administer access to such resources. These resources may be informa-
tion, technical inputs, and/or financial support. Institutions “mediate the extent to
which climate change affects communities” (Pradhan et al. 2012, p. 9); therefore,
they are crucial to the successful implementation of externally facilitated adaptation
strategies (Agrawal 2008).

Institutions matter because they determine the cost of transacting activities
(North 1994) and are comprised of ‘“transaction-cost-reducing arrangements”
(Kirsten et al. 2009, p. 43). Transaction costs pertain to the costs incurred from
the activities that lessen the risk of transaction failure such as planning, negotiating,
creating, monitoring, and enforcement of an agreement. These also include the
costs of maladaptation, bargaining, and other operations related to governance and
securing the commitment of actors to the contracts (Kirsten et al. 2009). Institutions
will fail to reduce transaction costs if the institutional context where the trans-
actions take place is in disarray (Theesfeld et al. 2010).
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Similarly, a weak institutional environment, specifically in terms of legal frame-
works, makes it difficult to enforce contracts and agreements that exchange goods
and services and to coordinate activities (Eaton et al. 2008). The norms and
practices existing in the system also affect the cost of transactions. For example,
if bribery is the custom, then people may bribe corrupt law enforcers to accomplish
their goals. Costs would include resources (e.g., money, time, and people) in
bribing transactions plus the regular expenses incurred in undertaking such tasks.
If the rule of law is upheld, then bribing will be useless and the associated costs will
not exist. Likewise, if cheating is the norm, then there will be additional costs to
prevent other parties from cheating. The effectiveness and efficiency of actions and
activities depend on the institutional environment and arrangements in place.

Interdependencies and linkages among institutions occur through these func-
tions. These associations are the product of the interactions between and among
institutional arrangements (Young 2002). In this sense, functional interdepen-
dencies can be defined as the relationships between institutions resulting from the
interactions among arrangements that allow institutions to perform their functions.
These linkages are explored in the IEM framework that analyzes the institutional
environment in adaptation responses.

Institutional Environment Matrix Framework

The proposed framework incorporates two layers, the institutional environment (IE)
and institutional matrix (IM) (Fig. 4). The institutional environment focuses on a
specific type of system, a particular adaptation goal, or a type of adaptation strategy.
It is a comprehensive inventory of the differing institutions — rules, social structures,
and organizations — that may influence adaptation responses. This layer assumes that
examining the institutional environment in assessing and planning for climate change
adaptation responses is a significant feat. For instance, the coastal management and
governance arrangements in the East of England showed that there exist:

three central government departments, four regional bodies, five statutory agencies, four
ad-hoc groupings, seventeen local authorities, and four forums with an interest in coastal
planning, but not necessarily working together. . .. five sets of overlapping plans, fourteen
designations of coastal sites and landscapes, a mix of management bodies, many organi-
zational cultures, un-coordinated organizational activity at different scales, and overlapping
jurisdictions, responsibilities and functions. (Nicholson-Cole and O’Riordan 2009, p. 373)

Analyzing or planning for adaptation responses incorporates an exhaustive
assessment of the institutional environment in which these responses have been
or will be applied. This is important in institutional analysis because the number of
institutions in a given system is directly related to the rate and complexity of the
institutional linkages (Young 2002).

The institutional matrix (IM) can analyze the interactions among the arrange-
ments. It is defined as the system of institutional arrangements — including opera-
tional and collective-choice rules and governance arrangements — that determines
the functional interdependencies of institutions. This layer examines the various
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relationships among the institutions and assumes that institutions affect an adapta-
tion response via the institutional arrangements that enable institutions to perform
their functions.
The IE and the IM stages are closely linked, such that the IM is dependent on the
information provided by the IE. This relationship, however, is one directional.
Significant IE analyses can be done even without proceeding to the IM level, but
the reverse is not possible.
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Various institutional interactions, like complementary, neutral, and counterpro-
ductive relationships, are realized from the IM layer. Complementary interaction
indicates beneficial associations such that institutions perform better because of the
creation or existence of the other (Gunningham and Grabosky 1998). Conversely,
counterproductive interactions result when institutional arrangements either desta-
bilize or weaken one another, thus impeding the ability of institutions to perform
their functions effectively. Neutral interaction suggests that institutions just simul-
taneously exist in the institutional environment without interacting with each other.
The institutions neither improve nor worsen each other.

Contradicting relationships arise when institutions are mismatched, thereby
creating situations in which institutional arrangements are not attuned with each
other. This institutional linkage forms tensions and conflicts among institutions and
the corresponding elements that function within these institutions (Nicholson-Cole
and O’Riordan 2009). Overlapping associations involve disputes in jurisdictions
(Davis 20006), especially when institutions have similar mandates (Aggarwal 2005).
Institutional overlaps are common and more significant in a high-frequency insti-
tutional environment where there is a high density of institutional arrangements
operating in a single system (Young 2002). Lastly, redundancy signifies complete
duplication of all institutional functions (Fig. 3).

All the relationships, except redundancy, may exist in a single or multiple types
of institutional functions. Policy 1 may be counterproductive with Policy 2 in
establishing systems of power and authority but may be complementary in creating
incentives for individual and collective actions. Likewise, there might not be any
connection (neutral) between the two on defining information systems on climate
change and adaptation. These linkages can be thoroughly examined using the
institutional matrix analysis, which is further explained in the succeeding sections.

Institutional Environment (IE)

The IE layer (Table 3) is comprised of formal rules (FR), social structures (SS),
formal organization (FO), and informal organization (I0). Formal rules represent the
written laws, policies, and regulations, whereas social structures are the traditions,
norms, and practices affecting social collective behaviors. This framework incorpo-
rates informal rules in the social structure-based institutions, following the notion that
they are linked. Formal organizations are the groups legitimized by the formal
rules, whereas the informal organizations are those sanctioned by informal rules.
The institutions comprising the IE may have been created to address a variety of
issues, some of which may not be related to climate change. These rules, social
structures, and organizations have particular arrangements that can affect climate
change adaptation decisions, hence their inclusion in the IE. Take the case of Carteret
climate change refugees.' The adaptation response — community relocation — involves
property institution and property right arrangements, both of which have been existing
and working in the systems long before climate change concerns emerged.
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Table 3 Institutional environment framework layout

Institutional systems: complex Institutional environment

system/adaptation response Formal Social Formal Informal
rules structures organizations organizations
(FR) (SS) (FO) (I0)
FR1 SS1 FO1 101
FR2 SS2 FO2 102
FR3 SS3 FO3
FR4

Source: Authors

In this hypothetical case (Table 3), the institutional framework identifies four
formal rules (FR1, FR2, FR3, FR4); three social structures (SS1, SS2, SS3); three
formal organizations (FO1, FO2, FO3); and two informal organizations (I01, I02)
that affect the adaptation response. All types of institutions are included in this layer
regardless of scale. For example, FR1 may be a national program, FR2 a regional
regulation, and FR3 and FR4 local policies. This is possible because the IE layer
assumes that the institutions existing in various scales may simultaneously affect
(or be affected) by the same adaptation response(s) through their arrangements.
These institutional arrangements cut across differing scales, and they structure the
relationships and functional interdependencies of institutions. The arrangements
associated with each institution are critical in determining the extent of the institu-
tion’s influence in the decision-making process (Fig. 5).

For instance, the Environmental Protection Act 1994 (EP Act) — an act primarily
concerned with environmental pollution in the state of Queensland, Australia — can
influence local authorities’ responsibilities and decisions. Though a state law, the
EP Act specifies the responsibilities of local governments in notifying administer-
ing authorities of violations at the local level (EP Act, Part 8 [2]). (Commonwealth
of Australia 1994).

Thus, the IE layer is composed of all institutions that may affect climate change
adaptation, regardless of the scale at which the institution primarily operates.
In contrast, the institutional matrix layer is limited to a single scale analysis —
only those institutional arrangements that cover the scale (federal/national, state/
regional/territory, provincial/local) being analyzed will be examined. In the previ-
ous hypothetical case (Table 3), while FR1 is a national program and FR2 is a
regional regulation, only those arrangements affecting the local scale will be
included in the matrix if the scale of analysis is local. These notions are further
elaborated below.

"People were forced to leave their homes and resettle elsewhere because of climate change-related
events.
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From the IE, the analysis progresses to the individual institutional arrangements in
the institutional matrix (IM). The IM is dependent on the set of information
provided by the IE stage, and those institutions identified in the environment are
incorporated in the matrix (Table 4). In this hypothetical case, the IM analysis
focuses on the local scale.

The functions are the source of interdependencies among institutions, which are
vital elements of the IM layer. Institutional interplay is observed by analyzing the
institutional arrangements that shape these functions. With this, the institutional
functions compose the row headings, and they are the categories by which the
institutional arrangements are organized in the IM cells.

Framework Analyses: Vertical and Horizontal

The framework offers two types of analyses — vertical and horizontal. Vertical
analysis (Table 5) shows the influence of individual institutions on the adaptation
response by examining each institution’s function. As the hypothetical case has a
local scale, only local arrangements will be included in the matrix. The vertical
analysis of the formal rules indicates that the national program (FR1) incorporates
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Table 4 Institutional matrix (IM): an institutional framework for adaptation analysis

TYPES OF INSTITUTIONS

FUNCTIONS OF AN Formal Rules Social For.maI. Info}mel
INSTITUTION (FR) Structures | Organizations | Organizations
(SS) (FO) (10)

FR1| FR2|FR3 [FR4ss1|ssz|ss3F01| F02|F03 101 | 102

Reduces uncertainty

Establishes systems of
power and authority

Identifies inclusions and
exclusions

Creates rights and
entitlements

Connects individuals to society

Converts personal values
into social norms and
shared beliefs

Influence and transforms
individual acts and
expectations into collective
actions

Creates (dis)incentives for
individual and collective
actions

Coordinates individual or
collective behaviors

Fosters adaptive capacity

Defines information
systems

Mediates influence of
external interventions

Mobilizes resource utilization

Means of delivery of
external resources

Determines transaction
costs of activities and
decisions

Notes: The function “creates rights and entitlements” does not apply to organizations, while the
function “means of delivery of external resources” does not relate to formal rules and social
structures. The cells are shaded accordingly.

Source: Authors
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Table 5 Vertical analysis for formal rules

Type of institution

Formal rules
Functions of an institution FR1 |FR2 |FR3 |FR4
Reduces uncertainty

Establishes systems of power and authority v v v v
Identifies inclusions and exclusions v v v
Creates rights and entitlements v
Connects individuals to society

Converts personal values into social norms and shared beliefs

Influences and transforms individual acts and expectations into v v v v
collective actions

Creates (dis)incentives for individual and collective actions v v
Coordinates individual or collective behaviors v v v v
Fosters adaptive capacity

Defines information systems v v v v

Mediates external interventions v
Mobilizes resource utilization

Means of delivery of external resources

Determines transaction costs of activities and decisions v v

Source: Authors

local arrangements that establish systems of power and authority, identifies inclu-
sions and exclusions, influences and transforms individual acts and expectations
into collective actions, coordinates individual or collective behaviors, and defines
information systems. The regional regulation (FR2) performs the same tasks in
addition to determining transaction costs of activities and decisions. The IM
vertical analysis also outlines the dominant institution in the institutional environ-
ment. In the example, the local policy FR3 is the most influential among all four
formal rules (Table 5).

An empty cell signifies that the institution does not perform the associated
function at the specific scale in question. However, this does not imply that the
institution does not implement the function at all. For example, FR1 may not create
rights and entitlements at the local scale but may have such arrangements in either
the national or regional scales. This aspect is the major difference between the IE
and IM layers. Although cross-scale investigation is possible in the IE, this cannot
be done in the IM. Overall, the vertical analysis shows the extent of the institution’s
influence on the adaptation response. It also compares its functions across institu-
tions in a specific scale.

The horizontal analysis is more complicated as it studies the functional interde-
pendencies of institutions and assesses the relationships across various institutions
based on their functions. In the hypothetical case (Table 6), the institutional
linkages of all 12 institutions are illustrated in relation to the function “establishes
systems of power and authority.” The cells in red are negative relationships,
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specifically counterproductive and contradicting. Conversely, the green cells are
positive associations, particularly the complementary type. Neutral and overlapping
relationships are white and yellow, respectively. With regard to structuring power
and authority systems, some of the possible interpretations of the matrix are as
follows:

. Formal rules generally have negative relationships with informal organizations.
. Informal organizations are in harmony with the social structures.
. Formal organizations typically have overlapping jurisdictions with one another.
. Informal organizations typically have overlapping jurisdictions with one another.
. Formal rules are generally counterproductive or contradictory to social structures.
. The national program, FR1, has relationships only with social structures and
other formal rules. It does not affect organizations, whether formal or informal.
. The national program, FR1, contradicts with the regional regulation, FR2.

8. The national program, FR1, complements the local policy, FR3. As the national
program and the regional regulation have a negative relationship, it is consis-
tent that FR2 and FR3 are also contradicting each other. Thus, the regional
regulation has a negative linkage with all other formal rules.

9. Local policies FR3 and FR4 overlap.

10. Both local policies are not attuned with the existing local norms, SS2, but are
neutral to the local practices, SS1 and SS3.

AN W=

3

Other assessments can be gleaned from this example. This type of analysis can be
duplicated to the other functional classifications, thereby creating the overall assess-
ment of the linkages between and among institutions. The matrix, thus, enables a
planner or analyst to structurally examine complex institutional relationships, thus,
possibly effectively evaluate and plan adaptation responses to climate change.

Conclusion

Institutions in climate change encompass rules, social structures, and organizations.
The institutional dimension of climate change adaptation involves an intricate web
of relationships between and among these institutions. In analyzing the complexity
of institutions, a number of factors need to be considered such as institutional
functions and interplay, as well as issues of scale (national, state, regional, and
local) and jurisdiction. Thus, a purpose-built framework that can perform these
kinds of analysis, such as the institutional environment matrix (IEM) framework, is
needed.

The IEM adopts a dual-layered approach in examining the various institutions
that directly or indirectly influence adaptation decisions and responses in a partic-
ular system. Institutions are intrinsically complex; hence a single layer analysis
cannot cover the intricacies involved in an institutional analysis. Furthermore, this
design allows institutions to be examined across scales and provides an easy
transition toward a single scale analysis.
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The dual layer design of the IEM allows the institutional environment and
arrangements to be extensively studied. The IE layer includes all kinds of institutions
in the environment regardless of scale, identifies the dominant institutions in the
system affecting adaptation responses, and outlines the complexity of institutions in
the institutional environment. Meanwhile, the IM layer enables a scale-focused
analysis by dealing with particular institutional arrangements. The matrix allows for
complex analysis of institutional linkages and interactions through the vertical and
horizontal analytical approaches. By using these techniques, the functional interde-
pendencies of institutions can be identified and institutional interplay can be explored.

The institutional dimension of climate change adaptation is motivated by the
need to design or redesign arrangements to address the risks and impacts of climate
change (Young 2002). Accordingly, the IEM framework helps identify whether the
existing institutions hinder effective adaptation, especially when there are negative
relationships among the institutional arrangements. This condition may warrant
modifying or replacing the arrangements such that institutions will fit more effec-
tively in the institutional environment. When new institutions need to be introduced
into the system, the IEM framework may be useful in developing arrangements that
will be compatible with the existing ones. This will help avoid mismatches among
institutions and thus minimize conflicts.

This chapter has outlined a theoretical tool that can be used in adaptation
planning and evaluation. However, the real value of the framework lies in its
applicability in empirical cases. The need for further research in this area is vital.
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Abstract

In recent years the population of the Hindu Kush Himalayas (HKH) has been
confronted with rapid social, economic, demographic, and political changes. In
addition, the region is particularly vulnerable to climate change. However, there
is a scarcity of cohesive information on the state of the environment and on the
socioeconomic situation of the approximately 210 million people who reside in
the HKH. Specifically, data on livelihood vulnerability and responsive behavior
is lacking. To address this gap the International Centre for Integrated Mountain
Development (ICIMOD) has developed the Vulnerability and Adaptive Capacity
Assessment (VACA), a research tool to explore livelihood vulnerability to
environmental and socioeconomic change as well as adaptive capacity in the
mountain context. As part of the Himalayan Climate Change Adaptation
Programme (HICAP), ICIMOD has carried out a representative quantitative
survey that interviewed about 6,100 households in three sub-basins in the
HKH region: the Upper Indus sub-basin in Pakistan, the Eastern Brahmaputra
sub-basin in India, and the Koshi sub-basin in Nepal. The chapter discusses the
operationalization of vulnerability in the VACA questionnaires, the research
design of the VACA survey, and first findings for the three sub-basins.

Keywords
Hindu Kush Himalayas ¢ Climate change  Livelihood vulnerability assessment ¢
Survey research

Introduction

The Hindu Kush Himalayan (HKH) region extends across parts of eight countries:
Afghanistan, Bangladesh, Bhutan, China, India, Myanmar, Nepal, and Pakistan (see
Map 1). It is one of the poorest areas of the world: almost one-third of its
approximately 210 million people lives below the absolute poverty line (Hunzai
et al. 2011; Gerlitz et al. 2012). A significant proportion of mountain people reside
in difficult terrains, far from the centers of commerce and power, and exert little
influence over the policies and decisions that influence and shape their lives (Khalid
and Kaushik 2008).

In recent years, the population of the HKH region has been confronted with rapid
social, economic, demographic, and political changes. In addition, the region has
experienced rapid environmental changes, and it is widely believed that the HKH
region will be one of the planet’s hot spots of future climate change impacts
(Maplecroft 2011). Like other mountain regions, the Hindu Kush Himalayas have
experienced above-average warming (IPCC 2007; Nogues-Bravo et al. 2007),
which has led to glacial retreat, area reduction, and negative mass balance (Yao
et al. 2012). The glaciers are important sources of water for springs and rivers,
particularly during the dry season. The contribution of snowmelt to the runoff of
major rivers varies from 10 % in the Eastern Himalayas to 60 % in the Western
Himalayas (Vohra 1981). A modeling study by Immerzeel et al. (2010) simulated a
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ICIMOD

. Downstreom river basins
. Hindu Kush Himaloyan region

Map 1 The Hindu Kush Himalayan region (Source: ICIMOD)

mean decrease in upstream water supply between the periods 2000-2007 and
2046-2065 of 8.4 % for the Upper Indus, 17.6 % for the Ganges, 19.6 % for the
Brahmaputra, and 5.6 % for the Yangtze. The cascading of effects from high- to
low-altitude areas implies that impacts will be greater at lower elevations, e.g.,
increased runoff at high altitude could lead to floods and increased sand deposition
on agricultural land at lower altitudes (Tse-ring et al. 2010). However, available
studies are limited to isolated parts of the HKH region and may not be representa-
tive of the region as a whole (for detailed discussion of changes in temperature
pattern for the Hindu Kush Himalayan region, see Eriksson et al. 2009; Xu
et al. 2009; Shrestha and Devkota 2010). A lack of notable trends is observed in
most of the precipitation studies in the HKH region (Shrestha et al. 2000; Shrestha
2009; Dimri and Dash 2011). In the Eastern Himalayas, climate change impacts are
manifested in loss and fragmentation of habitat, reduction in forest biodiversity,
degradation of wetland and riverine island ecosystems, decline in forage and fodder
resources, reduction in agrobiodiversity, increase in forest fires, soil fertility deg-
radation, changes in land use pattern, and increased variability in agricultural
productivity (Tse-ring et al. 2010). Mountain communities and their livelihoods
are sensitive to such changes, which will have a variety of impacts on human
well-being. Nonetheless, there is a scarcity of data on the state of the environment
in the Hindu Kush Himalayan (HKH) region, on the socioeconomic situation of
its residents, and specifically on livelihood vulnerability to environmental and
socioeconomic change and associated responsive behaviors. To address this gap,
the International Centre for Integrated Mountain Development (ICIMOD) has
developed the Vulnerability and Adaptive Capacity Assessment (VACA), a house-
hold survey to explore vulnerability and adaptive capacity in mountain contexts.
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As part of the Himalayan Climate Change Adaptation Programme (HICAP), ICIMOD
has carried out a representative quantitative study interviewing about 6,100 house-
holds of almost 280 settlements in three sub-basins in the HKH region: the Upper
Indus sub-basin in Pakistan, the Eastern Brahmaputra sub-basin in India, and the Koshi
sub-basin in Nepal. The aim of this survey was to assess livelihood vulnerabilities to
environmental and socioeconomic changes, drivers of vulnerability, and the capacities
of the people of the HKH region to adapt to these changes. It is intended that the
VACA will help to identify and promote adaptation actions and strategies at the
community level, enable the mapping of target areas and groups for interventions,
and serve as a baseline for further in-depth studies.

The following sections describe the operationalization of vulnerability in the
VACA questionnaires in the form of the Multidimensional Livelihood Vulnerabil-
ity Framework for the HKH region, document the research design of the VACA
survey in the three sub-basins, and discuss some first findings on exposure and
coping mechanisms.

Theoretical Background: The Operationalization of Vulnerability
in the VACA Tool

The Concept of Vulnerability

While the term ‘“vulnerability” is used widely in development and adaptation
contexts, there is no standard definition of vulnerability, and usage of the term
varies considerably. Nonetheless, definitions of vulnerability tend to fall into two
categories. The first category draws on the natural hazards literature and defines
vulnerability as a function of the internal characteristics of a population or system
that mediate the extent to which that population or system experiences harm as a
result of exposure to an “external” hazard (Wisner et al. 2004). In this formulation,
the risk of an undesirable outcome (e.g., a complex disaster) is a function of and
results from the interaction of hazard and vulnerability. While this conceptualiza-
tion of vulnerability may include local geographical and environmental factors that
mediate risks/outcomes, it is strongly rooted in social and political processes and
tends to take an actor-oriented approach (Wisner et al. 2004; Cannon and Miiller-
Mahn 2010; Miller et al. 2010). The vulnerability of a system to hazards associated
with environmental change is linked with the wider political economy of resource
use (Adger 2006). Generally, this approach tends to adopt socially defined scales,
namely, household, community, and region (Miller et al. 2010).

The second category is associated to a large extent with the Third and Fourth
Assessment Reports (TAR and AR4 respectively) of the Intergovernmental Panel
on Climate Change (IPCC 2001, 2007), whose glossaries define vulnerability as:

The degree to which a system is susceptible to, or unable to cope with, adverse effects of
climate change, including climate variability and extremes. Vulnerability is a function of
the character, magnitude, and rate of climate variation to which a system is exposed, its
sensitivity, and its adaptive capacity. (IPCC 2001, p. 995, 2007, p. 883).
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Put more simply, the IPCC definition views vulnerability as a function of
exposure, sensitivity, and adaptive capacity (Hahn et al. 2009). It differs from the
natural hazards approach in viewing vulnerability as a function of both “internal”
factors (sensitivity and adaptive capacity) and “external” factors (exposure to
shocks and stresses). The latter are the various climate hazards associated with
climate change and variability to which a system or population is exposed. The
IPCC defines exposure as “the nature and degree to which a system is exposed to
significant climate variations” (IPCC 2001, p. 987) and sensitivity as “the degree to
which a system is affected, either adversely or beneficially, by climate related
stimuli” (IPCC 2001, p. 993). Adaptive capacity is defined as “the ability of a
system to adjust to climate change (including climate variability and extremes) to
moderate potential damages, to take advantage of opportunities, or to cope with the
consequences” (IPCC 2001, p. 982).

In fact, the IPCC definition of vulnerability is structurally similar to the natural
hazards definition of risk; the IPCC essentially replaces the term “risk” with
“vulnerability” and the term “vulnerability” with sensitivity. The “character,
magnitude, and rate of climate variation to which a system is exposed” takes the
place of hazard, and the concept of adaptive capacity is added to address the fact
that many manifestations and impacts of climate change will unfold over time-
scales that are long enough for people to anticipate, plan for, and respond to these
changes.

In its recent SREX report, the IPCC (2012, p. 32) defines vulnerability as “the
propensity or predisposition to be adversely affected” and describes exposure and
vulnerability as the determinants of risk. While the IPCC Fifth Assessment Report
(ARS5) has not been released at the time of writing, this suggests that the IPCC may
be moving away from the definition of vulnerability in the glossaries of the previous
two assessment reports and toward the more established natural hazards definition
of vulnerability as a component of risk.

Nonetheless, this most recent IPCC definition of vulnerability is very vague.
This may signify a desire on the part of the authors to accommodate multiple ways
of defining and treating vulnerability, recognizing the diverse ways the concept has
been used in the climate change literature, without contradicting the earlier IPCC
glossary definition.

For the operationalization of vulnerability in the VACA questionnaire, the
definition in the glossaries of the IPCC TAR and AR4 is used. This definition has
been widely adopted and has been used to frame a growing number of studies that
range from local-scale studies with the unit of analysis being the household (Eakin
and Bojorquez-Tapia 2008; Pandey and Jha 2011; Notenbaert et al. 2012; Sonwa
et al. 2012) to global-scale studies that examine the relative vulnerability of
individual countries (Yohe et al. 2006a, b; Allison et al. 2009). Other studies
apply this approach at the national or subnational scale to analyze the relative
vulnerability of individual states or districts (O’Brien et al. 2004; Brenkert and
Malone 2005; Malone and Brenkert 2008). Common to all these definitions are the
key concepts of exposure, sensitivity, and adaptive capacity (Miller et al. 2010).
While recognizing the diverse and evolving definitions of vulnerability in the
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literature, the authors choose to use the widely recognized IPCC TAR/AR4 defini-
tion, reflecting its widespread adoption by researchers and practitioners in recent
years.

Mountain Specificities

Mountain regions are characterized by a variety of specific features that have to be
taken into account if one wants to measure vulnerabilities in the HKH region. These
mountain specificities on the one hand enable human activities and on the other
constrain such activities (Jodha 1992, 1997, 2001; Korner et al. 2005). “Enabling
features” include a high diversity of resources, species, and cultures, as well as
diverse niches for specific livelihood activities and products, associated with a great
range of human adaptations. “Constraining factors” include environmental and
social fragility, marginality, and limited accessibility. Within the mountain speci-
ficities framework, inaccessibility captures all elements of distance and mobility as
well as the availability of risk management options. Marginality is defined as the
lack of social and political capital, which often results in difficulties in securing
tenancy rights over land and in gaining access to social services such as credit,
education, and health. Fragility is understood as the diminished capacity of a social
or ecological system to manage shocks. The social dimensions of fragility in the
mountains occur due to scarce, scattered, and periodically unavailable livelihood
resources. Ecological fragility is linked with low carrying capacities coupled with
topography (slope and relief). On the other hand, the concepts of diversity, niche,
and adaptive capacity seek to capture different coping abilities and strategies that
emerge from the natural resource management patterns, livelihoods, and cultural
practices of a given community.

Mountain areas are challenging and demanding living spaces, and mountain
communities have a long history of adapting to extreme conditions. Nonetheless,
traditional adaptation mechanisms are often insufficient to cope with recent socio-
economic and environmental changes (Jodha 1997), which have considerably
increased the challenge for mountain people to secure their livelihoods (O’Brien
and Leichenko 2000). In developing countries, economic development in moun-
tain regions already lags behind that of lowlands, foothills, and urban areas
(Tanner 2003; Barrera-Mosquera et al. 2010). Climate change is expected to
exacerbate existing challenges faced by mountain people and their environments,
to intensify some existing hazards, and to result in the emergence of new hazards
(Sonesson and Messerli 2002; O’Brien and Leichenko 2000; Macchi and ICIMOD
2010). These processes will intensify the exposure component of vulnerability.
The sensitivity component will include environmental aspects embedded in
the biophysical features of a region and social elements that are closely linked to
the nature and range of available livelihood options (Jodha 1997) as well as the
access to resources (Adger and Kelly 1999; Brooks and Adger 2005; Macchi
et al. 2011).
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The Multidimensional Livelihood Vulnerability Framework
for the HKH Region

For the operationalization of vulnerability in the VACA questionnaire, the authors
follow the precedent established by a number of recent studies, as discussed above,
and use a framework based on the established IPCC definition of vulnerability, in
which vulnerability is defined as a function of exposure, sensitivity, and adaptive
capacity IPCC 2007), the relationship between which is defined as follows:

Vulnerability = f (Exposure + Sensitivity — Adaptive capacity)

Within this framework, the authors use household-level indicators to capture key
socioeconomic drivers of sensitivity, aspects of adaptive capacity, and the extent to
which households have been exposed in recent years to evolving environmental
hazards that are likely to be influenced by climate change, as well as socioeconomic
hazards. Sensitivity is viewed as a factor that makes people or systems more likely
to experience harm when exposed to a hazard or stress (i.e., the focus is on the
negative aspects of sensitivity, with any “positive” aspects of sensitivity that allow
people to recognize and respond to changes in a timely manner being associated
with adaptive capacity). Adaptive capacity is a quality that allows people and
systems to increase their ability to cope with external (e.g., climate) stresses and
hazards and to expand the range of conditions under which they can sustain
themselves and their livelihoods. Adaptive capacity thus reduces vulnerability to
hazards that recur or unfold over periods of sufficient duration to allow people and
systems to respond and adapt to change (Brooks 2003).

To estimate the vulnerability of a “system” (e.g., an individual, household
community, district, or country), it is necessary to identify the factors that contrib-
ute to the three elements of exposure, sensitivity, and adaptive capacity and capture
these factors using indicators. These indicators can then be combined to create a
composite vulnerability index.

Here the authors build on the methodology developed by Hahn et al. (2009), who
developed a livelihood vulnerability index (LVI) that focuses on quantifying the
strength of current livelihood systems and the capacity of communities to alter
livelihood strategies in response to climate-related exposures. The LVI combines
the sustainable livelihoods approach (Chambers and Conway 1992; Scoones 1998)
with the measurement of vulnerability as defined by the IPCC. Rather than taking a
model-driven, impacts-based approach to the measurement of vulnerability, the LVI
uses primary data from household surveys. The LVI consists of seven major compo-
nents: sociodemographic profile, livelihood strategies, social networks, health, food,
water, natural disasters, and climate variability. Each of these major components
comprises a number of indicators or subcomponents and is associated with one of
the elements of vulnerability (i.e., exposure, sensitivity, or adaptive capacity).

This LVI framework has been adapted to a mountain context for application to
the HKH region, reflecting the need to address the mountain specificities discussed.
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The resulting Multidimensional Livelihood Vulnerability Framework for the HKH
region (MLVF-HKH) incorporates indicators that are relevant in mountain con-
texts, such as physical accessibility, environmental stability, and social networks
which refer to the constraining characteristics inaccessibility, fragility, and mar-
ginality. It also addresses the fact that climate change will not act in isolation from
other stresses by taking into account economic shocks (e.g., unemployment or the
failure of a business). The MLVF-HKH forms the basis of the VACA questionnaire.
To operationalize the MLVF-HKH, its subdimensions were broken down into
measurable indicators. These indicators are captured by specific questions within
the VACA questionnaires. Table 1 gives an overview of the main dimensions,
subdimensions, and indicators of the MLVF-HKH.

Research Design: The Implementation of the VACA Survey
The Survey Instrument

The Vulnerability and Adaptive Capacity Assessment (VACA) research tool con-
sists of a settlement and a household questionnaire. The Multidimensional Poverty
Assessment Tool (MPAT), created by IFAD (see Cohen 2009), provided a concep-
tual basis for the development of these questionnaires, while the structure and
content of the questionnaires is based on the MLVF-HKH described above. The
VACA questionnaires also incorporate elements from the Vulnerability Assessment
Mapping (VAM) survey created by the World Food Programme (WFP) and the
Nepal Living Standard Survey 2002/2003 (NLSS). These elements provide the
questions for the sections on household food and nonfood consumption and acces-
sibility, respectively. The thematic areas covered by the VACA include household
consumption, food security, water security, health and health care, access to basic
facilities, accessibility, housing, education, assets, exposure to shocks, medium-
term climatic and environmental changes, and coping behavior. The VACA ques-
tionnaires were piloted by local partner institutions in India, Nepal, and Pakistan.
Feedback was used to tailor the tools to local contexts and the practical require-
ments of surveys.

Study Site Selection

The Himalayan Climate Change Adaptation Programme (HICAP) focuses on the
three major river basins of the HKH: the Indus basin, the Ganges basin, and the
Brahmaputra basin. The three basins were selected based on expected significant
impacts that climate change will have there. The selected basins show different
degrees of dependency on meltwater from snow and glaciers (Vohra 1981), which
is crucial if one wants to analyze the impact of global warming on snow and glaciers
as well as the associated downstream implications.
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Table 1 Multidimensional Livelihood Vulnerability Framework: dimensions, subdimensions,

and indicators

Main
dimensions | Subdimensions Indicators
Adaptive Sociodemographic | Dependency ratio
capacity status Educational attainment of HH head
Access toresources | Agricultural land per head
Livestock per head
Livelihood Primary sector livelihood diversity
strategies Secondary and tertiary sector livelihood diversity
Yearly amount of remittances per head
Cash crops diversity
Social networks Political influence on the local level
Ease to borrow money
Physical Time to reach the next market center
accessibility Time to reach the next hospital
Time to reach the next bus stop
Sensitivity Well-being Total per head consumption
Communication and transport assets
Affordability of health care
Extent of indebtedness
Health and Frequency of serious illnesses
sanitation

Access to improved sanitation

Access to improved source of drinking water

Perceived quality of drinking water

Food security

Food self-sufficiency

Months HH had sufficient food

Food crops diversity

Diet diversity

Water security

Time to reach primary water source

Months of water sufficiency for HH needs

Severity of water conflicts

Months of water sufficiency for crops and livestock

Coping strategies

Short-term livelihood diversification coping strategies
implemented

Average time to recover from shocks in relation to
combined severity

Medium-term coping strategies implemented

Environmental
stability

Majority of agricultural land flat or sloping

Majority of agricultural land irrigated land

Quality of soils of majority of land

Quality of wall material of dwelling

Degree to which dwelling can withstand extreme weather
events

(continued)
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Table 1 (continued)

Main
dimensions | Subdimensions Indicators
Exposure Short-term Environmental shocks during the past 12 months

exposure Combined damage in US$ caused by environmental
shocks during the last 12 months

Socioeconomic shocks during the past 12 months

Combined damage in US$ caused by socioeconomic
shocks during the last 12 months

Medium-term Perceived change in frequency of certain climatic events
exposure over the last 10 years

Perceived change in severity of certain climatic events
over the last 10 years

Perceived new climatic or environmental conditions over
the past 10 years

Perceived change in temperature over the past 10 years
Perceived change in precipitation over the past 10 years

Within the three river basins, sub-basins were selected based on the following
criteria: (1) representativeness of the HKH region, (2) availability of data (gauging
stations, secondary data, etc.), (3) population density (vulnerable communities),
(4) accessibility, and (5) land use pattern. Out of six potential sites, the VACA was
conducted in the following three sub-basins: the Upper Indus sub-basin in Pakistan,
the Koshi sub-basin in Nepal, and the Eastern Brahmaputra sub-basin in India (see
Map 2).

Sample Design

The selection of households for VACA data collection within the three sub-basins
followed a three-staged random sampling procedure. In the first step, there was a
purposeful selection of districts within the sub-basins based on the following seven
criteria: (1) a substantial proportion of land that can be characterized as hilly or
mountainous (some plain and foothill district areas were selected as a control
group); (2) prior environmental hazards such as floods, flash floods, or droughts;
(3) representativity in terms of ecological, ethnic, livelihood, and socioeconomic
aspects; (4) expected vulnerability to future climate change impacts; (5) being part
of the HICAP feasibility study (2009-2010); (6) availability of operational partners
to conduct the VACA survey; and (7) the security situation and accessibility. Expert
opinions from ICIMOD, regional research institutes, and local partner institutions
were sought for the final selection. In the second step, a random selection of
settlements within the selected districts took place. In the third step, there was a
random selection of households within the settlements. One enumerator from each
survey team was asked to stand in the center of the settlement and randomly select a
direction for the first interview. The other interviewers were asked to start from the
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Map 2 The VACA study sites (Source: ICIMOD)

periphery of the settlement and progress in a random direction. The enumerators
walked in the respective directions, counting houses until they reached a prior given
number. This was the first house to be surveyed. If a household was empty, then the
enumerator moved to the next closest household. This procedure was continued
until the quota for the settlement was accomplished. In each selected district, the
sample size required to ensure representativity at district level was surveyed —
many cases approximately 385 households. The number of households surveyed
per settlement was proportional to the total population. Overall, 6,096 households
of 279 settlements were interviewed. Table 2 presents the details of the samples in
India, Nepal, and Pakistan.

Field Work

VACA survey fieldwork was undertaken between October 2011 and April 2012. In
Pakistan, the interviews were conducted from October until mid-November 2011.
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Table 2 VACA sample size by country, state, and district for India, Pakistan, and Nepal

Sub-basin State/province/ Sample Sample size
(country) development region District size (HH) (settlement)
Eastern Arunachal Pradesh East Siang 375 23
Brahmaputra Lower Dibang 380 19
(India) Lohit 330 20
Assam Dhemaji 390 20
Lakhimpur 390 20
Marigaon 386 14
Tinsukia 396 18
Total 2,647 134
Upper Indus Khyber Chitral 383 10
(Pakistan) Pakhtunkhwa
Gilgit-Baltistan Hunza-Nagar 376 12
Gilgit 380 5
Total 1,139 27
Koshi (Nepal) Central Mountains Dolakha 385 18
Central Hills Kavrepalanchowk 385 16
Eastern Hills Khotang 385 18
Udaipur 385 24
Eastern Terai Sunsari 386 18
Siraha 384 24
Total 2,310 118

The data collection was done in collaboration with the Aga Khan Support
Programme (AKRSP). In India, data were collected between November 2011 and
end of March 2012 in collaboration with Aaranyak. In Nepal, the survey was
conducted from December 2011 to February 2012. Here, the data collection was
done in collaboration with the Nepal Development Research Institute (NDRI) and
the Koshi Victim’s Society (KVS). Each field team consisted of the enumerators,
field supervisors, and a local coordinator. The enumerators were responsible for
conducting the interviews. The field supervisors oversaw the work of the enumer-
ators, provided clarifications, checked completed questionnaires, and managed
local logistics. The local coordinator managed the implementation of the VACA
in the respective sub-basins.

The VACA implementation comprised the following generic steps: an orienta-
tion and training session, pre-survey preparation, settlement and household survey,
post-survey revisit, and data entry and compilation. Orientation and training were
conducted separately in each of the sub-basins. These sessions involved discussions
with the field team on issues such as objectives of the study, research design,
sampling method, survey technique, ethics, confidentiality protocol, and question-
naires. Where survey questions contained technical terms which did not have
synonyms in the local language, the entire field team agreed upon a common
definition. The training session included test interviews in villages, which were
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supervised by the field supervisors. The training sessions were followed by
debriefing sessions to collect feedback from enumerators, field supervisors, and
local coordinators and provide clarification.

Prior to the field work, the field teams briefed the community elders or villages
leaders about the aim and content of the study. As VACA required detailed
information about various aspects of a household, original survey protocol
required that interviews should be conducted with the functional head of
the household, irrespective of the person’s age or gender. The enumerators
explained the objectives of the survey to the respondent and obtained a verbal
consent before continuing with the interview. An interview was left incomplete if
the respondent refused to provide the verbal consent. The enumerator recorded the
refusal and moved to the next closest household. In the case of the settlement
questionnaire, the head or a senior member of a rural or urban public institution
was interviewed.

On average, a household interview required 1 h and 20 min, ranging from 30 min
to two and a half hours. The interviews were conducted in the primary local
language of the sub-basin. The completed questionnaires were collected and ran-
dom plausibility checks were carried out by the field supervisors. In cases of
discrepancies, enumerators revisited particular households to seek clarifications.
The household and settlement questionnaires were entered in a data entry mask.
After entering the data, plausibility checks were performed to control for entry
errors and inconsistencies to guarantee the quality of the data.

Challenges in the Field

Several challenges were encountered during the implementation of VACA.
People in the HKH region generally associate the collection of data with immi-
nent development interventions. Such perceptions can create expectations of
forthcoming benefits in return of their participation. Prior to the interviews,
enumerators told the respondents and community elders that VACA would not
lead to any immediate direct development intervention. They pointed out that
since the tool captures significant issues of the household and the community, the
study will contribute to more informed policy and development planning at
various levels.

The spatial and temporal synchronization of the survey proved to be a challenge.
In some study areas, the process was delayed because of adverse weather, the
farming cycle, availability of enumerators, and sensitive security situations. Due
to cultural sensitivities and general curiosity among people in the communities, it
was difficult to conduct one-on-one interviews with female respondents. Often, the
female respondent was surrounded by men, women, or children from the same
household or neighborhood. Under such circumstances, the respondents were often
reluctant to respond frankly to culturally sensitive issues. Sometimes, onlookers
tried to influence the respondent’s opinion. The presence of female enumerators
was able to resolve this to a limited extent.
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First Findings of the VACA Survey
Methods

The following analyses were based on VACA household data from India, Nepal,
and Pakistan. The findings consist of weighted descriptive analyses of basic indi-
cators for short-term and medium-term exposure as reported by the surveyed
households, and the identification of coping strategies deployed to deal with the
stresses to which these households were exposed. The presented percentages and
means were differentiated by sub-basin.

Short-term Exposure and Coping Strategies

One section of the VACA questionnaire deals with short-term exposure to envi-
ronmental and socioeconomic shocks as well as coping behavior applied by the
households to deal with the events mentioned. Figure 1 presents the three most
common environmental shocks during the last 12 months prior to the interview that
households of the three sub-basins reported. In both areas water-related events seem
to have played a significant role: on the one hand people faced too much water in
the form of floods in the Upper Indus sub-basin and Eastern Brahmaputra
sub-basin' (19 % and 17 %, respectively). On the other hand there was too little
water which resulted in droughts in the Eastern Brahmaputra sub-basin (16 %) and
irrigation problems in the Koshi sub-basin (22 %). A considerable number of the
households of the Koshi and Upper Indus sub-basins reported erratic rainfall (16 %
and 14 %, respectively). In addition to water-related stresses, a significant percent-
age of households in the three sub-basins had to deal with livestock diseases (32 %
in Eastern Brahmaputra, 22 % in Koshi, and 11 % in Upper Indus).

The three most common socioeconomic shocks which were reported by the
households are shown in Figure 2. It becomes apparent that people of all the
surveyed sub-basins were confronted with quite similar socioeconomic problems,
although to a different extent. In all three areas family sickness was the most
common socioeconomic stressor (63 % in Eastern Brahmaputra, 43 % in Koshi,
and 36 % in Upper Indus), followed by electricity shortage (38 %, 33 %, and 32 %,
respectively). In addition, debts were one of the frequently mentioned socioeco-
nomic problems both in the Koshi sub-basin and in the Eastern Brahmaputra
sub-basin (30 % and 16 %, respectively), while about seven percent of the
households in the Upper Indus sub-basin were confronted with poor access to
markets.

"The authors would like to emphasize that the presented information was obtained by the
respondents. In the reference period, neither local nor national authorities have declared a drought
in the Eastern-Brahmaputra sub-basin.
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Fig. 1 The three most common environmental shocks during the last 12 months by sub-basin
(in % of HH)

The VACA questionnaire records a broad variety of strategies employed by
households to cope with short-term exposure. Figure 3 presents the three most
common coping strategies that were reported by the people of the three sub-basins.
One of the basic strategies to cope with short-term shocks that households of all
three sub-basins applied was borrowing money from relatives or friends (59 % in
Eastern Brahmaputra, 48 % in Koshi, and 17 % in Upper Indus). In addition,
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Fig. 2 The three most common socioeconomic shocks during the last 12 months by sub-basin
(in % of HH)

one-fourth of the people of the Koshi sub-basin have taken loans from money-
lenders (27 %). A significant percentage of households of the Indian and Nepalese
sites reported that it has bought food on credit (47 % and 18 %, respectively),
which is just another form of borrowing money. It can be assumed that this
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Fig. 3 The three most common coping strategies to deal with shocks by sub-basin (in % of HH)
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type of coping is related to the indebtedness which is one of the major socioeco-
nomic problems reported by the households of the Koshi and Eastern Brahmaputra
sub-basins. In the Upper Indus sub-basin, the reduction of spending on basic goods
like food (28 %) and clothes (18 %) is another relevant coping strategy. In the
Eastern Brahmaputra sub-basin, almost one-third of the households reported that
they have sought wage employment to deal with short-term exposure.

Medium-term Exposure and Coping Strategies

The VACA questionnaire includes a section for recording medium-term exposure,
i.e., perceived environmental and climatic changes during the 10 years prior to the
survey. Figure 4 shows the percentage of households that has observed changes in
their environment as well as in temperature and precipitation patterns, differenti-
ated by sub-basin. Almost all households of the Upper Indus sub-basin reported that
they have experienced changes in all of the three aspects. Though the respective
percentages in the Eastern Brahmaputra sub-basin and the Koshi sub-basin are
significantly lower, still a broad majority has observed environmental and climatic
changes.

If households reported that they have experienced changes, they were asked to
describe the changes that they have perceived. This was done separately for
changes in the environment, changes in temperature patterns, and changes in

86.0
..changes in the
. 849
environment
89.3
...changes in temperature
patterns
889
...changes in precipitation
patterns
0 20 40 60 80 100
O Eastern Brahmaputra (India) B Koshi (Nepal) OUpper Indus (Pakistan)

Fig. 4 Households which have observed the following changes over the last 10 years by basin
(in % of HH) N = 6,094 HH (India = 2,646, Pakistan = 1,139 HH, Nepal = 2,309), weighted
analysis, 100 %, data: VACA 2011/12
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Fig. 5 The three most common new events observed in the environment over the last 10 years by
sub-basin (in % of HH)

precipitation patterns. Figure 5 illustrates the three most commonly reported new
environmental stressors during the last 10 years. Again, several of the stressors
were water related: too much water in the form of floods in the Upper Indus
sub-basin (53 %) and too little water in the form of droughts (43 % in Koshi,
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36 % in Eastern Brahmaputra)® and dryspells (36 % in Koshi). In addition, a
significant percentage of households in the three sub-basins reported erratic rainfall
(60 % in Upper Indus, 52 % in Koshi, and 42 % in Eastern Brahmaputra).
Irrespective of water-related stressors, a large number of households in Upper
Indus have observed extraordinary low temperatures over the last 10 years
(40 %). It should be pointed out that the most frequent new event reported by the
people of the Eastern Brahmaputra sub-basin were human diseases (50 %).

Figure 6 shows the three most common strategies employed by households to
cope with new environmental and climatic conditions over the last 10 years.
Overall, the percentage of households in Nepal reporting that they have applied
any coping strategy is lower than in Pakistan and India. People of all three
sub-basins applied quite similar measures: a primary strategy in all three
sub-basins was giving up planting certain kinds of crops (28 % in Upper Indus,
22 % in Eastern Brahmaputra, and 17 % in Koshi). In the Upper Indus sub-basin and
the Koshi sub-basin one of the most common practices was to change farming
practices (28 % and 12 %, respectively), i.e., bringing forward or delaying sowing
and harvesting. In the Koshi sub-basin and the Eastern Brahmaputra sub-basin, a
significant percentage of households introduced new crops and varieties (15 % and
11 %, respectively). Apart from farm-related coping strategies, in the Eastern
Brahmaputra sub-basin almost one-fourth of the households took on new off-farm
activities to deal with medium-term exposure.

Discussion

Because of the limited availability of historical time series data on temperature and
precipitation in the HKH region and the marked microclimatic variation in altitude
and aspect (Singh et al. 2011), a direct comparison of perceptions of climatic
medium-term exposure in the three sub-basins with hydrometeorological data is
difficult. Available climate data indicate a moderate warming, while data on
precipitation do not show any statistically significant trends. Climate models for
the region generally predict increasing temperatures and greater amounts of pre-
cipitation than at present to the middle of the century (Singh et al. 2011). Never-
theless, people’s perceptions can be useful as proxies for missing climate data at the
local level and as a supplement for scientific data (Macchi et al. forthcoming).

In all three sub-basins, perceptions of climatic and environmental short-term and
medium-term exposure are mainly water related. Unpredictable precipitation and
changes in water availability have direct impacts on primary sector activities which
make up a large part of the livelihoods of the population of the study sites. Changes
in precipitation timing (e.g., changes in the onset of summer and winter monsoon)

>The authors would like to emphasize that the presented information was obtained by the
respondents. In the reference period, neither local nor national authorities have declared a drought
in the Eastern-Brahmaputra sub-basin.
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and overall water availability in a region where people are greatly dependent on
agriculture, both for subsistence and for growing cash crops, result in uncertainty
regarding the timing of crop production which can lead to lower productivity and
even crop failure (Bartlett et al. 2010; Gentle and Maraseni 2012). Furthermore,
erratic precipitation patterns affect rangelands and forests and thus have impacts on
the grazing of livestock and the availability of non-timber forest products (Gentle
and Maraseni 2012).

The main short-term coping strategies reported by the households of the three
sub-basins were borrowing money and reduced consumption of basic goods.
According to Corbett (1988), these are primary coping strategies applied to deal
with disasters, which are, when exhausted, followed by the disposal of productive
assets (e.g., sale of livestock or agricultural land). Taking loans places additional
stress on families, promotes exploitation, and is pushing poor households toward
indebtedness and a vicious cycle of poverty (Gentle and Maraseni 2012). This is
actually reflected in the relatively high number of households that have reported
indebtedness as one of the main socioeconomic shocks. Furthermore, these short-
term coping strategies are not sustainable in view of predicted climate change
associated with increasing temperatures and an increase in the frequency and
magnitude of extreme events (Nogues-Bravo et al. 2007; IPCC 2012) as they
deplete the asset base and thus render households even more vulnerable to recurring
shocks.

Although a vast majority of the households in the three sub-basins have per-
ceived climatic and environmental changes during the last 10 years, the percentage
of households that have applied medium-term coping measures was relatively low.
These results are in line with other findings of recent studies from the region that
show that people often do not react to perceived changes because they lack
resources, information, and/or government support (Gentle and Maraseni 2012;
Gambhir and Kumar 2013; Colom and Pradhan 2013; Zaheer and Colom 2013).
The most important medium-term coping strategies employed by households
included giving up certain crops, changing farming practices (e.g., earlier sowing
or harvesting), and introducing new crop varieties. While the first two strategies are
reactive and may lead to decreased productivity and thus increase vulnerability, the
latter could be regarded as a proactive adaptation measure, given that farmers have
anticipated changes and therefore adjusted their farming practices accordingly.
A recent qualitative study by Macchi et al. (forthcoming) in Nepal and Northwest
India provides an example of mountain farmers who took advantage of new
opportunities offered by increasing temperatures: the farmers grew millet and
certain fruits at altitudes where they had not thrived before or cultivated more
than one crop cycle per year.

Given the rather low percentage of households that addressed change in a
proactive manner and the fact that most of the observed response mechanisms to
change were natural resource based and therefore highly susceptible to changing
climatic conditions, awareness rising and capacity building at all levels of society
(from government institutions to households), improved communication of tailor-
made information, and a synergy between adaptation and development
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interventions are essential. This, again, requires assessments of the location-specific
situation and the specific needs of all stakeholders.

Conclusion

The people of Hindu Kush Himalayas are confronted with rapid socioeconomic,
demographic, and environmental changes. To explore their vulnerability and adap-
tive capacity, the International Centre for Integrated Mountain Development has
developed a survey instrument (VACA questionnaires) and had collected data of
almost 6,100 households of three of its regional member countries as part of the
Himalayan Climate Change Adaptation Programme (HICAP). This chapter
presented the methodology of the VACA study, i.e., the operationalization of
livelihood vulnerability in the VACA questionnaires and the research design of
the VACA survey. At the end, the usefulness of the assessment was illustrated by
presenting preliminary findings.

At the moment, the project is ongoing and several tasks are performed. One of
them is the development of a multidimensional livelihood vulnerability index
(MLVI) for the HKH region, which allows an effective way of describing and
comparing of livelihood vulnerability and its trigger across the study sites. Besides,
the data provide a rich basis for the quantitative analysis of various research
questions, such as the causes and effects of vulnerability and adaptive capacity.
In this regard, it seems fruitful to have a closer look into short-term and medium-
term exposure and the respective coping strategies: who is doing what and with
what kind of results?

The survey data will provide a baseline for further in-depth studies, both
qualitative and quantitative, and interventions that are planned within HICAP.
Based on VACA, it will be possible to identify relations and interdependencies
on an aggregated level, while in-depth studies will help to explore the underlying
mechanisms. Given the lack of household-level data on vulnerability and adaptive
capacity in the studied river basins, VACA can provide significant insights for the
adaptation planning at the district level. In addition, the survey data will be linked
up with available metrological and environmental data as well as information on
hazards in the respective sub-basins. In that sense, VACA is one of several pillars
within the mixed-method approach chosen for HICAP.
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Abstract

The purpose of this chapter is to explain and come to an understanding of the
causes of forced migration and climate displacement due to the climate change
in the present era of globalization. Environmental crisis along with the increas-
ing impacts of climate change in Bangladesh has become an important cause of
cross-border migration to South Asian countries. This chapter attempts to focus
on migration and climate displacement in Bangladesh. The research is based
upon theoretical sources and empirical data. The consequences of such move-
ment of population in South Asian context will generate a range of destabilizing
sociopolitical, economic, and climate change impacts in the future. Bangladesh
is commonly recognized as one of the most climate-vulnerable countries on
earth and is set to become even more so as a result of climate change. This
chapter underlines that climate displacement is not just a phenomenon to be
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addressed at some point in the future; it is a crisis that is unfolding across
Bangladesh now. Sea-level rise and tropical cyclones in coastal areas as well
as flooding and riverbank erosion in mainland areas, combined with the socio-
economic situation of the country, are already resulting in the loss of homes, land
and property which are common phenomenon in Bangladesh. Among the
many causes of vulnerability of people, cross-border migration due to climate
change might increase the susceptibility of people to climate change in South
Asian countries. This chapter examines the details of legal framework of current
and future causes of climate displacement in Bangladesh. It further analyzes
existing government policies and programs intended to provide solutions
to climate displacement and relief to climate displaced persons and emphasizes
that rights-based solutions must be utilized as the basis for solving this crisis.

Keywords
Climate change ¢ Displacement ¢ Environmental migrants ¢ Vulnerability ¢
Policy  Bangladesh

Introduction

Climate change is one of the most serious threats in the present world. It will affect all
of us but will have a disproportionate impact on millions of poor rural people of
developing countries. It puts more people at risk of hunger and makes it more difficult
to reduce the proportion of people living in extreme poverty. For development work to
be effective, we must help poor rural people cope with and mitigate the impact of
climate change. The concept of climate and displacement is not a new phenomenon
and can be traced back to earlier deliberations on environmental displacement, which
were particularly prominent during the 1990s. Climate change has emerged as the
greatest threat faced by human beings in the modern world (Clime Asia 2009). The
adverse effects of climate change destabilize the human displacement, economic
development, human security, and people’s fundamental right (UNDP 2007). Climate
change, environmental degradation, and migration are among the key topics that
dominate the international and national political arena today. Environmental migra-
tion is a reality that can no longer be overlooked. Millions of people have already been
displaced as a result of climate change and climate-related natural disasters like Alia
and Sidr in Bangladesh. The affected people are also moving from one place to another
because of environmental disaster and not able to continue their livelihood anymore.
The Red Cross research shows that more people are now displaced by environmental
disasters than by war. The United Nations University predicts that 50 million people
globally will be displaced by environmental crises by the year 2010. According to
other experts in the relevant field, there could be as many as 200 million displaced
worldwide by 2050. Although these numbers are expertly researched estimates, even
the predictions on the lowest end of the scale are immense.

The concept of migration is not a new one; it has been developed for thousands
of years ago. This phenomenon is new because there are more and more people that
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are forced to flee their homes due to environmental factors and natural disaster
related to climate change. The complex interdependence between these phenome-
non and the potential consequences of the failure to tackle them in time are
beginning to attract increasing public and scientific attention. The manifested
political commitments to the pursuit of sustainable development, environmental
protection, and the respect, protection, and fulfillment of human rights and even
more so to their interlinkages are often limited by narrow geopolitical interests
when action becomes necessary. Bangladesh is widely recognized to be one of the
most climate-vulnerable countries in the world. It is found that in every year,
natural disaster frequently happens, which causes loss of life and damage to
infrastructure and economic assets and adversely impacts on lives and livelihoods,
especially of poor people (BCCSAP 2008). Climate change is considered to be a
critical global challenge and recent events have demonstrated the world’s growing
vulnerability to climate change. The impacts of climate change range from affect-
ing agriculture to further endangering food security, to rising sea levels and the
accelerated erosion of coastal zones, and to increasing intensity of natural disasters,
species extinction, and the spread of vector-borne diseases (United Nations Perma-
nent Forum on Indigenous Issues 2007). Bangladesh has developed some facility
for dealing with the impacts of climate change at the national level and policy
response options has been mobilized that deal with vulnerability reduction to
environmental variability and most recently to climate change in particular
(Saleemul Haq. Ayers 2007).

Climate Change and Bangladesh

Bangladesh is one of the largest deltas in the world which is highly vulnerable to
natural disasters because of its geographical location, flat and low-lying landscape,
population density, poverty, illiteracy, lack of institutional system, etc. In other
words, the physical, social, as well as economic conditions of Bangladesh are very
typical to any of the most vulnerable countries to natural disasters in the world. The
total land area is 147,570 km? and consists mostly of floodplains (almost 80 %)
leaving major part of the country (with the exception of the northwestern highlands)
prone to flooding during the rainy season. Moreover, the adverse affects of climate
change especially high temperature, sea-level rise, cyclones and storm surges,
salinity intrusion, heavy monsoon downpours, etc. has aggravated the overall
economic development scenario of the country to a great extent (Anne Katrien
2012). Climate change is an important issue in the effort for global peace. The
global temperatures and sea levels are changing day by day. The whole world is
apprehended about the unnatural changes occurring in global climate. The issue of
global climate change that we are facing is more pressing than ever (BCCSAP
2009). In Bangladesh the climate change is affecting the human life and economical
development and causing displacement of human being. Due to global warming,
the country has experienced unusual changes in seasons and faces unexpected rains,
dry spells, temperatures, and other symptoms of changes in global weather patterns.
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Bangladesh’s vulnerability to climate change lies mainly in its density of
population and that a large part of its area consists of low-lying coastal areas and
expansive floodplains. Now Bangladesh has a population of 163 million people
(Bangladesh Demographic Report 2013). While the country’s population has been
increasing, on the one hand, its forests are being depleted on the other (Jahangir
Alam 2009). An increasing world population and harmful industrialization by the
developed countries are the main causes of climate change. The severity of storms,
droughts, rainfall, floods, and other natural disasters has been increasing in devel-
oping countries like Bangladesh in particular, due to climate change. Global
warming threatens our agriculture also, which is the backbone of a country.
Every year, natural disasters occur like Sidr and Alia causing havoc effects on
Bangladesh agriculture, touching every corner of the country. Due to lack of
resources and other causes, Bangladesh does not have the capacity to ensure that
appropriate measures are taken to mitigate the damage (Ahamed 2008).

The coastal areas of Bangladesh and the coastal people are mostly affected by the
climate change and they are losing ponds, lakes, dams, and forestry due to natural
disaster. National and regional varieties of fish are being lost due to such climate
disaster. Specialists have consensus that 54 varieties of fish in Bangladesh have already
been lost due to climate change and natural disaster, and forest and animals are also
being lost. Most of the people in Bangladesh are living in rural areas and lead a very
poor life. According to the Water Development Board, there is a total of 11,000 km of
embankment that the Water Development Board developed, of which around 250 km
were damaged by water surges during cyclones Sidr and Alia. The existing embank-
ment at Moheshkhali under Cox’s Bazar District requires a 4.5 m height increase to
protect against storm surges and sea-level rises due to the effects of climate change.
Any future embankments should be designed to be 2—4 m higher than the existing ones.
Due to climate change, the weather in Bangladesh has changed. Water levels have
fallen, temperatures have risen, and the incidence of floods, dry spells, and cyclones
have all increased, affecting both people’s lifestyle and the crops. At least 30 rivers,
including the Padma, the Gomti, and the Teesta, have dried up. And most of the other
rivers in Bangladesh are being lost because they are being filled with soil. Parts of
northern Bangladesh are becoming desert. Geological and biological changes in the
area are threatening normal life (Shamsudoha and Chy 2009). Bangladesh needs
technological and economic support to survive the effects of a changing climate. Just
as important is the proper handling of any foreign funds Bangladesh may get, since we
know that corruption is another large barrier to our prosperity.

Causes of Climate Change and Displacement: The Present
Scenario

The main causes of environmental deterioration or devastation forcing people to
move from their natural habitat are many and varied. The primary causes of climate
displacement in Bangladesh tidal height increases in the coastal areas and riverbank
erosion in the mainland areas. The secondary causes of displacement are tropical
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cyclones and storm surges in the coastal regions and river flooding in the mainland.
The main scenario sites of displacement have been in the coastal areas and in the
river delta regions in the mainland. Bangladesh has 64 districts of them 24 coastal
and mainland districts have already producing climate displaced peoples (Climate
displacement Report 2012).

Impacts related to climate change could be divided into two distinct drivers of
migration:

(a) Long-term climate processes (for instance, sea-level rise, salinization of agri-
cultural land, desertification, soil erosion, water scarcity)

(b) Short-term extreme climate events and extreme weather events (for instance,
flooding, hurricanes, storms)

According to International Organization for Migration (IOM), climate change is
likely to affect the movement of people in at least four ways: (i) the intensification
of natural disasters like both sudden and slow onset leading to increased displace-
ment and migration; (ii) the adverse consequences of increased warming, climate
variability and of other effects of climate change for livelihoods, public health, food
security, and water availability; (iii) rising sea levels that make coastal areas tumble
down; and (iv) competition over scarce natural resources potentially leading to
growing tensions and even conflict and, in turn, displacement. The consequences of
climate change (including its effects on migration) will be most severe for the
developing world like Bangladesh. Particular areas including the Asian mega deltas
have been identified as “hotspots” where greater revelation and sensitivity to
climate change combine with limited adaptive capacity to suggest that impacts
will be most significant (IOM 2008).

The proposed working definition of migrant by the International Organization
for Migration (IOM) is that environmentally induced migration or environmental
migrants to encompass people who move as a result of natural or human-made
disasters as well as those who migrate because of deteriorating environmental
conditions. According to this definition, environmental migrants are those “Envi-
ronmental migrants are persons or groups of persons who, for reasons of sudden or
progressive changes in the environment that adversely affect their lives or living
conditions, are obliged to have to leave their habitual homes, or choose to do so,
either temporarily or permanently, and who move either within their territory or
abroad.”

This definition is inclusive of all persons who have an environmental factor as
the major cause of migration and acknowledges that environmentally induced
migration can be internal as well as international and a short- or long-term phe-
nomenon, due to sudden or gradual environmental change, without ignoring other
intervening political, economic, and social factors.

One of the most basic issues in climate change and environmentally induced
migration is that it is an international issue or process, but not a regional or local
issue. The international community has the responsibility to provide adequate
measures for prevention, adaptation policy, and mitigation community in order



182 N. Mohammad

for the mostly affected countries to reduce their vulnerability to the impacts of
environmental disasters and manage the development of environmental processes.
The local and national authorities have no power to engage in proactive interven-
tion to reduce the crisis of climate change. Environmentally induced migration is
rarely mono-causal. The cause-consequence relations are increasingly complex and
multifactorial (Myers and Kent 1995). A growing number of people flee because of
multiple causes of injustice, exclusion, environmental degradation, competition
for scarce resources, and economic hardship caused by dysfunctional states.
Some people leave voluntarily, some flee because there is no other choice, and
some may make the decision to move before they have no other choice but to flee.
The different degrees of force and the complex set of influencing factors blurs the
traditional concepts of migration and displacement, creating confusion among the
academia and the international community about whether to talk about migration or
displacement in the case of people fleeing disasters and environmental degradation
(Tina 2008).

There is a scientific perception that the effects of the climate change are
frustrating; many of the natural environmental hazards already faced by
Bangladesh in every year (McAdam and Saul 2010) are sudden-onset events
including floods, cyclones, storm surges, waterlogging, salinity intrusion, and
riverbank erosion and slow-onset events such as coastal erosion, sea-level rise,
saltwater intrusion, etc.

Bangladesh’s vulnerability to natural hazards leads to climate displacement — the
forced displacement of individuals and communities from their homes and lands.
This is as a result of both “sudden-onset events” such as floods, cyclones, and
riverbank erosion as well as “slow-onset processes” such as coastal erosion, seal-
level rise, saltwater intrusion, changing rainfall pattern and drought, etc. (Siddiqui
2011).

Alarmist prediction is that some 30 million people will be displaced from
Bangladesh by 2050 as a result of climate change (McAdam and Saul 2010). It is
projected that six million people have already been displaced by the effects of
climate hazards in Bangladesh.

However, human displacement and migration is a multi-causal phenomenon
even in cases where climate change is a predominant driver of migration; it is
usually compounded by social, economic, political, and other factors. Resource,
social network, cultural ability to cope with change, individual’s attitude, position
in family decision making, and gender contribute to decision to migrate or not
(Matthew 2010).

It is estimated that 60,000 deaths from climate-related natural disasters occur
every year (UN News Service 2007) and that 30 million people worldwide are being
displaced because of serious degradation of environmental conditions, natural
disasters, and depletion of natural resources. This figure is expected to soar by the
middle of this century. While there are no authoritative global figures on the
number of people who will move for environmental reasons in the future, the
Stern Review provides an estimate of 150-200 million becoming permanently
displaced due to the effects of climate change by the year 2050 (Stern 2006).
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However, the international community is largely ignoring the issue that may
potentially become one of the greatest global demographic and humanitarian
challenges for the twenty-first century (Myers and Kent 1995).

Climate Displacement in Bangladesh: Future Situation

Bangladesh has total 64 districts, of which 24 districts are coastal and mainland
from which people are displaced. Bangladesh having 160 million people is highly
vulnerable to climate change and displacement due to sea-level rise (Rabbani
2009). Twenty-eight percent of the population of Bangladesh lives in the coastal
regions of the country (Rafiqul Islam 2007).

Climate change is one of the greatest challenges for the world today. The effects
of climate change will aggravate many of the natural hazards faced by Bangladesh
in every year, including all of the natural hazards currently leading to climate
displacement: flooding, tropical cyclones, storm surges, salinity intrusion, and
riverbank and coastal erosion and SLR. The Intergovernmental Penal of Climate
Change (IPCC) has provided that climate change and global warming are likely to
lead to an increase of rainfall, rise in the frequency of flash floods and large-area
floods, earlier melting of snowpacks and melting of glaciers, frequent and intense
droughts, intense tropical cyclones, rising sea levels, frequent and intense storm
surges, and intense inland rainfall and stronger winds (IPCC 2007). Sea-level rise
from climate change is anticipated to worsen many of these processes and to
subsume up to 13 % of Bangladesh’s coastal land by 2080 (Pender 2008).

Heavier and more erratic rainfall in the Ganges-Brahmaputra-Meghna system is
likely to lead to further riverbank erosion resulting in mass displacement in the
mainland areas of Bangladesh. Besides, erratic rainfall is also likely to lead to
overtopping and breaching of embankments resulting in widespread flooding in
both urban and rural areas. In addition, it is likely to lead to increasing droughts,
especially in the drier northern and western regions of Bangladesh which record
significantly less rainfall causing the destruction of crop yields and severe disrup-
tion to livelihoods (IPCC Third Assessment Report 2001). Erratic rainfall is likely
to lead to increasingly frequent and severe landslides in the hill regions of
Bangladesh triggering human exodus. As the Himalayan glaciers continue to
melt, it is likely that there will be higher river flows in the warmer months of the
year, followed by lower river flows and increased saline intrusion after the glaciers
have shrunk or disappeared (Displacement Solution Report in Bangladesh 2012).

The difficulty inherent in predicting the future impact of climate change on
displacement in Bangladesh means that any attempt to quantify the exact number of
climate displaces should be treated with some caution. However, as all of the key
current drivers of displacement are expected to increase in both frequency and
intensity due to climate change, it is highly likely that the number of climate displaced
due to existing factors will continue to increase in the future in Bangladesh. In
addition, the number of climate displaced is likely to rise even higher due to secondary
and as yet unforeseen effects of climate change (Haque 1996).
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Existing Potential Policies and Institutional Frameworks
in Bangladesh

Bangladesh, being one of the most vulnerable countries, has adopted a number of
policies and institutional frameworks over the recent years. These measures have
been undertaken to combat frequent natural disasters and the adverse effects of
climate change.

Policies and Institutional Framework on Environment in
National Level

The Government of Bangladesh has adopted a number of national policy and
framework for the protection of environment and natural disaster. National Envi-
ronmental Policy 1992 and the Coastal Zone Policy 2005 deal with the adverse
effects of disasters and environmental problems (Roy 2012). But there is no clear
indication about the problems of population displacement. In terms of guiding
strategies on the environment, among the key documents is the National Environ-
mental Management Action Plan 1996, the more recent National Capacity Self-
Assessment (NCSA) for Global Environmental Management 2007, and the sector-
specific environmental policies such as the National Water Policy 1999 and the
Guidelines for Participatory Water Management. All of these documents are under-
standably focused on meeting Bangladesh’s current environmental challenges and
make few specific references to the migration effects of environmental change and
degradation (although the NSCA refers to the problems of displacement by river-
bank erosion, rural-urban migration, and the potential for out-migration from
coastal zones). In contrast, policies on disaster management such as the Draft
National Plan for Disaster Management 2008 do make reference to displacement
and specific vulnerabilities related to migration, such as problems faced by families
who are left behind when men out-migrate following an event (Walsham
et al. 2012).

The institutional framework of Bangladesh consists of different disaster man-
agement committees at different levels comprising government, nongovernment,
voluntary, and other relevant stakeholders. The National Disaster Management
Council (NDMC), headed by the Prime Minister, is established to provide guid-
ance towards disaster risk reduction and emergency response management in
Bangladesh and is the highest-level forum for the formulation and review of
disaster management policies. The Inter-Ministerial Disaster Management
Coordination Committee is responsible for implementing disaster management
policies and the decisions of the NDMC and is assisted by the National Disaster
Management Advisory Committee (Roy 2011). The Ministry of Food and Disaster
Management is the focal ministry for disaster management in Bangladesh. Its
Disaster Management Bureau (DMB) is mainly responsible for coordinating
national disaster management interventions across all agencies. In 2000 the
government published “Standing Orders on Disaster” which provides a detailed
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institutional framework for disaster risk reduction and emergency management
and defines the roles and responsibilities of different agencies and committees
(BCCSAP 2008).

Existing Policies and Institutional Mechanisms on Climate Change
in Bangladesh

The Government of Bangladesh has taken many steps to address adaptation to
climate change including the establishment of a 45-million-dollar Climate Change
Fund, the development of the Bangladesh National Adaptation Programme of
Action in 2005 (NAPA), and the Bangladesh Climate Change Strategy and Action
Plan 2009 (Fatima and Anita 2010).

The National Adaptation Programme of Action in 2005 (NAPA)

The Government of Bangladesh has adopted the National Adaptation Programme
of Action in 2005 (NAPA) prepared by the Ministry of Environment and Forests.
The NAPA aimed to accumulate the understanding of the current state of affairs
from discussions with appropriate stakeholders from four subnational workshops
and one national workshop (MOEF 2005). The NAPA was prepared keeping in
mind the sustainable development goals and objectives of Bangladesh where the
importance of addressing environmental issues and natural resource management
with the participation of stakeholder in bargaining over resource use, allocation,
and distribution was recognized (BCAS 2008). The NAPA recognizes that
Bangladesh will be one of the most adversely affected countries due to climate
change especially because of Bangladesh’s “low economic strength, inadequate
infrastructure, low level of social development, lack of institutional capacity and a
higher dependency on the natural resource base.”

The NAPA suggested adopting the following measures for Bangladesh to
adverse effect of climate change including variability and extreme events based
on coping mechanisms and practices. The suggested future adaptations are (MOEF
2005):

(i) Reduction of climate change hazards through coastal afforestation with

community participation

(i) Providing drinking water to coastal communities to combat enhanced salinity
due to sea-level rise

(iii) Capacity building for integrating climate change in planning, designing of
infrastructure, conflict management, and land-water zoning for water man-
agement institutions

(iv) Climate change and adaptation information dissemination to vulnerable
community for emergency preparedness measures and awareness rising on
enhanced climatic disasters

(v) Construction of flood shelter and information and assistance center to cope
with enhanced recurrent floods in major floodplains
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(vi) Mainstreaming adaptation to climate change into policies and programs in
different sectors (focusing on disaster management, water, agriculture,
health, and industry)

(vii) Inclusion of climate change issues in curriculum at secondary and tertiary
educational institution

(viii) Enhancing resilience of urban infrastructure and industries to impacts of
climate change

(ix) Development of eco-specific adaptive knowledge (including indigenous
knowledge) on adaptation to climate variability to enhance adaptive capacity
for future climate change

(x) Promotion of research on drought-, flood-, and saline-tolerant varieties of
crops to facilitate adaptation in the future

(xi) Promoting adaptation to coastal crop agriculture to combat increased salinity

(xii) Adaptation to agriculture systems in areas prone to enhanced flash flooding
in North East and Central Region

(xiii) Adaptation to fisheries in areas prone to enhanced flooding in North East and
Central Region through adaptive and diversified fish culture practices

(xiv) Promoting adaptation to coastal fisheries through culture of salt-tolerant fish
special in coastal areas of Bangladesh

(xv) Exploring options for insurance and other emergency preparedness measures
to cope with enhanced climatic disasters

In 2005 NAPA identified some adverse impacts of climate change, many of
which link with climate displacement such as scarcity of freshwater due to less rain
and higher evapotranspiration in dry seasons, drainages congestion due to higher
water level in the confluence of the rise of sea level, riverbank erosion, frequent
flood and widespread drought, and salinity in the surface, ground, and soil in the
coastal zone due to migration; however, these links were not expressed in concrete
terms. The document also stated that a potential long-term consequence of the
“adaptation to agriculture systems in areas prone to enhanced flash flooding”
project would be that “people might get a means to continue with farming, instead
of migrating to cities after the flood.”

Bangladesh NAPA has moved from the urgent needs to wider adaptation
requirement to address medium- and long-term climate issues. It gave emphasis
on four basic national security issues of Bangladesh, i.e., (a) food security,
(b) energy security, (c) water security, and (d) livelihood security (including
right to health) and respect for local community on resource management
(Haque 2011).

The Climate Change Strategy and Action Plan in 2009 (BCCSAP)
Bangladesh Climate Change Strategy and Action Plan is the most recent document
formulated by the government aiming to address the adaptation and mitigation to
build the capacity and reliance of the country to climate change for a period of
decade 2009-2018. The plan was prepared in 2009 focusing on a 10-year program
to encounter the potential challenges and variation condition (BCCSAP 2009).
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BCCSAP identifies all the climate-induced hazards, including flood, drought,
salinity intrusion, cyclone and storm surge variations in temperature and rainfall,
etc., and their associated impacts on different sectors. BCCSAP identifies a set of
activities/measures under the following six major themes:

(1) Food security, social protection, and health
(ii)) Comprehensive disaster management
(iii) Infrastructure
(iv) Research and knowledge management
(v) Mitigation and low carbon development
(vi) Capacity building and institutional strengthening

The BCCSAP recognizes that “Bangladesh is one of the most climate vulnerable
countries on earth and will become even more so as a result of climate change”
(IPCC Third Assessment Report 2001) and highlights the many risks of the effects
of climate change that have led to displacement, including floods, tropical cyclones,
storm surges, and droughts.

It states that increased riverbank erosion and saline water intrusion in coastal
areas “are likely to displace hundreds of thousands of people” and that if sea-level
rise is higher than currently expected and coastal polders are not strengthened
and/or new ones built, “six to eight million people could be displaced by 2050
and would have to be resettled.”

The BCCSAP provides that “it is now evident that population in many parts of
the country will be so adversely affected [by climate change] that they will have to
move out...The process of migration of climate change-affected people, both
inside and outside the country, need[s] to be monitored closely...and adequate
institutional support should be provided for their proper resettlement.”

In addition to these two mechanisms, there are some existing traditional climate
change-related fund mechanisms in Bangladesh to address the issue of climate
change. Bangladesh Climate Change Trust Fund (BCCTF) based on revenue from
the national budget, within a legal mandate by the Climate Change Trust Act
passed in Parliament in 2010. At the same time, an alternate Bangladesh Climate
Change Resilient Fund (BCCRF), which was formerly known as the Multi-donor
Trust Fund (MDTF), was created to pool funds from the country’s development
partners.

Bangladesh Climate Change Trust Fund (BCCTF)

The Bangladesh Climate Change Trust Fund is a “block budgetary allocation” of
US$ 100 million each year for 3 years (2009-2012). The Climate Change Act
provides that an amount equivalent to 66 % of the total fund is being spent for the
implementation of BCCSAP while 34 % will be maintained as a “fixed deposit” for
emergencies. The interest accrued on the 34 % fixed deposit will also be spent on
project implementation. Funds from the BCCTF can be used to finance public
sector and 10 % for nongovernment projects, and it is not mandatory to spend the
total grant within a given financial year (Munjurul et al. 2006).
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Bangladesh Climate Change Resilience Fund (BCCRF)

Bangladesh Climate Resilience Fund (BCRF) has also been created by the govern-
ment for supporting actions to address climate change. Mainly international devel-
opment partners of Bangladesh are contributing to create this fund. In April 2008, a
UK-Bangladesh Climate Change Conference was held in Dhaka. The development
partners expressed their view for the urgency of establishing a “financial mecha-
nism” to assist Bangladesh in combating the impacts of climate change. Subse-
quently, the London Climate Change Conference was organized jointly by
Bangladesh and the UK in September 2008.

However, finally in May 2010, DPs in Bangladesh Development Forum (BDF)
agreed the establishment of BCCRF which would be managed by the Government
of Bangladesh (GoB). World Bank is providing “fiduciary” support to the BCCRF
with an objective of handing it over to the GoB in the next 3 years. By this time the
BCCREF has received an approximate amount of 200 million USD from different
DPs including UK, EU, Denmark, Sweden, and Australia. An amount of 90 % of
the total amount would be spent by different ministries while the rest 10 % would be
managed by PKSF to support initiatives taken by NGOs and Bilateral Development
Partners (Hoque 2007).

Sectoral Adaptation Policies

Bangladesh has developed a good number of sectoral adaptation policies since
1990. Considering the fact that Bangladesh is highly susceptible to climate change,
only one sectoral policy on the coastal zone has considered climate change (BCAS
2010). The National Water Policy (NWP) was formulated in 1999, considered
firstly short-, medium-, and long-term perspectives for water resources in
Bangladesh. The NWP was followed by the National Water Management Plan
(NWMP) in 2001. Though there is a huge effect of climate change on water
resources in Bangladesh, the NWP does not mention the climate change issue at
all. However, the NWMP identifies climate change as one of the future elements
affecting supply and demand of water. The National Environmental Management
Action Plan (NEMAP), which was published in 1995, does not illuminate climate
change. Similar to NEMAP, the National Land Use Policy (NLUP) and the
National Forest Policy (NFoP) do not make direct reference to climate change.
Climate change was not also addressed in the Poverty Reduction Strategy (PRS)
papers until recently. The present PRS recognizes the threat of climate change and
its adverse impacts on the development process. It understands the need for
integration/mainstreaming. Integration/mainstreaming of adaptation measures into
other policy areas and the implementation of the adaptation projects were identified
in the NAPA (BCAS 2010).

Institutional Mechanisms

There are many departments in Bangladesh working for institutional mechanisms
for climate change. The Ministry of Environment and Forests (MOEF) is mainly
responsible for policy formulation on climate change and its adaptation while the
Climate Change Unit (CCU) and Department of Environment (DOE) implement



Climate Change and Displacement in Bangladesh: Issues and Challenges 189

projects and programs under NAPA and BCCSAP at the community level. The
National Steering Committee on Climate Change (NSCCC), chaired by the Minis-
ter of MOEF, is composed by secretaries of all climate-affected ministries, divi-
sions, and representatives of civil society and business community. The National
Environment Committee under the ministry is expected to mainstream climate
change into national development planning. Climate Change Focal Points (CCFP)
in various ministries are expected to provide collaboration. Five technical working
groups have been constituted for adaptation, mitigation, technology transfer,
financing, and public awareness (Country Summary Report 2010).

Climate Change and Internal Displacement: International Legal
Framework

Bangladesh ranks as the country most at risk of natural disaster. The displacement
occurs in the immediate, sudden onset such as flood, cyclones, and riverbank
erosion, etc.; the people move from one place to another place and seek to return
to their homes as soon as they can, but sometimes it is quite impossible to return to
their homes when the areas are repeatedly inundated. Displacements due to sudden
onset are predominantly localized in Bangladesh. The people living in the vulner-
able areas are very poor and lack resources; they do not move to a long-distance
place and do not have any support from the networks of other countries. They
remain in their home country and qualify as an internal displacement.

Guiding Principles in Internal Displacement (1998)

The guiding principle on internal displacement is one of the promising initiatives at
the international level to promote and provide protection and assistance for inter-
nally displaced person (IDPs). These principles fill a major gap in the international
protection system for the rights of IDPs and the obligation of governments and
insurgent forces in all phases of displacement. They offer protection before internal
displacement occurs (i.e., protection against arbitrary displacement), during situa-
tions of displacement, and in postconflict return and reintegration.

The United Nations officially first dealt with internally displaced persons in 1972,
but did not define who exactly would be considered to be internally displaced.
ECOSOC res. 1705 (LIIN), 27 Jul. 1972. Para. 1 of resolution 1705 provides that
“The Economic and Social Council urges Governments, The United Nations High
Commissioner for Refugees, specialized agencies and other organizations associated
with the United Nations and nongovernmental organizations concerned, to provide the
assistance required for the voluntary repatriation, rehabilitation and resettlement of the
refugees returning from abroad, as well as persons displaced within the country.”

Francis Deng, nominated as Special Representative of Secretary-General on the
human rights issues related to internally displaced persons by Commission on
Human Rights in 1992, further refined the existing definitions. In 1998, he
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submitted a set of “Guiding Principles on Internal Displacement” to the Human
Rights Commission.
The needs of the IDPs stem from twofold danger (Geissler 1999):

(a) Whenever persons are forced to leave their homes or places of habitual resi-
dence, multiple human rights violations, such as acts of violence, armed attack,
torture, disappearances, or rape, are committed on them.

(b) There is no clearly defined institutional protection for IDPs and have only little
coordinated ad hoc responses.

Several initiatives have been taken to address the plight of internally displaced
persons more efficiently. In the quest for a more effective response, the interna-
tional community has concentrated its efforts along two main lines, that of identi-
fying an appropriate normative framework and that of developing effective
institutional arrangements. The Representative of the Secretary-General on inter-
nally displaced persons, Mr. Francis Deng, has been catalytic to these initiatives
and, more generally, to stimulating a better understanding of the numerous complex
issues associated with internal displacement.

A number of international bodies, guidelines, and standards also exist which
specifically protect the rights of displaced persons. These include the Guiding
Principles on Internal Displacement, the Pinheiro Principles, the United Nations
Inter-Agency Standing Committee’s Guidelines on Human Rights and Natural
Disasters, the Human Rights Council Resolution 7/23 and 10/4 on Human Rights
and Climate Change, the 1951 Geneva Convention, the Code of Conduct for the
International Federation of the Red Cross and Red Crescent Societies and NGOs in
Disaster Response Programmes, the Responsibility to Protect of the International
Commission on Intervention and State Sovereignty, and the Humanitarian Charter
of the Sphere Project.

The United Nations Principles on Housing and Property Restitution for Refugees
and Displaced Persons (the Pinheiro Principles) (UN Sub-Commission 2005).
There are 23 principles recognizing the right to be protected from displacement,
right to housing and property restitution, right to nondiscrimination, right to
equality between men and women, right to privacy and respect for the home,
right to peaceful enjoyment of possessions, right to voluntary return and safety,
right to freedom of movement, etc.

The United Nations Inter-Agency Standing Committee’s Guidelines on Human
Rights and Natural Disasters (IASC 2006) ensures that displaced persons or those
otherwise affected by natural disasters do not lose the rights of the population at
large, and at the same time, they have particular needs which call for greater
protection and assistance measures. It also states that protection is not only limited
to securing survival and physical security but also encompasses all aspects of civil,
political, economic, social, and cultural rights as afforded by international standards.

The Human Rights Council Resolution on 28 March 2008 adopted its first
resolution 7/23 (HRCU 2008) and on 25 March 2009 adopted another resolution
10/4 on Human Rights and Climate Change, recognize the relationship between
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human rights and climate change, and also climate change-induced displacement. It
also recognizes that climate change is a global problem and that it requires global
solution. The Human Rights Council has taken the decision to hold panel discus-
sions on the relationship between climate change and human rights in order to
contribute to the realization of the goals set out in the Bali Action Plan.

The 1951 Refugee Convention while not providing protection for persons fleeing
environmentally harm and natural disaster could be useful in narrow circumstances
whereby victims are entitled to protection under the principle of non-refoulement.
This would prevent a government’s return of a person from their country regardless
of legal status, where the person’s life or integrity are at risk or where return would
subject the person to cruel, unusual, or degrading treatment.

The Code of Conduct for the International Federation of the Red Cross and Red
Crescent Societies and NGOs in Disaster Response Programme affirms that the
humanitarian imperative comes first and without any discrimination and that
disaster-affected victims will be recognized and treated as dignified humans.

The doctrine of responsibility to protect was first established in 2001 by a group
of prominent human rights leader comprising the Report of the International
Commission on Intervention and State Sovereignty on the Responsibility to Protect
which aims to develop “global political consensus about how and when the
international community should respond to emerging crises involving the potential
for large-scale loss of life and other widespread crimes against humanity.”

The said doctrine reaffirms that the primary responsibility for the protection of
its displaced people, but that in situations where this is not possible or not being
done, the international community will intervene which includes scenarios of
overwhelming natural or environmental catastrophes.

The Humanitarian Charter and Minimum Standards of the Sphere Project is
structured around the three core principles of the right to life with dignity, the right
to protection and security, and the right to receive humanitarian assistance. The
minimum standards ensure that affected persons have access to at least the minimum
requirements of water, sanitation, food, nutrition, shelter, and healthcare in order to
satisfy their basic right to life with dignity. Although these guidelines and instruments
are not legally binding, they provide a soft law approach to dealing with the issue of
displaced persons. It should be mention here that most of these instruments only cover
displacement caused by natural disasters and do not take into account displacement
caused by environmental degradation such as desertification or movement caused
indirectly by climate change. It is predicted that the majority of climate change-
induced displacement be caused indirectly, and therefore, there is an urgent need to
formulate a framework for the protection of their rights (Fitma et al. 2010).

Conclusion
Climate change poses a dreadful challenge for all countries, but its major impact

will be on developing countries like Bangladesh. Climate displacement in
Bangladesh, which is increasing day by day due to climate change, increases the
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frequency and intensity of the natural hazards that are already leading to displace-
ment in Bangladesh. It is very essential to take effective and appropriate arrange-
ment to make a durable solution to this growing issue. However, migration policy
should be better integrated into the national development agendas as well as
development cooperation. Development cooperation can help vulnerable commu-
nities living in absolute poverty to mitigate the impacts of environmental degrada-
tion and climate change and to reduce their vulnerability to the effects of such
phenomena. Development strategies must in the future also pay more heed to the
sustainability of development plans in the light of foreseeable climate impacts at
local level. For example, the agricultural development of a region likely to be
strongly affected by drought in the future should be reevaluated (Committee on
migration, refugee and population 2008).

Climate change and climate change-related effects have a horrific impact not
only on the environment but also on the human inhabitants. The number of natural
disaster is growing together with the number of people who are migrating from one
place to another place due to climate change. If the process is continued, between
50 million and 350 million climate migrant will be expected by 2050. The existing
policies and institutional mechanism should be reviewed for better disaster
responses. The primary responsibility goes to the government to address the
immediate and future displacement crisis in Bangladesh. The capacity of the
government and other national and international concerned authority has to plan
and implement adaptive program to meet the challenge of climate change. Proper
training, education, and awareness program has to be undertaken for the capacity
building. Additionally proper implementation of the policies and guidelines needs
to be ensured for better displacement of the person. Every attempt should be taken
by the concern authority to find domestic solution to displacement, in the event that
domestic solution is no longer viable. The international environmental law as well
as international human rights law can play a vital role as appropriate mechanisms
are crafted to support developing countries in their response to the adverse impacts
of climate change. The international community has also taken the matter as an
urgent and calls for political will to make it happen.
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Abstract

As the impacts of climate change become more widely acknowledged, federal
governments are beginning to address the subject in the national agenda. How-
ever, the difficulty in determining the magnitude and impacts of climate change
has led to challenges in policy-making. This chapter seeks to create a
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comprehensive understanding of how Colombia and the federal government
have made important advances in implementing a climate change framework
with a focus on health.

This chapter will provide context on the role and responsibilities of the
government before discussing the climatic conditions of Colombia and how
climate change is impacting the country, especially on the health sector. Such
discussion will justify why climate change is a major current and future priority
for the country. The chapter will then examine the existing climate change
policy framework and ongoing projects that are targeted toward climate and
health. This chapter will show that there is still a need to improve the capacities
and interest of the public health research community by improving the evidence
and knowledge about climate change impacts, vulnerability, and risk. Under-
standing Colombia’s national circumstances will allow other countries and
decision-makers to potentially use Colombia as an example to define their own
health and climate change agendas.

Keywords
Colombia « Climate change « Health « Policy adaptation » Mitigation « Climate
impacts

Introduction

With the annual carbon dioxide maximum having recently exceeded 400 ppm, the
IPCC reports have agreed that climate change will likely impact society but there is
a great deal of uncertainty on the extent and timing of such impacts. Developing
countries currently and will continue to experience the most negative impacts.
Many countries lack the necessary resources and do not have an existing framework
to create federal policies to respond to climate change. Furthermore, it is anticipated
that public health will be highly impacted by climate change but the health sector
currently lacks the federal support and resources to create and tailor policies
accordingly.

Climate change and health issues have recently become a large concern globally
and they are starting to be addressed in many developing countries. A climate change
policy framework, with a focus on health, will be provided on Colombia because of the
progress that has been made within the country and by the government. Brief pertinent
background information on the political structure of Colombia will be illustrated so
context can be provided on the role and responsibilities of the government. The
chapter will then discuss the climatic conditions of Colombia and how climate change
is impacting the country, especially in the health sector. Such discussion will justify
why climate change is a major current and future priority for the country. The chapter
will then examine the existing climate change policies, with a focus on climate change
and health policies, in Colombia where advances have been made.

The hope is that by illustrating existing federal policies in a developing nation,
other developing nations may also learn and replicate the successes of Colombia’s
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policies within their own respective countries. By demonstrating the progress that
has been done within Colombia, the goal is that other countries may eventually use
similar Colombia’s climate change framework to define their own health and
climate change agendas. Providing information on a government’s current capabil-
ities and how climate change impacts each nation is crucial because without such
background, context cannot be provided to justify why federal policies should be
prioritized or enforced.

This chapter utilized governmental documents, publications from major organi-
zations, and scientific articles to discuss the current policies in Colombia. The
authors of this chapter relied on peer-reviewed publications, when available, but
this was not often possible because of the lack of available publications on the
Colombian policies. The greatest efforts were thus made to utilize documents
published by the Colombian government in an attempt to ensure accuracy on
Colombia’s status. By doing so, this allowed less limitation in illustrating the
current political framework in Colombia.

Background

Despite contributing only 0.2 % of the total global carbon dioxide emissions,
Colombia is considered highly vulnerable to the negative social, economic, and
environmental impacts of climate change (Ideam 2010). Certain climate change
impacts are already occurring in the country based on studies such as the Integrated
National Adaptation Project (INAP) conducted by the Institute of Hydrology,
Meteorology, and Environmental Studies of Colombia (IDEAM); the Institute of
Marine and Coast Research (INVEMAR); the Corporation for the Sustainable
Development of the Archipelago of San Andrés, Providencia, and Santa Catalina
(CORALINA); and the National Institute of Health (NIH) (World Bank 2012).
Colombia has been cited as a leader in developing climate change policies
(Comstock et al. 2012).

Colombia is a party to the United Nations Convention on Climate Change and
has signed and ratified the Kyoto Protocol (European Commission 2009). As part of
its commitments to the Convention, Colombia published its First National
Communication (NC-1) in 2001, identifying malaria and dengue fever/DHF as
climate-sensitive diseases of primary concern (IDEAM 2001). The Second
National Communication (NC-2) was published in 2010 and updated the green-
house gases inventory, the climate change scenarios, and the national policies and
plans associated with mitigation and developed a method to estimate vulnerability
to compare the different sectors, ecosystems, and institutions (Ideam 2010).
Colombia is currently developing the Third National Communication.

The main national environmental authority in Colombia is the Ministry of
Environment and Sustainable Development (MEDS), which is responsible for the
climate change agenda (MinAmbiente). The IDEAM, affiliated with MEDS, is
responsible for producing and managing the scientific and technical information
on the environment (IDEAM 2001). IDEAM is the country’s leading agency for
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climate change and is responsible for producing United Nations Framework
Convention on Climate Change (UNFCCC) documents and relevant supporting
material (IDEAM 2001).

The main health authorities in Colombia are the Ministry of Health and Social
Protection (MSPS) and the National Institute of Health (NIH). The Ministry is
responsible for directing the health-care system and social protection through
policies on health promotion, prevention, treatment, and rehabilitation (MinSalud).
It is also responsible of the inter-sectoral coordination to develop the public health
policy (MinSalud). The National Institute of Health (NIH), affiliated with the
MSPS, promotes scientific research, innovation, and formulation of studies
according to the public health priorities. NIH is the lead institution on the public
health surveillance system (Ministerio de Salud y Proteccion Social 2012).

Using governmental documents and scientific publications, this chapter will
provide insight on how climate change impacts Colombia and health, and govern-
mental actions on this subject. Background will first be provided on the climate in
Colombia and how climate change impacts health.

Climate

Colombia is located on the equator and is thus affected by the intertropical
convergence zone, ITCZ (Ideam 2010). The migration of the ITCZ is the dominant
factor in controlling the annual hydroclimatic cycle and corresponds to the trade
winds movement (Poveda et al. 2005). The average annual precipitation in Colom-
bia is 3,000 mm but varies drastically in different parts of the country due to the
geography and topography (Ideam 2010). While temperatures range from very hot
to very cold, the temperatures show minimal seasonal variation at the same altitude
(World Bank 2011b). Most of the climatic differences are due to the differences in
elevation.

The spatial variability is controlled by Colombia’s geography, such as the
eastern Pacific and western Atlantic oceans, the Andes mountains, atmospheric
circulation over the Amazon basin, and soil and vegetation moisture contrast
(Poveda et al. 1999). The Choco jet, a westerly at 5°N, and the easterly San Andres
jet at 12—-14°N are low-lying jet stream that affects climate variability (Poveda
et al. 2005).

ENSO, the El Nifo Southern Oscillation phenomenon, is a major driver in the
climate and the hydrological cycles at interannual timescales in the Pacific (Poveda
et al. 2005). It has particularly strong impacts on the northern regions of South
America (Poveda et al. 2005). During El Nifio events, Colombia is more likely to
experience droughts, reduced rainfall, and increased air temperature (Poveda 2009).
During La Nifia, Colombia generally experiences wetter conditions (World Bank
2011b). ENSO occurs later and is weaker in the east than in the western and central
part of Colombia (Poveda 2009). ENSO affects the ITCZ in northern South
America by causing a decrease in convection by a weaker land-sea thermal contrast
and extra subsidence over the ITCZ (Poveda 2009). In recent years, from 2009 to
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2011, El Nifio caused the reservoirs for water supply to drop to critical levels,
whereas La Nifa resulted in heavy rainfall that led to landslides and major floods
and maximized the capacity of reservoirs (Barriga 2011).

According to IDEAM, Colombia has five major climatic regions: hot (with
elevations below 900 m below sea level), temperate (900-1,980 m), cold
(1,980-3,500 m), high-altitude grasslands (the so-called paramos, 3,500—4,500
m), and areas of “permanent” snow (above 4,500 m) year (Colombia dashboard:
climate baseline). Under the Holdridge classification, 60 % of the Colombia
territory is warm humid, 8.9 % is warm dry, 7.65 % is warm very humid, 4.63 %
is template humid, 4.13 % is template dry, 2.76 % is cold humid, and 2.17 % is very
cold humid (Atlas climatoldgico de Colombia: Segunda Parte). The remaining
categories do not exceed 1 % (Atlas climatologico de Colombia: Segunda Parte).
The hot region experiences temperatures from 24 °C to 38 °C and alternates
between dry and wet interannual seasons (World Bank 2011b). The temperate has
an annual temperature range between 19 °C and 24 °C; there are two wet seasons,
from April to June and October to December, and two dry seasons from January to
March and July to September (World Bank 2011b). The cold zone has an average
temperature range between 10 °C and 19 °C and the wet seasons are bimodal,
occurring from April to May and September to December (World Bank 2011b).

Climate Change Impacts

In the last 20 years, the temperature has increased by 1 °C (Colombia overview).
From 1974 to 1998, the temperature change in the Central Andes was 0.34 °C, 70 %
greater than the average global temperature change (European Commission 2009).
Precipitation has increased in Colombia by 5 % from December to February (World
Bank 2011b). Precipitation is decreasing in the north while increasing in the south
(Blanco and Hernandez 2009). In central Colombia, rainy seasons have recently
been occurring earlier, with positive anomalies for intense rainfall events and
consecutive dry days (Colombia dashboard: climate baseline).

As aforementioned, climate change is currently and will further impact Colombia
in the future. The Pacific Decadal Oscillation, PDO, is expected to enter a negative
phase in the upcoming years (Barriga 2011). This will likely result in more frequent
La Nina events and wetter than average conditions, thus prolonging the rainy period
cycle (Barriga 2011). Extreme climatic events and variability are predicted to
increase (Barriga 2011). The long 2005 drought period led to projections that the
savannah region will expand in Colombia (European Commission 2009). Snow-
covered regions are likely to completely vanish and over half of the moorland may
disappear (World Bank 2009). This will result in a loss of natural resources,
especially water (World Bank 2009). A simultaneous increase in the rainy season
could result in higher risks of flooding (World Bank 2009). These climate change
forecasts will be especially problematic for the future of Colombia because the
country already suffers from water shortages and land instability in the Andes
(Slunge 2008). Along with drastically affecting land settlements and economic
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activities, climate change is expected to negatively impact those in poverty and will
thus challenge the country’s Millennium Development Goal of reducing poverty
(Coté et al. 2010).

Using 1971-2000 as a base period, climate change scenarios have projected an
increase in the mean temperature of 0.13 °C per decade for 1971-2000 (Climate
change). The multi-model ensembles have predicted that the average air tempera-
ture will increase to 1.4 °C for 2011-2040 and 2.4-3.2 °C from 2041 to 2070 and
for 2071-2100 (Climate change). In the next century, the total amount of precip-
itation will reduce between 15 % and 36 % for much of the Caribbean and Andean
regions and increase around the Pacific Region (Climate change). Predictions have
indicated that there may be a rise of 40 and 60 cm of sea level in the Caribbean and
Pacific Coasts, respectively, compared to the base period (Impactos del cambio
climatico del nivel nacional; World Bank (2013b).

Based on these results, the following socioeconomic sectors and natural systems
were identified as the most vulnerable: costal zones, water resources, glaciers,
highland Andean ecosystems and associated forest cover, soils and land undergoing
desertification, the agricultural sector, and human health due to an expected
increase in exposure to tropical vector diseases such as malaria and dengue
(IDEAM 2001). INAP, based on the NC-1 results, identified areas of primary
concern: high mountain ecosystems (notably moorlands), insular and coast areas,
and human health (World Bank 2012). These topics were selected as topics of
significant concern due to their high vulnerability to climate variation and their
importance for human populations (World Bank 2012).

The INAP project has made several important advances in response to climate
change by producing important results regarding water and carbon cycle in high
mountain ecosystems; glaciological mass balance related to interannual climate
events such El Nifio and La Nifia; planning models of land use that incorporate
climate change impacts through an “Adaptive Ecological Territorial Structure”
(EETA); the establishment of the system of observation of the oceans (GOOS) in
the Caribbean based on the installation of physical and biological monitoring
stations; supporting the implementation of a marine protected area in the area of
Corales del Rosario, San Bernardo, and Isla Fuerte; development of a management
system for managing groundwater reserves in the San Andres; and implementation
of a monitoring system of coastal erosion (World Bank 2011a).

Climate Change Impacts on Health

Most of the evidence of the impact of climate and climate change on health is on
communicable diseases, mainly vector-borne diseases (Epstein 1997). The infor-
mation available in Colombia is regarding malaria, dengue fever, leishmaniasis,
and leptospirosis. There are also some preliminary studies about acute respiratory
disease (ARD). Recent information has been released in Colombia on how climate
change impacts health so this chapter will provide an update on published
information.
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Malaria is a protozoal disease caused by infection with Plasmodium spp. and is
transmitted to humans through the bite of an infected female mosquito, Anopheles
species. Of the four known parasite species that cause malaria, three are found in
Colombia: Plasmodium vivax, Plasmodium falciparum, and Plasmodium malariae
(Blanco and Hernandez 2009).

Malaria transmission is highly sensitive to climate conditions. Temperature is a
significant driver and determines their reproduction and maturation rates for both
the mosquito vector and the Plasmodium parasite (Blanco and Hernandez 2009).
The parasite is unable to develop in its vectors when ambient temperature is below
18 °C (Olano et al. 2001). Rainfall and humidity provide essential environmental
characteristics for juvenile mosquito development (breeding sites) and adult
survivorship (Blanco and Hernandez 2009; Wernsdorfer and McGregpr 1988).
Consequently, it is expected that climate change will affect malaria transmission
dynamics (Blanco and Hernandez 2009).

Approximately 13 million Colombians live in regions with endemic malaria
transmission (MSPC 1996, 2000, 2003a, b). Malaria incidence is mostly rural
(Valero-Bernal 2006). The annual parasite index (total infectious/population at
risk) increased from 6.2 (2008) to 7.9 (2009) to 11.48 (2010) to 6.3 (2011) (INS).
Approximately half of malaria cases are concentrated in two states; 75 % of them
are reported by 44 municipalities (World Bank 2011a). The Colombian Pacific
coast (with an area of about 72,000 km? and almost 2.2 million inhabitants)
typically concentrates 10-30 % of the total malaria cases in Colombia for the last
50 years, with 24 % in 2008 (Rodriguez et al. 2011). The Uraba-Sinu and Bajo
Cauca region (43,400 km? and 2.5 million inhabitants) comprised of 60 % of total
cases in 2010 and the Amazon-Orinoquia region concentrated nearly 8 %
(Rodriguez et al. 2011).

Even though malaria is a highly complex multifactorial disease, some studies
have demonstrated a significant relation between the occurrence of ENSO and the
increase in malaria cases in South America (Barnston et al. 1997, Gagnon
et al. 2002). Several studies on Colombia’s nationwide malaria situation showed a
significant association between ENSO and increases in the number of malaria cases
(e.g., Poveda and Rojas 1997; Bouma et al. 1997; Poveda et al. 2001; Mantilla
et al. 2009). Poveda and Rojas (1997) reported evidence of the association between
malaria epidemics and the occurrence of the warm phase of ENSO (Poveda
et al. 2001). Based on malaria morbidity profiles observed over the period from
1960 to 1992, Bouma et al. (1997) suggested that malaria cases are likely to increase
by 17.3 % during El Nifio years and by 35.1 % in the post-Nifio years. Poveda
etal. (2001) stated that the El Nifio event intensifies the annual cycle of Colombia’s
P. falciparum and P. vivax malaria cases in endemic rural areas as a consequence of
the concomitant anomalies in the normal annual cycles of temperature and rainfall.
More recently, Mantilla et al. (2009) further reinforced these observations by
showing that ENSO is a significant predictor of the number of malaria cases in
Colombia, particularly in lowland regions along the Pacific and Atlantic coasts.

Other studies have also quantified projections in the number of expected malaria
cases. In a study by Blanco and Herndndez (2009), they used the IPCC scenarios to



202 T. Tran et al.

predict the climate change impacts on temperature and precipitation. Based on
those scenarios, the study calculated the additional increase in malaria cases based
on the 6-year disease period from 2000 to 2005 (Blanco and Hernandez 2009).
During this 6-year period, P. falciparum had 184,350 cases; for a 50-year scenario,
cases are expected to increase by over 19,000 cases and nearly 57,000 cases over a
100-year scenario (Blanco and Hernandez 2009). During the same 6-year period,
P.vivax had 274,513 cases; for a 50-year scenario, cases are expected to increase by
over 16,000 cases and over 48,000 cases over a 100-year scenario (Blanco and
Hernandez 2009).

According to the results of INAP (World Bank 2011a), the impact of tempera-
ture and precipitation varies from region to region. Temperature is the key deter-
minant for malaria transmission in the Pacific zone, precipitation for the Orinoquia
zone, and both temperature and precipitation for the Atlantic zone. Forecasts were
made using dynamic models. In the medium term (2015), the model suggested
increases of 6-15 cases per 1,000 habitants assuming constant socioeconomic and
entomological conditions. For the long term, the model suggested a strong increase
in the number of cases until 2040 where the prevalence starts to decrease.

Dengue is a viral and urban disease transmitted to humans through the bite of an
infected female mosquito, Aedes aegypti (Padmanabha et al. 2012) The mosquito
species are particularly susceptible to environmental conditions, an important factor
in dengue transmission (CDC 2010). The viability and reproductivity of mosquitoes
are dependent on temperature, precipitation, and humidity (CDC 2010). Higher
temperatures have been noted to reduce the life cycle of the virus in the vector
(CDC 2010). As temperature increases, mosquitoes will have a higher likelihood of
transmitting dengue fever to humans (CDC 2010). Four dengue serotypes exist
worldwide and Colombia is at risk for all four serotypes (WHO 2009).

The report conducted by Bello Pérez (2011) showed that 75 % of the national
territory, located at altitude of 1,800 m, has conditions of temperature, relative
humidity, and rainfall suitable for dengue transmission. This is distributed in
620 endemic municipalities with a total population of 23,607,414 people at risk.
80 percent of the disease burden is recorded in 100 endemic municipalities. Since
its reemergence in the 1970s, dengue transmission has presented a wide geographic
expansion and intensification in the Colombian territory. This phenomenon was
especially evident during the last decade. There was an increasing trend in the
number of municipalities where dengue cases were recorded annually, from
402 municipalities with endemic transmission in 1999 to 621 municipalities in
2009 (Vigilancia Rutinaria). In 2010 Colombia experienced the largest epidemic in
the history of the country, with a total of 147,426 cases of dengue in total,
221 confirmed deaths, and a case fatality rate of 2.26 % (Vigilancia Rutinaria).

There are mix reports on the effect of temperature on dengue fever. It has been
suggested that herd immunity, rather than temperature, is the limiting factor on
transmission intensity (Blanco and Hernandez 2009). Other reports have linked
disease transmission to temperature. The larval mosquito matures over a specific
temperature threshold and freezing temperatures will kill the eggs (Poveda
et al. 2005). Moderately high temperatures can accelerate the larval stage, causing
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smaller mosquitoes that feed more frequently (Poveda et al. 2005). With climate
change, temperature ranges are expected to shift geographically and may allow
transmission of dengue fever into new locations. The aforementioned study by
Blanco and Hernandez (2009) included predictions on the additional increase in
dengue fever based. During the 6-year period from 2000 to 2005 which was used as
their base study, there was a total of 194,330 dengue cases recorded (Blanco and
Hernandez 2009). For a 50-year scenario, cases were expected to increase by over
41,000 cases and over 123,000 cases for a 100-year scenario (Blanco and
Hernandez 2009).

The INAP report (World Bank 2011a) included a summary of the dengue fever
situation in Colombia. The use of climate and dengue models currently has limited
impacts on controlling dengue fever. Colombia has focused on intervention strat-
egies that focus on dengue vector production because it is easier to control the
transmission dynamics. INAP uses a targeted approach to determine how climate
change affects dengue fever in the country by understanding four key processes.
First, INAP recognizes that water insecurity and high costs affect human behavior;
improper storage due to instable conditions can lead to increased vector production.
Climate change is expected to further increase the cost and instability of water,
which will require people to have better water storage. Second, the density of
people and displacement are significant considerations. Cities with more than
150,000 people constantly suffer dengue fever, suggesting that epidemics are
amplified by high population density. Human migration between cities can spread
transmission. Third, property size and precipitation affect dengue fever dynamics
because close quarters increase the density of the population, thus causing a higher
risk of human contact. Furthermore, living in cities with water storage containers
reduces seasonal variation and changes how mosquitoes have seasonal production.
Lastly, variation in temperature and height affects mosquito interaction. Overall
models suggest that human adaptation to water uncertainty will have a larger
impact on dengue risk for regions above 1,200 m and below 600 m compared to
the intermediate regions. Larval mortality is generally greater at 24-26 °C than
20-22 °C or 28-30 °C. Currently, dengue fever activities are based on local health
authorities. The present control activities for epidemics are often expensive because
they require vector control resources and short-term intervention strategies, e.g.,
spraying insecticides during epidemics. While these methods have not been very
effective, the increase in population immunity has led to reduced epidemics,
creating a false sense of success. More effective control strategies will require
more spatiotemporal adaptation to water insecurity access, a risk assessment of
dengue fever, and connecting the ongoing work at a local and national level.

Leishmaniasis is caused by Leishmania species and is vectored by sand flies, the
Lutzomyia species (Cardenas et al. 2006). Of the three forms of the disease,
cutaneous comprises 95 % of reported leishmaniasis cases in Colombia
(Valderrama-Ardila et al. 2010). The disease distribution can occur in different
climates and habitats, with the Andean region having the highest disease rates
(Valderrama-Ardila et al. 2010). Leishmaniasis has been linked to ENSO cycles in
northeastern Colombia (Cardenas et al. 2006). During El Nifio, the rate of incidence
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increases because of the dry conditions (Cardenas et al. 2006). In contrast, during
La Nina, the rate decreases because of the wetter season (Cardenas et al. 2006). The
number of cases reported in the country has increased significantly from 6,500 cases
per year in the 1990s to over 16,000 cases per year by 2006 (Valderrama-Ardila
et al. 2010). As the climate warms in the future, it is suggested that this will lead to
ideal conditions for Leishmania development (Cardenas et al. 2006).

Climate variability has also been demonstrated to affect rodent-borne diseases in
Colombia, including leptospirosis. Humans and susceptible animals acquire disease
by contact with surfaces, water, or food contaminated with urine infected by the
bacteria. The most common reservoirs are rats, dogs, wild animals, cows, and pigs.
The incidence of leptospirosis depends on the environmental and climatic condi-
tions influencing the dynamics of the rodent population, size, and behavior. In 1995,
there was a significant outbreak of leptospirosis, in Colombia along the Caribbean
coast (Cardenas et al. 2006; Pappas et al. 2008). From 1990 to 1995, the El Nifio
period was linked with a long drought period (Epstein 1997). However, the drought
period ended with an extreme rainfall that marked the beginning of a La Nifia
period, which lasted from 1995 to 1996 (Epstein 1997). As a result, rodents left their
burrows and caused an increase in leptospirosis outbreak (Epstein 1997).

For other diseases like acute respiratory disease (ARD), most of the information
is from studies conducted in Bogota by Alcaldia Mayor de Bogota et al. (2011). The
epidemic peak of acute respiratory disease develops between the months of March
and June and is associated with phenomena like intensification of rainfall, changes
in ambient temperature, and changes in the circulation of respiratory viruses.
However, in the winter season of 2010, the torrential rains presented since June
and became stronger in August and extended until November. This resulted in
flooding in the rainy season, which began in August, and an increase in cases of
ARD in Bogota from this month was observed.

For other types of diseases in Colombia, the effect on climate change on health is
inconclusive. There is the general belief among the health sector that climate can be
associated with the increase in some diseases but further research will be required.

Policies on Health and Climate Change

In recognition that climate change will impact all sectors, the Colombian govern-
ment is encouraging a multi-sectoral approach to programs and policies. A sum-
mary on climate change policies that are relevant to the health sector responding to
climate change impacts will be provided as a framework (see Fig. 1).

Climate Change Policy Framework

Along with Colombia’s international commitments, Colombia has made several
advancements in linking policies with climate change in the National Development
Plan (PND) from 2006 to 2010 and 2010 to 2014. The National Economic and



Climate Change and Health in Colombia 205

Fig. 1 Milestones in climate
change adaptation and

mitigation MEDS-IDEAM

Approval of the Kyoto Protocol

IDEAM: First National Communication

MEDS Office of Climate Change; DNP-IDEAM
Guidelines of climate change policy

MEDS Office of Climate Change Mitigation

Project INAP; PND 2006-2010, which endorsed
the Second National Communication

DNP: CONPES 3550
PND 2010-2014

IDEAM: Second National Communication;
Finalization of INAP

DNP: CONPES 3700

Initiated the formation of PNACC by sector; Risk
Measurement Protocols; separation MEDS

Currently working on Third National
Communication

Social Policy Council (CONPES) 3550 and 3700 articulated support for these plans
and the the Basic Adaptation Concepts (ABC), included in PND 2010-2014,
outlined the conceptual framework for climate change adaptation. These documents
have provided the fundamental concepts for the different sectors, including health,
when integrating climate change into their sector’s agenda.

The PND of 2006-2010 endorsed the NC-2 and identified the necessity to
support Clean Development Mechanism (CDM) projects, to seek options for
reducing greenhouse gases (GHG) emissions, and to call for a national climate
change policy and a comprehensive action plan on the issue (IDEAM 2001). The
policy defined the institutional framework to coordinate the actions proposed
therein (Plan Nacional de Desarrollo 2006-2010). The PND of 2010-2014 focuses
its attention in relation to climate change in the following issues: National Plan for
Climate Change Adaptation, Strategy for Disaster Financial Protection, Forest
Policy and Avoided Deforestation (REDD+), and Colombian Strategy of Low
Carbon Development (Sostenibilidad ambiental y prevencion del riesgo).

The National Adaptation Plan 2010-2014 is coordinated by the Department of
National Planning (DNP) with the support of the MEDS and IDEAM and is
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intended to reduce risk and socioeconomic impacts associated with climate vari-
ability and change (ABC: Adaptacion bases conceptuales). It consists of four
phases from 2012 to 2014 (ABC: Adaptacion bases conceptuales). The Basic
Adaptation Concepts (ABC), by the DNP, represents the first part under this plan
and consists of four sections (ABC: Adaptacion bases conceptuales). It is intended
to build a conceptual framework for climate change adaptation for the country and
establish guidelines to be followed during the formulation process for the different
sectors and territories (ABC: Adaptacion bases conceptuales). The first section
explains the context that the National Adaptation Plan of Climate Change
(NAPCC) was developed under, the second presents a conceptual framework that
explains adaptation concepts, the third presents the main reasons to promote
adaptation in Colombia, and the last defines the necessary guidelines for planned
adaptation (ABC: Adaptacion bases conceptuales).

CONPES 3550 was published on November 2008, with the main objective to
define general guidelines that will strengthen the comprehensive management of
the environmental health (DNP 2008). CONPES 3550 is oriented to prevent,
manage, and control adverse health effects that result from environmental factors
(DNP 2008). It serves as a basis for the formulation of the Comprehensive Envi-
ronmental Health Policy (DNP 2008).

CONPES 3700 of July 2011, as stated by the DNP (2011), is a strategy to
configure an inter-sectoral coordination mechanism to facilitate and promote the
formulation and implementation of policies, plans, programs, incentives, projects,
and methodologies in climate change. This will allow the inclusion of climate
variables as determinants for the design and planning of development projects.
CONPES 3700 is currently establishing the Climate Change National System
(SNCC). The SNCC will consist of an Executive Committee of Climate Change
(COMECC), a Financial Management Committee, a steering group, an advisory
group, and four permanent subcommittees (sectoral, territorial, international affairs,
and climate change studies and information production). The COMECC will be
responsible for giving guidance and guide discussions on climate change at the
national level and for ensuring the implementation and evaluation of policies, plans,
and programs on the subject. Similarly, it will allow socializing at the highest level
of government. The Financial Management Committee’s main function will be to
give technical feasibility and manage funding sources for projects submitted by the
sectors, territories, or agent developers of adaptation and mitigation projects that do
not have financial resources for its implementation. The permanent subcommittees
will collect, analyze, and coordinate information, recommendations, and actions of
the subjects in charge. They are to discuss and define studies and sectoral and
territorial policies.

In addition to the national efforts, there are international efforts in Colombia as
discussed by Coté et al. (2010). The Climate Change Mainstreaming Project was
implemented between January 2009 and January 2010. It was implemented with
assistance from UNDP, a 100,000 USD budget, and a four-person team. The project
consisted of four stages. From January to March 2009, climate risks were assessed
and a climate profile was produced; these were presented to the UN agencies and
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national entities to gain support. The second step occurred between April and July
2009 and resulted in the evaluation of risks and opportunities of climate change in
national policy documents, development plans, UN plans, and UN projects, with an
especially detailed analysis provided on the UN Development Assistance Frame-
work (UNDAF). The third phase occurred during July, August, and November
2009; this organized public activities to present and gain feedback on previous
efforts. This phase resulted in building capacities and the organization of a National
Dialogue. The final phase, from September 2009 to January 2010, resulted in the
publication of the Evaluation of Climate Risks and Opportunities in the Colombian
UNDAF (2008-2012); in addition, it also involved correspondence with the IGCC
and UN Agencies.

The project resulted in a risk and opportunity assessment of climate change in
national policy, development plans, and UN projects (ALM 2011). Along with
identifying stakeholders and UN initiatives in climate change issues and producing
workshops, the Inter-agency Group on Climate Change of the Colombia UN
Country Team was also created (ALM 2011). A UNDP methodology was produced
for the evaluation of climate change risks and opportunities: “Quality Standards for
the Integration of Adaptation to Climate Change into Developing Programming”
(ALM 2011). It is intended to allow for the screening of climate change implica-
tions on projects and uses four “standards” (ALM 2011). This methodology was
piloted in Colombia as a part of the Climate Change Mainstreaming Project and
resulted in the recommendation of adaptation measures (ALM 2011). The principal
aim for Colombia is to now launch a mechanism that will assimilate climate risks
into a development assistance agenda (ALM 2011).

Using this framework, the Colombian Adaptation Plan will mainstream and
integrate climate change considerations into the national agenda to develop capac-
ities to face climate change challenge as further discussed by Co6té et al. (2010).
These adaptation measures are being implemented in high-priority regions, includ-
ing the Caribbean islands and the Colombian mountain range, and in fundamental
sectors, e.g., health and agriculture. Regional and local communities are now
creating their own climate change adaptation plans, such as in the Coffee Belt
and Capital Regions.

Climate and Health Policy

Climate change adaptation policies are targeted toward increasing research
and building resilience (Ceron 2012). National public entities must incorporate an
adaptation strategy to climate change into their agenda (Ceron 2012). The strategies
should comply with the methodology defined by DNP, MEDS, and IDEAM
(ABC: Adaptacion bases conceptuales). In turn, the MEDS will support these
public entities and require them to develop adaptation plans (ABC: Adaptacion
bases conceptuales). INAP is the most important health and climate change project
and will be discussed in detail with brief insight on other ongoing governmental
initiatives.
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Fig. 2 Milestones in climate
change and health policy

NC-1
INAP—focuses on human health
CONPES 3700

INAP ends

ABC; NIH strategic plan which incorporated the
climate change framework

Design of the Vulnerability Index based on
climate sensitive diseases

INAP was based on the TF Grant Agreement 056350 with 14.9 million USD
(World Bank 2012). This project was partially founded by the GEF-World Bank
and was coordinated by IDEAM and Conservation International-Colombia (Ideam
2010). This project had support from Accion Social, World Bank, IDEAM, Global
Environment Facility, CORALINA, INVEMAR, and NIH (World Bank 2011a).
The project was intended to span over the course of 5 years, from 2006 to 2011
(World Bank 2009). The objective of INAP was to support the Colombian govern-
ment in implementing novel adaptation measures and policy options in anticipation
of the impacts of climate change in high mountain ecosystems, Caribbean island
areas, and human health (Ideam 2010).

INAP resulted in the opportunity for the health sector and the NIH to begin
including climate change and the climate as a factor of consideration for the current
and future status of health (World Bank 2011a). It allowed the incorporation of
climate change into the NIH strategic plan 2011-2014 (World Bank 2011a).
In addition, it provided the opportunity to participate in the CONPES document
3700 (World Bank 2012). INAP opened the discussions among the different sectors
to face climate change impacts by allowing better understanding in the dynamics
and effects of climate change (World Bank 2011a) (see Fig. 2).

Under INAP, Colombia proposed an Integrated Malaria and Dengue Surveil-
lance and Control System, in order to avoid the potential negative impacts of
climate change on human health in its territory (World Bank 2012). Some of the
specific goals of this project included: (a) to strengthen the capability of the
Colombian Institute of Hydrology, Meteorology and Environmental Studies to
produce and disseminate continuous and reliable climate information relevant to
the health sector and (b) to incorporate epidemiological, entomological,
sociodemographic, and climatic data in the malaria and dengue surveillance system
for proper understanding of malaria transmission and to regularly evaluate the
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spatiotemporal risk of infection in specific pilot sites and to develop locally adapted
malaria and dengue control strategies (World Bank 201 1a).

Furthermore, there have been efforts in Colombia on the vulnerability assess-
ment front by including the most relevant findings from INAP as well as lessons
from several other adaptation projects. The NIH is working on the development of a
Vulnerability Index. The purpose of the vulnerability index is to guide the health
sector adaptation plans, according to the DNP guidelines. The vulnerability index
will allow identification and prioritization of adaptation measures. The conceptual
framework is under construction and defines vulnerability as a function of sensi-
tivity and adaptive capacity.

As stated by Ceron (2012), sensitivity consists of: (i) disease burden of climate-
sensitive diseases and (ii) climate-sensitive risk factors associated to those diseases
and that cannot be directly intervened by human action. A list of disease events that
are sensitive to climate has been identified, including influenza, cholera, asthma,
cardiovascular diseases, etc. A criterion was created to guide which diseases to
focus in the Vulnerability Index in Colombia. The diseases must be a relevant
public health burden in Colombia and there must be evidence that the diseases are
impacted by climate. There must be at least 5 years of information from the
surveillance system and information from other sources. It is also necessary that
response to the disease is possible in the short and long term. The risk factors will be
identified from literature review and expert focus groups. The diseases will also rate
the sensitivity of the risk factor to the climate.

The adaptive capacity consists of governance and anthropogenic risk factors that
are sensitive to climate, e.g., using bed nets with malaria (Ceron 2012). The
conceptual framework should be consistent with DNP guidelines and its construc-
tion should include the participation of different sectors and institutions.

There are also local efforts to address the impacts of climate change on health,
most notably in Bogota, the capital city of Colombia whose population exceeds
seven million inhabitants (DANE 2013a). As of 2011, several problems have been
identified with climate change in Bogot4, including: increased risk of mortality due
to the recurrence of extreme events, increase in diarrheal diseases due to changes in
water supply, changes in patterns of viral circulation due to temperature and rainfall
variation, changes in food security, effects of heat waves on morbidity and mortal-
ity, and increase in vector-borne diseases (Alcaldia Mayor de Bogota et al. 2011).
As a result, Bogota has created a district environmental health policy that includes
an intervention line related to climate change.

This intervention line has five main axes, as described by AlcaldUa Mayor de
Bogota et al. (2011). First, there will be research development on the effects of
climate change on health. Second, the plan will implement adaptation and mitiga-
tion processes to prevent further decline in health. Third, this will include the
surveillance of events related to climate variability and change. Fourth, the plan
will improve joint inter-institutional and inter-sectoral collaboration for the design
of adaptation and mitigation measures. Lastly, the plan will strengthen community
participation to reduce vulnerability.
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Conclusion

Colombia has made important advances in implementing climate change adaptation
and mitigation projects. Like many other developing countries, initial efforts and
projects were concentrated in climate change mitigation and greenhouse gases
inventory in response to the interests of information from UNFCCC. Even though
these projects were responsible for introducing the topic, it is not until 2006 that the
first national adaptation project (INAP) was developed. Since then, the federal
government is slowly addressing the subject in the national agenda, which is
being led by the National Planning Department (DNP).

The DNP has mainstreamed and integrated climate change into the National
Development Plan. The department is also currently defining the strategy to
configure an inter-sectoral coordination mechanism to facilitate and promote the
formulation and implementation of policies, plans, programs, projects, and
methodologies in climate change. This will allow the inclusion of climate
variables as determinants for the design and planning of development projects.
Given the prioritization process that will be required at the time of defining
resources allocated for climate change adaptation, the leading role of DNP will
be the key to successfully incorporating climate change adaptation into national
policies.

Understanding and measuring vulnerability and risk to climate change is the first
step in formulating and implementing adaptation plans. Although the initial efforts
in Colombia were in identifying and implementing adaptation measures directly,
the health sector has now focused on understanding and measuring vulnerability as
one of the lessons learned from the INAP project. Despite the advances in Colom-
bia, there is still a need to improve the capacities and interests of the public health
research community and decision-makers and to further use climate information as
another method of improving policies.
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Climate change poses a major threat to sustainable urban development in
Africa. Changes in the frequency, intensity, and duration of climate extremes
(droughts, floods, and heat waves, among others) will affect the livelihoods of
the urban population, particularly the poor and other vulnerable communities
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who live in slums and marginalized settlements. Extreme changes in weather
patterns will increase incidences of natural disasters and impact on all key
sectors of the economy, including the urban economy, agriculture and forestry,
water resources, coastal areas and settlements, and health. In Africa,
where livelihoods are mainly based on climate-dependent resources and envi-
ronment, the effect of climate change will be disproportionate and severe.
Moreover, Africa’s capacity to adapt to and cope with the adverse effects of
climate variability is generally weak. This chapter examines the relations
between climate change and urban development in Africa and looks at the
role and effect of climate change on urban development. It also assesses the
available policy options for adaptation and mitigating climate change effects in
urban Africa.

Keywords
Africa  Climate change ¢ Urban development  Adaptation and mitigation
policies

Introduction

Climate change is one of today’s emerging threats and challenges to humanity. The
signs are visible, while its adverse effects are felt across both the developed and
developing nations. The high incidences of flooding and intense rainfall (Trapp
et al. 2007), drought and heat waves, cyclones, hurricanes, and the frequent erratic
weather patterns, which have exacerbated poverty, displacement, and hunger
among millions of people, are partly attributable to climate change (Pall
et al. 2011). The term climate change has been defined as a statistically significant
variation in either the mean state of climate or in its variability, persisting for an
extended period (WMO 2012). The major causes of climate change include natural
variations in sunlight intensity and human activities, which have led to an increase
in greenhouse gases and a steady rise of the earth’s temperatures.

Global warming, which entails a rise in the earth’s temperature, is caused by the
use of fossil fuels such as wood, coal, oil, and petrol, among other industrial
processes that have led to a buildup of greenhouse gases such as carbon dioxide,
methane, nitrous oxide, and chlorofluorocarbons (IPCC 2007). Human activities
that are related to biomass burning during shifting cultivation and domestic fuel are
responsible for increasing greenhouse gases in Africa.

Besides rendering traditional agriculture across African countries less profitable,
climate change has driven an unprecedented number of people into cities as they
search for alternative livelihoods (Barrios et al. 2006). The resultant urban popula-
tion increase has exerted pressure on urban services and resources such as urban
space, urban water supply and infrastructure, and sanitation systems. Apart from
posing a daunting challenge to urban planners and policymakers (Thynell 2007;
Choguill 1999), climate change has become a major national, regional, and inter-
national problem and has limited human capabilities and undermined the
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international communities’ efforts to attain the Millennium Development Goals
(MDGs). Consequently, UNDP has declared climate change “the defining human
development issue of our generation” (UNDP 2007, p. 1).

This chapter looks at the relationship between climate change and urban devel-
opment and examines the impact of climate change on urban development in
Africa. It also assesses available policy options for adaptation and mitigating
climate change effects in urban Africa.

Climate Change and Its Impacts

The Intergovernmental Panel on Climate Change (IPCC) has declared that
“warming of the climate system is unequivocal, as is now evident from observa-
tions of increase in global average air and ocean temperatures, widespread melting
of snow and ice and rising global average sea level” (IPCC 2007, p. 30). Conse-
quently, warming of the climate will not only hinder the achievements of MDGs
and sustainable development, but it will also increase the risk of violent conflicts
and therefore adversely affect human security (Barnett and Adger 2007). Therefore,
concerted efforts are required to tackle climate change since failure to address this
challenge will result in diminished future prospects for humanity.

UNDP (2007) reports that average annual global temperatures have been rising
by 0.7 °C (1.3 °F) since the industrial revolution. The report also notes the rapid rate
at which CO, concentrations are increasing, leading to rising air temperatures. It is
expected that with the rise in temperatures, droughts will be frequent as rainfall
patterns change. In the next 100 years, climate-induced temperatures in Africa
could increase by between 2 °C and 6 °C (Hulme et al. 2001). This will have
adverse effects on agricultural productivity and food security. It will also mean less
water for poor people, increased floods, and a rise in sea level, thereby posing a
great threat to coastal regions and small island nations (Tacoli 2009). The rise in
temperatures will also increase incidences of diseases such as malaria (in areas that
were originally malaria free) and other communicable diseases.

Unfortunately, climate change disproportionately affects the poor and poor
countries since it impacts on the very resources that the poor depend on, e.g.,
agriculture, forests, rivers, and lakes. Most importantly, poor countries are
extremely vulnerable to the adverse effects of climate change due to their low
physical and financial capacity to withstand the economic shocks triggered by
climate change (Ward and Shively 2012).

Worsening climatic conditions, coupled with other factors such as political and
ethnic conflicts, erosion of traditional safety nets, and the deteriorating physical
infrastructure, besides the absence of general security in rural areas, have forced
some people to migrate to urban areas, exerting further pressure on cities and
compounding their socioeconomic problems (Choguill 1999). As centers of inno-
vation, cities have the capacity and the technical know-how of dealing with climate
change. Unfortunately, they are also the major contributors to greenhouse
gases. City-based commercial, industrial, and domestic refrigeration facilities,
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for instance, discharge large amounts of gaseous emissions (Mosha 2011). There is
therefore a need to critically examine the role of cities vis-a-vis the process of
climate change and its impacts.

Urbanization and Urban Development in Africa

As people migrate from the rural areas to urban regions, global settlement patterns
are gradually changing. For instance, in 2008, 3.3 billion people lived in urban
areas, a number that is expected to reach 4.9 billion by 2030. Despite being the least
urbanized continent in the world, Africa has the highest urbanization rate of 3 % per
annum. In 2007, the African urban population was 373.4 million, a figure that is
projected to reach 759.4 million by the year 2030. It is further projected that more
than 1.2 billion Africans will be living in urban areas by the year 2050
(UN-HABITAT 2008).

Table 1 profiles the past, current, and projected urban population by subregion
between 1980 and 2030. From the data, northern Africa and southern Africa are the
most urbanized regions in Africa, while East Africa is the least urbanized (but
nevertheless the most rapidly urbanizing region).

This rapid urbanization can be explained by both the natural growth of the urban
population (the net excess of births over deaths in urban areas) and the rural-urban
migration. On the other hand, Potter (2012) argues that rapid urbanization in Africa
is due to the reclassification of small rural settlements as urban areas, while others
(Zachariah and Conde 1981; Kelley 1991) argue that rural-urban migration is the
main contributor to urbanization in Africa.

Rural-urban migration has been triggered mainly by both the pull-and-push
factors (Barrios et al. 2006) as well as past development strategies adopted by
African countries, including socialist-leaning development policies and structural
adjustment programs, which are biased against rural and agricultural development
(Hope 2009). A dismal consequence of these policies is that the nonagricultural
population now exceeds the available nonagricultural employment, leading to over-
urbanization (Hope 1998).

African urban economies (weakened by institutional problems such as extreme
centralization, rampant corruption external factors, and unfair global trade prac-
tices) have failed to absorb the growing urban populations. As a result, in most
cities of Africa, shanty towns and squatter settlements have developed along the
periphery of the major cities (Mosha 2011). The poor who live in these areas face
tremendous economic and social hardships since they do not have access to basic
human services such as shelter, land, water, safe cooking fuel and electricity,
heating, sanitation, garbage collection, drainage, paved roads, footpaths, street
lighting, etc. (Tacoli 2009; World Bank 2009).

Urban areas in Africa host major government agencies and the private sector.
These sectors contribute significantly to economic growth and create much-
needed employment. According to the UN-HABITAT (2008), urban areas
account for about 55 % of Africa’s GDP. They therefore play a pivotal role in
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Table 1 Percentage of African population residing in urban areas by subregion, 1980-2030

Region 1980 1990 2000 2010 2020 2030

Africa 27.9 32.0 359 39.9 44.6 50.0
Eastern Africa 144 17.7 21.1 24.6 29.0 34.8
Northern Africa 444 48.5 51.1 53.5 56.8 61.3
Southern Africa 31.5 36.7 42.1 47.1 52.3 57.9
Western Africa 29.2 33.0 38.4 44.1 50.1 56.1

Source: UN-HABITAT 2008

the production of goods and services, besides generating employment for the
growing urban populations. Unfortunately urbanization in Africa is not accom-
panied with an increase in economic growth or improved living standards. This is
a unique phenomenon, which the World Bank has called “urbanization without
growth” (Fay and Opal 2000; Barrios et al. 2006). This pattern of “urbanization
without growth” is the result of inappropriate policies that could not cater for
properly managed and planned urban development. In developed countries,
urbanization took root during the industrial revolution. At a time when there
was “redundant” labor in the rural areas, there was an increase in demand for
labor in urban areas (Potter 1995). The same cannot be said about the process of
urbanization in Africa.

The process of urbanization in Africa is usually highly influenced by the
movement of people displaced by drought, famine, ethnic conflicts, civil strife,
and war. Acute levels of urban poverty and haphazard urban settlements are also
common characteristics of urbanization in Africa. The poor live in poor neighbor-
hoods where they face dire economic and social hardships. Most are uneducated
and unskilled workers who have migrated to urban areas, encouraged by the push-
and-pull factors associated with rural-urban migration.

Women and children are most affected according to Bartlett (2008), who says
that children under the age of 14 are 44 % more likely to die due to urban
environmental problems compared to the rest of the population. Bartlett further
argues that “globally children under five are the victims of 80 % of sanitation-
related illnesses and diarrhoeal diseases, primarily because of their less-developed
immunity and because their play behaviour puts them into contact with pathogens”
(2008, p. 505). The immediate challenges facing slums could be addressed through
provision of basic services such as water, sanitation, and affordable housing.
However, the long-term policy response should focus on economic growth, poverty
reduction policies, and institutional capacity building, as well as on improved
governance.

If properly managed and planned for, urbanization could be an engine of
economic growth and industrialization. However, without a proper policy in
place, urbanization will contribute to the rising urban poverty, proliferation of
slums, regional inequalities, and degradation of urban infrastructure and environ-
ment. As a result, some African cities could become centers of crime and slum
settlements rather than being engines of industrialization and economic growth.
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The Impact of Climate Change on Urban Development in Africa

With erratic rainfall and frequent drought, rural dwellers in the continent find it very
difficult to work on their farms. Therefore, they abandon their rural settlements and
migrate to urban areas in search of better opportunities.

Unfortunately, the urban economy is weak and cannot absorb these environ-
mental refugees (Barrios et al. 2006). It is estimated that by the year 2050, there
may be as many as 200 million environmental refugees, people who are forced to
move due to environmental degradation (Myers quoted in Tacoli 2009). The
migrants are generally younger, landless men with few dependants (Tacoli 2009).
Unfortunately, most of these migrants are lowly farmers with limited skills and
education. They therefore cannot secure employment in the urban economic sector.
Consequently, they almost always end up in slums and shanty towns.

Besides being the most marginalized, these settlements are also prone to
flooding and landslides and have very limited or no social amenities such as running
water, electricity, proper health care, and infrastructure. The largest slum in East
Africa, Kibera, is located about 5 km southwest of Nairobi. It has about 250,000
people but has no proper sanitation and garbage collection systems, toilet, and
infrastructure. Kibera is heavily polluted by human refuse, garbage, and other
wastes, including human and animal feces, courtesy of the open sewage system
and the frequent use of “flying toilets.” This poor sanitation, combined with poor
nutrition among residents, accounts for the many illnesses and diseases in Kibera.

Climate change will eventually lead to a rise in sea level and threaten small
island nations and coastal areas, especially those located near the sea. With nine of
the world’s ten most populated cities located in the coastal zones, the effect of a rise
in sea level on the population and ecosystem of these cities will be enormous
(UNEP 2005). The major and direct impact of sea-level rise on coastal ecosystems
will be erosion, submergence, and increase in salinity (Armah et al. 2005). It is
estimated that more than 600 million people (10 % of the world’s population) live
in coastal regions that have an elevation of up to 10 m (about 2 % of the world’s
land area) above the seal level. Out of this, 360 million live in urban areas (13 % of
the world’s urban population) and about 247 million live in low-income countries
(McGranhan et al. 2007). With the rise in sea level, coastal towns will be suscep-
tible to cyclones, typhoons, hurricanes, and floods. It is projected that a 3—4 °C rise
in temperature will expose between 134 and 332 million people to coastal flooding
(UNDP 2007).

Desertification due to drought and man’s actions, especially in the Saharan and
Sahelian environment, results in sand and dust storms that could affect urban
communities in many ways. Apart from the inconvenience and the disruption of
transport and communications infrastructure, the increased risk of health-related
problems such as respiratory diseases will continue to plague the continent.

Many African cities will experience severe water shortages as the ravages of
climate change, especially due to persistent droughts, continue to deepen. Large
cities such as Lagos, Nairobi, Dar es Salaam, and others have a permanent water
crisis. Unfortunately, women and children have to bear the burden of walking long
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distances in search of water. Assuming that current levels of investment in the
sub-Saharan African urban water supply and sanitation continue over the next
20 years, as many as 300 million people in African cities will be without proper
sanitation; and 225 million will be without potable water supply by 2020 (World
Bank 1996).

Besides the physical hazards from floods, droughts, and hurricanes, health-
related risks will be on the rise as impacts of climate change bite deeper. Heat
stress and respiratory distress from extreme temperatures might combine with air
quality decreases to create higher mortality in urban areas. Changes in temperature,
precipitation, and/or humidity will result in water- and vector-borne diseases. Less
direct risks are expected as well; these include negative effects on livelihoods, food
supplies, the psychological state of people, or access to water and other natural
resources. The urban populations exposed to disease, such as dengue fever and
malaria, already killing people in sub-Saharan Africa, are spreading to urban
centers located in previously safe higher latitudes and altitudes (Wilbanks
et al. 2007). The highland cities of Nairobi and Harare are a case in point (IPCC
2007).

The geographical distribution of some infectious diseases will be altered, as
warmer average temperatures permit an expansion of the area in which malaria,
dengue fever, filariasis, and other tropical diseases are likely to occur. It should be
noted that many of these health risks are already evident among most urban
populations of Africa, even in the absence of full-blown effects of climate change,
and are related to such factors as age, gender, socioeconomic status, and access to
health services. Extreme weather events will likely create new health hazards and
disrupt public health services, thereby leading to increased disease incidences.

Infrastructure in urban areas is already showing evidence of destruction due to
climate impacts such as flooding and sea-level rise. Some of the most vulnerable
infrastructures include industrial plants; equipment for producing and distributing
energy; roads, ports, and other transportation facilities; residential, institutional,
and commercial properties; and coastal embankments. The economic consequences
of these impacts are severe. For instance, in Uganda, the record-breaking rains of
1997 destroyed 40 % of the country’s 9,600 km feeder road network. Similarly,
between 1997 and 1998, a prolonged drought in the Seychelles led to the closure of
the Seychelles Breweries and the Indian Ocean Tuna Company (Mosha 2011).

Rather than alter existing infrastructure, cities would probably choose to aban-
don it and relocate in upland areas at a cost of billions of dollars. People and jobs
will be forced to relocate, and land use will change dramatically.

Adaptation and Mitigation Policies: Implications for Urban
Development in Africa

Urban governments play a critical role in climate change adaptation and in
mitigating (reducing) greenhouse gas emissions. They however need a supportive
institutional, regulatory, and financial framework, backed by their highest
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decision-making organs. In addition, low- and middle-income nations need the
backing and full support of international agencies (Satterthwaite 2007).

Emission of GHGs is one of the major policy issues that need to be addressed
(APF 2007). Urban authorities in Africa should have in place policies aimed at
reducing carbon emissions, but this should be reciprocated by a commitment to the
reduction of global greenhouse emissions. For these policies to be effective, there
must be incentives that recognize the development needs of urban authorities.
Africa has legitimate energy needs, hence the problem of carbon emission in her
urban centers. Policies encouraging clean energy technologies should be formu-
lated and encouraged through capacity building and financial support from national
governments. International partnership should also be established in a bid to bolster
these efforts.

Most African urban centers are located within the tropics or subtropic regions
where solar energy and hydropower are abundant. Policies encouraging develop-
ment of Africa’s vast solar energy potential and hydropower should be enacted. The
World Bank and the African Development Bank Clean Energy and Development
Investment Framework should be fully implemented as a mitigation measure.

To mainstream adaptation to climate change in urban areas, the strategy should
be a continuous process, which addresses both current climate variability and
extremes and future climate risks. Africa’s urban authorities should take actions
that link climate change adaptation to disaster risk management.

A number of African countries such as Botswana, South Africa, Uganda, and
Kenya have put in place national policies for disaster management that address
issues such as prevention, mitigation, preparedness, response and recovery, and
development (Mosha 2011). In Uganda, for instance, the government has created a
climate change unit within the Ministry of Water and Environment to coordinate
all climate change concerns and spearhead policy formulation in the country
(Magezi 2011). At the local and urban authority levels, cities such as Cape Town
have developed a municipal adaptation policy (MAP) that includes proper man-
agement and control of water supplies, storm management, bushfires, and coastal
zones (Hope 2009). Similarly, the city of Durban has also came up with a climate
change adaptation strategy that includes human health, water and sanitation,
coastal zones, food security and agriculture, infrastructure, and cross-sectoral
activities.

Many African countries have now recognized that policies on climate change
adaptation and mitigation need to shift from a purely environmental concern to
addressing a growing threat to sustainable development. Managing both current and
future climate risks should be an integral part of development processes at both the
national and regional levels and should involve a cross-sectoral approach that is
reflected in the budget, thus the need for greater attention by ministries of finance
and national planning.

Urban authorities in Africa should adapt to climate change impacts through:

¢ Increased efforts to improve access to climate data
¢ Investment and transfer of technologies for adaptation in key sectors
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» Developing and implementing best practices for screening and assessing climate
change risks in development projects and programs

¢ Mainstreaming climate factors into development planning and implementation

« Providing significant additional investment for disaster prevention

For Africa to adapt to the impacts of climate change, it will need development
partners to deliver on their commitments. Assisting Africa’s development through
its largely unexploited hydropower potential will help to meet her objective of
increasing energy access while limiting GHG emissions. Compensation for
avoiding deforestation could also be introduced so as to limit GHG emissions,
but this will require an understanding of the factors that encourage deforestation.
Incentives to landholders could also be considered in a bid to discourage
deforestation.

Policies that build on existing strategies to support adaptation to climate change
are among the most likely to succeed. Growing evidence suggests that mobility, in
conjunction with income diversification, is an important strategy for reducing
vulnerability to environmental and non-environmental risks (Tacoli 2009).

Some of the climate change problems envisaged include drought, desertification,
land degradation, floods and the rise of sea level. It is projected that between 75 and
250 million people in Africa will not have access to freshwater by 2030 (IPCC
2007). Climate stress usually overlaps with other factors in determining migration
duration and composition. It is therefore important that socioeconomic, political,
and cultural factors are integrated into the adaptation policies.

The high vulnerability of urban systems and their impact on climate can be
reduced through adaptation and mitigation measures based on known technology
and design methodology. To counter climate change disasters, African urban
authorities must have preparedness programs and plans, ingredients often lacking
in most African cities (WMO 1994).

African urban centers located along the coast and river deltas (or estuaries) are
highly exposed to flooding due to their proximity to the sea (e.g., Free Town,
Alexandria, Cairo, Beira). In this regard, mitigation measures required include
designing and building appropriate flood shelters, improving and expanding sew-
erage and drainage systems, and putting in place an information system on climate
change effects and responses (WMO 1994).

Governance is an important element in climate change risk exposure. Urban
authorities with limited incomes or assets are the most exposed. This is because
they lack quality infrastructure and have poor disaster-preparedness provisions for
planning and coordinating disaster response. Besides, the extent to which the poor
can buy, build, or rent “safe” housing in “safe” sites and the degree to which the
local government creates an enabling environment for local civil-society action to
address these issues are limited (Satterthwaite 2007). Most urban authorities in
Africa cannot afford the requisite cost of reducing the impact of climate change.

Climate change health adaptation and mitigation measures required in African
urban centers include putting in place an information system that profiles air
conditions, observation networks and programs, and impact assessments and
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predictions. Bioclimatic GIS can be a useful tool in urban planning and design and
can be used in predicting climate change impact on mortality.

In terms of the impact of climate change on planning and architecture, there is
need to take into account proper use of materials and architectural detailing, as well
as drafting plans that maximize on outdoor spaces. Climate-sensitive designs
should be done in a way that protects the environment from pollution. Architects
and planners should use widely available knowledge and information on climate,
while urban climatologists need to simplify the language in which climatic data is
availed to planners and architects. Planning and building codes should be made
public and their objectives clearly set out. A specific design guide that incorporates
climate information is required.

In a nutshell, the key to adaptation is competent, capable, and accountable urban
governments that understand how to incorporate adaptation measures into aspects
of their work and departments (Satterthwaite 2007).

Conclusion

Climate change is both a threat and a challenge to Africa. Climate variability affects
agricultural production and influences hunger, health, access to water, and conse-
quently food security and poverty in the continent. Prolonged droughts and floods,
which are associated with climate change, impact negatively on the livelihoods of
farmers, making traditional agriculture across Africa less profitable. This in turn results
in a number of people from rural areas migrating to cities in search of better livelihoods.

The increased urban population in turn exerts pressure on urban services and
natural resources such as urban space, urban water supplies, infrastructure, and
sanitation systems, creating a challenge for urban planners and policymakers. The
effects of climate change must therefore be factored into African countries’ urban
policies and unequivocally address the current and emerging urban challenges,
especially the rapid urbanization, poverty, informality, and safety.

While Africa is the most vulnerable and most affected by climate change, it has
the weakest coping mechanism and less financial and human resources. The support
of the international community to help Africa build the requisite capacity to adapt
to climate change is therefore very crucial.

Municipal governments and urban authorities should design policies that are
sensitive to energy saving, fewer sprawls, and climate-resilient infrastructure,
especially with respect to drainage, flood control, housing, sanitation, transport,
and water distribution systems. In the USA, for example, the 2005 Energy Policy
Act creates policies and incentives for developing renewable energy. The Act aims
to enhance and expand domestic energy production. Brazil’s government instituted
the Incentives for Small Hydro Facilities policy to exempt small hydro facilities
(those which produce less than 30 MW) from paying financial compensation for the
use of water resources.

To encounter the expected climate change disasters, urban authorities must
also have preparedness programs and plans. Urban policies in Africa should
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also emphasize and focus on new techniques and methods of seasonal prediction,
early warning systems, monitoring, and risk management.
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Abstract

Climate change is a relatively new governance area in which policy and practice
tend to precede theory or advance simultaneously. Establishing effective legal
and institutional frameworks is crucial to its management. This chapter conducts
a comparative analysis of the climate change governance frameworks of four
developing countries, namely, the Philippines, Mexico, South Africa, and
Kenya, all of which have enacted or propose climate change legislations,
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strategies, and related institutional structures and have decentralized govern-
ments. These are contrasted with the UK, the first to globally enact a framework
climate change law. The results indicate that despite being time- and resource
consuming, enactment of stand-alone framework climate change legislation is
preferred over piecemeal amendments to relevant laws. Another key finding is
the overwhelming adoption of mainstreaming as an important approach to
managing climate change. Moreover, both adaptation and mitigation are con-
sidered equally important, mitigation being seen as a function of adaptation. This
disabuses the notion that developing countries do not or should not focus much
on mitigation. Institutionally, establishment of (often) a new high-level cross-
sectoral climate change coordinating institution domiciled in the office of and/or
chaired by the head of state is common. Such institutions offer general policy
guidance and are supported at lower levels by an advisory panel of experts and a
technical administrative secretariat. Procedures to ensure clear coordination
between the central and devolved governments are in many instances outlined.
Climate finance sources and management strategies are mixed. Sharing of
experiences and strong support for national climate change legislations under
ongoing post-Kyoto negotiations are recommended.
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Introduction

Warming of the climate system is unequivocal as per the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change (IPCC 2007). Atmospheric
carbon dioxide concentration recently hit the 400 parts-per-million mark. While
developing countries’ contribution to the greenhouse gas (GHG) emissions is
negligible, they suffer most from the impacts of climate change because they lack
the necessary institutional, economic, and financial capacity to cope (Huq
et al. 2003). The vulnerability, coupled with the pressing need to grow their
economies in order to reduce poverty levels, has traditionally underlined many
developing countries’ focus on adaptation efforts at the expense of mitigation. The
situation is however steadily changing as many now strive to reduce their emissions
by integrating emission reduction strategies into regular socioeconomic policies in
pursuit of low-carbon development paths (cf. Reid and Goldemberg 1998). Their
motivations are myriad: (i) mitigation is seen as a function of adaptation, that is, it
offers opportunities for enhancing development and boosting adaptive capacity,
(ii) opportunity to leapfrog into newer low-carbon technologies, (iii) promise of
access to international climate finance, and (iv) the ideological commitment to
show leadership.

The crosscutting nature of climate change has seen mainstreaming being widely
advocated as an important approach to its management (cf. Oulu 2011).
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Mainstreaming is the integration of climate change vulnerabilities or adaptation
into some aspect of related government policy (IPCC 2007). Its potential benefits,
dimensions, and assessment criteria have been extensively discussed (cf. Huq
et al. 2003; Klein et al. 2007; Lasco et al. 2009; Mickwitz et al. 2009) and
implementation guidelines published (cf. UNDP-UNEP 2011). It can be
operationalized horizontally by different policy sectors or departments, vertically
at different hierarchical administrative levels, and internationally by embodying
multilateral cooperation (Persson and Klein 2008). The three dimensions highlight
the multilevel and complexity of climate change governance. Nevertheless,
addressing climate change is ultimately a local-scale affair. While international
efforts are crucial, it is individual countries which determine relevant policy by
translating both local and global goals into either adaptation or mitigation actions.
Doing so requires effective national climate change policies, legislations, and
institutions. In fact, advancing domestic climate legislations can help create the
necessary conditions for an international deal (Townshend and Mathews 2013).
Some even consider creation of durable regulatory frameworks and institutions as
more important than the choice of particular programs (Stavins 1997). Yet, even as
literature places governance at the center of future adaptation and mitigation
efforts, many national governments have paid little attention to legislations and
institutions (Agrawal and Perrin 2009).

This chapter conducts a comparative analysis of the climate change governance
structures of four developing countries with decentralized government systems,
namely, the Philippines, Mexico, South Africa, and Kenya. In particular, it focuses
on the legal and institutional frameworks with the aim of identifying emerging best
practice. These are contrasted against the UK, a developed country and first
globally to enact a framework climate change law. The UK is often touted as
having both the “hardware” (institutions) and “software” (necessary knowledge)
(Persson 2004), key ingredients in dealing with climate change. The chapter is
organized into five sections. After the Introduction, section “Climate Change
Governance: Role of Law and Institutions” examines the role of law and institutions
in climate change governance. The individual country governance structures are
analyzed in section “Individual Country Governance Frameworks,” while section
“Synthesis of Emerging Climate Governance Best Practice” provides a synthesis of
the emerging legal and institutional frameworks. Section “Concluding Remarks”
makes some concluding remarks.

Climate Change Governance: Role of Law and Institutions

Governance is a fuzzy concept with many definitions but no consensus. Some view
governance as a political process of setting explicit societal goals and intervening in
their achievement, translating into a generic term for the coordination of social
actions rather than an antonym for government (Frohlich and Knieling 2013). Three
dimensions of governance are distinguished (Homeyer 2006; Herodes et al. 2007):
policy (the nature and implementation of policy instruments), politics (actor
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constellations), and polity (institutional properties), each with a continuum of
possible subdimensions. The vagueness of the term nonetheless allows for its use
in a variety of disciplines and contexts. In climate change, it encompasses a broad
range of forms of coordination of adaptation and mitigation characterized by cross-
boundary, multilevel, multi-sector, and multiagency settings as well as long-term
challenges and uncertainty (Frohlich and Knieling 2013). Climate change is,
essentially, a “wicked” problem (Balint et al 2011) or “super wicked problem”
(Lazarus 2008). Its enormous interdependencies, uncertainties, and conflicting
stakeholders lack a single problem formulation or solution. Moreover, the longer
it takes to address it, the harder it becomes, while those best positioned to do so have
the least immediate incentive to act, making its governance a complex reality. The
field is also still a relatively new area in which policy and practice tend to precede
theory or advance simultaneously. Lack of middle-range adaptation theories to help
frame policy debates and absence of comparative empirical studies to support
policy interventions are glaring challenges (Agrawal 2008).

Domestic climate change legislation has traditionally been viewed as something
for governments to enact after an international agreement has been reached to
support implementation. However, there is a growing global trend in which indi-
vidual countries, states, or even cities are unilaterally implementing their own
climate change regulations. While this could be attributed to frustrations with
stalled United Nations (UN) climate agreements, it is also indicative of a growing
recognition of the crucial role of domestic legislations and measures (Stavins 1997).
By disregarding the so-called matching principle (cf. Butler and Mecey 1996),
these countries are rebutting the skeptics’ claim that it is self-defeating for a country
to act alone on climate change. Apart from the possibility of regulation at lower
jurisdictional level triggering regulation at a higher (international) level (Engel and
Saleska 2005), the inclination toward domestic climate change legislations also
signal a “portfolio” approach in which a suite of different plans spread risks across
individual countries (Vance 2012). Many developing countries are beginning to
implement national emission reduction actions, fully aware that it is in their self-
interest to do so and make their economies climate resilient even in the absence of a
global deal or sufficient action by developed countries (Townshend and Mathews
2013). Some have even suggested that combined emission savings from such
national actions may be greater than those attained by industrialized countries
(Reid and Goldemberg 1998). Clearly, the ongoing Durban Platform negotiations
should involve a formal recognition of and active support for the advancement of
national climate legislation.

Modes of environmental governance are variously categorized. Regulation or
command and control is the most common approach. Literature is also awash with
many types of “new” or “newer” policy instruments (NEPIs) which include market-
based instruments, eco-labels, and voluntary agreements (Jordan et al. 2005). They
have been hailed as able to offer cost-effective alternatives, provide dynamic
incentives for technological change, address distributional equity concerns, and
raise revenue (Stavins 1997; EEA 2005). Despite the “frenzy” surrounding the
apparent popularity of NEPIs, regulation still dominates. Barring noncompliance
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may be the only means of ensuring environmental integrity. Importantly, many of
the NEPIs require legislation to be effective (EEA 2005; Jordan et al. 2005;
Herodes et al. 2007). But legislation also has its challenges and the nature varies
greatly. Subsequent amendments, limited budgets, financial conditionality, delays
in operationalizing regulations, vested interests, and simple nonenforcement can
render a seemingly strong legal mandate mere symbolic aspirational statement.
Successful climate change legislations must therefore be simultaneously flexible in
certain respects and steadfast in others (Lazarus 2008). They should incorporate
institutional design features that significantly insulate implementation from vested
political and economic interests. Such design features should include
precommitment strategies which deliberately make it hard, though not impossible,
to change the law in response to emerging concerns and insights, as well as those
intended to keep the statute on course over time. Examples include requirements for
consultation with other agencies, scientific advisory committees, and stakeholders;
judicial review provisions; and preemption triggers that accommodate competing
interests while exploiting the resulting tension to further climate change policy.

Institutions are systems of rules and decision-making procedures that give rise to
social practices, assign roles, and guide interactions (Gupta et al. 2010). Catego-
rized into public, civil society, or private sector, institutions are humanly created
formal and informal mechanisms which shape social and individual expectations,
interactions, and behavior initiatives (Agrawal and Perrin 2009). They play a major
role in assisting countries anticipate and respond to climate change by structuring
the distribution of risks, constituting and organizing incentive structures, and
mediating external interventions into local contexts. Effective adaptation-
enhancing institutions encourage the involvement of a variety of perspectives and
actors, allow continuous learning and behavior change, and can mobilize resources
(Gupta et al. 2010). Fragmentation, conflicting mandates, and capacity challenges
plague many developing country institutions.

Individual Country Governance Frameworks
The Philippines

Climate Change Vulnerability and Government Structure

The Philippines is an archipelagic country in Southeast Asia classified as lower
middle income by the World Bank. Due to its location in the Pacific Ring of Fire, it
is prone to earthquakes and active volcanoes and is ranked highest in the world in
terms of vulnerability to tropical cyclone occurrence (Yumul et al. 2011; RoP
2011). The country lies within the Intertropical Convergence Zone (ITCZ), a source
of heavy rains and storms. Its geography and location therefore puts it at a high risk
from sea level rise (Lofts and Kenny 2012). The Philippines and similar small
island developing states are particularly vulnerable to global environmental change
(Pelling and Uitto 2001; IPCC 2007; Yumul et al. 2011; Guillotreau et al. 2012).
Their disproportionate natural resource dependency and extensive coastlines
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expose them to high climate change risks. The country’s GHG emission in 2000
was 21,767.41GgCO,e (RoP 2011).

The 1987 Philippine Constitution provides for a unitary multitiered government
(Diokno 2009; Manasan 2009). The country is divided into 15 administrative
regions and two additional autonomous regions, Mindanao and Cordillera. The
president is the head of state and government, and the bicameral legislature is made
up of the Senate and the House of Representatives. Devolved local government
units (LGUs) consist of provinces each subdivided into cities, municipalities, and
barangays — the smallest political unit. They have authority over natural resource
management, pollution control, and environmental protection but are under con-
siderable supervision by higher-level government in areas like budgeting and
legislation.

Legislative Framework

Well aware of its particular vulnerability to climate change, the Philippines devel-
oped the comprehensive Climate Change Act of 2009, the first in the developing
world and second globally after the UK. The Act aims to “mainstream(ing) climate
change into government policy formulations, establish(ing) the framework strategy
and program on climate change, creating for this purpose the Climate Change
Commission” (RoP 2009, p. 1). The unequivocal intent to systematically main-
stream climate change is noteworthy, suggesting that the mainstreaming mantra is
slowly finding its way from academia into policy and, hopefully, practice. Both
adaptation and mitigation measures have since been implemented through formu-
lation of a Framework Strategy and Program on Climate Change (2010-2022) and
the National Climate Change Action Plan (2011-2028), but with no emission
reduction targets. Interestingly, the Framework Strategy “treats mitigation as a
function of adaptation” (RoP 2010, p. 17). That is, it recognizes the mutually
beneficial relationship in which mitigation strategies offer opportunities for enhanc-
ing adaptive capacity. The close interrelation between climate change and disaster
risk reduction (DRR) is particularly evident in the Philippines. As such, the Climate
Change Act integrates DRR into climate change initiatives, while the Disaster Risk
Reduction and Management Act 2010 considers disasters as inclusive of climate
change impacts (RoP 2010).

Institutional Framework

Climate Change Commission

The Climate Change Act (2009) establishes the Climate Change Commission
(CCC) as the sole policy-making body charged with coordinating, monitoring,
and evaluating climate change-related programs and action plans. It is chaired by
the president of the republic and is administratively located in the Office of the
President, making it very high level. This arrangement has several potential advan-
tages. First, it enhances the profile of and puts climate change firmly and high up on
the national agenda. Second, it is a way of procuring and maintaining the political
will and commitment to implement climate change actions by the executive. From a
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political ecology perspective, climate change is inherently political (cf. Eriksen and
Lind 2009). Making the president by law the head of the premier climate change
outfit does not automatically translate into political will. Rather, political compe-
tition potentially does the trick. That is, the incumbent will be motivated to bring to
bear his or her political and executive powers on climate change programs as a way
of endearing oneself to the electorate. The Act can, therefore, by design or default,
create climate change champions out of the president, the executive, and the ruling
political party or coalition. Champions play a critical role in rallying necessary
support and educating the public on climate change (cf. Roberts 2008). Third,
although enhancing mainstreaming, listed as the first function of the Commission,
should essentially happen at all levels, the higher the better as this allows greater
possibility of integration at lower political and administrative levels. The high-level
status of the Commission gives the convening powers necessary to integrate climate
change horizontally and vertically across all levels of governance.

The Commission is made up of three other Commissioners who must be climate
change experts. It is supported by a broad-based, cross-sectoral, and cross-
departmental advisory board with representatives from relevant government min-
istries, local government, academia, the private sector, and civil society. Involve-
ment of key stakeholders enhances the quality of climate change policies and their
implementation but could also pose a challenge as it might prove difficult to
reconcile the myriad of interests at play. Nevertheless, the Commission is mandated
to meet once every 3 months or as often as deemed necessary, an arrangement
which could help resolve any deadlocks in good time. Infrequency of meetings can
impede the functioning and effectiveness of institutions.

The day-to-day running of the Commission is assigned to a secretariat, the
Climate Change Office headed by the Commission’s vice chairperson. In addition,
a Panel of Technical Experts provides technical advice to the Commission in
climate science, technologies, and best practices for risk assessment and enhance-
ment of adaptive capacity. Surprisingly, the experts are to be permanently
employed by the Commission. Without a clear definition of what particular “tech-
nical advice” they are to provide and for how long, it would be cost-effective to
make the panel ad hoc. Nevertheless, the panel of experts incorporates a science-
and evidence-based approach to climate change management.

Other Institutions

Government ministries and agencies are assigned specific roles based on their core
mandates in the Climate Change Act. For example, the Department of Education is to
integrate climate change into the primary and secondary education curricula, while
government financial institutions are required to give preferential financial packages
for climate change-related projects. Some of the specified roles and responsibilities
are, however, quite restrictive and do not allow for an innovative interpretation of their
mandates with regard to climate change. Local government units (LGUs) are at the
forefront in formulating, planning, and implementing local climate change action
plans. The Joint Congressional Oversight Committee is to monitor implementation of
provisions of the Act and recommend any necessary legislation.
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Climate Finance

Climate finance is crucial to addressing climate change. All relevant government
agencies and local government units are to allocate adequate funds from their
annual budgets for the implementation of their respective climate change programs
and plans. No special fund is set up although the Commission is authorized to
accept financial support from local and international sources. No carbon trading
schemes are to be set up or funding expected from such, a cautious move given that
they have not benefitted the intended developing countries and their underlying
logic for net emission reductions has been questioned (cf. Mulugetta 2011; Reddy
2011; Bond et al. 2012). International funds, though often necessary, should
complement, not replace, domestic resource mobilization.

Mexico

Climate Change Vulnerability and Government Structure
Mexico, a Latin American country bordering the United States of America (USA),
is categorized as upper-middle-income economy by the World Bank (2013). Its
GHG emissions are quite high, about 616 Mt COye in 2010 excluding land-use
change (Hohne et al. 2012) and ranked eleventh globally (Vance 2012). Its climate
is projected to become drier and warmer, with several hydrological regions highly
vulnerable to decreased precipitation and higher temperatures (IPCC 2007). This
makes major economic support sectors vulnerable to climate change (Liverman and
O’Brien 1991). For example, the agricultural sector employs more than a third of its
growing population, yet only one-fifth of the country’s cropland is irrigated.
Rainfed agriculture supports subsistence farmers and provides most of the domestic
food supply. Frequent droughts already reduce harvests and jeopardize food and
energy security. About one-fifth of Mexico’s electricity is hydroelectric, hence
susceptible to reduced water levels. Significant mismatch between water supply
and population will see increased problems for cities and industrial production.
Mexico is a three-tier federal government with 31 relatively autonomous states
and a federal district which encompass Mexico City (Rodriguez and Ward 1994;
Lankao 2007; Hohne et al. 2012). The president is the head of the federation and
government, the bicameral legislature (Congress) is made up of the upper and lower
chambers, while the judiciary is divided into federal and state systems. Unlike other
Latin American countries, the president is directly elected for a single 6-year term.
From the state, lower levels of devolution include the municipality (municipio) and
municipal council (ayuntamiento). Although the devolved units are supposedly
autonomous, the hegemonic nature of the ruling party often muzzles such auton-
omy, for example, in financial resources (cf. Hohne et al. 2012).

Legislative Framework

The General Law on Climate Change (Ley General de Cambio Climatico) was
enacted in 2012, making Mexico the most recent country and third globally to enact
a framework climate change law. The law seeks to facilitate the transition to a
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competitive low-carbon emission economy by consolidating the institutional
framework across the three levels of government, regulation of adaptation and
mitigation actions, and promotion of research, innovation, and technology transfer.
It fulfills Mexico’s Cancin pledge to voluntarily reduce its emissions to 30 % by
2020 and 50 % by 2050 (based on 2000 baseline), conditional on international
financial support. This is in addition to generating 35 % of the country’s electricity
from renewable sources by 2024. The 2020 target is considered the most stringent
for a developing country, and Mexico is the only developing country so far to set
itself an absolute reduction target by 2050 (Hohne et al. 2012). Mechanisms for
gradual establishment of market-based instruments and emission trading are
included (IDLO 2012). The General Law of Ecological Balance and Environmental
Protection (LGEEPA), Mexico’s framework environmental law, was amended in
2011 to incorporate some climate change provisions, including the authority of
environmental agencies to formulate and execute mitigation actions (Ruffo and
Vega 2011). However, the enactment of the comprehensive General Law on
Climate Change has incorporated and harmonized many such provisions.

Institutional Framework

The General Law on Climate Change establishes an institutional framework that
emphasizes the need for a transversal, cross-sectoral approach to climate change
and the critical importance of wide stakeholder participation (IDLO 2012). They
include the following.

Intersecretarial Commission on Climate Change (Comision Intersecretarial de
Cambio Climatico, CICC)

Originally administratively established in 2005 (Hohne et al. 2012), the CICC
became embedded in the 2012 climate change law. Charged with formulating
national climate change policies, coordinating actions across the federal govern-
ment, and ensuring mainstreaming and participation of key stakeholders, the CICC
is composed of several relevant government ministries. Similar to the Philippines’
Climate Change Commission, the CICC is chaired by the president of the federation
who may delegate this function to the minister responsible for environmental
matters. It could not be established if the CICC is administratively located in the
Office of the President. As already discussed under section “Institutional Frame-
work” of the Philippines, making the president by law the chairperson and therefore
directly the head of the premier, the climate change coordinating institution has
positive ramifications for climate change management. Again, mainstreaming is
clearly stated as one of the key objectives of the Commission and the law. The
CICC is to have several permanent Working Groups, including one on Reducing
Emissions from Deforestation and Forest Degradation (REDD). Deforestation is a
major source of GHG emissions in Mexico and therefore an appropriate target area.
Linked to the CICC is the Council on Climate Change (Consejo de Cambio
Climatico, CCC), a permanent consultative body comprised of representatives
from the private sector, civil society, and academia. Its objective is to foster
broad stakeholder participation, collaboration, and support for climate change
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policies and actions (IDLO 2012). It can be equated to the Philippine’s Climate
Change Commission’s Advisory Board.

National Institute of Ecology and Climate Change (Instituto Nacional de
Ecologia y Cambio Climatico (INECC))

INECC is the main public agency responsible for climate change policy develop-
ment and evaluation (IDLO 2012). Specifically, it is to prepare, conduct, and
evaluate the national climate change policy; design market-based instruments;
prepare an emissions inventory; and build scientific and research capacity. Its
management is under a governing board comprised of heads of several ministries
and chaired by the sectoral minister responsible for environmental matters. It has a
director general appointed by the president and chairperson of the CICC. The
INECC’s functions and composition are similar to the Philippine’s Climate Change
Office (CCO). However, the similarity of its functions to and unclear relation to the
CICC might create institutional conflict if clear coordination and communication
mechanisms are not put in place.

Other Institutions

The National System for Climate Change (Sistema Nacional de Cambio Climatico,
SNCC) is a permanent communication and coordination mechanism between the
federal government and devolved governments. Made up of the CICC, CCC,
INECC, state governments, LGU representatives, and the Congress, it is aimed at
promoting the cross implementation of the national climate change policy (IDLO
2012). In a decentralized system such as in Mexico, clear coordination and com-
munication between different governance levels are very crucial for the effective
implementation of a crosscutting policy issue like climate change. The Evaluation
Committee (Coordinacion de Evaluacion, CE) reports to the SNCC and is an expert
body made up of the head of INECC and representatives from the scientific,
academic, and technical communities charged with periodically and systematically
evaluating progress on implementation of aspects of the climate change law.

Climate Finance

The General Law on Climate Change establishes a Climate Change Fund (Fondo
Para el Cambio Climatico) aimed at sourcing and channeling funds from public and
private sectors, at both national and international levels (IDLO 2012). This is in
addition to annual budgetary allocation and proceeds from carbon trading. The
CICC is legally mandated to establish an emission market, including a regulating
agency (Hohne et al. 2012).

South Africa

Climate Change Vulnerability and Government Structure
South Africa is the only African country whose contribution to global warming is
significant (Chevallier 2010) due to its energy-intensive, fossil-fuel-powered
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economy. The 2000 estimate was 435 million tons of CO, (Letete et al. 2009).
A greater warming trend has been observed throughout the continent since the 1960s
(IPCC 2007). Even under very conservative emission scenarios, it is predicted that
by mid-century the South African coast will warm by around 1-2 °C and the interior
by around 2-3 °C (RSA 2011). Declining rainfall patterns and increased frequency
of extreme climate events such as droughts and floods are projected (Maponya and
Mpandeli 2012; IFRC 2011). These changes will significantly affect human health,
agriculture, and other water-intensive economic sectors such as mining and elec-
tricity generation. Moreover, a large number of South Africans live in conditions of
chronic disaster vulnerability such as fragile ecologies or marginal areas (RSA
2005). The severe June 1994 floods in Cape Town’s historically disadvantaged
Cape Flats exposed the country’s disaster soft underbelly.

South Africa is a federal government comprised of a three-tier devolved system:
national, provincial, and local. The president is the head of state and government.
The Parliament is made up of the National Assembly and the National Council of
Provinces. Each of the nine provincial governments is allowed to make provincial
laws and may adopt their own constitution. Three categories of local governments
(or municipalities) exist (Pasquini et al. 2013): metropolitan, local municipalities,
and district. Many of their responsibilities have important implications for climate
change management. The constitution also recognizes the role of traditional lead-
ership. All the three levels of government must observe and adhere to the principles
of cooperative government. As is expected, the country’s decentralization has its
challenges (cf. Koelble and Andrew 2013).

Legislative Framework

South Africa does not have a framework climate change law. The National Climate
Change Response White Paper (2011) is the key policy document guiding climate
change management. It sets mitigation targets that should collectively result in a
34 % and a 42 % deviation below its “business as usual” emission growth trajectory
by 2020 and 2025, respectively, conditional on international financial and techno-
logical support (RSA 2011). It also outlines the institutional and other planning
frameworks. Existing legislations, especially those dealing with disaster risk reduc-
tion and general environmental regulation, e.g., the Air Quality Act 2004, are also
relevant to adaptation and mitigation efforts. To ensure that climate change is fully
mainstreamed into the work of all three spheres of government, all government
departments and state-owned enterprises are to regularly review their policies and
plans (RSA 2011). The Disaster Management Act of 2002 definition of “disaster” as
a progressive or sudden, widespread or localized, and natural- or human-caused
occurrence (RSA 2003) can be interpreted as inclusive of climate change. The
White Paper also considers DRR as short-term adaptations to climate change
and acknowledges the existence and crucial role played by the Disaster Manage-
ment Act. Overall, South Africa seems to have no immediate intention of enacting
a stand-alone framework climate change law. Implementation of the actions
stipulated in the White Paper will, where necessary, be implemented through
piecemeal changes to relevant existing legislations and regulations. This is at
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variance with all the other countries analyzed. Mainstreaming is however at the
core of its climate change management efforts.

Institutional Framework

Unlike the Philippines and Mexico, South Africa’s climate change institutional
framework is fragmented. Several institutions are responsible for various aspects of
climate change, many of which overlap, thus creating possibilities of conflict. Most
are also not anchored in any law and lack administrative capabilities or budgetary
allocation.

Interministerial Committee on Climate Change (IMCCC)

Established in 2009, the IMCCC is to oversee all aspects of the implementation of the
climate change policy. In justifying the need for the IMCCC, the White Paper states
that “the strategic, multi-faceted and crosscutting nature of climate-resilient develop-
ment requires a coordination committee at executive (Cabinet) level that will coordi-
nate and align climate change response actions with national policies and legislation”
(RSA 2011, p. 36). This illustrates the necessity of a high-level cross-sectoral institu-
tion with convening powers as is similarly applied by the countries analyzed so far.
However, contrary to the above statement and at variance with the other developing
countries, the IMCCC is to be chaired by the minister responsible for the environment
rather than the president or Cabinet secretary. Additionally, technical, analytical, and
administrative capacity to the IMCCC will be provided by a secretariat based in
the sectoral Department of Environmental Affairs (DEA). Though interministerial,
the arrangement makes the IMCCC less high level relative to the rest of the countries
analyzed. The net effect is a lowering of the profile of climate change in the national
agenda and potential challenges in integrating climate change across government. In
many governments the world over, ministries of environment are rarely viewed as
“powerful” based not only on their perennial paltry annual budgetary allocation but
also because of the late entry of environmental issues on the national agenda, many
countries having only established environmental ministries after the 1992 Earth
Summit in Rio de Janeiro, Brazil. Environmental ministries thus lack the political
clout, financial muscle, and convening powers necessary to effectively coordinate and
mainstream a crosscutting issue such as climate change across government. Moreover,
Giordano et al. (2011) view the IMCCC as merely an information platform which does
not include all relevant ministries, especially that of finance.

Forum of South African Directors-General Clusters

Forum of South African Directors-General (FOSAD) was established in 1998 to
enhance integration of crosscutting issues within the overall policy and implemen-
tation framework and address identified coordination weaknesses such as lack of
alignment between different governmental planning cycles and between the central
and devolved units (RSA n.d.). Mirroring the main Cabinet committees, they are to
provide strategic leadership for the national climate change response actions.
However, their structure and functioning has been criticized as potentially inappro-
priate for the prioritization of climate change issues (Giordano et al. 2011).
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Intergovernmental Committee on Climate Change (IGCCC)

Established in 2008, the IGCCC’s role is to operationalize cooperative governance
in the area of climate change by bringing together the relevant national, provincial,
and municipal departments under the principle of cooperative government. It
fosters information exchange and consultation. However, lack of representation
of the Department of Cooperative Governance and Traditional Affairs (COGTA),
inability to provide practical assistance in policy development or implementation,
and lack of an administrative budget or structure (Giordano et al. 2011) potentially
weaken its effectiveness.

Other Institutions

The National Committee on Climate Change (NCCC), which is to be formalized
into an advisory council with statutory powers and extended responsibilities beyond
the current communication function, is one of two mechanisms set up to coordinate
activities and consult with key stakeholders (RSA 2011). Its upgrade could remedy
its current lack of legal backing, a secretariat, and regular budget and lack of
executive power (Giordano et al. 2011). The second stakeholder coordination
mechanism is the National Economic Development and Labour Council
(NEDLAC) which brings together the government, business, and labor unions.
The environment, including climate change, is a concurrent function between the
provincial and national government. Each province is to develop its own climate
response strategy, and municipalities are to integrate climate change considerations
and constraints into their development plans and programs. To make clear local
governments’ mandate and assign them specific climate change-related powers,
COGTA is to review relevant policies and legislations. Parliament is to review
legislation and determine the legal requirements to support the existing or proposed
institutional and regulatory arrangements, while line ministries and agencies are to
integrate climate change into their policies and programs.

Climate Finance

By necessity, South Africa’s climate finance strategy comprises a comprehensive
suite of measures, including market-based ones, to create and maintain a long-term
funding framework for mitigation and adaptation actions. In the short- and medium-
term period, a transitional climate finance system and interim climate finance
coordination mechanism are to be established, the nature of which is not outlined.
In the long term, however, climate change actions will be integrated into the fiscal
budgetary process of all the three tiers of government.

Kenya

Climate Change Vulnerability and Government Structure

Kenya has experienced increasing temperature trends over most parts of the country
for the past 60 years (GoK 2010a). The time series of annual and seasonal rainfall
for the standard seasons of December—January—February, March—April-May,
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June—July—August, and September—October—November indicates a neutral to
slightly decreasing trends. The effects of the observed climatic changes include a
reduction in the glacier on Mt. Kenya, variability in weather patterns, and frequent,
prolonged, and severe drought and flood conditions (NEMA 2008). Kenya’s natural
resource-based economy makes it particularly vulnerable to climate change. Agri-
culture is mainly rainfed, while tourism largely depends on wildlife and the
ecosystem, both highly susceptible to climate change (cf. GoK 2010a; Kameri-
Mbote and Odote 2011; NEMA 2008; Mutimba et al. 2010). Some estimates put the
future net economic costs of climate change at 2.6 % of GDP per year by 2030 and
doubling by 2050 (SEI 2009).

The new (2010) constitution makes Kenya a presidential republic with a two-tier
decentralized system of distinct and interdependent central and 47 county govern-
ments (GoK 2010b). The president is the head of state and government and together
with the deputy president, attorney general, and several Cabinet secretaries form the
Cabinet. The bicameral Parliament is made up of the National Assembly and
Senate. The Senate represents the interests of the counties, while county assemblies
have legislative powers. County governments’ functions have a bearing on climate
change management and include county planning, controlling air pollution, natural
resource and environmental conservation, agriculture, health, transport, and trade.

Legislative Framework

Kenya, like South Africa, is yet to enact a framework climate legislation. However,
Kenya has made strong indications of its intention to do so in the near future. The
country’s climate change governance scope is encompassed in various policy and
regulatory frameworks interrelated to its natural resources (Mutimba and
Wanyoike 2013). This analysis will focus primarily on the National Climate
Change Response Strategy 2010 (NCCRS), National Climate Change Action
Plan 2013-2017 (NCCAP), and, briefly, the Climate Change Authority Bill
2012. The NCCRS was developed in 2010 with the aim of achieving a prosperous
and climate change-resilient Kenya. It admits that “the integration of climate
information into Government policies is important... (but) the same has not
been adequately factored into most of the sectors of the country’s economy
including government development policies and plans” (GoK 2010a, p. 6), an
endorsement of mainstreaming. It outlines an enabling policy, legal, and institu-
tional framework. It recommends the development of a comprehensive climate
change policy which should be translated into a climate change law by either
strengthening existing legislations or developing a new stand-alone law (GoK
2010a). Despite being time-consuming and expensive, the NCCRS prefers an
entirely new climate change law.

Launched in March 2013, the NCCAP operationalizes the NCCRS. It covers,
among others, low-carbon development strategies; adaptation and mitigation
options; climate finance; and an enabling policy, legislative, and institutional
framework intended to enhance mainstreaming. The actions are premised on their
contribution toward achieving Kenya’s long-term development goals in addition to
intermediate benefits such as improved livelihoods, attracting international climate
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finance, as well as demonstrating global leadership (GoK 2013). It further commits
all government ministries, departments, and agencies to play a role in
mainstreaming climate change across their functions and processes. No emission
reduction target is set. Rather, priority low-carbon development areas and options
are outlined. In keeping with the NCCRS, the NCCAP recommends development of
a coherent stand-alone climate change policy to, among others, provide guidance on
(i) the envisaged legislative framework to be established through a climate change
law and (ii) the specific sectoral legislative amendments that will enable full
implementation of the NCCAP’s priorities. It reaffirms “the need to enact a
stand-alone framework climate change law to facilitate the necessary direction,
coordination, policy setting and high-level political prioritization in order to main-
stream climate change across government functions” (GoK 2013, p. 100). The
stand-alone climate law is to be accompanied by a series of sectoral legislative
and regulatory amendments through either an omnibus bill or a number of separate
legislative amendments in order to bring sectoral legislation in harmony with the
framework climate change law.

The Kenya Climate Change Authority Bill, 2012, is a private member’s bill
presented to the Parliament in April 2012. Some of its proposals are at variance with
those of the government which consider it a parallel effort (GoK 2013). Developed
mainly by the civil society under the aegis of the Kenya Climate Change Working
Group, the Bill seeks to establish a Climate Change Authority and provide a
framework for mitigation and adaptation (GoK 2012). A Climate Change Trust
Fund is also proposed. The Bill is, however, not comprehensive since beyond the
proposed institutional framework, it covers very little else. It is evident from the
NCCAP that the government has sidestepped the Bill and is focused on enacting an
entirely new stand-alone framework climate change law. It seems that the proposals
in the NCCRS and more specifically the NCCAP are the official Government of
Kenya position on climate change. Consequently, the proposals in the Bill will not
be considered any further.

Institutional Framework

The NCCRS considers a dedicated climate change institution as important in
establishing a coordination instrument to ensure that all cross-sectoral activities
match the overall vision of a prosperous and climate change-resilient Kenya (GoK
2010a). But its proposed institutional structure gives the sectoral ministry respon-
sible for the environment a dominant role, with all the key institutions placed under
it. The potential lack of effectiveness of such a sectoral and non-high-level
institutional arrangement is already discussed under section “Institutional Frame-
work” of South Africa. In summary, the National Climate Change Secretariat
(NCCS), which was instrumental in developing the NCCAP, was established. In
addition, the National Climate Change Steering Committee (NCCSC) was charged
with gathering and collating information from various stakeholders, while the
existing cross-sectoral National Climate Change Activities Coordination Com-
mittee (NCCACC) continued in its advisory capacity. Perhaps recognizing the
potential weaknesses of the NCCRS proposal, the NCCAP proposes a radically
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different institutional framework intended to achieve high-level oversight and
policy guidance, mainstream climate change, involve county governments and
stakeholders, and enhance technical and scientific analysis capabilities (GoK
2013). The following institutions proposed in the NCCAP will most likely receive
the necessary legal backing with the eventual enactment of a stand-alone climate
change legislation.

National Climate Change Council (NCCC)

The proposed NCCC will be responsible for policy direction, coordination, and
oversight across government. Consistent with similar institutions in the Philippines
and Mexico, it will be located in the Office of the President and, therefore, high
level. Although initial proposals (in which the author was involved as a consultant)
involved making the president of the republic the chairperson of NCCC, the
government eventually settled on the secretary to the Cabinet. Reporting annually
to the Parliament, it has representatives of both the national and county govern-
ments as in the UK’s Committee on Climate Change (see section “Institutional
Framework” of the UK). Interministerial and interagency, the NCCC represents a
wide cross section of stakeholder interests from public, private, academia, research,
and civil society. The mandate, location, and composition of the NCCC accord it
the necessary political clout, convening, and resource mobilization powers neces-
sary to adequately champion and effectively mainstream climate change across
government, both national and devolved. The NCCC will be supported by a
technical National Climate Change Secretariat located within the sectoral ministry
responsible for climate affairs. Its functions will include continuous revision of
climate policy, proposal of relevant legislation, and program implementation. It
may have decentralized structures at the county level to collect and collate climate
change data.

Other Institutions

The ministry in charge of national planning is to spearhead integration of climate
change into planning processes. One way will be through installation of climate
change desk officers in all line ministries. The National Environment Management
Authority (NEMA) remains the Designated National Authority (DNA) on the Clean
Development Mechanism (CDM) and the National Implementing Entity (NIE) for
the Adaptation Fund. County governments will have climate change functions
coordinated and supported by the National Climate Change Secretariat (NCCS).
A Climate Change Resource Center hosted by the NCCS is to become the one-stop
shop for Kenya’s climate change information and knowledge.

Climate Finance

A Kenya Climate Fund (KCF) located within the ministry responsible for finance
intended as a vehicle for mobilizing and allocating both international and domestic
financial resources toward climate change activities is proposed. The public
sector’s capacity to efficiently and effectively absorb the expected funding, scaling
up access to international carbon markets and possible establishment of a carbon
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trading platform, as well as improving the “investment climate for climate invest-
ment” are some of the proposed climate finance strategies. Climate change funding
will also be prioritized in the annual budget by creating climate change line items
and coding them for ease of tracking.

The UK

Climate Change Vulnerability and Government Structure

The UK was the first country globally to enact a framework stand-alone climate
change legislation in 2008. A developed country, the UK has a long, even intimate,
history with GHG emissions based on its role in igniting the industrial revolution
and the transition to the current fossil-fuel economy, the ‘“anthropocene”
(cf. Crutzen 2000). The warming trend throughout Europe is well established
(IPCC 2007). The UK’s first Climate Change Risk Assessment indicates both
positive and negative impacts of climate change on production systems such as
agriculture, forestry, and fisheries and key economic sectors such as tourism and
energy (DEFRA 2012). The UK is a parliamentary democracy with a constitutional
monarch. While the prime minister is the head of government, the queen is the head
of state. The Cabinet is made up of the prime minister and several secretaries of
state. Some power is devolved to Scotland, Wales, and Northern Ireland which are
in charge of local environment, health, education, and transport.

Legislative Framework

Response to climate change in the UK has been varied (cf. Hulme and Turnpenny
2004). The first attempt to enact legislation aimed at reducing GHG emissions was
through the Climate Change and Sustainable Energy Act 2006 which sought to
promote renewable energy and compliance with GHG emission-related building
regulations (UK Govt. 2006). The Act was not comprehensive, lacking in areas such
as adaptation, emission trading, and enabling institutional structures. A new com-
prehensive Climate Change Act 2008 was therefore enacted. It sets a legally binding
2050 emission target of at least 80 % lower than the 1990 baseline, establishes an
institutional framework and emission trading schemes, and makes provisions for
adaptation (UK Govt. 2008). It also amends and harmonizes relevant existing
legislations and regulations. While the legally binding emission reduction target is
an obligation under the UNFCCC, the attention given to adaptation illustrates the
need to plan for and build adaptive capacity even by developed countries.

Institutional Framework

Committee on Climate Change

The Committee on Climate Change is to give advice to the government and its
agencies, including the devolved units. It is composed of a chairperson and five to
eight members jointly appointed by the national authorities, i.e., the secretary of
state and Scottish, Welsh, and Northern Ireland ministers responsible for climate
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change affairs. Cumulatively, the Commission must have experience in or knowl-
edge of a set of expertise or knowledge areas crucial to a holistic understanding and
management of climate change. The Committee appoints a chief executive and may
establish several subcommittees, but with a mandatory adaptation subcommittee. It
makes regular progress reports to the Parliament.

Other Institutions

Implementation of the advice and recommendations of the Committee on Climate
Change are entirely left to the central and devolved governments. The Parliament
plays its oversight role by receiving regular progress reports, while the Committee
is required to involve the public and other stakeholders in carrying out its functions.
Unlike the developing countries analyzed, the Climate Change Act 2008 does not
provide for any resource mobilization strategy since requisite resources are to be
included in the relevant implementing agencies’ annual budgets.

Relation to Developing Countries’ Frameworks

The UK’s enactment of a stand-alone climate change law is in tandem with that of
most of the developing countries analyzed. Institutionally, the UK adopts a lean
structure. Relative to the developing countries, the composition, appointing author-
ity, and apparent administrative independence give the impression that the Com-
mittee is not high level. However, this might not necessarily be the case given the
UK’s unique system where the executive, just like the Committee, is accountable to
the Parliament. That all government agencies must seek and consider its advice
further raises its profile and potential buy-in for its recommendations. However, the
Committee’s role is limited to advice, and its membership is expert led rather than
stakeholder based. Such a scientific approach potentially depoliticizes and reduces
conflicts within the Committee but can be criticized for ignoring the positive
aspects of stakeholder participation. Its success is thus contingent on a high degree
of public faith in science for policy.

The direct inclusion of representatives of devolved units in the premier climate
change institution is shared by the UK and Kenya. This could be attributed to their
unique devolved systems which wield significant powers and autonomy. The
arrangement enhances interpretation and smooth implementation of climate change
goals at the local levels and is worth emulating. Overall, despite being the pioneer
in enacting framework climate change legislation, it is hard to tell to what degree
the UK has influenced the legal and institutional structures of the other developing
countries.

Synthesis of Emerging Climate Governance Best Practice

Climate change governance frameworks are still evolving. The few but growing
number of countries that have proposed legal and institutional structures provide
insight which can guide other countries. The foregoing comparative analysis has
revealed certain emerging best practice, summarized below, which forms elements
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of a climate change governance structure developing countries can reproduce,
expand, or tailor to their domestic sociopolitical situations.

Enactment of New Stand-Alone Framework Climate Change
Legislation

Except South Africa which has no immediate intention of enacting a stand-alone
framework climate change law, all the rest either have done so or have unequivo-
cally demonstrated their intention to do so. Two key factors seem to favor such
a framework law: (i) the “wicked” nature of climate change requires strategies and
policy instruments that go beyond what existing sectoral legislations might have
been conceived to deal with, and (ii) the nature and degree of potential amendments
to existing sectoral laws are so extensive that they are best captured in a compre-
hensive stand-alone legislation. The UK’s experience of initially opting for the
limited Climate Change and Sustainable Energy Act, 2006, before settling on the
more comprehensive Climate Change Act, 2008, illustrates this point.

Mainstreaming Is Key to Climate Change Management

Mainstreaming of climate change into policies, legislations, and programs is widely
advocated in literature as a more effective approach to tackling climate change. Yet, its
uptake and application in laws and institutions are yet to be fully assessed. This
comparative analysis provides some empirical evidence that mainstreaming is finding
its way into policy and planning instruments from academia. All the countries assessed
embrace mainstreaming and commit to integrating climate change through various
strategies. This calls for early targeted training on how to mainstream climate change
at different levels and constant monitoring and evaluation of applied strategies.

Mitigation Actions Are as Domestically Beneficial as Adaptation

The need to grow their economies in order to lift their growing populations out of
poverty has traditionally been used to explain a seeming focus on adaptation at the
expense of mitigation by many developing countries. However, empirical evidence
from this analysis indicates that most of these countries now view mitigation as a
function of adaptation, basing their emission reduction actions on envisaged ben-
efits or “win-win” outcomes. These are generally packaged as low-carbon devel-
opment strategies or pathways. Apart from the urge to demonstrate global
leadership, a possible frustration with international efforts, and jab at the developed
countries for perceived lack of commitment, such benefits include job creation and
access to new technology and international finance. The distinction between miti-
gation and adaptation actions is increasingly becoming blurred. Many mitigation
actions have adaptation benefits and vice versa.
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High-Level Climate Change Institution

The dominant trend across the countries analyzed is the establishment of a new
high-level cross-sectoral climate change institution with representation from a wide
cross section of stakeholders. Charged with overall advice, policy guidance, coor-
dination, and oversight, its high-level status emanates from being chaired by the
country’s president, or secretary to the Cabinet, and location in the Office of the
President (OP) or Cabinet Office, or both. Remember most of the countries are
presidential systems. The UK and Kenya go a notch higher by including represen-
tatives of the devolved units in this premier climate change institution. Such an
arrangement puts climate change high up on the national agenda, enhances political
commitment, and promotes mainstreaming. Complementing the climate change
institution is an advisory board made up of academia, private sector, civil society,
and other special interests. A dedicated secretariat to oversee the technical aspects
of the climate change policy and handle day-to-day affairs completes the institu-
tional structure.

Clear Roles, Responsibilities, and Coordination Mechanisms

Clearly defining the roles and responsibilities of institutions with regard to climate
change reduces conflicts and leads to effective resource use. However, in doing so,
the ability to innovatively interpret such roles and responsibilities should be
allowed by not being so prescriptive. For institutions, it is especially important to
harmonize their roles and responsibilities if any meaningful results are to be
achieved, a situation South Africa currently faces. Clear coordination and commu-
nication within and between central government, devolved units, and other gover-
nance levels are critical for effective implementation of planned climate change
actions. Various mechanisms of doing so are highlighted in the case studies,
including oversight, financial and other capacity-building assistance, and regular
progress reporting.

Mixed Climate Finance Strategies

The climate finance mobilization and management strategies are mixed. While
expected sources of finance include public and private funds from both local and
international sources, some countries opt to align climate-related actions to regular
budgetary process and/or establish climate change funds along the lines of the
UNFCCC’s Adaptation Fund. Setting up and/or trading in the carbon market is still
popular with many countries. Other proposals include improving the capacity of the
public sector to efficiently and effectively absorb the expected climate finances and
improving the general investment climate.
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Concluding Remarks

Responding to the threat posed by climate change requires establishment of effec-
tive and efficient governance structures. For many developing countries, this
process is already underway. The comparative analysis of the climate change
legislative and institutional frameworks of the four developing and one developed
country presented in this chapter reveals several emerging best practices which can
constitute elements of a broad governance framework developing countries could
reproduce or tailor to their domestic situations.

However, the results also raise broader issues that need closer attention and
focus. One such concern is the need to incorporate and actively support the
development of national climate change governance structures in discussions
leading to the achievement of the outcomes of the Durban Platform for Enhanced
Action. The “Durban Platform” is tasked with developing “a protocol, another legal
instrument or a legal outcome” under the United Nations Convention on Climate
Change (UNFCCC) applicable to all member countries by 2015. Such consider-
ation would ensure synergy between national- and global-level efforts while appre-
ciating the multilevel nature of climate change governance. The lack of an
international enforcement body for UNFCCC-related proposed actions should
reinforce the need to support national-level actions.

It is hard to tell whether the seeming enthusiasm by the developing countries
sampled in this study to prepare national climate change legislations will spread
significantly to other countries. However, success in their implementation will
more likely inspire confidence in others to follow suit. Yet, such a successful
implementation requires a range of other conditions to be met, resources or
otherwise. There are many potential challenges which could derail the achieve-
ment of the intended outcomes of the so established climate change legal and
institutional frameworks. Targeted capacity building in various areas is thus
necessary. More important, however, is the need for sharing experiences by the
different countries.

The apparent significance which developing countries attach to mitigation
represents an important paradigm shift in the way mitigation is viewed. For a
long time, mitigation and adaptation have been separated in both the academic
and policy fields. The view that mitigation is a function of adaptation and that the
two complement rather than antagonize each other, adopted by most of the devel-
oping countries analyzed in this study, is the closest to reality. What this reveals is
that reducing emissions does not necessarily lead to a reduction in socioeconomic
development. Such a revelation should inspire developed countries to cut their
emissions not only as a way of slowing and hopefully reversing the current rate of
global warming but also as a way of increasing welfare in those very countries and
beyond. Genuine efforts at tackling climate change are linked to sustainable
consumption and production. Dematerialization, decoupling, degrowth, and such
sustainability buzzwords should not be mere rhetoric.
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Abstract

Concerns have been raised to make coastal physical infrastructure climate
resilient for enhancing the resiliency of the coastal community. However, so
far little has been done in this regard. This paper has threefold objectives. The
first is to identify the nature of projects that have been implemented in the
coastal areas that put higher emphasis on adaptive capacity maximization and
ignored the issues of exposure minimization. Second is to unveil how donors’
biases toward adaptive capacity building projects have undermined the
climate compatible physical infrastructure development projects until recently.

M. Saroar (<)

Urban and Rural Planning, and Development Studies Discipline, Khulna University, Khulna,
Bangladesh

e-mail: saroar.mustafa@yahoo.com

© Springer-Verlag Berlin Heidelberg 2015 251
W. Leal Filho (ed.), Handbook of Climate Change Adaptation,
DOI 10.1007/978-3-642-38670-1_45


mailto:saroar.mustafa@yahoo.com

252 M. Saroar

Third is to present the recent development as regards climate compatible
physical infrastructure development with the support of the government as
well as the donors.

This study is primarily based on review of data sources presented in the full
chapter. It follows a meta-analysis technique for review of published studies on
building resilient coastal communities in Bangladesh. Particularly studies and
reports have focused on projects for adaptive capacity enhancements and expo-
sure and sensitivity minimization through the establishment of physical mea-
sures such as coastal roads and highways, rural growth centers/markets,
embankments, polders, sluice gates and cyclone/flood shelters, and afforestation
program. While analyzing, the DPSIR (driving forces, pressure, state, impacts,
responses) framework was used implicitly.

Although coastal infrastructures are in general vulnerable to both intensive
risk and extensive risk posed by various hydrometeorological disasters,
infrastructures are mostly vulnerable to cyclonic surges due to their higher
44 exposure. Although disrupted infrastructures seriously undermine the
people’s efforts toward building a resilient community, yet for decades, donors
have neglected the issues of climate compatible infrastructure development;
rather, they have pumped millions of dollars for community-wide adaptive
capacity enhancement through NGOs. However, lately, it was realized that
adaptive capacity enhancement alone can do little to build a resilient coastal
community unless adequate attention is given for exposure and sensitivity
minimization measures. It has appeared that investing in climate compatible
infrastructure development could minimize the exposure and sensitivity of
coastal people toward the threats of climatic disasters. Therefore, a new form
of investment is underway, which will be discussed in the paper to a greater
level of detail.

Keywords
Adaptive capacity * Climate compatible planning ¢ Exposure and sensitivity e
Coastal infrastructures » Bangladesh

The Science of Climate Change

Over the last two decades or so, there has been an enormous growth of literature
concerning modification of weather, variability in climatic condition, and change
in the patterns of climatic (hydrometeorological) disasters. The weather, which is
the state of day-to-day atmospheric condition, is believed to become chaotic for
quite a long time in many parts of the globe. This chaotic weather pattern has been
turning to a regular event of climatic variation. Climatic variation is simply a
deviation from normal climate. Climatic variation and weather extreme form the
basis for climate change. Changes in pattern of precipitation, temperature, melting
of snow and ice, and rising global sea level are all clear manifestation of global
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climate change (Alley et al. 2005; Nerem et al. 2006). Climate change is attributed
to global warming. Global warming depends on the amount of carbon emission.
Therefore, human contributions to future climate change largely depend on future
emission of greenhouse gases. Then again future emission of carbon depends on
the future state of the world (Cazenave and Nerem 2004; Nerem et al. 2006).
Assuming various plausible socioeconomic development pathways (i.e., future
state of the world) and using various models, scientists have developed various
future climate change scenarios (Rajagopalan et al. 2002). Although the outcome
of one model differs often markedly with the results of others due to the use of
different set of assumptions, yet most models agree in some points. For example,
most models acknowledged that temperature and precipitation have been changing
and would continue to change.

From a multiplicity of models, this research heavily draws on the climate change
scenarios of the IPCC. In fact, IPCC’s emission scenarios (Leggett et al. 1992;
IPCC 2001a) are extensively used to model climate change impacts (Hinkel 2005).
The IPCC publishes every 5 years an assessment report of the global climate.
Among its various reports, the second, third, and fourth assessment reports
are the most widely referred. The fifth assessment report is due in 2013. Among
various outputs of the models the change in temperature and precipitation which
would contribute to the accelerated sea level rise and amplification of the devas-
tating capacity of the hydrometeorological disasters have secured global attention
IPCC 2007).

Climate change due to global warming not only increases the air temperature but
also increases sea surface temperature (SST) (Manabe and Stouffer 1980). With the
increased sea surface temperature, the thermal expansion takes place in addition to
melting of glacier and iceberg which leads to sea level rise (SLR). Thus, one of the
major consequences of global warming and climate change is the SLR. Constant
increase in sea surface temperature would cause thermal expansion which would
cause SLR. Again due to the increase in global temperature, the process of melting
of continental and polar ice sheets would be accelerated which would contribute to
SLR. Both from tide gauge observation for the last 50 years and from the satellite
altimetry measurements, a rising trend in sea level is confirmed (Nerem et al. 2006).
Sea level rise may accelerate by a factor of 10 over present rates within the next
century. It is estimated that global temperature rise due to the greenhouse effect
may ultimately cause the sea level to rise as much as 3 m by the year 2100
(Castro-Ortiz 1994). However, the most widely used estimates are the two provided
by UNEP (2002) and IPCC (2001a). According to UNEP, the humanity might
experience an SLR of 1.5 m, and for the same period, IPCC projected a rise of about
1 m (88 cm). Therefore, acceleration in SLR has posed a formidable challenge for
heavily populated coastal nations and small island nations (Adger et al. 2003).
In fact, 180 million people would be affected from 22 coast-lying countries. Over
150,000 km? of land would be lost, including 62,000 km? of coastal wetland
(Middleton 1999; Mimura 1999). Bangladesh would be one of the most severely
affected countries in terms of number of population affected (Nicholls 1995; IPCC
2007; UNDP 2004).
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Vulnerability of Coastal Bangladesh to Climate Change-Induced
Events

Bangladesh is a tropical low-lying country. It has a population of nearly 150 million
out of which more than 35 million live in the coastal fragile flood plain
(Bangladesh Bureau of Statistics [BBS] 2011). Coastal area covers an estimated
amount of 36,000 km? (Ali Khan et al. 2000). Some 700 km coastline is extended
from east to west (Singh 2001). The country has 19 coastal districts in 3 distinct
coastal zones. Among these districts, 12 districts have exposed coastline.
There coastal zones are western, central, and eastern. In the southwestern part —
known as the Ganges tidal plain — the topography is very low and flat. The largest
mangrove forest — Sundarbans — is located here. The central region, being most
active, experiences continuous processes of accretion and erosion. The eastern
region, being covered by hilly areas, is more stable, and it has one of the longest
beaches in the world (Figs. 1 and 2).

People in the coastal flood plains earn their livelihood primarily from agricul-
ture, fishing, and similar natural resource-based activities. As the land price is low
relative to other parts of the countries, mostly poor and marginalized people from
various parts of the country prefer to settle here. Except some parts of the eastern
zone, the entire coastal area is hardly 1 m above the mean sea level (MSL).
Furthermore one-third of the country’s landmass is under tidal excursions (Ali
1999, 2003). As the country receives enormous amount of ice-melted water from
the Himalayan catchments and has poor discharge capacity, severe flooding is a
regular phenomena (Schmuck 2000). About 20 % of the country experience regular
flooding due to upstream water or heavy rainfall during monsoon. The coastal area
is the one that experiences regular flooding, cyclone, storm surge, erosion, salinity
intrusion, etc. (Islam et al. 1999). In the changing scenario of climate, the coastal
area would experience one more disastrous event, i.e., accelerated SLR (Castro-
Ortiz 1994; Nicholls et al. 1995; Ali 1999; Huq et al. 1998; Ali Khan et al. 2000;
World Bank 2000; IPCC 2001b, 2007; Singh 2001; Cannon 2002; GOB 2006;
Department of Environment [DOE] 2007) (Fig. 1).

Many of the above-cited studies projected a rise in sea level within the range of
0.50-1.5 m along Bangladesh coast [Bay of Bengal]. Although IPCC (2001a) indi-
cated about 1 m rise by the end of this century, the United Nations Environmental
Programmes [UNEP] (2002) projected a rise of 1.5 m. Although some experts opined
that due to the subsidence effect of immature delta, the coastal area of Bangladesh
might experience SLR of more than the above-cited figure, others ruled out such
prediction. The latter group of experts believes that the coastal area of Bangladesh has
been receiving enormous amount of silt from the Himalayan catchments which would
help in lowering the level of SLR. Considering all the possibilities related to coastal
dynamic of Bangladesh coast, Bangladesh government document accepted the US
country study’s lower projection of 30 cm and higher projection of 1 m [or 88 cm
NAPA] (Government of Bangladesh [GOB] 2005). The National Program of Actions
(NAPA) accepted that Bangladesh coast might experience 14, 32 and 88 cm rise by the
years 2030, 2050, and 2100.
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The increase of sea level along the Bangladesh coast is likely to enhance the
risks of coastal flooding, salinity intrusion, storm surge, and even catastrophic
cyclone (Ali Khan et al 2000; CARE 2003; Sing et al. 2001). Each of these
would have various effects on coastal topography and morphology which would
cause network of impacts on the lives and livelihood of coastal people. Some of the
impacts are already visible.

Impacts of SLR and Its Associated Events in the Southwest Coast

The SLR would have a network of impacts on the low-lying parts of coastal areas
because of the amplification of the devastating power of some of the already
occurring events such as coastal flooding, salinity intrusion, cyclones, and storm
surges. Because of tidal influence, some parts of the coastal area especially the
southwest coast already have experienced the worst impacts of coastal inundation
and saline water intrusion.

Assuming a population of 1995 and no adaptation (Nicholls 1995), Nicholls
et al. (1995) estimated that a 1 m rise in sea level would inundate 24 million people
and permanently displace as many as 15 million people. In such a case, the
estimated amount of loss of land would be 25,000 km* (17.5 %). Same study argued
that a 1 m rise in sea level and a 15 % increase in precipitation would inundate
71 million people because of massive flooding. Massive flooding may result from
drainage congestion and water logging in the delta during high flow periods in the
three major river systems in Bangladesh due to SLR-induced backwater flow.
Although it is hard to forecast when such massive inundation would take place, it
would have severe impacts on agriculture and forestry, food security, human health,
transport and infrastructure, and settlement and housing. Therefore, Bangladesh is
shown as rank 1 in terms of the number of population likely to be affected by
climate change and SLR and its associated events (Nicholls 1995; Nicholls
et al. 1995). If the future increase of population is considered, the number of
affected people would be even more. An increase of 130 million people over the
next 50 years in Bangladesh is projected, among which at least one-fifth would be
from the coastal area (GOB 2009). However, another recent estimate by UNEP
(2002) puts the number of displaced people at 17 million (15 % of the population)
for arise in sea level of 1.5 m along Bangladesh coast. Therefore, it is reasonable to
assume that the projected SLR would generate considerable number of climate
refugees

The effect of saline water intrusion in the estuaries and into the groundwater
would be enhanced by combined effects of low river flow [during winter], SLR,
and subsidence. The adverse effects of saline water intrusion would be significant
on coastal agriculture (Ali and Chowdhury 1997; Faruque and Ali 2005; GOB
2006). Agriculture is the key livelihood avenue in the coastal area. Due to SLR
perpetual intrusion of salinity in soil, subsoil water table and surface water
bodies will have serious impacts on coastal agriculture (Huq, et al. 1998).
The presently practiced rice varieties may not be able to withstand against increased
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salinity (Ahmed 2005). Therefore, food grain production may significantly reduce.
IPCC’s report (2007) under the title Climate change in Asia “too alarming to
contemplate” projected that in Bangladesh, rice production may fall by 10 % and
wheat by 30 % by 2050. Already about 830,000 million hectares of arable land is
affected by varying degrees of soil salinity. More adverse impacts are projected for
the coming decades, particularly for low-lying coastline and floodplain ecosystems
(DOE 2007).

Coastal region that has very significant part in Bangladesh is about one-fourth
of the country’s population, with poor income groups forming about three-fourths
of the coastal population. The coastal zone has diverse livelihood activities that
are in danger to natural hazards and are also affected by man-made hazards.

Climate change can affect the productivity of coastal agriculture in a variety
of ways:

¢ Changes in heat and rainfall affect the dynamics of ocean currents, the flow of
rivers, and the area enclosed by wetlands. This will have effects on ecosystem
structure and function and on the distribution and production of agricultural
products.

¢ Increased incidence of extreme events such as floods, droughts, and storms
affects the safety and efficiency of cultivation and increases damage and disrup-
tion to coastal services and infrastructure.

¢ Sea level rise, melting of glaciers at the headwaters of major rivers, and other
large-scale environmental changes will have unpredictable effects on coastal and
wetland environments and livelihoods.

» Complex links between climate change, farming, and other sectors have indirect
effects being affected by changing water demands from agriculture, changing
prices of and access to aquaculture feedstuffs, and diversion of government and
international financial resources.

Another important dimension of SLR is salinity intrusion in mangrove forest
Sundarbans. The IPCC Working Group II has indicated in its fourth assessment
report that for a 1 m rise in sea level, the Sundarbans mangrove forest would
probably be lost. Similar assertion is made by the Organization for Economic
Cooperation and Development [OECD] in its study done by Agrawala and his
colleagues (2003). Sundarbans mangrove forest not only provides ecological ser-
vice; its resources provide livelihood opportunity for millions of people. If
Sundarbans mangrove forest is affected, the livelihood avenues of dependent
population would be severely affected. Furthermore, in the absence of Sundarbans
mangrove, approximately 1,000 km? of cultivated land and sea product culturing
area would be salt marsh. Likewise, SLR-induced salinity by reducing the amount
of fresh water fishing area will cause reduction in fish production (Choudhury
et al. 2005). Culture fisheries in the coastal area would be affected by intrusion of
salt water into ponds, unless embankments are made around them. Shrimp farming
in the coastal area is a lucrative business. Increase in salinity would probably
jeopardize the shrimp farming as well (CARE 2003). For the last few decades,
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more and more attention is being given to sea fish and brackish water fisheries.
The CC-SLR may arrest this trend.

The inundation of the coastal plains due to floods is common during
monsoon (July to September). Because this time, it is often the case that the
descending water from Himalayan catchments synchronize with heavy rainfalls
and backwater flow from the bay due to tidal influence. As a consequence,
floodwater continues to accumulate and bringing more areas under inundation.
Backwater effects might aggravate the coastal flooding because of SLR
(Ali 1999, 2003).

A direct consequence of SLR would be the intrusion of salinity with tide through
the rivers and estuaries (Ericson 2006). According to an estimate of the Master Plan
Organization (MPO), about 14,000 km? of coastal and offshore areas have saline
soils and are susceptible to tidal flooding. A half meter rise of sea level would bring
almost similar amount of coastal land under saline zone. Because due to SLR, the
salinity front would be pushed further inland. The present interface between
freshwater and saline water lies around 120-160 km inward from the shoreline.
This would well be pushed further inward due to SLR (ADB 2000). For example,
5 ppt saline front would shift about 40 km inward due to SLR of 88 cm. A big chunk
of the freshwater zone would disappear. Therefore, anticipated SLR would increase
salinity in soil, subsoil water table, and surface water bodies (Ahmed and Alam
1998; Huq et al. 1998; Ahmed 2005).

Furthermore, SLR would cause shoreline retreat. It means the basin areas would
increase along Bangladesh coast. Experts warned that this would allow the cyclone
to remain longer in the water and acquire and release more latent heat. As a result,
coastal areas may experience cyclones having more energy, intensity, and wind
speed. Therefore, with the rise of sea level, the risk of cyclonic impact would be
increased as well. For example, storm surge height might increase 13—46 % for
SLR of 0.3 m and 1 m (for detail, see Ali 1999, 2003). Surge water that hits the
coastline of Bangladesh would travel far inland. It means the risk zone (RZ) and
a high-risk area (HRA) would shift inward. Since multipurpose cyclone and
flood shelters are located in current risk zone and high-risk area [HRA], these
shelters may be less effective as well because those would be standing in newly
submerged areas.

From the forging discussion, it could be summarized that the projected
SLR along the coastal areas of Bangladesh will be about 88 cm by the year 2100.
If this comes true, a majority of the low-lying non-embanked coastal areas may be
completely inundated. There will be increasing risk of coastal salinity (both soil and
surface water). The mixing zone between fresh (sweet) water and saline water
will also shift. Scarcity of saline-free drinking water will be even more pronounced.
SLR will have compounding effects on coastal drainage and erosion. Land use
suitability, particularly in relation to current agricultural practices, will change.
Embanked coastal agricultural areas will be at higher risk of tidal surge and
subsequent inundation with saline water. Therefore, the livelihood of coastal people
would be severely affected in the coming decades due to SLR and its associated
events.
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Major Climatic Disasters and Impacted Infrastructures
in Southwest Coast

Coastal districts, particularly those which have exposed coast such as Khulna,
Bagerhat, Satkhira, Barguna, Patuakhali, Bhola, and Cox’s Bazar, are particularly
vulnerable to multiplicity of disasters including cyclones, storm surges, coastal
inundation, salinity intrusion, etc. To protect the settlements in these areas from the
1960s onward, various infrastructures such as polders, levees, embankments, sluice
gate, and cyclone and flood shelters have been constructed, the most notable of which
are more than 2,500 cyclone shelters, 6,000 km embankment, 4,700 km drainage
channel, and about 125 polders that have been constructed in addition to coastal
greenbelt program. Although a significant portion of these exposure minimization
infrastructures are in the southwest part of the coast, the sensitivity of this part of the
coastal area is very high due to repetitive exposure to cyclonic and storm surges.
Moreover, salinity intrusion and erosion causes damage to these infrastructures.
Therefore, infrastructure failure is very common during the disastrous events which
severely affect the life and livelihood f millions of coastal population. This southwest
coastal area is affected by 2-3 cyclonic episodes each year. From 1950 about
50 cyclones hit this region. One devastating cyclone hits this area in every 5-10
years. Most recent cyclonic events that severely ravaged this area are Sidr and Aila.
Although the death tolls were only few hundreds to few thousands, the damage of
infrastructure and degradation of agricultural field were unprecedented. Almost
1,200 km protection embankment was either wholly or partially destroyed. Almost
hundred thousand families were displaced from their settlements for few months to
even 2 years due to these two devastating cyclones (GOB 2010a) (Table 1).

It is widely believed that due to change in climate, this kind of devastating
cyclones would be even more apparent in the years to come. To minimize the
impacts of such events, there is a growing need for anticipatory adaptation plan-
ning. Such anticipatory adaptation plan must include the exposure and sensitivity
minimization measures and adaptive capacity enhancement measures (Brooks
et al. 2005). Exposure and sensitivity could be minimized through building resilient
infrastructure, and adaptive capacity could be enhanced through minimizing socio-
economic vulnerability (Blaikie 1994). A starting point for building resilient infra-
structure to minimize exposure and sensitivity could be detailed a inventory of the
condition of all physical infrastructures such as polders, levees, dykes, embank-
ments, roads, bridges, culverts, sluice gates, growth centers, schools, cyclone
shelters, river ports and lending stations, hospitals, power stations, etc.

Adaptation to Climatic Disasters: Donors’ Bias Toward Adaptive
Capacity Building

A good number of initiatives have been taken so far, and some are ongoing as well
to address the climate change impacts in various spheres of coastal life and
livelihood. Such program covers emergency relief and rehabilitation to health and
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Table 1 Major cyclones along coastal Bangladesh and respective surge heights

Cyclonic event

Season

Surge height (meter)

November 1876 Post-monsoon 3.0 ~ 10.0
May 1941 Pre-monsoon 4.0

May 1960 Pre-monsoon 3.2
October 1960 (first event) Post-monsoon 5.1
October 1960 (second event) Post-monsoon 6.6

May 1961 (first event) Pre-monsoon 3.0

May 1961 (second event) Pre-monsoon 6.0 ~ 8.0
May 1965 Pre-monsoon 7.6
December 1965 Post-monsoon/winter 8.8
October 1967 Post-monsoon 7.6
October 1967 Post-monsoon 7.6
October 1967 Post-monsoon 7.6

May 1970 Pre-monsoon 5.0
October 1970 Post-monsoon 4.7
November 1970 Post-monsoon 9.0
September 1971 Post-monsoon/winter 4.5
August 1974 Monsoon 6.7
November 1975 Post-monsoon 3.1

May 1985 Pre-monsoon 4.3
November 1988 Post-monsoon 44

April 1991 Pre-monsoon 4.0 ~ 8.0
May 2007 Pre-monsoon 6.0 ~ 12.0
November 2009 Post-monsoon 6.0 ~ 12.0

Source: GOB (2010a)

sanitation, food security, income generation to even infrastructure building to
enhance the resiliency of the affected populations. In this respect, various donors
such as European Community, USAID, DFID, and DSCC have been playing very
instrumental role. Especially the European Union devotes huge sum of money for
various projects under Climate Change Resilience Fund. Various local and inter-
national NGOs have been implementing a wide range of programs.

In fact, southwest coastal region being the most affected region in Bangladesh
has so far got the highest international attention. A large sum of money already has
been committed by various international development agencies to increase the
resiliency of the region against climatic disasters and similar environmental
stressors. Although for building a resilient community there is a need for package
of programs which should include minimization of exposure and sensitivity and
enhancement of adaptive capacity, analysis of recent trend shows that nearly all
programs are targeted toward mainly adaptive capacity enhancement and, in some
cases, sensitivity minimization of poor and marginalized coastal population
(Table 3). It is probably because, first, the northern donors often prefer
community-wide intervention for livelihood security; second, they intervene by
engaging the local community with the help of NGOs. Therefore, exposure
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minimization — an important component of resilient community building — is
always missing in their intervention. Therefore, although the poor and marginalized
people enhance their adaptive capacity and minimize their sensitivity toward
natural disasters by accumulating new skills and resources over time, these hard-
earn gains are destroyed while they are exposed to devastating disastrous events
next time. Therefore, greater need is felt by policy planners as well as the commu-
nity as regards minimization of their exposure to those disastrous events. One way
to do this is to invest in exposure minimization measures. Such investments
include climate compatible physical infrastructures that relate to transport and
physical communication, water supply and sanitation, health and education, mar-
keting and trading establishment, construction of safe shelters, and protective
embankments. Among these only some supports are extended by few northern
donors (e.g., German Red Cross) for periodic maintenance of safe shelter and
coastal embankments.

In Table 2, various programs/projects that have been implemented and also
under implementations by such international agencies are presented in brief.

Climate Compatible Physical Infrastructure for Exposure
Minimization: Current Status and Ways Forward

Especially after the massive strike of super cyclone Sidr in 2007 and Aila in 2009
which destroyed either fully or partially about 1,200 km protection embankment,
the importance of exposure minimization measure for building a resilient coastal
community came into the forefront (GOB 2009). Therefore, it was highly felt that
coastal physical infrastructures, such as roads, bridges, culverts, embankments,
dykes, polders, levees, sluice gates, cyclone shelters, urban drainage systems,
schools, and marketplaces, need to be climate compatible. Although it is already
late, still it is encouraging that policy makers, planners, government, and the donors
have realized that only by enhancing adaptive capacity could a resilient coastal
community not be built against the impacts of accelerated pace of climate change.
In fact, scientific community warned that adaptation has its limit (Adger
et al. 2009); enhanced adaptive capacity gives synergy to build resilient community
if bundled with exposure and sensitivity minimization measures. In line with this
new understanding, both the government and donors are coming forward to rede-
sign their interventions.

Following the outcome of COP 15 (conference of parties), Bangladesh govern-
ment expected that the bilateral donors would come up with funding support
committed earlier for helping adaptation. However, when the United Kingdom
(UK) announced that they would give their part of ODA (Official Development
Assistance — earlier) with a new label for financing adaptation instead of
establishing a new funding mechanism for helping adaptation, Bangladesh govern-
ment refused to get that. Later in 2010, Bangladesh government in line with its
Bangladesh Climate Change Strategy and Action Plan (BCCSAP) established
initially a US$ 100 million fund from its own budget to finance adaptation. In the
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next year, more US$ 100 million were added in that fund. Although this “Climate
Change Trust Fund” is aimed to support programs/projects that fall broadly under
six major themes, infrastructure development, comprehensive disaster manage-
ment, adaptation knowledge management, capacity building, low carbon develop-
ment, and food, nutrition, and health security, in reality lion share of the fund is
allocated for climate compatible infrastructure development. For instance, in
20102011 financial years, about 75 % fund was allocated for projects that could
play significant role in minimizing exposure and sensitivity to the impacts of
climatic disasters. Therefore, most of this fund was allocated for climate compatible
physical infrastructure development-related activities. There are complains about
the process of selection of projects from this fund; Khulna region despite being one
of most affected regions failed to get due attention. Among the 62 projects
approved, Khulna region could benefit from less than 10 projects that address the
issue of coastal resiliency. In Table 3, the name of the projects and the broad
mechanism to enhance resiliency are presented in brief.

This poor number of projects from where southwest region could benefit in terms
of increased resiliency against the climatic impacts gives a very clear signal that
while this region is in most need, it is deprived of government fund. Then again
most of these projects are implemented by various departments of Bangladesh
government, the most notable of which are the Local Government Engineering
Department, Water Development Board, and Forest Department. There is common
concern about the quality of implementation work and capabilities of many of the
organizations implementing these projects.

More recently both the government and donors realized that coastal rural
infrastructure is directly vulnerable to the impacts of climate variability and
change, as well as indirectly, through changes to the surrounding environment.
To ensure its longevity and sustainability, any rural infrastructure investment,
especially in coastal districts, must be resilient to climate change-associated
extreme events. Inadequate attention to these impacts will increase the
long-term costs of infrastructure investments and the likelihood that such invest-
ments fail to deliver the benefits for which they were intended (Thomalla
et al. 2005). Therefore, the donors came up with a US$ 120 million new funding
scheme called “Climate Resilient Fund” to support coastal resiliency. However,
this funding scheme is too small when it is compared with the amount of funding
required for climate change adaptation in Bangladesh. Revised NAPA prepared in
2009 identified 45 priority projects under six thematic areas which are roughly
estimated to cost more than US$ 4 billion to implement. Bangladesh climate
change strategies action program (GOB 2009) has roughly estimated the cost of
about US$ 500 million (for years 1 and 2) to support programs for immediate
actions such as strengthening disaster management, climate proofing of infra-
structure, ensuring food and water security, research and knowledge management,
capacity building and public awareness programs, and urgent investment in
cyclone shelters. The total costs estimated in the BCCSAP for programs com-
mencing in the first 5 years are at $5 billion. According to a recent study by the
Institute of Water Modeling IWM), Bangladesh needs at least $4.17 billion, only
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Table 3 Projects funded from climate change trust fund that could enhance resiliency of Khulna

region

Project name

Construction of Cyclone Resistant Houses at
Char Area in Aila Affected District of Khulna
Construction of Cyclone Resistant Houses at
Char Area in Aila Affected Districts of
Chittagong, Barisal and Khulna

Dredging of Bolesshor river from Bagmara to
Dopara (Via Khontaghata Platoon, kochua
bazaar & Adajuri)

Protection and Repair of damage Sea-dyke
and others infrastructure of the coastal polder
no-63/1 A

Re-excavation of Drainage Khal (natural canal)
of Madaripur Beel Route Channel (MBR) of
Gopalganj District

Re-excavation of drainage Khal (natural canal)
in Upazilla Kalkini, under Madaripur District

Re-excavation of 24 (twenty four) drainage
Khals (natural canal) in Upazila-Rajoir &
Madaripur Sadar under Madaripur District
Innovation of Sustainable Crop System for
Drought Prone and Coastal/saline Area to Face
Climate Change Impact

Innovation of various mutenants Crop System
for Drought Prone and Coastal/saline Area to
Face Climate Change Impact

Plantation of BWDB’s Embankment in the
Coastal Belt and its adjacent Char Areas

Community Based Adaptation in the

Ecologically Critical Areas Through

Biodiversity Conservation and Social
Protection

Coastal afforestation to combat adverse impact
of climate change

Location/
impact area

Khulna district

Khulna district

Pirojpur district

Madaripur/
Gopalganj
district

Madaripur
district

Madaripur
district

Nationwide

Nationwide

Greater Khulna
region

Greater Khulna
region

Greater Khulna
region

Increase resiliency

Through minimization
of exposure

Through minimization of
exposure

Through minimization
of exposure and
sensitivity

Through minimization of
exposure and sensitivity

Through minimization
of exposure and
sensitivity

Through minimization
of exposure and
sensitivity

Through minimization
of sensitivity and
enhancement of adaptive
capacity

Through minimization
of sensitivity and
enhancement of adaptive
capacity

Through minimization
of exposure and
sensitivity

Through minimization
of exposure and
sensitivity, and
enhancement of adaptive
capacity

Through minimization of
exposure and sensitivity

for the construction of polders to save the lives of coastal people from sea level
rise and storm surge. A joint assessment carried out by the GOB and Development
Partners (DPs) after Cyclone Sidr in 2008 estimated that US$1.4 billion is
required in the short term and US$ 4 billion for the long term (15 years) for
adaptation and mitigation measures GOB (2010b).
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Although this multidonors’ fund is very small in amount as compared to the
need, it is believed that this fund would help in arresting other funds as well for
building coastal resiliency. Bangladesh government has participated in the Strategic
Program for Climate Resilience (SPCR) prepared under the Pilot Program for
Climate Resilience (PPCR). The PPCR is a program under the Strategic Climate
Fund (SCF) within the Climate Investment Funds (CIF), to pilot and demonstrate
ways to mainstream new approaches for integration of climate risk and resilience
into development projects, policies and planning. The various project proposals
under the Bangladesh’s Strategic Program for Climate Resilience (SPCR), prepared
under the Pilot Program for Climate Resilience (PPCR) package, strongly build on
priorities identified by the Government of Bangladesh’s executing agencies and are
in line with the recommendations in the Bangladesh Climate Change Strategy and
Action Plan.

With the support from ADB, World Bank, and IFC, several programs are under
process. Most notable of which are:

¢ Investment Project 1: Promoting Climate Resilient Agriculture and Food
Security

» Investment Project 2: Coastal Embankments Improvement and Afforestation

« Investment Project 3: Coastal Climate Resilient Water Supply, Sanitation, and
Infrastructure Improvement

¢ Technical Assistance 1: Climate Change Capacity Building and Knowledge
Management

¢ Technical Assistance 2: Feasibility Study for a Pilot Program of Climate Resil-
ient Housing in the Coastal

Among the above programs/projects, the following two are directly related
to building climate compatible infrastructure for building resilient coastal
community.

Coastal Climate Resilient Water Supply, Sanitation,
and Infrastructure Improvement Project

The Coastal Climate Resilient Water Supply, Sanitation, and Infrastructure
Improvement project has components that relate to:

e Climate Resilient Water Supply, Sanitation, and Drainage Development:
Develop water supply and drainage system in coastal districts which can
provide safe drinking water and sanitation even with anticipated climate change
impacts.

¢ Climate Resilient Infrastructure Improvement: Improve connectivity (small
roads, bridges, culverts, etc.) within the coastal districts in a sustainable and
climate-proof way to enhance the accessibility of the rural people in the coastal
districts to social services, such as health and education and economic
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opportunities, and to improve earnings for the rural poor including the poor
women by widening the all-weather access to markets and livelihood activities.

¢ Climate Resilient Small-Scale Water Resources Improvement: Enhance agricul-
ture productivity and sustainability and improve rural livelihoods in subproject
areas through the sustainable small-scale water resources (SSWR) management,
including flood management, drainage improvement, water conservation, and
command area development.

In this respect, it should be noted that as a subproject of the above project, the
Coastal Climate Resilient Infrastructure Project has been under operation from
early 2013 with an estimated cost of US$30 million. Similarly another subproject
Coastal Towns Infrastructure Improvement Project is in the final stage of approval
by the donors. Funded by ADB, KfW, and IFAD, the Coastal Climate Resilient
Infrastructure Project is launched in 12 coastal districts for the period of
2013-2018. These districts are Satkhira, Khulna, Bagerhat, Pirojpur, Barisal,
Jhalokati, Bhola, Patuakhali, Barguna, Madaripur, Gopalganj, and Shariatpur.
This project would deliver the following outputs as regards building climate
compatible physical infrastructure.

Output 1: Improved Road Connectivity

The project will upgrade 537 km of rural roads, providing year-round connectivity
between agricultural production areas and markets and to the other parts of the
country. Road upgrading will involve improving existing roads to appropriate climate
resilient standards and widening and rising of embankments, with suitable slope
protection against erosion and wave action. The road crest level will be 800 millimeters
(mm) above the normal annual flood level, with an extra height of 200 mm that will be
added for the effective sea level rise to the standard 600 mm freeboard.

Output 2: Improved Market Services

The project will upgrade 274 rural markets with 15 % of space allocated to women.
Each market will be connected either to an existing paved road or to one of those to
be improved under the project. Infrastructure improvements include paved trading
areas, sheds, water supply system, drainage facilities, sanitation facilities, and
market offices. Some key elements within the markets, such as new market sheds,
will be made climate resilient. These will be raised on concrete plinths to a level
above the existing maximum normal monsoon high tide level plus the effective
maximum sea level rise with an additional 250 mm freeboard.

Output 3: Enhanced Climate Change Adaptation Capacity

Upgraded Climate Disaster Shelters. The project will construct or extend
15 multipurpose cyclone shelters, improve 10 existing cyclone shelters, upgrade 15 km
of cyclone shelter access tracks, and construct 5 killas (animal shelters). The designs will
take into account climate change effects and strict compliance to relevant building codes
with respect to wind loading and floor bearing capacities. Access roads/tracks will be
upgraded to the equivalent of village road climate resilience standard.
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Enhanced Knowledge Management. Knowledge management for climate
change will be enhanced. A framework for expanding institutional learning and
knowledge sharing will be developed. This will entail more effective knowledge
capture and compilation, storage, and sharing on climate resilience principles for
the design, construction, and maintenance of rural infrastructure. The project will
strengthen the management information system (MIS) and geographic information
system (GIS) of the Local Government Engineering Department (LGED), develop
a special web-portal interface for learning and networking with other agencies, and
support establishing a community of practice.

Enhanced Capacity. The capability of LGED staff and local government units
will be strengthened to better prepare and manage climate resilient rural infrastructure.

Therefore, this project, while enhancing longevity and sustainability of infra-
structure, will improve livelihoods in 12 rural coastal districts vulnerable to climate
variability and change and have deficient mobility and accessibility. The project
aims to provide climate resilience measures that deliver a degree of climate
proofing commensurate with both the task that structures have to perform and the
level of acceptable risk as well as being sensibly within available budgets. Each of
the project components — roads; growth centers and markets; and cyclone shelters —
has their specific tasks and levels of acceptable risk to the impacts of sea level rise
(SLR), high wind, increasing temperature, and increasing likelihood of severe
cyclone events. The underpinning thrust is ensuring that all structures are
constructed within a strong framework of enforced appropriate specifications and
an as-built quality audit. “Climate-proofing” measures include enhanced resilience
to present climate effects plus forecast future climate change impacts.

Coastal Embankments Improvement and Afforestation Program

Similarly the Coastal Embankments Improvement and Afforestation program
includes:

e Embankment Stabilization: Climate proofing (rehabilitate and/or raise the
height/or realign) of existing polders/embankments to withstand the current
and projected estimates of cyclone and tidal surges.

¢ Internal Polder Water Management: Rehabilitate, build, and/or improve water
management-related structures (e.g., sluice gates, flushing inlets, regulators,
drainage channels, etc.) within polders for improved drainage, reduced flooding
and water logging, and improved agricultural and fish productivity.

e Afforestation: Raise coastal greenbelt along the embankments through affores-
tation/reforestation measures to counter tidal surges and strong winds and
stabilize the embankment, coastal mapping, and research study on viable climate
resilient tree species.

The objective of the proposed Coastal Embankments Improvement and Affor-
estation Project (CEIP) would be to support the first phase of the Government of
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Bangladesh’s long-range plans to (i) reconstruct and modernize the coastal
embankments system to make it climate resilient; (ii) rehabilitate, build, or
improve all water management-related structures within the embankments for
improved drainage and reduced flooding and water logging and improve agricul-
ture and fish productivity; and (iii) improve the coastal greenbelt along the
embankments and reduce the impact of tidal surges and strong winds by
implementing a systematic program of afforestation/reforestation measures. This
CEIP project has the following components as regards climate compatible infra-
structure planning for building a resilient coastal community.

Component 1: Rehabilitate or Build Climate Resilient Embankments

to Protect Human Lives and Assets

This component will finance the optimal design, rehabilitation, and improvement of
the embankment system in each polder identified for inclusion in phase I with due
consideration to projected population density; economic activity of the area; the
value of current assets to be protected and forecast projections for the next 20-25
years; return period and frequency of flooding, cyclones, and their probable direc-
tion; stability of current embankments; availability of local material for construc-
tion and maintenance; minimum and low-cost operations and maintenance; and
impact of climate change and sea level rises.

Component 2: Rehabilitate or Build All Water Management-Related
Structures Within Polders

This component will finance the design, rehabilitation, and improvement of all
water management-related physical infrastructure and systems within the polders.
This will include flushing inlets, sluice gates, regulators, drainage channels, etc.,
and will improve drainage, reduce flooding and water logging, and contribute to the
improvement of agricultural and fish productivity and thereby improve food and
income security and livelihoods.

Component 3: Coastal Plantation Along the Embankments
Most of the polders developed in Bangladesh do not have significant greenbelt or
coastal plantation. It is only in the 1990s that coastal afforestation and plantation
along the roadside and embankments became popular. Past climate-induced disas-
ters have shown that mangrove greenbelts or coastal forests improve climate
resilience. This component will finance afforestation along the embankments as
appropriate. The greenbelts will strengthen the earthen polders and ensure their
longevity. Afforestation will also increase general forest cover, reduce vulnerability
against storm surge and cyclones, act as a carbon sink which will contribute to
greenhouse gas mitigation, improve livelihoods, and provide habitat for wildlife.
The World Bank is currently funding an Emergency Cyclone Rehabilitation and
Restoration Project (ECRRP). Under this project, a Coastal Embankment Improvement
Strategy and Phasing Plan will be developed to modernize and improve the embank-
ment system of about 125 polders in the entire coastal area. The strategy will also
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indicate a phased investment plan over a period of 1015 years, as well as a detailed
phase 1 investment plan to cover about 25-30 polders. This project is proposed for
inclusion in the Coastal Embankments Improvement and Afforestation Project. There-
fore, it is expected that in the years to come, a balance would be made among projects
that target minimization of exposure and sensitivity and enhancement of adaptive
capacity to truly build a resilient coastal community in southwest Bangladesh.

Conclusion

All these are targeted to increase the resiliency of the coastal community against the
impacts of climate change on their natural resource-based livelihood. While the
above programmed initiatives may have obvious advantages, there are challenges
to initiate and implement these programs for building resilient infrastructure.
First of all, the government machinery has limited staffing pattern and technical
expertise to initiate and supervise design and implementation of such mega
projects. Second, the donor’s interest often shifts which might act as a hindrance
to initiate and implement these kinds of programs. Finally, the participation of and
coordination with development partners including the NGOs and civil society can
make a difference in the implementations of these program.
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Abstract

Chicago Wilderness, a multistate alliance of more than 300 organizations ded-
icated to restoring biodiversity, is leading the effort to bridge the gap between
climate science and biodiversity adaptation practices in urban natural areas and
green spaces. In 2010, Chicago Wilderness completed the Climate Action Plan
for Nature (CAPN), which describes potential climate change impacts within the
221,000 ha of protected areas in the region, and actions managers can take to
help species and ecosystems adapt to climate change. The CAPN represents the
first Climate Action Plan to address issues of biodiversity conservation in the
Great Lakes region and is the only known example of place-based adaptation
strategies for urban biodiversity. This chapter depicts the creation of the Chicago
Wilderness Climate Action Initiative and the ensuing work to implement the
CAPN, highlighting the challenges and importance of creating landscape level
conservation approaches that integrate climate science information into best
management practices. This collaborative effort can serve as a model for use
in other urban centers.

Keywords
Biodiversity ¢ Urban ¢ Climate change ¢« Adaptation strategies

Introduction

Recognizing the potential for changes in climate to disrupt their social and eco-
nomic fabric, cities around the world are developing strategies for reducing green-
house gas emissions, modifying programs to adapt to a warmer future, and
engaging civil society in this effort. In addition to individual actions, cities have
banded together to collectively advance local climate actions through the C40
Cities Climate Leadership Group, a network of 58 of the world’s largest cities,
and the World Mayors Council on Climate Change, with more than 80 members
(Rosenzweig et al. 2010). In North America, more than 1,000 mayors signed the US
Conference of Mayors Climate Protection Agreement (Hamin and Gurran 2009).
Because urban areas are responsible for nearly three-quarters of global energy-
related carbon emissions (Rosenzweig et al. 2010), the early emphasis of individual
cities and these collaborations understandably was on reducing greenhouse emis-
sions (Wheeler 2008). Only recently, as the inevitability of a rapidly changing
climate has become apparent, have cities begun to focus on approaches to reduce
risks in the face of climate change as being of equal importance (Bulkeley and
Betsill 2013). However, urban adaptation efforts focus on protecting values like
public health, livelihoods, and infrastructure, with little or no attention paid to
protection of urban nature and the benefits nature provides to urban residents.

At the same time, cities and associated metropolitan areas are becoming increas-
ingly important to global biodiversity conservation. Most cities have been founded
in places that are biodiverse and functionally valuable to society, such as in
floodplains, along coasts, on islands, or near wetlands. Today, urbanization
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continues to expand into these valuable habitats and into the hinterland where
society most often placed its biological reserves (McDonald et al. 2008). Species
previously outside city limits may need to migrate through urban areas as they
adjust to a changing climate (Hellmann et al. 2010). Some metropolitan areas now
contain important populations of rare species (e.g., Blanding’s turtle and the prairie
white-fringed orchid occur in the greater Chicago region), made more vulnerable to
extirpation by their typically small population sizes and fragmented distribution
patterns (McDonald 2013). Terrestrial natural areas in urban settings provide
critical habitat for resident and migratory native species but tend to be small and
isolated remnants of formerly widespread habitats that are increasingly vulnerable
to loss and degradation from a host of urban-centric stressors (Kowarik 2011; Cook
et al. 2013). Often termed “green” or “natural infrastructure” by urban planners, the
ecological functions of these natural areas and other undeveloped or formerly
developed spaces provide increasingly important, but highly threatened, benefits
to biodiversity and human communities of metropolitan regions (Goddard
et al. 2011; Hostetler et al. 2011; Kattwinkel et al. 2011). Likewise, freshwater
biodiversity is threatened by both water withdrawal for urban consumption
(McDonald et al. 2011) and the addition of pollutants from urban stormwater,
industrial, and residential sources (Alberti 2005; Blanco et al. 2011). These biodi-
versity impacts are all projected to accelerate as global urbanization trends continue
to increase (McDonald 2013).

Despite the regional and global importance of urban biodiversity, its conserva-
tion has rarely been addressed directly in urban climate change planning. As stated
earlier, most of the focus of urban climate planning is on the reduction of green-
house gases and on protecting public health and safety. If natural areas are
addressed in a city-focused plan, it is typically in the context of green infrastructure,
such as wetlands or plantings that help absorb stormwater, or as an adaptation
strategy for reducing risks to people, for example, by helping to reduce the urban
heat island effect (Enarsson 2011; Gill et al. 2007). Urban climate plans have not
addressed the adaptation needs of open spaces, remnant natural areas, and
populations of native species to help them to become resilient, persist, and continue
to contribute to a biodiverse urban ecosystem and provide benefits to the human
community.

A considerable gap therefore exists in most municipalities between conservation
planning for nature and natural remnants and adaptation of urban environments for
people. Hamin and Gurran (2009) point out that uncoordinated planning for biodi-
versity and ecosystem processes, on the one hand, and the built environment, on the
other, can put the two in conflict. Turner and his coauthors go even further:
“At present, climate change is seen as one problem for nature and another for
people” (Turner et al. 2009, p. 278).

This chapter is a case study in metropolitan Chicago (population 9.5 million)
where a conservation alliance is reconciling this dichotomy by taking a compre-
hensive regional approach to climate planning and action that incorporates the full
range of assets, from social capital (human communities and the built environment)
to natural capital (native species and ecosystems). The aim of describing this case
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study is to help advance such efforts in other cities around the world. In the sections
that follow, efforts by the Chicago Wilderness alliance to develop climate change
planning for urban nature and actions taken to develop and share adaptation
strategies for natural areas in Chicago will be presented. It is the hope that lessons
learned from the Chicago experience can be applied elsewhere.

Climate Change Planning for Urban Nature

Chicago Wilderness

In the early 1990s, conservation leaders in the Chicago metropolitan area recog-
nized that a unified vision for biodiversity conservation was needed among their
organizations in order to achieve sustained results (Ross 1997). The Chicago
Wilderness alliance was launched in 1996 and has grown to include over 300 mem-
ber organizations and corporations working toward common goals to restore nature
and improve the quality of life for native biodiversity and human communities
(Moskovits et al. 2004; Miller 2005). The Chicago Wilderness area includes parts
of four states at the southern end of Lake Michigan (Fig. 1: Chicago Wilderness
map; Caption: The Chicago Wilderness region), one of the Laurentian Great Lakes,
and encompasses 221,000 ha of protected natural land that harbors rare natural
habitats for resident and migratory species, including nearly 200 species threatened
with extirpation either regionally or throughout their range (Brawn and Stotz 2001;
Wang and Moskovits 2001; Miller 2005).

The Chicago Wilderness alliance accomplishes its work through four interre-
lated initiatives: (1) protect and restore nature and the ecological health of the
region’s land and waters; (2) advance a 567,000-ha natural infrastructure network
that contributes to the quality of life of all residents; (3) provide places and
programs for generations of families to connect with nature; and (4) develop and
deploy actions through the alliance in the areas of climate change mitigation,
adaptation, and education.

The Chicago Wilderness Climate Change Initiative began in 2007 with estab-
lishment of a Climate Change Task Force comprised of individuals from a wide
range of organizations, including federal, state and local governments, NGOs,
research institutions, zoos, museums, and an aquarium. Its first undertaking was
to prepare the alliance for action by reviewing potential climate change impacts to
regional biodiversity (Sullivan and Clark 2007; Chicago Wilderness 2008; Riddell
2009). Following this foundational review, the Task Force embarked on two phases
that are described in the following sections: climate planning for urban nature,
followed by the implementation of planned actions.

During the start-up period for the Chicago Wilderness climate initiative, the City
of Chicago was well on its way toward preparing a Climate Action Plan. Released
in 2008, it is the first such plan to be based on a thorough climate change impact
assessment exploring the implications of a range of future scenarios on city life
during the next century (Wuebbles et al. 2010). The City of Evanston, abutting
Chicago to the north, also released a Climate Action Plan that year, and other
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Fig. 1 Chicago Wilderness map. The Chicago Wilderness region

municipal and university campus plans were being developed in metro Chicago at
the same time. As is typical, all these plans have an overwhelming emphasis on
mitigation; collectively they propose significant actions that would lower green-
house gas emissions from metropolitan Chicago. Actions to reduce risks related to
climate change through adaptation were addressed only in the Chicago Climate
Action Plan and only in relation to human communities, city services, and the built
environment (Coffee et al. 2010). While the effect of climate change on ecosystems
was part of the science assessment that informed the Chicago plan (Hellmann
et al. 2010) and the city has passed ordinances to reduce impacts on natural
resources, the Climate Action Plan did not include any actions to reduce risks to
native species or ecosystems in its adaptation strategy (City of Chicago 2008).
Following the release of the Chicago Climate Action Plan in 2008, it became
clear to both the Chicago Wilderness and the City of Chicago that complementary
climate strategies were needed for the natural capital of metropolitan Chicago.
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Fig. 2 Chicago Climate Action Plan and Climate Action Plan for Nature. The complementary
relationship between the City of Chicago Climate Action Plan and Chicago Wilderness Climate
Action Plan for Nature

Goals for such strategies would balance the municipal plans that emphasized
mitigation and adaptation for the built environment by focusing on the persistence
of native species and ecosystems, provisioning of services to citizens provided by
natural infrastructure, as well as the “adaptation services” that open space provides
in creating communities more resilient to climate change (Fig. 2: Chicago Climate
Action Plan and Climate Action Plan for Nature; Caption: The complementary
relationship between the City of Chicago Climate Action Plan and Chicago Wil-
derness Climate Action Plan for Nature). Chicago Wilderness also recognized that,
done in isolation, the human response to climate change could compromise biodi-
versity, thereby accelerating climate change and reducing the planet’s capacity to
accommodate climate impacts (Turner et al. 2009). But there were no models for
coupled human-nature climate planning in urban settings. Guidance for Climate
Action Plans available at the time stressed reduction of greenhouse gas emissions,
for example, with model plans for states (US Environmental Protection Agency
2012), cities (ICLEI no date), and even university campuses (Egan et al. 2008).
Through a collaborative process, the Climate Change Task Force created a new
template that became the Chicago Wilderness Climate Action Plan for Nature
(Chicago Wilderness 2010).

Climate Action Plan for Nature

The Climate Action Plan for Nature was completed in 2010 with the primary goal of
creating momentum across the diversity of organizations in the Chicago Wilderness
alliance. Recognizing the rapidly evolving nature of climate change knowledge and
practices, it was also meant to be the first iteration of planning for a dynamic
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climate action program for urban biodiversity in metropolitan Chicago. The plan
includes three major components, engagement, mitigation, and adaptation.
All three are tightly linked to the other Chicago Wilderness strategic initiatives
mentioned above and mirror the three components of the Chicago Climate Action Plan.

Engagement — The primary engagement objective is for Chicago Wilderness
members to become fluent in the vocabulary, concepts, and programs of a new era
for urban conservation that includes climate change mitigation and, especially,
adaptation. Ultimately, it is envisioned that well-informed members of the alliance
will go on to influence decision-makers and their fellow citizens more broadly.
Three sets of actions are outlined to achieve this. The first focuses on adaptation by
establishing a Climate Clinic program within Chicago Wilderness (described in the
next section). The second set of actions build the capacity of informal educators at
the region’s many environmental education centers to communicate the science and
solutions of climate change to the public, especially young audiences and families.
The third, more explicitly external, set of actions is to incorporate key climate
messages into the general Chicago Wilderness public communications effort.

Adaptation — In this initial version of the Climate Action Plan for Nature, the
emphasis is on catching up, that is, taking action to make current conservation
strategies “climate informed.” While most current protection and management
activities in the Chicago region will help make nature more resilient to climate
change to some degree, actions in this section of the CAPN focus on evaluating and
modifying existing programs that were designed prior to knowledge of climate-
induced challenges to enhance the ability of these practices to reduce climate-
related risks and help resource managers avoid poor investments. The next sections
of this chapter review progress toward meeting these adaptation goals since the
2010 release of the plan.

Mitigation — As a relatively small part of the plan, the CAPN mitigation actions
focus on the role that protection and restoration of natural areas play in sequestering
atmospheric carbon and the parallel risk of carbon release when habitats are
destroyed. The primary mitigation objective is to create recognition of the need
for land conservation in climate change decision-making. The plan also recognizes
that protected areas play a dual role in climate programs by mitigating emissions as
well as increasing the adaptive capacity for biodiversity and human communities.

Climate Change Update to Biodiversity Recovery Plan

The Chicago Wilderness Biodiversity Recovery Plan was collaboratively devel-
oped in the late 1990s to be the unifying driver of conservation strategies across the
alliance. It was intentionally produced as a living plan that would continue to
evolve as new information and new ideas arose. Not surprisingly, the focal biodi-
versity targets and critical threats that the plan identified 15 years ago were never
evaluated with climate change impacts in mind. Since its formation in 2007, the role
of the Climate Change Task Force has been to help the Chicago Wilderness alliance
incorporate climate change into best management practices for restoring and
managing natural communities. Much of what natural resource managers,
and certainly restoration ecologists, are already doing to restore the health
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and functionality of natural areas “counts” as adaptation because it is making these
areas more resilient to whatever changes may occur. Thus, the Task Force focused
on what, if anything, is needed to be altered, included, or re-prioritized in the
context of best management practices given the projected changes and likely
impacts both to the region’s biodiversity and to the threats species and natural
systems were already facing (e.g., pollution, habitat degradation, fragmentation,
etc.). This focus guided development of the CAPN, described above, and subse-
quent activities that include updating the Biodiversity Recovery Plan from a climate
change perspective.

Over the past decade, it has become clear that climate change is one of the top
threats facing Chicago’s environment and its biodiversity (Wuebbles et al. 2010).
Projections from climate models suggest that temperatures in the central USA,
where Chicago lies, will rise from 2.1 to 2.7 °C by the mid-century compared
with the recent past (Pryor and Scavia 2013). Beyond average temperature trends,
summer heat waves in the city and extreme precipitation events during winter and
spring are expected to increase (Hayhoe et al. 2010; Vavrus and Van Dorn 2010).
These changes are predicted to affect human quality of life through public health,
flooding, and water security impacts, as well as affecting aquatic and terrestrial
biodiversity in myriad ways (Francl et al. 2010; Hellmann et al. 2010; Pryor and
Scavia 2013). Many locations in the Chicago region will be climatically and
ecologically unrecognizable by historic standards.

In the absence of actions that adapt protection and management practices,
climate change has the potential to jeopardize many biodiversity conservation
investments made in the Chicago Wilderness region during the past 30 years.
Hence, the importance is given to adaptation in the CAPN and, the first priority
in its implementation, to prepare a climate change update of the Biodiversity
Recovery Plan. With this in mind, the Task Force initiated an in-depth effort to
assess how a changing climate may impact the region’s natural communities and
compound existing threats to their ecological integrity (i.e., fragmentation, pollu-
tion, habitat degradation, and invasive species). This process involved translating
downscaled climate change projections developed for the Chicago Climate Action
Plan (Hayhoe and Wuebbles 2008) into an understanding of how a warmer, drier,
and more extreme environment could affect regional biodiversity and, importantly,
what management actions could be taken to reduce the impacts.

A great challenge to this endeavor is that understanding the vulnerability of
species and systems to climate change is inherently interdisciplinary, requiring
integration of information on climate science and modeling, theoretical knowledge
of community, behavioral and restoration ecology, and on-the-ground knowledge
of best management practices for natural resources in urban landscapes. As
observed more broadly among resource managers in the Great Lakes region
(Petersen et al. in press), managers within the Chicago Wilderness alliance were
found to be often very aware of and interested in planning for climate change but
felt they lacked the information and expertise needed to make updates in their
management or restoration practices. This challenge of integrating available infor-
mation to inform adaptation, however, is one Chicago Wilderness has been well
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Fig. 3 Chicago Wilderness Climate Clinic. Resource managers and scientists discussing climate
impacts to natural resources at the Indiana Dunes National Lakeshore

positioned to address because the alliance can tap into the collective knowledge of a
vast intellectual network, ranging from research scientists in many academic fields
to natural resource managers.

Between 2009 and 2012, the Task Force deployed Climate Clinics to marshal
this knowledge network in beginning the process of ensuring resilient natural areas
and open space in metropolitan Chicago. The Climate Clinic approach developed
by The Nature Conservancy, whereby climate adaptation strategies are incorpo-
rated into ongoing conservation projects through an iterative, peer-learning process
(Poiani et al. 2011), served as a model for these clinics. Beyond the important task
of informing updates to the Biodiversity Recovery Plan, Climate Clinics also
provide peer-to-peer interactions across several sectors of conservation science
and practice and are useful for general capacity building of Chicago Wilderness
members (Fig. 3: Chicago Wilderness Climate Clinic; Caption: Resource managers
and scientists discussing climate impacts to natural resources at the Indiana Dunes
National Lakeshore). Along with some individual interviews and topic-focused
content reviews, the Task Force was able to solicit relevant expert opinion from
over 100 regional conservation researchers and practitioners through two Climate
Clinics. The clinics were full-day events that included a mixture of presentations
and breakout group discussions, ending with an informal social setting and activity
to promote networking and reinforce peer-to-peer learning. Often, simply
presenting data and information is not sufficient to encourage dialog about how
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or whether concepts are meaningful and resonate with people, let alone persuade
them to share their opinions based on personal observations of managing the
landscape. The clinic format creates a comfortable and relaxed atmosphere, an
important element in achieving critical idea sharing.

After two and half years of collaborative work, the Chicago Wilderness Exec-
utive Council approved the Biodiversity Recovery Plan Climate Change Update
final document in the spring of 2012. This place-based climate change tool for the
Chicago region now exists as a web-based resource (climate.chicagowilderness.
org), where it continues to be updated as new information becomes available.

Place-Based Actions for Climate Adaptation

The CAPN created momentum for climate action across the Chicago Wilderness
alliance, and the Biodiversity Recovery Plan Climate Change Update framed key
risks to nature from climate change and linked those to possible adaptation strate-
gies. From these plans, several projects naturally emerged to help the alliance take
the next steps of connecting species and systems at risk in particular locations to
actions that can be taken to help promote adaptation.

Accelerating the Pace of Adaptation: “Climate Considerations”

for Urban Open Space

Building on the development of adaptation strategies for natural areas in the
Chicago Wilderness region, the Chicago Department of Environment requested a
partnership with The Field Museum, The Nature Conservancy, and University of
Notre Dame to create a Climate Considerations Guidebook for natural areas and
greens spaces in the urban landscape. The project was originally designed to
develop an adaptation “checklist” that would assist City departments in
implementing adaptation strategies. However, discussion with stakeholders quickly
indicated that a universal checklist for all departments would not provide the kind
of specific and useful information that was desired because sites have distinctly
different goals and purposes (e.g., forest preserve conservation site versus a
multiuse park district site), thus requiring different types of adaptation approaches.
Instead, the concept of a guidebook that could help managers identify which of their
management decisions may be sensitive to warmer, drier, and more extreme
weather and provide resources to help them develop relevant adaptation strategies
was the preferred path to follow.

The intended audience of the guidebook is mid-level managers of natural areas
and green spaces in a highly urban setting. The first section of the guidebook is
intended to convey the relevant information needed to begin the process of devel-
oping site-specific adaptation strategies. It begins with an overview of local climate
change impacts and an explanation of why adaptation is important, followed by a
seven step “workflow” that helps to walk the reader through the process of how to
ask the “climate question” of urban natural area and green space projects. The next
section poses probing questions in five categories (I. Getting started,
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II. Safeguarding species and systems, III. Climate-informed land management
decisions, IV. Operations and maintenance, and V. Rethinking goals) to help
managers think through which management aspects may be affected by climate
change. Following the questions in each category, specific tools and resources are
suggested to help managers answer the questions and design their own approaches
to reduce the vulnerability of a site to climate change. There are 63 tools and
resources available in the guidebook, many of which connect managers to the
place-based resources developed by the Chicago Wilderness, such as the Biodiver-
sity Recovery Plan Climate Change Update and the Green Infrastructure Vision, but
tools such as Climate Wizard and reports from other urban centers struggling with
the same questions (e.g., Climate Change Adaptation Options for Toronto’s Urban
Forest) are included as well. The last section includes appendices intended to give
additional background information (e.g., General adaptation principles, What does
adaptation look like?) and an annotated list of all the tools and resources included in
the guidebook.

A unique feature of this guidance is that it was developed with the intention of
being deployed in an interactive format within the Collaboratory for Adaptation to
Climate Change (www.adapt.nd.edu), in addition to being available as a stand-
alone document. Funded by the US National Science Foundation and developed at
the University of Notre Dame, the Collaboratory is a virtual community that is
accessible to the public worldwide and can be used as a collaborative workspace
and repository of documents and other information relevant to adaptation planning.
The idea behind the Collaboratory is that by promoting more rapid sharing of
information and ideas, networks can collectively speed up the pace and effective-
ness of adaptation actions. The connection between the Collaboratory and adapta-
tion efforts in the Chicago Wilderness again shows the importance of strong
networks: the Collaboratory project leads were attracted to testing out novel
technologies with the Chicago Wilderness alliance because of the strong history
of collaboration, and several Collaboratory project team members have contributed
to the Chicago Wilderness Climate Change Projects, as well as the City of Chicago
Climate Action Plan.

Climate Clinics were again used as a mechanism to facilitate the collaborative
effort between Chicago City departments and the Field Museum-Nature Conser-
vancy-Notre Dame adaptation team. Participants in the clinics were named
“Climate Adaptation Fellows,” and their advice was gathered in regular meetings
and through a private workgroup on the Collaboratory. Whereas the Biodiversity
Recovery Plan Climate Change Update focused mainly on climate impacts to the
region’s larger natural areas (e.g., wetlands, woodlands, prairies, etc. in the Cook
County forest preserves), this project was intended to help facilitate climate-ready
decision-making by individuals working on smaller-scale urban natural areas and
green spaces (street trees, park districts, boulevards, parkways, university cam-
puses, etc.). This guidebook was crafted from a combination of stakeholder engage-
ment and a literature survey, creating a tool that is both useful and informative.

The guidebook now lives in both a static and interactive format on the Collaboratory
for Adaptation to Climate Change (available at, adapt.nd.edu/resources/1019/).
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The interactive format, or “workflow,” walks users through the climate clinic
process, with links to useful tools and resources. At every step, users are also
prompted to contribute to discussions within a public workgroup and to provide
feedback on the guidance that will inform updates (The workflow based on the
guidance can be accessed at https://adapt.nd.edu/adaptationworkflows.). As of July,
2013, a simple search of “Chicago” in the Collaboratory yields ~50 hits to
documents, events, or other resources used or generated in the adaptation planning
process, most of which are connected to the Chicago-focused workspace.
Over time, the Notre Dame team will study and implement improvements to the
workspace and workflow, allowing lessons learned from Chicago to be shared with
and benefit the broader adaptation community.

To test the utility of the guidebook, project leaders recruited four undergraduate
interns to work with urban natural resource managers to evaluate the recommenda-
tions at five Chicago sites during the summer of 2013. Sites were selected based on
interest from organizations that were involved in the development of the guidebook
as well as a desire to represent a broad range of urban sites (e.g., park district sites
with multiuse grounds, museum and university campuses, nature preserves, and
natural area restoration sites). Each organization was required to designate one of
their natural resource managers to be a mentor to the team of interns who collectively
assessed each site. Mentors worked with interns to go through each section of the
guidebook and answer as many of the questions as were relevant to a site and
provided assistance in developing recommendations for incorporating adaptation
into different aspects of their management and planning process. The mentors were
also asked to provide feedback on how relevant and/or helpful the guidebook content
was to them, including language and concepts used, extent of background informa-
tion, questions posed, and resources provided. This feedback will be summarized for
posting in the collaboratory and used to revise the guidebook in hopes of making it as
useful as possible. Additional sites will continue to be piloted in 2014, and a
comparative review of all the sites will be completed in order to gain an understand-
ing of the different ways the guidebook can be used and the types of adaptation
recommendations urban natural resource managers are developing.

Community Action Strategies

In order to empower and encourage Chicago communities to take action, social
scientists from the Field Museum developed a set of Community Action Strategies
designed to engage residents of the Chicago region in the goals of the CAPN in their
own community through climate-friendly gardens and lawns, water conservation,
monitoring, open space stewardship, and climate change education (Climate Action
Plan for Nature, Community Action Strategies, www.climatechicago.fieldmuseum.
org/sites/default/files/Climate-Action-Plan-for-Nature.pdf). To implement this set
of strategies, the Museum led a coalition of over 40 partner organizations in
Chicago neighborhoods to develop a bilingual Chicago Community Climate Action
Toolkit (climatechicago.fieldmuseum.org). An interdisciplinary team from the
Museum facilitated a research-to-action process for involving Chicago communi-
ties in implementing city (Chicago Climate Action Plan) and regional (Chicago
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Wilderness Climate Action Plan for Nature) strategies for climate action, in ways
that simultaneously advance their local agendas for social change. This work built
upon previous ethnographic research the Museum conducted to understand socio-
cultural viewpoints on climate change in Chicago’s diverse neighborhoods (Hirsch
et al. 2011). The toolkit comprises 60+ multimedia tools that communities can use
to nurture local efforts tailored to their unique cultures that support city and regional
climate action strategies.

Chicago Wilderness Green Infrastructure Vision

The Chicago Wilderness Climate Change Task Force was also moving forward
during this time to integrate climate change impacts to biodiversity into another
Chicago Wilderness effort, the Green Infrastructure Vision project (http://www.
chicagowilderness.org/what-we-do/protecting-green-infrastructure/epdd-resources/
biodiversity-and-natural-habitats/green-infrastructure-vision/). This project pro-
vides a visionary, regional-scale map of the Chicago Wilderness region that reflects
both existing green infrastructure — forest preserve holdings, natural area sites,
streams, wetlands, prairies, and woodlands — and opportunities for expansion,
restoration, and increasing the connectivity of natural areas. The broader goal of
this effort is to bring the Chicago Wilderness Biodiversity Recovery Plan to life in a
more meaningful, visual, and accessible way for Chicago Wilderness members and
outside audiences. In order to bring an explicit climate perspective to the project, the
Task Force created a GIS layer to assess the pattern and magnitude of regional
carbon storage, information that can be used to help quantify the climate-related
co-benefit of keeping natural areas healthy and intact, and to assess where the
biggest storage areas were located. This preliminary map, based on aboveground
carbon storage associated with habitat types defined from 2006 National Land
Cover Data, revealed the region stores more than 77 million tons of carbon, but
only 5.4 % occurs on protected land. This illustrates the critical need to engage
public and private landowners in conservation management issues.

In addition to assessing the role natural areas and green spaces play in storing
carbon, the Task Force initiated a working group to evaluate how well the concep-
tual corridor models of the Green Infrastructure Vision work in reality for particular
species, especially those that are climate-sensitive, at a particular site. As is the case
with all Chicago Wilderness working groups, the individuals involved are self-
selected and interested in contributing to the collaborative effort because the topic
or project is specifically tied to either their own interest or that of their organization;
in other words, their involvement helps to forward their own work as well as that of
the Chicago Wilderness.

The Green Infrastructure Vision conceptual models for corridors, developed by
The Conservation Fund (http://www.conservationfund.org/projects/refinement-of-
the-chicago-wilderness-green-infrastructure-vision), were created for individual
habitat types (woodlands, wetlands, prairies, etc.) using GIS Terrestrial Movement
Analysis software (Norman 2012). This analysis tool uses the average dispersal
distance for several habitat-specific species to create minimum movement path-
ways and corridors between landscape features [e.g., the average dispersal distance
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for the common muskrat (Ondatra zibethicus) and Blanding’s turtle (Emydoidea
blandingii) was used to create the wetland corridor] (CMAP 2012). The Task Force
selected the federally endangered Hine’s emerald dragonfly (Somatochlora
hineana) to pilot this work and found corridors generally reflected the real biolog-
ical conditions of the dragonfly at the site scale (Hasle unpublished data). Work is
currently underway to test the model’s validity for additional climate-sensitive
species, with a goal of helping identify site-scale management implications.

Other related projects that are in progress include working with municipalities
on climate-informed stormwater management and developing a regional urban
forest adaptation guide. Overall, the Biodiversity Recovery Plan Climate Change
Update resource has enabled Chicago Wilderness to effectively integrate both a
climate and a biodiversity perspective into work being done at the site, neighbor-
hood, community, and regional scale. These efforts are not only useful for the
Chicago Wilderness region but can be scaled up to help inform similar work in
other urban centers.

Lessons Learned

As stated earlier in this chapter, there were no models to follow that incorporated
biodiversity conservation into urban climate change adaptation programs. Not
surprisingly then, important lessons regarding helpful ways to frame the climate
conversation and how to respond to challenges and barriers were learned along the
way. Below are seven lessons learned, all arising from adaptation planning activ-
ities that were pursued in the Chicago region. These might benefit others contem-
plating similar efforts in their organizations or communities.

Frame the Climate Question in a Local Context

Mid-latitude regions, such as the Midwestern USA, are not yet experiencing the
magnitude of temperature change occurring at high latitudes, or highly visible
impacts like sea-level rise. While many climate change outreach efforts focus on
threats to polar bears or coastal cities, framing this global issue in terms of how
climate change is affecting (or expected to affect) species and habitats in the
Chicago Wilderness region, as these are what local conservationists really care
about was found to be very important. This was a particularly important way to
connect with resource managers at Climate Clinics. Thus, Chicago Wilderness
Climate Action efforts highlighted strong local impacts and worked with resource
managers to connect these impacts to potentially vulnerable species and systems.
For example, over the past several decades, the Great Lakes have seen dramatic
changes in average ice cover, and the upper Great Lakes (Michigan, Huron, and
Superior) have shown rapid increases in summer surface water temperatures, two
changes that tend to act in a positive feedback as open water absorbs more heat, and
warmer water takes longer to cool and freeze. Specifically, Lake Michigan has
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shown a 77 % decrease in ice cover (1973-2010; Wang et al. 2012), and summer
surface water temperatures in southern Lake Michigan have increased by 1.4 °C,
and the rate of increase is about 30 % higher than increases in air temperature
during the same time period (1979-2006; Austin and Colman 2007). While it is not
clear how these strong changes in local conditions will impact regional biodiversity,
focusing on local changes provides both a sense of urgency and a place to start the
dialog on how to respond.

There Are No “Experts”

There was a near universal reticence among conservation practitioners, especially
resource managers, to participate in climate planning or adaptation clinics because
they are not “climate change experts.” Apparently there was an expectation that there
were climate adaptation experts who already knew what to do and how to do it.
These experts do not exist, however, because adapting to such rapid rates of climate
change is a new challenge, and as of yet, there are few examples of adaptation
implementation and learning from experience. Further, adaptation at the scale of a
natural area requires integrating regional changes in climate drivers with information
on local ecosystems, management practices, and constraints. Thus, it is always
“local,” and the most appropriate strategies will vary from site to site such that
expertise from one location or habitat will not apply exactly in another. Finally,
while many managers look to university partners to find “experts” on relevant topics,
experts on adaptation theory do not fully understand the constraints and opportunities
of applications in a particular place, as each place has a unique history, set of
stakeholders, and priorities. This issue was addressed head-on in Climate Clinics
and other engagement actions, telling people that advice about climate change
abounds, but that no expert would be able to tell a manager what to do, because
they did not know the specific system, decision context, and suite of (often competing)
values to be considered. Partners were encouraged to develop their own expertise
through helping us to write the Climate Considerations Guidebook and discussing
ideas and adaptation options with their peers in the “Climate Fellows” meetings. It is
not yet known if this strategy was effective, but there was a sense of increasing
confidence among clinic participants that they have the knowledge and institutional
capacity to implement adaptation and craft their own climate-informed conservation
actions. The Collaboratory for Adaptation to Climate Change has a similar goal in the
online universe — to remove institutional, temporal, and geographic barriers to infor-
mation and knowledge sharing about climate change so that new expertise can grow in
diverse places and at a pace that helps us keep up with the changing climate.

Uncertainty Is No Excuse for Inaction

Uncertainty about climate change has been used in political arenas to stall
mitigation activities and that the same uncertainty can plague adaptation activities
(Morton et al. 2011; Gifford 2011). Uncertainty about the future climate implies
uncertainty about the specific stresses that adaptation actions should address.
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In some cases, for example, the potential for increases or decreases in future Lake
Michigan water levels (Gronewald et al. 2013) in the context of a coastal wetland
restoration and adaptation actions designed for one scenario could represent a waste
of resources under the alternate scenario. Sometimes these conflicts and trade-offs
cannot be avoided, and choices will need to be made. But a better starting point is
identifying robust strategies that are likely to be beneficial under a range of possible
futures (Hallegatte 2009). For example, designing wetland restoration efforts with a
landward buffer that permits inland shifts and with native species that can tolerate
drying. The existence of these robust strategies is the best argument for taking
adaptation action today and avoiding the uncertainty trap. It also is critical to
recognize that inaction is a policy choice as well. Climate change presents a unique
challenge because we cannot go back to the way things used to be, and leaving this
as is could represent steady erosion in environmental quality and ecosystem
services (Schwartz et al. 2009).

Personal Interaction Is Important and Stakeholder
Engagement Is Critical

In an era where people increasingly interact via email, listservs, wikis, blogs,
webinars, conference calls, and online social networks, the importance of in-person
meetings and interactions should be recognized, particularly when a socializing
component can be integrated into the experience. Sharing personal opinions and
ideas about climate change impacts among professional colleagues, particularly if not
everyone is well acquainted, can require a great deal of confidence and/or trust.
Important qualitative information (e.g., how extremely low river levels due to
changes in precipitation patterns resulted in increased predation on exposed mussel
populations) tended to arise organically in an informal conversation. This information
is often more forthcoming when personal relationships have been formed to create an
atmosphere of trust and confidence for two-way dialog and iterative learning. It is
critical to include stakeholder input from the onset so that useful products can be
created. Natural resource managers are busy people; providing them with information
that they have reason to consult/include is key if their participation is desired.

Adaptation Will Most Likely Occur in Places Where There Is a History
of Collaboration

It is perhaps no accident that Chicago Wilderness is in the forefront of advancing
ideas on how to design adaptation actions to benefit nature and people. The signif-
icant, long-term investment in support for collaboration across organizations to
benefit nature is a major factor facilitating integration of information across disci-
plines and provides a network for sharing observations of climate impacts and critical
support for creative problem solving. This bottom-up collaboration also includes the
business sector, in addition to the government agencies, research institutions, and
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NGOs that typically dominate climate-planning processes in the USA. More than
40 enterprises are members on the Chicago Wilderness Corporate Council, ranging in
size from multinational corporations to local businesses. Harnessing strategic part-
nerships among organizations with differing talents and differing capacity for
research and outreach has been found to be very effective. These organizations can
come together to develop useful products for adaptation action. Our collaboration
between a museum, a university, and a nongovernmental organization is one such
example. Most major cities or regions will have each of these institutions.

Consider Multiple Audiences

An important lesson learned as part of the climate clinic process, and in developing
the Climate Considerations Guidebook, was that adaptation needs to be defined and
illustrated with examples in ways that are accessible to multiple audiences within
the resource management sector. Outreach efforts targeted the practitioners, but a
message heard repeatedly from this audience was that they needed clear informa-
tion, and when possible, estimates of likely costs savings, so that these messages
could be relayed to higher level managers and policy makers that have the decision-
making authority to promote changes in key protocols or practices. Similarly,
decisions to participate in collaborative management efforts that extend across
ownership boundaries are often not within the control of individual site managers.

Ecosystem Services Have Their Limits, Especially in Urban Settings

A common approach in helping build support for investments in nature conservation
under climate change is to highlight nature-based services that can help reduce
climate-related risks to people. As we discussed this idea with resource managers,
their response was that services, like retention or slowing of stormwater, could come
with clear costs in this human-dominated landscape — fragile plants can be uprooted,
and wetlands can be contaminated with road salt and other pollutants. Highlighting the
service, an idea that we thought would help gain financial support for management
and restoration could instead lead to a risk of additional stormwater being diverted to
an ecological reserve, reducing its viability. As with other strategies for protecting the
nature, all climate adaptation strategies need to be tested with those that know the
system, stressors on that system, and the sociopolitical context for management.

Conclusion

Most greenhouse gases emanate from urban areas of the world, and it is critical that
cities continue on the path of mitigating their impacts on the global climate by
reducing emissions and creating more climatically sustainable energy policies and
practices. In terms of recognizing that some level of climate change is inevitable in the
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coming century, some cities, such as Chicago, have begun implementing robust
adaptation programs (Wheeler 2008; Stone et al. 2012). Cities, however, need to
look beyond just their built environment to include natural capital in their adaptation
efforts. Native species, remnant natural areas, and urban open space, along with a
city’s built infrastructure, must be included in climate adaptation programs to assure
that cities reduce their vulnerability and increase their resilience to rapid climate
change. Urban biodiversity is becoming increasingly important globally, and natural
assets provide many ecological benefits and climate adaptation services that urban
residents count on. There is no assurance that native species and ecosystem services
will persist on their own in urbanized landscapes under fast-changing climate regimes.

This chapter has described a regional approach to climate change adaptation for
urban biodiversity and ecosystem services that is transferrable to other metropolitan
areas. This model complements the current strengths of cities in the climate change
arena that primarily focus on mitigation and adaptation for the human community
and the built environment. The approach is built around the power and success of
the Chicago Wilderness alliance in metropolitan Chicago (Miller 2005), where a
long-standing collaborative history was used to marshal a diverse range of
resources and knowledge. Our model is best emulated in other areas with collab-
orative processes that can channel the knowledge of natural resource managers and
research scientists into practical place-based adaptation solutions for urban nature.
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Abstract

Decision-makers on different levels face an information deficit with regard to
choosing promising adaptation measures. While the ever present concept of
good practice may prove helpful in closing this gap, the term is often
poorly defined. Therefore, this article attempts to substantiate the concept of
good practice in climate change adaptation by developing a set of key
criteria for evaluating adaptation measures. This potentially leads to sounder
decision-making and a better transfer of experiences. By way of an extensive

C. Kind ()
adelphi, Berlin, Germany
e-mail: kind@adelphi.de

A. Vetter
Federal Environment Agency (UBA), Dessau-Rosslau, Germany
e-mail: andreas.vetter@uba.de

R. Wronski
Green Budget Germany, Berlin, Germany
e-mail: rupert.wronski@foes.de

© Springer-Verlag Berlin Heidelberg 2015 297
W. Leal Filho (ed.), Handbook of Climate Change Adaptation,
DOI 10.1007/978-3-642-38670-1_20


mailto:kind@adelphi.de
mailto:andreas.vetter@uba.de
mailto:rupert.wronski@foes.de

298 C. Kind et al.

literature review, a variety of definitions and criteria for good practice in
adaptation is revealed. Using predefined selection rules like non-redundancy,
applicability, comprehensibility, completeness, and measurability, the identified
criteria are condensed and then ranked by experts. This way, the article identifies
six key evaluation criteria that should be considered when deciding whether an
adaptation measure can be deemed good practice example or not. These are
effectiveness, robustness, sustainability, financial feasibility, positive side
effects, and flexibility. Subsequently, the set of criteria is illustrated by evaluating
several good practice examples on the local level in Germany. Eventually, limits
of the derived good practice criteria are discussed.

Keywords
Climate change ¢ Adaptation « Good practice ¢ Set of criteria ¢« Decision support
Adaptation measure

Introduction

For many stakeholders involved, the development and implementation of climate
change adaptation measures is a new challenge. It implies, inter alia, the necessity
to react to already occurred climatic changes and to yet uncertain future changes
(Bedsworth and Hanak 2010). In the face of this uncertainty, public and private
stakeholders may find it difficult to develop suitable measures to adapt to climate
change impacts or determine which of the potentially available measures are the
most appropriate options (Hecht 2009).

Learning from good examples for climate change adaptation is a promising
approach to support stakeholders with the planning and implementation of mea-
sures. Today, the concept of good or best practice is already used frequently in the
communication of experience gained in the context of climate change adaptation
(Land Use Consultants et al. 2006; Islington Government n.d.). However, at the
same time, it has to be noted that the use of the concept of good practice is often
vague and unspecific (Jennings 2007) requiring further research to specify the
concept of good practice in the context of climate change adaptation (Foster
et al. 2011).

For an effective and inspiring communication of a good adaptation practice, it
seems necessary to substantiate the concept of good practice. A transparent
approach to this lies in the development of a set of criteria, which can be applied
to evaluating adaptation measures to determine whether respective actions consti-
tute a good practice. Thus, the objective of this article is to identify good practice
criteria for climate change adaptation measures in the context of industrialized
countries, such as Germany. Relevant publications and websites are analyzed for that
purpose. The research is based on preparatory work on the prioritization of adaptation
measures carried out by the Federal Environment Agency (Troltzsch et al. 2011,
2012; Kind et al. 2011). A consistent and compact set of criteria for good practice
is derived on the basis of literature research and inputs from an expert survey.
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The focus is not so much the analysis of individual examples of good practice as
such, but rather the highlighting of general criteria of good practice that help
identify measures as good practice. The particular measure and its nature or effects
are more at the center of attention than the process of identifying or implementing
the measures (as opposed to, e.g., the guiding principles for adaptation by Prutsch
et al. 2010). Measures for the application of the set of criteria are primarily spatially
and temporally defined activities that directly reduce risks of climate change and
often have a more technical or structural nature. Informatory or regulatory measures
are, however, not in the focus.

Pervasiveness and Challenges of the Good Practice Concept

Good practice usually describes a procedure that is considered exemplary and
worthy of imitation because it has proven to be suitable and extremely successful
in certain situations (UNESCAP 2012). The term practice refers to a measure, a
strategy, a specific procedure, an approach, a methodology, a technique, a system,
or a process (UNESCAP 2012). The good practice concept is an extenuated form of
the best practice concept (Krems 2012). The identification and communication of
good or best practice is carried out with the aim of using these initiatives as
inspirational guidelines for the decision-making process in similar contexts.
Due to the fact that it is often difficult or virtually impossible to determine a
solution that is the only and best solution in terms of all objectives and all criteria,
the good practice concept meets factual restrictions and demands better than the
best practice concept. Therefore, the following remarks refer to good practice.

Although there are a variety of publications such as scientific articles or practical
manuals and guidelines for adaptation measures, there are only few approaches for
a systematization and evaluation of good practice in the context of adaptation
measures (Abegg 2008; Laaser et al. 2009; de Franca Doria et al. 2009; Eriksen
etal. 2011). However, in the field of climate change adaptation, it can be useful for
decision-makers to review or develop envisaged activities with the help of concise
criteria in order to ensure that the plans follow recognized standards for good
adaptation. The development of a set of criteria to assess good adaptation practices
is meant to provide private and public stakeholders with some guidance for climate
change adaptation. In the following, set of criteria refers to a group of defined
criteria, which an adaptation activity should meet in order to be deemed good
practice, i.e., exemplary and worthy of imitation.

This plan is, however, subject to four key challenges. First, the explicit consid-
eration of climate change in different activities constitutes a very recent practice.
For that reason, there is only little data available when it comes to defining
successful adaptation and establishing why certain activities taken were particularly
successful. Second, good practice criteria must ensure a balance between abstract-
ness and concreteness in order to cover as many different areas of activity as
possible and provide a sufficient guidance function for the planning or evaluation
of measures. Third, experience with successful adaptation gained in other contexts,
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e.g., agriculture in a developing country, cannot be transferred unconditionally to
the aforementioned scope of this article, which concentrates on industrialized
countries. Fourth, the good practice criteria should be defined in a way that ensures
that their implementation can be verified without an unreasonable effort. At the
same time, however, the definitions must be sufficiently specific in order to avert
unwarranted and objectively unfounded positive reviews of good practice.

In order to address these challenges, the identification of criteria within this
research included manifold sources from industrialized countries. In addition, the
subsequent choice of criteria was also based on interviews with experts from
different subject areas to ensure a broad thematic validation of the selected criteria.
Furthermore, the test application of the criteria toward the end of the article also
discusses the risks that transferring good practice involves.

Methodology

In general, there are different potential approaches to identify a set of good practice
criteria. One can roughly distinguish between three general approaches (Jennings
2007): the consideration of expert opinions, the analysis of theoretical literature,
and the analysis of empirical evidence. In the first approach, a number of experts in
the field of climate change adaptation are asked to name criteria that they think an
adaptation measure has to fulfill to be considered a good practice. In the second
approach, good practice criteria are derived from an analysis of relevant literature
and the criteria that are mentioned in these publications. The last approach requires
the analysis of successful adaptation measures for deducing common characteristics
that were essential for their success.

To make use of the strengths of each of the approaches, the development of a set
of good practice criteria in this article is based on the combination of an analysis of
theoretical literature and the incorporation of judgments of experts from the field
of climate change adaptation. The derived criteria set is then applied to a number
of implemented measures to test for their applicability. This particular path has
been adopted since there are only very few empirical studies concerning the success
of adaptation measures.

The derivation of a set of practical criteria for the identification of good practices
in climate change adaptation is based on seven consecutive steps. A large number of
criteria that are deemed to define good practice are identified through a compre-
hensive literature search in relevant journals, monographs, and websites (1).
Subsequently, these criteria are divided into thematic categories (2) and preselected
according to predefined selection principles (3). The subsequent expert evaluation
is used to prioritize and reduce the discussed criteria (4). An argumentative analysis
then compiles a draft set of criteria (5). In order to test the applicability of the set, a
number of adaptation measures will be evaluated tentatively considering the criteria
developed (6). Following this test, the paper will discuss the strengths and
weaknesses of the good practice approach in general and the set of criteria in
particular (7).
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Identified Categories and Criteria of Good Practice

As a basis for the identification of good practice criteria in the context of adapta-
tion, 48 documents that touch on the characteristics of good adaptation in industri-
alized countries were identified with the help of a keyword search in a bibliographic
database and evaluated subsequently. The majority of the identified sources are
research papers or guidelines that have been funded by public bodies with a slight
focus on publications stemming from Germany. Table 1 provides an overview of
the 31 identified good practice criteria for the evaluation of adaptation measures or
strategies. Because of duplications in terms of the mentioned criteria, only 21 of the
48 analyzed documents are specified in this table. For reasons of clarity, the table
lists only that particular definition which the authors found to provide the most
relevant explanation, regardless of the fact that some of the criteria have several
descriptions. This overall view reflects the broad scope of the identified good
practice criteria.

The criteria have been sorted thematically in Table 1. The identified criteria were
divided into the following categories: goals, goal achievement, costs and incen-
tives, dealing with uncertainty, consideration of side effects and other objectives,
consideration of stakeholders, as well as the collective category miscellaneous.
This method was chosen in order to structure the variety of criteria used in the
literature and thus establish key issues, which can be evaluated subsequently by
experts.

Table 1 does not only reflect the large range of potential criteria. It also indicates
that these criteria or principles address different stakeholders: some authors refer to
practitioners who deal with the implementation of measures, and others address
policymakers who shape the strategic framework for adaptation measures.
Furthermore, also the analyzed subject matter varies: to some extent, the analyses
address rather comprehensive adaptation strategies, while others address more
concrete measures. Linguistically, it can be noted that some sources adopt
an evaluation perspective (“Was the adaptation strategy developed with the
participation of all stakeholders concerned?”) or provide practical guidelines
(“Adaptation strategies should take concerned stakeholders into account”).
Other sources, however, specify particular characteristics (“flexible”) or effects of
adaptation measures (“‘effective”).

An evaluation of the 48 sources analyzed throughout the project shows that
25 sources (approximately 52 %) do not provide any information as to how the
authors actually derived the criteria. In 16 (33 %) of the analyzed publications, the
criteria are exclusively derived from literature searches and evaluations. Consider-
ing expert consultations (6 cases) or carrying out own investigations or resorting to
own experiences with climate impacts and adaptation (2 cases) — however, only
played a minor role — in total, this only amounts to approximately 15 % of the
analyzed sources.

Overall, the analysis shows that in spite of several guidelines and brochures
found throughout the research, practical experiences or expert interviews are only
scarcely used for the purpose of establishing evaluation criteria for good practice in
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Table 1 Evaluation criteria for good practice of climate change adaptation

Criterion
GOALS
Clear objectives

Verifiable indicators

GOAL ACHIEVEMENT
Effectiveness

Feasibility

Strategic importance

Description

Develop and communicate verifiable goals for the adaptation
project (UBA 2010)

Qualitative or quantitative evaluation of the different adaptation
options is available (Fiinfgeld and Mc Evoy 2011)

The degree of goal achievement or the likelihood that goals are
achieved (UNECE 2009)

The measure is practical, i.e., the adaptation is not limited
significantly by institutional, social, cultural, financial, or
technological barriers (Smit and Pilifosova 2001)

The course of action especially addresses seriously affected and
endangered regions or areas of activity; the option has a reliable
and long-term, goal-oriented effect (risk reduction); the option
averts irreversible and dramatic damages (Vetter and Schauser
2013)

COSTS AND INCENTIVES

Efficiency

Dynamic incentive

UNCERTAINTIES
Flexibility

Dealing with
uncertainties
Reversibility
No regret measures

Robustness

Resilience

Do the benefits of the adaptation’s effects outweigh the costs and
the expenditures of the measure (UBA 2010)?
Does the measure entail a dynamic incentive toward a better

adaptability or does it merely have a one-time effect (Troltzsch
et al. 2011)?

The measure can be modified or further developed; in case of a
change of circumstances, the measure can be reversed (Vetter and
Schauser 2013)

The scope of potential future climate changes is taken into account
(UBA 2010)

The measure can be reversed without causing unreasonable costs
(definition following Prutsch et al. 2010)

The implementation of the measure is recommendable, irrespective
of the climatic developments (De Bruin et al. 2009)

The measure is effective not only in the context of one scenario but
also under the different future climatic conditions (Hallegatte 2009)
Measures that broaden the possibilities to prevent climate change
and recover from its impacts (Land Use Consultants, Oxford
Brookes University, CAG Consultants, Gardiner and Theobald
2006)

SIDE EFFECTS AND INTEGRATION

Sustainability

Positive side effects

Risks and measures are assessed by taking into account the
interactions between economic capacity, social responsibility, and
environmental protection; actions are aligned accordingly
(following Bundesregierung 2011)

The measure supports or does not conflict with goals of other
federal strategies (sustainability, biodiversity, climate protection,
etc.); it has positive side effects in different areas of action
(Vetter and Schauser 2013)

(continued)
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Table 1 (continued)

Criterion

Win-win effects

Avoiding negative side
effects

Integration
Mainstreaming

PARTICIPATION
Participation
Cooperation

Informative supervision

Political and cultural
acceptability

Equity

MISCELLANEOUS
Innovativeness
Priorities

Long-term perspective

Evidence-based
adaptation

Transferability
Subsidiarity

Urgency

Description

Apart from their immediate effects, adaptation measures can entail
further benefits also in other areas (Smit and Pilifosova 2001);
win-win effects are often mentioned in the context of adaptation
and climate protection measures (IFOK 2009)

Adaptation measures can have unintentional negative effects on
humans and the environment; these should be avoided by following
sustainable adaptation strategies and measures (Eriksen et al. 2011)
If possible, measures should be integrated into an adaptation
strategy and a multi-sectoral policy (Doswald and Osti 2011)
Integration of climate change adaptation into all relevant planning
processes and development strategies (IFOK 2009)

Systematic involvement of all relevant stakeholders (IFOK 2009)

The capacity to establish good relations with other stakeholders;
capacity to cooperate; capacity to deal with and resolve conflicts
(Grothmann and Siebenhiiner 2012)

Develop an understanding and knowledge of climate changes,
define climate risks and critical thresholds (UBA 2010)

Social acceptance: to what extent do the affected social spheres
accept the respective measure? Political acceptance: which degree
of support can the measure expect at the political level? In that
context, it has to be taken into consideration that the political
acceptance is often closely linked to the social acceptance
(Troltzsch et al. 2012)

The effect (regarding costs and benefits) the adaptation activity has on
various sectors, socioeconomic groups, and countries/regions and its
temporal dimension should be taken into account (Feenstra et al. 1998)

Climate adaptation measures are particularly effective when they
are innovative — technologically as well as institutionally (Rodima-
Taylor et al. 2012)

Measures should address particularly important climate risks and
chances (UKCIP 2005)

Continuity in terms of planning and implementation and regular
goal verification (following IFOK 2009)

Use of the most recent research results, data, and practical
experience in order to guarantee well-founded and informed
decisions (DEFRA 2010)

The measure can be applied also to other regions (cp. Prutsch et al. 2010)
Required adaptation measures have to consider regional differences;
in accordance with the principle of subsidiarity, they should be
adopted and implemented at the most appropriate decision-making
level. Strengthening the individual responsibility is an important
guiding principle. Precautionary measures taken by other adaptation
stakeholders ought to be promoted (Bundesregierung 2011)
Urgency of the options refers to the need implementing the
adaptation option immediately or whether it is possible to defer
action to a later point in time (van Ierland et al. 2007, p. 258)
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the area of adaptation. In many sources, the plausibility and thus the validity of
the results is relatively small due to the lack of information on the methodology
of deriving the criteria. Although the limited experience with climate change
adaptation measures justifies such an approach to some extent, it does not explain
why expert assessments are not increasingly taken into account. Against this
background, expert opinions on the criteria of good practice seem to be of particular
importance.

Applying Selection Principles

All of the seven established categories (goals, goal achievement, costs and
incentives, dealing with uncertainty, consideration of side effects and other
objectives, consideration of stakeholders, and the collective category miscella-
neous) can be considered of relevance for the identification of good practice
because each category covers several criteria mentioned a number of times in
the literature. However, within the respective categories, there are considerable
overlaps between some of the criteria.

Some of the 31 identified criteria are rather different in nature. Due to their
variety and scope, they would hardly have a useful guiding effect when compiled as
a set. Such an effect can only emerge if duplications are reduced, inapplicable
criteria are sorted out, and definitions are specified. In order to identify particularly
central criteria of good practice, selection principles will be used in the following to
determine which criterion from one category can be deemed the most relevant. In
three of seven cases, several criteria from the same category will be chosen (within
the categories dealing with uncertainty, consideration of side effects and further
objectives, and miscellaneous), since their respective content differs sufficiently
from the other criteria’s content (e.g., flexibility and robustness, sustainability,
positive side effects and integrated approachl/integration or innovativeness, and
evidence-based adaptation). In the remaining four cases (the categories goals, goal
achievement, costs and incentives, and consideration of stakeholders), it was
possible to identify just one criterion that is representative of the other criteria of
that respective category.

In line with Abegg (2008), selection criteria for a preselection are:

o Applicability/feasibility — the criterion can be applied to as many measures as
possible.

e Clarity/comprehensibility — the criterion’s intention is clear and distinct.

e Assessability/measurability — the quality and quantitative scope of the measure’s
effect can be verified.

* Non-redundancy — no criterion overlaps with other criteria so that duplications
and overvaluations of individual aspects are avoided.

e Completeness — the set of criteria covers all important aspects; at the same time,
it is concise and manageable.
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The arguments for and against each of the criteria can be found in Table 2.
To begin with, a large number of criteria were sorted out due to a violation of the
requirement of non-redundancy in favor of other, superior, or broader criteria. In
fact, 12 of the 20 criteria were sorted out because of a violation of this principle.
The most important categories within which it was possible to integrate and thereby
sort out several of the identified criteria are the following: dealing with uncertainty
(4 criteria), consideration of side effects and other objectives (3 criteria), and
consideration of stakeholders (3 criteria). In the abovementioned cases, the con-
tents of the different criteria are so closely related (e.g., dealing with uncertainties,
reversibility, no regret measures, and resilience) that it seemed reasonable to
integrate them into the most comprehensive concept (which in this case was
flexibility). The same applies to the category consideration of side effects and
other objectives within which different criteria (win-win effects, negative side
effects, mainstreaming) were summarized in the category either positive side effects
or sustainability. The criteria cooperation, informative supervision, and political
and cultural acceptability were summarized within the category consideration of
stakeholders (covered by the criterion of participation). Furthermore, two criteria
(verifiable indicators and strategic importance) were sorted out within the catego-
ries goals and goal achievement.

Additionally, several other criteria were sorted out due to a violation of the
selection principle applicability/feasibility. Thus, five of the 20 criteria were sorted
out because of a violation of this principle: within the category miscellaneous, the
criteria subsidiarity and urgency were discarded. Furthermore, the criteria feasibil-
ity, dynamic incentives, and equity were sorted out from different categories. The
remaining three criteria that were sorted out entailed violations of the following
selection criteria: assessability/measurability (the criteria priorities and transfer-
ability) and clarity/comprehensibility (the criterion of long-term perspective).

The 31 identified criteria have already been assigned to seven categories (goals,
goal achievement, costs and incentives, dealing with uncertainties, consideration of
side effects and other objectives, consideration of stakeholders, miscellaneous).
The number of identified criteria was reduced from 31 to 11 with the help of the
selection criteria. Table 2 summarizes the selection process for the reduction of the
identified criteria which were then presented to adaptation experts for further
evaluation.

Results

A compact set of criteria is developed on the basis of the preselection of good
practice criteria in the previous section and under consideration of experts from
different scientific and practical fields. The expert opinions were determined with
the help of questionnaires. For that purpose, eight climate change experts from
German-speaking regions and with different professional backgrounds were asked
to assess the preselection of eleven criteria in view of the following specifications:
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Table 2 Overview of the selection process to select a reduced set of criteria

Compatibility with selection

Criterion principles

GOALS

Clear objectives | Yes

Verifiable No: (1) non-redundancy principle is

indicators for not met; significant overlaps with the

goal criterion “clear objectives”

achievement

GOAL ACHIEVEMENT

Effectiveness Yes

Feasibility No: (1) applicability/feasibility
(unnecessary in the context of
evaluating already implemented
measures); (2) clarity/
comprehensibility (before the
actual implementation, it is slightly
unclear under which circumstances a
measure can be held to be realizable);
(3) non-redundancy (feasibility and
transferability are closely connected)

Strategic No: (1) applicability/feasibility (the

importance criterion focuses on a prioritization of
measures rather than an identification
of good practice)

COSTS AND INCENTIVES

Efficiency Yes

Dynamic No: (1) applicability/feasibility

incentive (suitable for comprehensive policy
instruments but not for
implementation measures)

UNCERTAINTIES

Flexibility Yes

Dealing with No: (1) non-redundancy (content

uncertainties overlaps with the criteria “flexibility,”
“reversibility,” “no regret measures,”
“robustness,” and “resilience”);
(2) clarity/comprehensibility (very
general, procedural criterion)

Reversibility No: (1) non-redundancy (content
overlaps significantly with the criteria
“flexibility,” “no regret measures,”
“robustness,” and “resilience”)

No regret No: (1) non-redundancy (content

measures overlaps significantly with the criteria

“flexibility,” “dealing with
uncertainties,” “positive side effects,”
and “robustness”); (2) applicability/
feasibility (not a criterion but rather a
type of measure)

Conclusions

Adoption for expert consultation
Sort out in favor of the criterion
“clear objectives” because that
criterion has a better
applicability

Adoption for expert consultation

Sort out because several
selection criteria are not met

Sort out because the selection
criterion applicability/feasibility
is not met

Adoption for expert consultation
Sort out in favor of the criterion
“efficiency” because the latter is
more exhaustive and
comprehensive

Adoption for expert consultation
Sort out in favor of the criterion
“flexibility”” because that
criterion is more precise and
descriptive

Sort out in favor of the criterion
“flexibility” because that
criterion is comprehensive and
also covers reversibility

Sort out in favor of the criteria
“flexibility” and “positive side
effects” because both can be
held to constitute features of
measures, whereas no regret
refers to a number of measures

(continued)
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Table 2 (continued)

Criterion
Robustness
Resilience

Compatibility with selection
principles

Yes

No: (1) clarity/comprehensibility or
(2) non-redundancy (difficult to
distinguish from the criterion
“robustness”); (3) assessability/
measurability (does not actually
describe a feature of adaptation
measures but rather a complex and
specific effect)

SIDE EFFECTS AND INTEGRATION

Sustainability

Positive side
effects

Win-win effects

Avoiding
negative side
effects

Integration
Mainstreaming

PARTICIPATION

Participation
Cooperation

Informative
supervision
Political and

Yes, even though the measurability is
questionable
Yes

No: (1) non-redundancy

(content overlaps significantly with
the criteria “positive side effects” and
“robustness”); (2) applicability/
feasibility (not a criterion but rather a
type of measure)

No: (1) non-redundancy (overlaps
with the criteria “positive side effects”
and “‘sustainability”)

Yes

No: (1) non-redundancys; clarity/
comprehensibility (overlaps
significantly with the criterion
“integration”)

Yes

No: (1) non-redundancy

(overlaps with the criterion
“participation”)

No: (1) applicability/feasibility (not
relevant for every measure)

No: (1) non-redundancy

cultural (overlaps with the criterion
acceptability “participation”); (2) applicability/
feasibility (“good practice” should
be evaluated regardless of the
political will for implementation)
Equity No: (1) non-redundancy
(overlaps with the criterion
“participation”)
MISCELLANEOUS
Innovativeness Yes

Conclusions
Adoption for expert consultation

Sort out in favor of the criterion
“robustness”

Adoption for expert consultation
Adoption for expert consultation

Sort out in favor of the criterion
“positive side effects”

Sort out in favor of the criteria
“sustainability” and “positive
side effects”

Adoption for expert consultation

Sort out in favor of the criterion
“integration”

Adoption for expert consultation

Sort out in favor of the criterion
“participation”

Sort out in favor of the criterion
“participation”
Sort out in favor of the criterion
“participation”

Sort out in favor of the criterion
“participation”

Adoption for expert consultation

(continued)
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Compatibility with selection
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Criterion principles Conclusions
Priorities No: (1) assessability/measurability Sort out because the criterion
(much contextual knowledge is focuses on a prioritization of
required in order to be able to assess measures rather than an
the fulfillment of the criterion — which | identification of good practice
regions? which temporal scope?);
(2) applicability/feasibility (more
suitable for a prioritization of
measures); (3) non-redundancy
(closely linked to the criterion
“evidence-based adaptation”)
Long-term No: (1) clarity/comprehensibility Sort out due to the fact that it is
perspective (criterion is unclear) unclear whether the criterion

refers to (a) the longevity of a
measure or (b) the long-term
effects of climate change

Evidence-based | Yes Adoption for expert consultation

adaptation

Transferability No: (1) assessability/measurability Sort out due to the fact that too
(much contextual knowledge is much contextual knowledge
required in order to be able to assess regarding the circumstances to
the fulfillment of the criterion — which the criterion should be
applicable to whom? with what transferred is required
effort?); (2) clarity/comprehensibility

Subsidiarity No: (1) applicability/feasibility (the Sort out because it is irrelevant
criterion is irrelevant for local/regional | for local/regional measures and
measures); (2) non-redundancy is closely linked to participation
(participation)

Urgency No: (1) applicability/feasibility (the Sort out because the criterion

criterion focuses on a prioritization of
measures rather than an identification
of good practice); (2) assessability/
measurability (much contextual
knowledge is required in order to be
able to assess the fulfillment of the
criterion)

focuses on a prioritization of
measures rather than an
identification of good practice

1 point = less important (an adaptation measure can be deemed to be exemplary
without meeting this criterion), 2 points = important (meeting this criterion is
important for the measure’s exemplary nature), 3 points = of crucial importance
(a measure does not have an exemplary nature unless it meets this criterion), and
further option (I do not understand this criterion). In addition to evaluating the
criteria, the experts were also asked to answer a few questions. The objective was to
establish the appropriate scope of the set of criteria, optimize the comprehensibility
of the respective criteria, and examine whether important criteria are missing and
whether the content of individual criteria overlaps.
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Table 3 Results of the expert consultations, sorted according to the arithmetic mean

Criterion Evaluation

Average Median Mode Standard
deviation

Clear .
objectives 2.25 2.5 3 0.89
Positive side
effects 2.25 2 2 0.71
Efficiency 2.13 2 2 0.64
Participation 2.09 2 2 0.59
Flexibility 2.00 2 2 0.76

Integration

Innovative-
ness

Evidence-
based
adaptation

* These evaluations indicate decimal places because it was impossible to determine
a distinct value if, for example, the number of times the ratings “2” and “3” were given
is the same (“Most frequent rating” therefore “2.5”).

** This rating came up because an expert extended the given scale and used decimal
places himself/herself.

Table 3 shows how the experts rated the individual criteria. The criteria are
ranked according to their average rating. The differently colored sections reflect the
evaluations of the expert consultations. Because there were differing evaluations of
some criteria, the table also indicates the standard deviation: the closer the figure is
to the number 1, the stronger the expert assessments varied. However, if the figure is
zero, there was a consensus among the experts. Additionally, the table indicates
also the median and mode in order to meet the frequently rather high standard
deviation. Especially where the results are particularly scattered, these parameters
have a greater significance than the arithmetic mean.

Table 3 is divided into four areas differentiated by color: (1) Out of the eleven
criteria the experts evaluated, the three criteria marked in red received the lowest
ratings. The respective criteria are integration, innovativeness, and evidence-based
adaptation. Their average rating is much lower than the medium answer category
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awarding two points. In all three cases, also the median and the mode were awarded
with less than or exactly two points. (2) The four following categories marked in
orange received an average, median, and mode close to two points. These criteria
are positive side effects, efficiency, participation, and flexibility. (3) The criterion
clear objectives that is marked in yellow approximates the leading group. While its
average is in the upper middle range, its median and mode are already in the leading
group. However, the standard deviation is relatively high. (4) The leading group is
marked in green. It includes the criteria effectiveness, robustness, and sustainabil-
ity. These criteria received positive ratings for the categories average, median,
and mode.

In addition to the evaluation of the criteria, the results of the expert consultations
also provided information on the designation and definition of some criteria.
Against this background, some of the criteria were renamed and provided with
amended definitions. For the further identification of the set of criteria, the follow-
ing criteria were renamed:

e Evidence-based adaptation = > climate knowledge-based adaptation
e Participation = > legitimacy
o Efficiency = > financial feasibility

To ensure a transparent renaming, the criteria are referred to both with their
previous and with their new denotation (e.g., “efficiency/financial feasibility™).

In view of the definition of flexibility, it was noted by an expert that the
definition’s focus on costs is too narrow because transaction and opportunity
costs should be taken into account, too (e.g., the period of time required to agree
on the readjustment of a measure). The definition of sustainability was partially
held to be linked too closely to the economic development. Therefore, the definition
was broadened accordingly. The notion of efficiency/financial feasibility should
also be accentuated differently because two elements of the original definition were
repeatedly addressed: firstly, it was noted that it is usually not easy to determine the
relationship between costs and benefits due to insufficient data, and secondly, those
who implement a measure may find that the costs and benefits relation is often less
relevant than the absolute costs and the related question of whether it is affordable
at all. Therefore, a stronger focus on the overall financial viability and the benefits
of financially comparable measures seems appropriate. In view of the criterion
positive side effects, it was noted that its narrow focus neglects positive effects on
the environment. Accordingly, the definition has been broadened. The definition of
effectiveness was amended so as to focus less on the terminology “probability”’; the
aspect of entailed opportunities has been explicitly included in order to contribute
to a broader understanding of the criterion. Furthermore, the experts were asked
about what number of criteria for the set of criteria they assume to be manageable
(Table 4).

The values given range between three and ten criteria; the two smallest and the
two highest values appear only once. Only the numbers five to eight were men-
tioned more than once. The most frequently mentioned value is five. The average of
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Table 4 Expert answers concerning the optimal number of criteria

Number of criteria 3 4 5 6 7 8 9 10
Number of times mentioned 1 1 5 3 4 2 1 1

all answers is 6.28, and the median that amounted to six criteria has a similar
dimension. Based on this survey, six criteria seem like a reasonable size for the set.
Due to the relatively unanimous below-average rating of the criteria in the red
group (integration, innovativeness, and evidence-based adaptation), they were
excluded from the final set of criteria immediately. Therefore, eight potential
candidates for the final set of criteria remain.

Final Set of Criteria

Based on the expert survey, it was possible to define the criteria and the scope of the
criteria set. The evaluation of each criterion enabled the rejection of three other
criteria. Proceeding from here, a simple definition of the set of criteria based on the
mean values of the evaluations does not seem sensible due to the relatively small
number of consulted experts, the proximity of the evaluations, and the continued
overlapping of contents. In order to ensure the objective of establishing a compact
set of criteria, it is necessary to further reduce the number of criteria. In that regard,
it is reasonable to consider the number of times the criteria were mentioned in the
initial search and the standard deviations of the ratings.

Although the clear objectives criterion has received an above-average rating,
it also has the highest standard deviation, i.e., the consulted experts held
differing views in that regard. Furthermore, it is noteworthy that the distinct
(or clear) objectives criterion was mentioned less often in the analyzed
sources than the other eight criteria. For these two reasons, the clear objectives
criterion seems the least relevant and will therefore not be included in the final set of
criteria.

The experts gave the criterion participation/legitimacy an average rating. Also,
the number of times it was mentioned in the sources was average. The category
consideration of stakeholders covers a relatively large number of criteria, which
suggests that it generally constitutes a much-discussed aspect with great importance
for the model nature of measures. Feedback given within the course of the expert
survey emphasized, however, that participation is not an end in itself but rather a
means to achieve legitimacy. Provided that legitimacy is ensured by other means,
participation is therefore not always crucial for the model character of a measure.
Thus, in comparison with the other criteria, this criterion appears to be less
significant because it can be assumed that the majority of actions have sufficient
legitimacy. Accordingly, the criterion participation/legitimacy will not be included
in the final set of criteria.

Therefore, the remaining six criteria are included in the set of criteria for good
practice in the field of adaptation (Table 5).
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Table 5 Final set of criteria for good practice in the field of adaptation

Criterion
Effectiveness

Robustness

Sustainability

Financial
feasibility

Positive side
effects

Flexibility

Definition

The measure reduces the risks of
climate change and contributes to the
permanent use of opportunities.

The measure has positive effects
under different climate scenarios.

The measure is well suited in terms
of meeting all interests (economy,
environment, society) and enables an
environmentally and socially
equitable development of society.

The adaptation measure is affordable
for those who implement it, and
alternative measures that cost the
same do not yield higher benefits.

In addition to the adaptation to
climate change, the measure has
further positive effects on the
environment, the society, or the
implementing organization and the
achievement of its objectives. These
take effect even without occurring
climatic changes.

The measure can be modified with
relatively low costs.

Example

A logistics warehouse in a region
that is highly prone to floods is
moved to a higher location in the
context of a restructuring of the
company.

A chemical company that uses
cooling water from a watercourse
sets up an alternative cooling
process, which does not require
water and can replace the water
cooling system if necessary. This
measure can ensure a smooth
operation also in high summer,
regardless of how the summer water
levels are affected by climate
change.

On the occasion of renewing the road
surface, an administrative district
chooses heat-resistant asphalt with
vegetable oil in the bitumen content.
Although it is slightly more
expensive, its production and overall
longevity is more environmentally
friendly than conventional asphalt.

The installation of percolation basins
in a development area as a
precautionary measure to avert the
effects of heavy precipitation was
easily financed due to low
investment costs and hardly any
maintenance costs. Comparatively
low-priced measures could not be
identified.

When selecting new suppliers, a tool
manufacturer decides to choose
companies that are closer to the
production location than before. The
shorter delivery routes reduce the
risk of damages to the supply chain
occurring due to extreme events. The
lower absolute fuel consumption
also contributes to climate
protection.

An organization that has been
increasingly affected by extreme
weather events in recent years
insures itself against natural hazards.
The selected insurance package can
be terminated, reduced, or expanded
annually.
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Thus, the criteria in the set represent four of the seven categories of criteria — the
categories goals, consideration of stakeholders, and miscellaneous are not taken
into account. The categories dealing with uncertainties and consideration of side
effects and other objectives are represented by two criteria. Although their respec-
tive contents contain some overlap, it seems reasonable in the light of the chal-
lenges of adapting to climate change to emphasize these two categories. At this
stage, it still remains open how the set of criteria should be applied, i.e., whether a
measure should, for example, meet all criteria or only a minimum number of criteria
in order to be considered good practice. Furthermore, it was not investigated
whether particular criteria have greater significance than others in terms of evalu-
ating good practice for individual sectors or measures.

Application of Set of Criteria

In 2010, the German Federal Environment Agency established a database for
measures to adapt to climate change in Germany. By now, this database has
about 110 entries. It documents measures whose implementation phase has begun
or been completed already. To select the best examples among the entries, the
Federal Environment Agency started a competition in 2011. The selection of the
award-worthy measures was based on the criteria effectiveness and cost-benefit
ratio, further benefits, participation and acceptance, feasibility, and transferability.
It had, however, not yet been systematically investigated whether this set of criteria
suffices when it comes to identifying a good practice in climate change adaptation.
Based on the expanded, consolidated set of criteria outlined above, the adaptation
measures in the database were then evaluated to test the applicability of these
criteria.

The specific conditions of the Federal Environment Agency’s database have to
be taken into consideration. Adaptation measures included by external actors are
the starting point for the evaluation. The entry of a measure follows a data entry
form which has been provided by the Federal Environment Agency and addresses,
for example, the following aspects: title, goal, and description of the measure,
addressed climate impacts and fields of action, trade-offs and obstacles to imple-
mentation, participation, and financing.

The evaluation had to deal with the following practical challenges:

» The data entry form was not drafted in line with the subsequently identified set of
criteria.

» It does not require that all entry fields are filled in.

e There are no requirements in terms of how detailed the description of the
measure has to be, i.e., there is no guidance as to how to answer the individual
questions of the form.

e The type of measures vary; often, there are conceptual preparatory works or
strategic inventory analyses which in fact only prepare the actual implementa-
tion of the measure.
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» Different stakeholders fill in the form.
¢ The self-portrayal by the measure’s guarantor implicates that positive aspects
are emphasized, while adverse effects may not be mentioned at all.

After screening the database entries, 25 measures were found to be suitable for
an application of the criteria set. Furthermore, the screening found that 27 measures
could be evaluated by the good practice criteria at least to some extent. In general,
the application of the criteria shows that they are primarily suited for spatial and
structural implementation measures, i.e., approaches for adapting so-called “gray”
and “green” infrastructure. This includes, for example, flood polders and renatur-
ation of water meadows for preventive flood protection, climate-adapted forest
conversion, urban fresh air corridors, and adaptation measures in buildings. In
contrast, the application of the criteria to regulatory, informational, communicative,
and decision support measures is not useful.

While applying the criteria, the following aspects became apparent:

e The criteria effectiveness, positive side effects, and flexibility could overall be
evaluated reliably.

¢ In many cases, it was not possible to apply robustness usefully; other cases only
allowed for very general evaluations; however, in exceptional cases, the crite-
rion was very relevant, for example, in the context of cooling through evapora-
tion (cisterns) if potentially decreasing precipitation is not considered.

¢ Often, it was not possible to evaluate the financial feasibility because the total
costs of the project were unclear or not communicated; in addition, it was
difficult and time-consuming to determine the respective benefit and to compare
the benefit with the benefit of other measures.

o The sustainability of several measures could not be portrayed in detail due to the
fact that the term rather comprehensive and because its definition is relatively
broad.

* Opverlaps between sustainability and positive side effects were identified.

The main challenges when applying the criteria uncover the obvious methodo-
logical uncertainties. In view of several criteria, it is still unclear with which
methodology they should be assessed. To this end, further research is required.

Considering all criteria, a good practice measure was identified when all criteria
were rated positively. In some cases, however, a practice can also be held to be good
although individual criteria were not met. Robustness, for example, is an important
criterion when it comes to long-term, costly infrastructure decisions. However, if a
measure is flexible and its implementation is cost-efficient, its implementation may
remain useful even if the measure cannot meet all potentially possible climate
developments.

In general, the set of criteria is suitable for the purpose of identifying good
practice measures within the database of the Federal Environment Agency and to
substantiate the preparation of the selection process. It contributes to the transpar-
ency of the evaluation process and covers important aspects that a suitable



Development and Application of Good Practice Criteria for Evaluating. .. 315

adaptation measure should fulfill. In order to provide an overall judgment on the
basis of the individual evaluations of the criteria, a further consultation of experts
considering the respective field of action seems appropriate to further consolidate
the results.

Conclusion

In addition to suggesting a set of criteria, the derivation of good practice criteria
entailed further conclusions. The research of criteria used in the literature in view of
good adaptation has shown that the sources only very rarely relied on practical
observations or opinions of other experts in order to justify the adopted criteria. So
far, very limited experience with the effect of adaptation measures can be deemed
to constitute a reason for the limited consideration of empirical data. Another
reason can be seen in the fact that the majority of the criteria are very general in
nature and are important for the selection and implementation of appropriate
measures also in other topical areas (e.g., efficiency, effectiveness, and participa-
tion). Their general desirability then might not call for elaborate definitions and
justification in the literature on climate change adaptation.

The challenge that arises when deriving a compact and easily applicable set of
criteria is to justify which combination of the fewest number of criteria has the
greatest relevance for the identification of good practice. The approach adopted
here is based on a thematic grouping of the criteria followed by a selection of
certain criteria on the basis of selection principles, which, for example, ruled out
redundancies. Subsequently, experts evaluated the preselected criteria. In all three
steps (grouping, preselection, and especially the evaluation by experts), the tension
between the comprehensiveness of the respective definition and the comprehensi-
bility of the criterion became apparent: the shorter and more abstract the descrip-
tion, the more difficult the evaluation within the preselection and the more frequent
the different interpretations by the experts. It was not possible to dispel this tension
in the final set of criteria.

The application of the set of criteria to adaptation measures from the database of
the German Federal Environment Agency has shown that the problem with briefly
formulated criteria can often not be resolved and the ratings thus forfeit their
objectivity. In many cases, it was, for example, not possible to verify in detail the
fulfillment of the rather abstract criterion “sustainability.” This is due to both the
lack of detailed information about the measure and the less concrete definition of
the criterion itself. The problem with criteria which do not have a sufficiently
precise formulation or for which there is no transparent methodology to examine
their implementation entails the risk of window dressing, i.e., the whitewashing of
suboptimal adaptation measures by decorating them with the criteria. If, however,
one would reformulate the criteria in terms of maximum precision, the original
purpose of this set of criteria — practical assessment of good practice — could no
longer be met. Due to the existing uncertainties, the set of criteria cannot provide
final judgments in terms of the evaluation of good adaptation practice. It can,
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however, prepare the according decisions through the structure of the criteria.
The set of criteria achieves this with its special focus on the two issues that play
a significant role in the context of adaptation: dealing with uncertainties and
consideration of side effects.
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Abstract

This chapter examines the relationship of climate change, health, and gender in
the Pacific region; identifies gaps in research, capacity, and support; and pro-
poses a framework illustrating the practical adaptation measures to be applied in
strengthening the Papua New Guinea’s (PNG) public health sector capacity and
policy. Using literature review as the research method, the study found that
although other countries in the pacific are mostly affected by the climate change
impacts, PNG remains highly affected by the climate-induced health impacts.
Hence, a case study on Papua New Guinea was prepared. The chapter provides a
practical understanding and knowledge on emerging health threats, gender
issues, and adaptation measures to strengthen the Pacific and PNG’s public
health system. The framework presented in this chapter could be highly benefi-
cial not only for PNG but also for the whole Pacific region.
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Introduction

Although there has been a historical trend of health impacts of climate change at
local level, the global attention of health issue in the climate change debate is a late
comer in parallel with gender issue. It started getting attention during the 1990s
when the World Health Organization (WHO) and the Intergovernmental Panel on
Climate Change (IPCC) raised importance of health problems along with gender as
the alarming issue in climate change regime (WHO 1990; IPCC 1990).

Both IPCC and WHO reports forecast that extreme climate events as well as
changes in weather patterns and climate variability such as temperature and pre-
cipitation are expected to bring changes in the environment which may disrupt the
socioeconomic lives of people, mostly living in the rural areas. Potential health
impacts are expected to occur from the following climate change indicators:
increases in extreme events, increases in temperature, decreases in rainfall, and
increases in sea level (IPCC 2007). These indicators cause the disruption of the
physical and ecological environment and the biological system which eventually
threatens the socioeconomic system that functions within the physical, ecological,
and biological system. Environmental threats such as contamination of potable
water due to flooding leads to health risks such as those transmitted from infectious
disease. Similarly, decrease in rainfall results in water shortage (rainwater) that
leads to drought and shortage of potable water which consequently leads to food
insecurity and poor sanitation and consequently affects nutrition and hygiene
(Costello et al. 2009). Similarly, health-related problems may also arise from
destruction of socioeconomic systems such as infrastructure that may consist of
water sources, sanitation, and drainage and public health center itself (Ebi
et al. 2008). Post-disaster impacts such as mental health conditions (depression
and anxiety) may occur due to disruption of the social system, loss of livelihood,
displacement, and migration (Costello et al. 2009).

Changes in climatic conditions affect directly (through changing extreme
weather patterns) and indirectly (through changes in air, water, food quality, and
infectious disease transmission and reproduction). Most of the studies in the
developing countries show projected impacts that show similar health concerns
arising from various climatic factors (for details see, McMichael 1997; Kovats
et al. 2006; WHO 2011).

So far sectors such as water and agriculture have been cited in many global and
national reports as well as studies as the important sectors for adaptation to climate
change impacts, and thus, the measures are recommended and designed from the
perspective of these sectors (Lovell 2011; ADB 2011). In the Pacific region, health
sector itself has not been included fully and response from the sector has been few
(Lovell 2011). Public health planners and policy makers have also been excluded
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from discussions, debate, and policy making which often takes place within the
climate, environment, and agricultural sector, among the professionals in these
fields (Lovell 2011).

The study aims to review the past assessments, adaptation measures, and role of
public health sector and their response. The study aims to fill this gap in the Pacific
regional context and particularly in Papua New Guinea (PNG). The purpose of this
chapter is to examine the relationship of climate change, health, and gender in the
Pacific region; identify gaps in research, capacity, and support; and propose a
framework illustrating the practical adaptation measures to be applied in strength-
ening the Papua New Guinea’s (PNG) public health sector capacity and policy.

Theoretical and Empirical Perspective

There are more predictions of the climate change impacts on health as compared to
observed ones. The IPCC assessment (IPCC 2007) provides the evidence of these
predictions to be based on scientific means, and most of these are from the
developed countries (such as Europe). Hence, health impacts also have been mostly
observed in developed countries, such as the extreme heat-related deaths in Europe,
changes in vector-borne disease also in Europe, and increases in seasonal
production of allergenic pollen in Northern Hemisphere’s high and mid-latitudes
IPCC 2007).

Most of the studies looking into the climate change-induced health impacts have
projected the likeliness of future health risks, and there are very less contributions to
the knowledge on current vulnerability, risks, effects, and adaptation. Efforts have
been put toward modeling of future health impacts of weather events such as heat
waves, excessive rainfall, patterns of diseases, and food production (Kovats
et al. 2005; McMichael et al. 2005, 2008; Lieshout et al. 2004) based on scientific
indicators. Very few studies have looked into the risks from the social persp