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Executive Summary 25 
 26 
Historical evidence from both natural and human-managed systems demonstrates the existence of limits to 27 
the extent to which systems can change and adapt in the face of challenges (high agreement, robust evidence). 28 
Such evidence illustrates the interactions between biophysical changes in the Earth system and socioeconomic and 29 
cultural factors that mediate societal responses to those changes and the likelihood of exceeding limits. While the 30 
risks of exceeding some limits have generally declined over time, such as those represented by epidemics or famine, 31 
others have increased. These dynamics are context-dependent and reflect the changing nature of the underlying 32 
constraints actors experience as they strive to achieve management and broader societal objectives. Economic 33 
development has enabled actors to deploy greater financial resources, technology, and human capital in managing 34 
the environment. However, the externalities of such development such as habitat degradation, resource depletion, 35 
and climate change have increased the constraints on actors in dealing with other challenges. The key factors driving 36 
whether or not limits are exceeded is the ability to anticipate the implications of unsustainable development 37 
trajectories and capitalize on opportunities to change behaviors. [16.3, 16.5, 16.5.1, 16.5.2, 16.8, Box 16-5] 38 
 39 
The pursuit of adaptation policies and measures by actors is potentially constrained by multiple biophysical 40 
and socioeconomic factors (high agreement, robust evidence). The manner in which these constraints manifest and 41 
their implications for the capacity of an actor to achieve adaptation objectives vary significantly across different 42 
regions and sectors as well as among different social and temporal scales. The availability of resources for 43 
adaptation continues to feature strongly as a significant constraint on adaptation, as does uncertainty regarding 44 
future climate and disaster risk at national and regional scales. However, there is increasing awareness within the 45 
adaptation literature of the dynamics of social processes and governance that mediate the entitlements of actors to 46 
resources and promote social learning regarding adaptation. While many adaptation constraints are common across 47 
sectors and regions, the manner in which they manifest and the pathway by which they can be overcome are often 48 
highly context-dependent. [16.4, 16.6]  49 
 50 
A diverse array of opportunities is available to actors in different geopolitical and development contexts to 51 
facilitate the implementation of adaptation policies and measures (high agreement, moderate evidence). 52 
Although evidence of increased societal resilience through adaptation remains limited, more structured and 53 
deliberate mechanisms for planning, implementation, and monitoring of adaptation suggest opportunities are 54 
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expanding across geopolitical scales. Recent research has increased attention on how actors and organizations create 1 
such enabling conditions for adaptation. Demand for adaptation is generated by growing knowledge of climate 2 
change and the potential benefits associated with adaptation. In addition, evidence of development deficits or, more 3 
specifically, adaptation deficits, encourage policy reform, infrastructure investment, and behavioral change. 4 
Meanwhile, pursuit of disaster risk reduction mechanisms and the engagement of post-disaster response and 5 
recovery processes create the potential for increased societal resilience to climate change. Opportunities for 6 
adaptation are also influenced by future policies and measures to mitigate anthropogenic greenhouse gas emissions. 7 
[16.3, 16.5.3, 16.5.4, 16.8]  8 
 9 
Normative judgments and values are important in defining societal limits to adaptation and the underlying 10 
constraints by which they are determined (high agreement, robust evidence). Some examples of absolute 11 
biophysical limits to adaptation appear in the literature and are largely associated with large-scale singularities in the 12 
Earth system. The limits to adaptation of societal systems, including managed ecosystems, are defined by society or 13 
‘socially-constructed’ and therefore potentially mutable. Levels of socioeconomic development, societal norms and 14 
values, as well as risk perceptions and tolerances all influence opportunities, constraints, and, therefore, limits to 15 
societal adaptation. Nevertheless, the more rapidly climate change progresses at global, regional and local scales, the 16 
greater the constraint on adaptation and the more likely limits will be exceeded, resulting in unacceptable risks to 17 
actors’ objectives and the emergence of ‘key vulnerabilities’. [16.2, 16.4, 16.5, 16.7] 18 
 19 
The ability of adaptation research to inform strategies for managing the risks of climate change is 20 
constrained by the lack of a robust international policy framework to restrict the range of adaptation 21 
scenarios to be considered (moderate agreement, moderate evidence). The greater the magnitude of climate 22 
change to which actors must adapt, the greater the likelihood that such adaptation will encounter limits. Although a 23 
global mean temperature of 2°C above pre-industrial levels is the threshold used to define ‘dangerous’ 24 
anthropogenic interference in the international climate policy arena, for many regions and sectors, little analysis has 25 
been conducted to enable a determination regarding whether or not the regional expression of climate changes at this 26 
global threshold would exceed limits to adaptation. Delays in international mitigation efforts have triggered the 27 
adaptation research community to explore more severe scenarios of climate change, such as an increase in global 28 
mean temperature of 4°C by 2100. Such scenarios could necessitate system transformations, including modifications 29 
of management objectives, in order for adaptation to be successful. [16.4.2.4, 16.5.3, 16.5.4, 16.8] 30 
 31 
Uncertainty regarding future biophysical and socioeconomic trajectories as well as the objectives and values 32 
of societal actors is a significant challenge to assessing the limits to adaptation (high agreement, robust 33 
evidence). Although there is evidence regarding the thresholds for the sustainability of a number of biophysical 34 
systems (Greenland Ice Sheet, the Amazon, coral reef ecosystems, and some iconic species), systematic 35 
understanding of biophysical and socioeconomic limits remains incomplete. Similarly, the effectiveness of different 36 
adaptation policies and measures for avoiding limits is often untested, and such assessments are subject to normative 37 
debates regarding what constitutes successful adaptation versus maladaptation. In many instances, additional 38 
research is required to better clarify system limits and the likelihood of their exceedance. Decision-support tools 39 
such as risk management, hedging, and preservation of real options provide mechanisms for coping with this 40 
uncertainty in adaptation process by promoting flexibility and minimizing the irreversibility of decisions. [16.3, 41 
16.4, 16.5, 16.8] 42 
 43 
 44 
16.1. Introduction and Context 45 
 46 
Since the IPCC’s Fourth Assessment Report (AR4), demand for knowledge and assessment regarding the planning 47 
and implementation of adaptation as a strategy for climate risk management has increased significantly (Preston et 48 
al., 2011a). This chapter assesses the literature on the circumstances that create opportunities for adaptation as well 49 
as the ancillary benefits that may arise from the implementation of adaptation policies and measures. It also assesses 50 
the latest literature on constraints on adaptation and the potential for such constraints to pose limits to adaptation, 51 
with an emphasis on both biophysical and socioeconomically-constructed constraints and their interactions. Given 52 
increasing interest in and evidence of fundamental limits to adaptation, the chapter also examines the literature on 53 
transformation as a response to limits on incremental adaptation.  54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 16 

Do Not Cite, Quote, or Distribute 4 11 June 2012 

 1 
This chapter expands upon the discussion of adaptation constraints and limits in the AR4 through engaging the 2 
considerable recent expansions to research on this topic.. To facilitate this literature assessment, this chapter 3 
provides an explicit framework for opportunities, constraints, and limits (see Section 16.2). In this framework, the 4 
core concepts including definitions of adaptation, vulnerability, and adaptive capacity are consistent with those used 5 
previously in the AR4. Given its focus, the material in this chapter should be considered in conjunction with that of 6 
other complementary AR5 WGII chapters. These include Chapter 14 (Adaptation Needs and Options) as well as 7 
Chapter 15 (Adaptation Planning and Implementation). As the financing and economic implications of adaptation 8 
are key considerations influencing adaptation opportunities and constraints, there are also important linkages 9 
between this chapter and Chapter 17 (Economics of Adaptation). Material from a range of other WGII chapters is 10 
also relevant to informing opportunities, constraints, and limits on adaptation, particularly Chapter 2 (Foundations 11 
for Decision-Making) and Chapter 19 (Emergent Risks and Key Vulnerabilities). Furthermore, while this chapter 12 
synthesizes material from each of the sectoral and regional chapters on adaptation opportunities, constraints, and 13 
limits, readers are encouraged to refer directly to those chapters for more detailed information.  14 
 15 
In order to maximize the decision and policy relevance of the assessment of adaptation opportunities, constraints, 16 
and limits, this chapter takes as its entry point the perspective of actors as they consider adaptation response 17 
strategies over near, medium and longer terms. Actors may be individuals, communities, organizations, 18 
corporations, NGOs, governmental agencies, or other entities responding to real or perceived climate-related stresses 19 
or opportunities as they pursue their objectives (Blennow and Persson, 2009; Frank et al., 2011; Patt and Schröter, 20 
2008). These actors may seek to implement near-term adaptation policies and measures under constraining 21 
circumstances while simultaneously anticipating or working to alleviate those constraints to enable greater flexibility 22 
and adaptive capacity in the future. Therefore, it is necessary to consider diverse timeframes for possible social, 23 
institutional, technological and environmental changes. These timeframes also differ in the types of uncertainties 24 
that are relevant, ranging from those of climate scenarios and models, possible thresholds, nonlinear responses or 25 
irreversible changes in social or environmental systems, and the anticipated magnitude of impacts associated with 26 
higher or lower levels of climate change (Meze-Hausken, 2008; Hallegatte, 2009; Briske et al., 2010). 27 
 28 
The range of adaptation options available to actors to achieve their objectives vary with actor capacities, social 29 
context and the dynamics of climate-environment interactions. Hence, a robust understanding of adaptive capacity is 30 
necessary to evaluate adaptation needs and options (Chapter 14) and the challenges associated with their 31 
implementation (Chapter 15). The manner in which actors frame adaptation and their objectives also influences 32 
adaptation processes. Much of the dialogue on adaptation has focused on incremental adaptation, wherein actors aim 33 
to make adjustments to management practice and behavior to secure status quo values and objectives (Garrelts and 34 
Lange, 2011). Such adaptation may include portfolios of responses as it may not be possible to completely ‘climate 35 
proof’ a system, making insurance or other support mechanisms important means of building resilience. However, 36 
some adaptations may lead to future constraints or limits by promoting the lock-in to a technology or fostering path 37 
dependence around a set of strategies, which can lead to maladaptation (Berkhout, 2002; Chhetri et al., 2010; 38 
Barnett and O'Neill, 2010; Eriksen et al., 2011). Hence, the adaptation discourse has recently expanded to consider 39 
more transformational framings of adaptation associated with fundamental changes in actors’ objectives or values to 40 
shift from a position of increasing vulnerability to one of increasing opportunity (Pelling, 2011; Stafford Smith et 41 
al., 2011; Kates et al., 2012; O’Neill and Handmer, 2012; Park et al., 2012).  42 
 43 
To provide further background and context, this chapter proceeds by revisiting relevant findings on adaptation 44 
opportunities constraints and limits within the AR4 and the more recent IPCC Special Report on Managing the Risks 45 
of Extreme Events and. Disasters to Advance Climate Change Adaptation (SREX; IPCC, 2012a). The chapter then 46 
presents a framework for assessment adaptation, opportunities, and limits with an emphasis on explicit definitions of 47 
these concepts to facilitate assessment of current knowledge. Key components of this framework are assessed in turn 48 
in subsequent chapter sections including the synthesis of how these components are treated among the different 49 
sectoral and regional chapters of the AR5 WGII report. The chapter concludes with an assessment of the ethical 50 
implications of adaptation constraints and limits and a synthesis of what the adaptation literature suggests are 51 
pathways forward for research and practice to capitalize on opportunities, reduce constraints, and avoid limits. 52 
 53 
 54 
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16.1.1. Summary of Relevant AR4 Findings 1 
 2 
The AR4 Summary for Policymakers of Working Group II concluded that there are “formidable environmental, 3 
economic, informational, social, attitudinal and behavioural barriers to the implementation of adaptation” and that 4 
for developing countries, “availability of resources and building adaptive capacity are particularly important” 5 
(IPCC, 2007b). As the AR4 did not have a chapter dedicated specifically to adaptation opportunities, constraints and 6 
limits, these findings were based primarily on Chapter 17, Assessment of Adaptation Practices, Options, Constraints 7 
and Capacity (Adger et al., 2007). The key conclusion from Adger et al. (2007), as relevant to this chapter, was as 8 
follows: “There are substantial limits and barriers to adaptation (very high confidence)”. The authors go on to 9 
identify a range of barriers including the rate and magnitude of climate change, as well as constraints arising from 10 
technological, financial, cognitive and behavioral, and social and cultural factors. The authors also noted both 11 
significant knowledge gaps associated with adaptation and impediments to the sharing of relevant information to 12 
alleviate those gaps.  13 
 14 
These findings were further evidenced by the sectoral, and particularly, regional chapters in the AR4 WGII report 15 
which also provided additional information regarding the similarities and differences among regions with respect to 16 
the manner in which opportunities, constraints, and limits manifest. For example, the chapters assessing impacts and 17 
adaptation in Africa, Asia, and Latin America collectively emphasize the significant constraints on adaptation in 18 
developing nations. For Africa, Boko et al. (2007) suggest there is evidence of an erosion of coping and adaptive 19 
strategies as a result of varying land-use changes and socio-political and cultural stresses. For Asia, Cruz et al. 20 
(2007) note that the poor usually have very low adaptive capacity due to their limited access to information, 21 
technology and other capital assets, making them highly vulnerable to climate change. For Latin America, Magrin et 22 
al. (2007) find that socio-economic and political factors seriously reduce the capability to implement adaptation 23 
options. Meanwhile, the chapter on Small Islands by Mimura et al. (2007) identify several constraints to adaptation 24 
that are inherent to the nature of many small islands including limited natural resources and relative isolation. 25 
Furthermore, global economic processes such as market liberalization, together with global warming, sea-level rise 26 
and possibly increased frequency and intensity of extreme weather events, make it difficult for autonomous small 27 
islands to achieve an appropriate degree of sustainability. For all of these regions, adaptation challenges are linked to 28 
governance systems and the quality of national institutions as well as limited scientific capacity and ongoing 29 
development challenges (poverty, literacy, and civil and political rights). 30 
 31 
The AR4 also provided evidence that constraints on adaptation are not limited to the developing world. For example, 32 
Hennessy et al. (2007) find that while adaptive capacity in Australia and New Zealand has been strengthened, a 33 
number of barriers remain including tools and methods for impact assessment as well as appraisal and evaluation of 34 
adaptation options. They also note weak linkages among the various strata of government, from national to local, 35 
regarding adaptation policy and ongoing skepticism among some populations regarding climate change science. 36 
Similarly for North America, Field et al. (2007) identify a range of social and cultural barriers, informational and 37 
technological barriers, and financial and market barriers. The chapter on Europe also mentions the limits faced by 38 
species and ecosystems due to lack of migration space, low soil fertility and human interventions (Alcamo et al. 39 
2007). Finally, in the chapter on the Polar Regions, Anisimov et al. (2007) note that indigenous groups have 40 
developed resilience through sharing resources in kinship networks that link hunters with office workers, and even 41 
in the cash sector of the economy. However, they conclude that in the future, such responses may be constrained by 42 
social, cultural, economic and political communities externally and from within. 43 
 44 
A few other AR4 chapters assessed literature relevant to this chapter. Chapter 18 (Inter-Relationships between 45 
Adaptation and Mitigation; Klein et al., 2007) discusses the possible effect of mitigation on adaptation (an issue also 46 
considered by Working Group III, in particular by Fisher et al., 2007 and Sathaye et al., 2007). Finally, Chapter 19 47 
(Assessing Key Vulnerabilities and the Risk from Climate Change; Schneider et al., 2007) outlines how the presence 48 
of adaptation constraints and limits is a contributing factor to vulnerability, possibly resulting in significant adverse 49 
impacts. Chapters that address similar themes also appear in the AR5, and cross-references are provided in this 50 
chapter to this more recent material as appropriate.  51 
 52 
 53 
  54 
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16.1.2. Summary of Relevant SREX Findings  1 
 2 
The IPCC’s SREX report assesses a broad array of literature on climate change, extreme events, adaptation, and 3 
disaster risk reduction and management. A central framing concept for the SREX was the assertion that (Lavell et 4 
al., 2012; pg. 37),  5 
 6 

“ . .while there is a longstanding awareness of the role of development policy and practice in 7 
shaping disaster risk, advances in the reduction of the underlying causes – the social, political, 8 
economic, and environmental drivers of disaster risk – remain insufficient to reduce hazard, 9 
exposure, and vulnerability in many regions (UNISDR, 2009, 2011) (high confidence).” 10 

 11 
As reductions in vulnerability can arise from either capitalizing on opportunities, relaxing constraints or removing 12 
limits to adaptation, this assessment of the relevant SREX material focuses specifically on how the key findings of 13 
the SREX provide insights relevant to the treatment of opportunities, constraints and limits in this chapter.  14 
 15 
 With respect to opportunities, the linkages between development and disaster risk reduction provide a number of 16 
avenues for facilitating adaptive responses toward enhanced societal resilience to natural disasters and climate 17 
change. For example, the SREX highlights the benefits to disaster risk management if disaster risk is considered in 18 
national development planning and strategies to adapt to climate change are adopted (Lal et al., 2012). The observed 19 
dependence of disasters at national and regional scales upon underlying patterns of development are indicative of the 20 
opportunities for increasing societal resilience through sustainable development. In particular, incorporating 21 
adaptation into multi-hazard risk management may be an effective strategy for the efficient integrated management 22 
of natural hazards and future climate risk (O’Brien et al., 2012). Disasters provide potential opportunities for 23 
reducing future weather- and climate-related risk through disaster response and recovery processes (Cutter et al., 24 
2012). Capitalizing on this opportunity often necessitates careful planning for the staging of response efforts to 25 
ensure the demand for near-term recover does not jeopardize opportunities for enhanced resilience over the long-26 
term. There may also be opportunities for enhancing international assistance for climate adaptation through more 27 
robust finance mechanisms for mainstreaming adaptation into disaster risk management and sustainable 28 
development (Burton et al., 2012).  29 
 30 
Despite the range of opportunities identified in the SREX, the report also provides extensive discussion of the 31 
potential constraints associated with enhancing disaster risk reduction and management as well as climate 32 
adaptation. In particular, ongoing development deficits as well as inequality in capacities in coping and adaptive 33 
capacities pose fundamental challenges to disaster risk management and adaptation (Cardona et al., 2012). Although 34 
such challenges can propagate from the bottom up, the SREX notes that national systems and institutions are critical 35 
to the capacity of nations to manage the risks associated with climate variability and change (Lal et al., 2012). Yet 36 
capacity at one scale does not necessarily convey capacity at other scales (Burton et al., 2012). Even in the presence 37 
of robust institutions, however, rates of socioeconomic and climate change can interact to constrain adaptation. For 38 
example, O’Brien et al. (2012) note that rapid socioeconomic development in vulnerable urban areas can increase 39 
societal exposure to natural hazards while simultaneously constraining the capacity of actors to implement policies 40 
and measures to reduce vulnerability. For many regions, such socioeconomic change may be a greater contributor to 41 
vulnerability than changes in the frequency, intensity, or duration of extreme weather events and natural hazards. 42 
The navigation of these constraints by actors toward development objectives is challenged by a paucity of disaster 43 
data at the local level as well as persistent uncertainties regarding the manifestation of extreme events in future 44 
decades (Cutter et al., 2012; Seneviratne et al., 2012). 45 
 46 
The SREX also cautioned that there natural hazards, climate change and societal vulnerability can pose fundamental 47 
limits to sustainable development. Such limits can arise from the exceedence of biophysical and/or societal 48 
thresholds or tipping points (Lal et al., 2012; O’Brien et al., 2012; Seneviratne et al., 2012). Accordingly, the SREX 49 
concludes that adaptation actions must include not only incremental adjustments to climate variability and climate 50 
change but also transformational changes that alter the fundamental attributes of systems of value. Such 51 
transformation may be aided by actors questioning prevailing assumptions, paradigms, and management objectives 52 
toward the development of new ways of managing risk and identifying opportunities (O’Brien et al., 2012) 53 
 54 
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 1 
16.2. A Framework for Assessing Adaptation Opportunities, Constraints and Limits 2 
 3 
Intrinsic to any definition of “dangerous anthropogenic interference with the climate system” (UNFCCC, 1992) are 4 
assumptions about the capacity of biophysical systems, social groups and societies to adapt to climatic change. The 5 
UNFCCC refers specifically to adaptation of ecosystems, threats to food production and the sustainability of 6 
economic development. There is evidence that while there are opportunities to adapt to climate change impacts in all 7 
natural and human systems, those opportunities are not unlimited or may not all be adopted. Climate change 8 
impacts, acting together with other factors and pressures, are therefore likely to result in ‘residual damage’, even 9 
following adaptation (Smit and Wandel, 2006; Stern, 2007; de Bruin et al., 2009a; Patt et al., 2009). Residual 10 
damage comprises loss of components and/or functions of the affected system, and increasing residual damage may 11 
indicate increasing risk of transgressing an adaptation limit. It is the extent of residual damages (following 12 
adaptation) that define whether anthropogenic interference with the climate is considered dangerous. Biophysical 13 
and human systems may have the capacity to cope with low residual damages. If residual damages are acceptable or 14 
do not threaten, for instance, ecosystems and food production, then climate risks will not be deemed dangerous. 15 
Only when climate risks or damages are deemed unacceptable (See Section 16.7), or lead to undesired 16 
discontinuities in natural or human systems, will they be perceived as dangerous. If these risks and discontinuities 17 
have global-scale consequences, they can be linked to ‘key vulnerabilities’ to climate change (see Chapter 19). It is 18 
important to understand adaptation opportunities, constraints and limits in this broader context of risk and 19 
sustainable development. 20 
 21 
There are different reasons why adaptation fails to avoid residual damages due to climate change. First, there may be 22 
a lack of opportunity to adapt. For instance, along some coasts there are few plausible options to respond to sea-level 23 
rise of over a meter in a century (Tol at al., 2008; Nicholls et al., 2011). Second, there may be constraints on the 24 
deployment of available adaptation options (see Section 16.4). For instance, there are a host of perceptual, economic 25 
and institutional factors that determine whether or not organizations in the private or public sectors choose to adapt 26 
to reduce potential vulnerabilities to climate change impacts (Ivey et al., 2004; Naess et al., 2005; Moser et al., 27 
2008; Storbjork, 2010; Farley et al., 2011; Berrang-Ford et al., 2011; Berkhout, 2012). In particular, the costs of 28 
adaptation may be perceived to outweigh the uncertain future benefits to the adapting actor. Third, there may be 29 
biophysical, technical, economic or other limits to adaptation. For instance, there may be physiological limits to 30 
heat-tolerance of certain key crops, such as wheat and maize (IPCC, 2007a) , or a climate-related shock may 31 
precipitate a regime shift in an ecosystem providing valued services (Peterson, 2008). Likewise, there are technical 32 
limits to artificial snow-making in response to less reliable snow conditions for skiing (Scott and McBoyle, 2007), 33 
or there may be economic limits to the insurability of disaster risks (see Box 16-4). Opportunities, constraints and 34 
limits to adaptation therefore need to be considered along a dynamic continuum, together conditioning the capacity 35 
of natural and human systems to adapt to climate change. New opportunities may emerge through time, constraints 36 
may be loosened, and many, although not all, limits may be shifted or removed altogether. 37 
 38 
Unfortunately, the existing scientific literature on opportunities, constraints and limits to adaptation does not present 39 
a mature set of definitions, nor a consistent conceptual framework. A number of different meanings are ascribed to 40 
the terms and these have also worked to confuse an important scientific and policy debate. The AR4 for example 41 
used the terms constraints, barriers, and limits interchangeably to describe general impediments to adaptation (Adger 42 
et al., 2007), and similar confounding of meaning is evident across the literature (de Bruin et al., 2009a; Biesbroek 43 
et al., 2009; O’Brien, 2009). Here we present a set of linked definitions of opportunities, constraints and limits to 44 
adaptation (see Box 16-1) that draw on a number of literatures, in particular vulnerability assessment (Füssel and 45 
Klein, 2006; Füssel, 2006) and risk assessment (Jones, 2001; NRC, 2010) as well as climate adaptation (Hulme et 46 
al., 2007; Adger et al., 2009b). 47 
 48 
_____ START BOX 16-1 HERE _____ 49 
 50 
Box 16-1. Definitions of Limits, Opportunities, and Constraints to Adaptation 51 
 52 
Adaptation Limit: A situation in which an actor's objectives and values can no longer be secured from 53 
unacceptable risks through adaptive action, or where biophysical limits mean that a key component, attribute or 54 
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service of an ecosystem is lost. A limit to adaptation means that no adaptation options exist, or an unacceptable 1 
measure of adaptive effort is required to secure social objectives and values, or for a species or ecosystem to survive 2 
in an unaltered state. Social objectives include, for instance, standards of safety (e.g., 1 in 500 year levees) or safe 3 
drinking water supplies. Values include attributes such as social equity, cultural cohesion, and preservation of 4 
livelihood practices. Key attributes of biophysical systems might include reproductive success of keystone species, 5 
or the pattern of precipitation in a region. An adaptation limit is a threshold at which social objectives or valued 6 
ecosystem services are lost or must be abandoned. In this sense, an adaptation limit is marked by a discontinuity in 7 
social behavior, or in the loss of a valued ecosystem service. This concept of a limit is distinct from discussions of 8 
barriers, constraints or limitations to adaptation (see Section 16.4). While adaptation limits may have a technical or 9 
an economic basis, they are often perceived and experienced by actors as normative or ethical limits (see Section 10 
16.7). For example, greater drought risk may be a contributory factor in agricultural land abandonment, but the 11 
dominant perception of the farmer will be about the loss of livelihood and a valued way of life. For natural systems 12 
limits to adaptation will typically signify destruction of a species or ecosystem which in turn plays a role in the loss 13 
of a valued ecosystem service. Actors may live with these risks because they are unable to change or unwilling to 14 
pursue transformative adaptations that involve fundamental changes in objectives (Stafford-Smith et al., 2012.)  15 
 16 
Adaptation Opportunity: An adaptation opportunity is a set of conditions that makes it possible or easier for an 17 
actor to maintain or increase the security of social objectives, values, or key attributes of an ecosystem. Adaptation 18 
opportunities create new potential for an actor to secure their existing objectives and values, or for a biophysical 19 
system to retain productivity or functioning. New circumstances, such as public or private interventions, may make 20 
it possible or easier to pursue successful adaptation. Adaptation opportunities are not the same as opportunities 21 
arising from climate change, which would commonly be referred to as potential benefits of climate change (see 22 
chapter xx) or adaptation options (see Chapter 14 for further discussion). 23 
 24 
Adaptation Constraints: Constraints to adaptation exist when an actor lacks capabilities or resources for 25 
managing climate-related risks to social objectives and values, or a biophysical system faces resource constraints in 26 
responding to climate-related pressures. Additional effort is needed to keep risks within an acceptable range. Actors 27 
regularly accept some measure of risk to their objectives and values. Biophysical systems also have resources and 28 
strategies for responding to environmental variability and risks. Through adaptation they will seek to manage new 29 
climate-related risks and pursue opportunities. To the extent that they lack capabilities or resources to manage new 30 
climate-related risks, they face adaptation constraints. The needed capabilities or resources may be provided by 31 
other actors, or become available in the future. This definition also assumes that actor objectives and values remain 32 
unaltered. 33 
 34 
_____ END BOX 16-1 HERE _____ 35 
 36 
In developing a framework for defining adaptation opportunities, constraints and limits, we start with a definition of 37 
the objectives of adaptation. Füssel (2007) argues that ‘valued attributes’ of vulnerable systems, including human 38 
lives and health; the existence, income and cultural identity of a community; and the biodiversity, carbon 39 
sequestration potential and timber productivity of a forest ecosystem are threatened by exposure to climate change 40 
hazards. Here we make a distinction between social objectives and valued qualities for social systems, while we 41 
define key system attributes for biophysical systems. Social objectives include standards of safety (e.g., 1 in 500 year 42 
levees), economic development, and food security. Valued qualities include traits such as equity in governance, and 43 
cultural preservation and cohesion. Key system attributes include the reproductive success in a given population or 44 
ecological community. 45 
 46 
Climate variability and change generates new risks to the provision of these objectives, qualities and attributes. Such 47 
risks are modified through adaptation. Adaptation is therefore viewed as a response aimed at managing risks to 48 
valued attributes in social or natural systems. Adaptation opportunities, constraints and limits can also be defined in 49 
terms of their impacts on risks to valued attributes as a result of climate-related hazards. Opportunities make it easier 50 
to reduce risks to valued attributes, constraints make it more difficult, and limits represent a threshold at which risks 51 
can no longer be held at an acceptable or sustainable level. We make a distinction between acceptable and 52 
unacceptable risks (to objectives, values qualities and key attributes). An unacceptable risk is the exceedence of a 53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 16 

Do Not Cite, Quote, or Distribute 9 11 June 2012 

socially-negotiated norm (e.g., for flood protection), standard (e.g., cost, harm, equity, taste, aesthetics) or 1 
biophysical limit (e.g., reproductive success of a keystone species) despite adaptive action. 2 
 3 
Although they each have specific impacts on risks to valued attributes, adaptation opportunities, constraints and 4 
limits are also shaped by similar factors. In social systems they are products of social and environmental context, as 5 
well as an actor’s capacities. These may be physical, technological, economic, institutional, legal, cultural, or 6 
environmental conditions (Adger et al., 2009b; Meze-Hausken, 2008; Moser and Ekstrom, 2010; Patt and Schröter, 7 
2008; Yohe and Tol, 2002). Some limits are mutable or flexible such that while they restrict the current decision, 8 
they may be overcome with time. Many processes work to alter these flexible limits including research and 9 
development to support the availability of a new technology, review of governance to direct changes in 10 
legal/regulatory rules, or creation of funds to support adaptation actions. We contrast these mutable/flexible limits 11 
with a set of absolute limits that cannot be altered. Examples of absolute limits include water supply in fossil 12 
aquifers, the range of a species, limits to retreat on islands, loss of genetic diversity, or the tolerance of coral species 13 
to temperature and ocean acidity. Many of these absolute limits will also be irreversible such that failure of 14 
mitigation or adaptation efforts to avoid them will result in permanent changes. 15 
 16 
Figure 16-1 provides a simplified schematic view of the relationships between options, constraints and limits. Where 17 
constraints are higher, adaptation may be less effective or efficient (Moser and Ekstrom 2010), there may be fewer 18 
options available or tradeoffs maybe greater (Kasperson et al., 1995), and in the face of limits, there are no options 19 
that do not require giving up an important goal. 20 
 21 
[INSERT FIGURE 16-1 HERE 22 
Figure 16-1: An actor’s view of adaptation constraints and limits at a given point in time.] 23 
 24 
 25 
16.3. Opportunities for Adaptation 26 
 27 
We take an adaptation opportunity to be a set of conditions that create the potential for actors to advance social 28 
objectives and values or for key system attributes of ecosystems to be secured. An opportunity is distinct from an 29 
adaptation option, which is a specific means of achieving a social adaptation objective (such as an early warning 30 
system as a means of reducing vulnerability to tropical cyclones) or a strategy for securing a key ecological attribute 31 
(see Chapter 14.3.2 for discussion).We also do not consider here potential benefits of climate change. Previous 32 
literature has focused especially opportunities (and constraints) to adaptive capacity and adaptation in national and 33 
international policy contexts. The AR4 argues that public policy has a growing role in reducing vulnerability of 34 
people and infrastructure, providing information on risks for private and public investments and decision-making, 35 
and protecting public goods such as habitats, species and culturally important resources (Adger et al., 2007). Such 36 
roles include the provision of adaptation options, creating the enabling environment for adaptation options to be 37 
implemented and to ensure that spillovers and externalities associated with adaptation options are managed for the 38 
public good. In a similar vein, the IPCC SREX report argues that (IPCC, 2012b; pg. 9), 39 
 40 

“National systems are at the core of countries’ capacity to meet the challenges of observed and 41 
projected trends in exposure, vulnerability, and weather and climate extremes. Effective national 42 
systems comprise multiple actors from national and sub-national governments, the private sector, 43 
research bodies, and civil society including community-based organizations, playing differential 44 
but complementary roles to manage risk, according to their accepted functions and capacities.” 45 

 46 
In relation to ecosystem resilience, there is also a clear role for public policy (Vignola et al., 2009). Here too, 47 
common themes include information, mainstreaming, dialogue and participation. Special emphasis is placed on the 48 
transfer of power to local communities for adaptation decision-making. Given the great variability in social and 49 
ecosystem vulnerability, and the importance of local conditions and capacities in responding to these climate-related 50 
risks, there is often a rationale for local governance of adaptation. On the other hand, local resources, capacities and 51 
authority may not be sufficient to enable certain adaptation options to be realized. Such discussions often neglect the 52 
important role of the private sector in facilitating adaptation (Tompkins and Eaking, 2012).  53 
 54 
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 1 
16.3.1. Opportunities for Implementing Adaptation 2 
 3 
There is evidence of public policy activity at the national and regional level in many parts of the world (see, for 4 
example, Chapter 15 for a discussion of National Action Plans for Adaptation (NAPAs)). Assessments of climate 5 
adaptation policies in Europe (Biesbroek et al., 2010; Massey and Bergsma, 2008) and North America (Luers and 6 
Moser, 2006; Moser and Luers, 2008; Moser et al., 2008) show that governments at different levels have clearly 7 
recognized the importance of climate change and their potential role in adaptation. Accordingly, more structured 8 
policy frameworks and mechanisms to build capacity and advance adaptation are evident (16.8). Nevertheless, clear 9 
strategies for the implementation of substantive policies to reduce vulnerability to climate change and, subsequently, 10 
evaluate success are still lacking (Berrang-Ford et al., 2011; Ford et al., 2011; Preston et al., 2011a).  11 
 12 
One of the primary strategies for enabling adaptation by private actors and securing public goods, such as ecosystem 13 
services, is through ‘mainstreaming’ climate vulnerability and adaptation into public policies (Urwin and Jordan, 14 
2008; Ahmad, 2009). Mainstreaming involves a series of normative, organizational and procedural strategies that 15 
attempt to raise the profile of climate change at different stages of the policy cycle and to embed consideration of 16 
climate change impacts and adaptation in decision-making and policy evaluation (Mickwitz et al., 2009; Rayner and 17 
Jordan, 2010). Mainstreaming is not without its challenges. For instance, there will be a question about whether 18 
‘principled priority’ (Lafferty and Hovden, 2003) should be given to climate adaptation goals over other goals, such 19 
as economic development. There is also a question over the extent of the coordination between policy domains that 20 
may be necessary. While key sectoral policy makers may accept the necessity for adaptive actions to ensure delivery 21 
of policy objectives into the long-term and adjust policies accordingly, they may fail to coordinate with efforts of 22 
other sectors. The result may be piecemeal approaches (Ellison, 2010) or incoherent, conflicting strategies (Pittock, 23 
2011). For example, enhancing infrastructure for irrigation in arid areas to allow water-intensive agriculture to 24 
continue could hinder adaptation in other sectors, such as nature conservation. 25 
 26 
A number of proposals have been made for public policy strategies that enable adaptation in the face of deep 27 
uncertainty. Hallegatte (2009) describes five approaches to management decisions under conditions of 28 
uncertainty: ”…(i) selecting ‘no-regret’ strategies that yield benefits even in absence of climate change; (ii) 29 
favouring reversible and flexible options; (iii) buying ‘safety margins’ in new investments; (iv) promoting soft 30 
adaptation strategies, including (a) long-term (perspective); and (v) reducing decision time horizons.” By applying 31 
these principles, policymakers are can create the conditions for better adaptation decisions by public agencies and in 32 
the private sector. In a similar vein, Stafford Smith et al. (2011) propose a number of decision-making strategies for 33 
public policymakers, matching these strategies to the nature of uncertainty being faced in the decision. They argue 34 
for a precautionary approach, risk-hedging against alternative futures and ‘robust decision making’ (see Chapter 2) 35 
where appropriate. In general, a focus on risk and the importance of flexibility, consistency and predictability, 36 
transparency and accountability in decision-making is stressed (Maddocks, 2011). More procedural proposals for 37 
creating the enabling conditions for adaptation have also been made. These include taking account of the full range 38 
of adaptation options available (including apparently unattractive ones); making resources available for chosen 39 
options (singly or in portfolios) to be implemented; getting the institutional setting right in terms of incentives and 40 
penalties; making human and social capital available; enabling risk-spreading; and providing information allowing 41 
for good public understanding of stresses, risks and trade-offs (Moser and Luers, 2008). 42 
 43 
 44 
16.3.2. Ancillary Benefits of Adaptation 45 
 46 
Adaptation in response to climate change vulnerabilities can achieve important co-benefits. While adaptation 47 
activities have often been developed and implemented in an ad hoc fashion (Ahmed and Fajber, 2009), increasingly 48 
adaptation efforts capitalize on complementarities by linking mainstreaming adaptation within existing policies and 49 
management activities (See section 16.8). Although existing options provide a foundation to normalize adaptation 50 
(Dovers, 2009), it is important that the assessment and selection processes consider a range of stressors and 51 
management options, given the presence of uncertainty and need for adaptive management. This broader heuristic 52 
for sectoral decision-making may generate new opportunities for welfare enhancement. 53 
 54 
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Co-benefits may arise in three main ways – through improved implementation of adaptation to current climate 1 
variability; through exploiting new opportunities that arise as a result of the provision of climate adaptation goods 2 
and services; and through more general impacts on sustainable development. 3 

• Stimulating adaptation to current climate variability: While it is generally assumed that physical, 4 
ecological and social systems are well-adapted to current climatic conditions; this is frequently not the case 5 
(Smit, 1993; Heyd and Brooks, 2009; Dugmore et al., 2009). Changes in observed climate, as well as the 6 
attention to such change, may lead currently maladapted actors and organisations to make changes that 7 
bring net benefits. 8 

• Provision of climate adaptation goods and services: Adaptation will generally require additional 9 
investment and effort. It therefore represents an economic opportunity for some producers of goods and 10 
services. For example, the market for snow machines will be influenced by growing concerns about snow 11 
cover in more marginal ski resorts (Scott et al., 2006). In Arizona's high elevation, low latitude ski resorts 12 
by 2050, temperatures will likely exceed technical thresholds in the shoulder seasons meaning that in years 13 
when natural snowfalls are poor the ski season may be curtailed. Higher elevation regions will see new 14 
opportunities as a result of snow resort shifts (Bark et al., 2010). Likewise, new and innovative railway 15 
track and drainage systems may develop a market for dealing with track buckling caused by higher summer 16 
temperatures (Bark et al., 2010). The Stern Review suggested that huge market opportunities exist for new 17 
infrastructure and buildings resilient to climate change in OECD countries, with a potential value of 18 
between £9.5bn and £94.8bn per year (Stern, 2006). New services related to climate prediction and 19 
insurance are also likely to develop. Rising damage caused by climate change could provide new markets 20 
for innovative insurance products. Insurance can play an important role managing risks associated with 21 
climate-related damages (Botzen et al., 2009, 2010). 22 

• Advancement of sustainability: Economic development policies and strategies related to management of 23 
water and governance of natural resources, the development of water, transportation, and communication 24 
infrastructure, and the promotion of credit and insurance services can promote economic development, 25 
increase adaptive capacity and reduce the impacts of climate change on the poor (Hertel and Rosch, 2010). 26 

  27 
_____ START BOX 16-2 HERE _____ 28 
 29 
Box 16-2. Ecosystem-Based Approaches to Adaptation - Emerging Opportunities 30 
 31 
Ecosystem-based approaches to adaptation (also termed Ecosystem-based Adaptation, EBA) integrate the use of 32 
biodiversity and ecosystem services into climate change adaptation strategies (e.g., CBD, 2009, Munroe et al. 2011). 33 
EBA is implemented through the sustainable management of natural resources, and conservation and restoration of 34 
ecosystems to provide and sustain services that facilitate adaptation both to current climate variability and future 35 
climate change (Colls, 2009). The CBD COP 10 Decision X/33 on Climate Change and Biodiversity states further 36 
that effective EBA also “takes into account the multiple social, economic and cultural co-benefits for local 37 
communities”. 38 
 39 
The potential for EBA is increasingly being realized (e.g., Munroe et al., 2011), offering opportunities that integrate 40 
with or even substitute for the use of engineered infrastructure or other technological approaches. Engineered 41 
defenses such as dams, sea walls and levees, may adversely affect biodiversity, resulting in maladaptation due to 42 
damage to ecosystem regulating services (Campbell et al., 2009, Munroe et al., 2011). There is some evidence that 43 
the restoration and use of ecosystem services may reduce or delay the need for these engineering solutions (CBD, 44 
2009). Well-integrated EBA is also more cost effective and sustainable than non-integrated physical engineering 45 
approaches, and may contribute to achieving sustainable development goals (e.g., poverty reduction, sustainable 46 
environmental management, and even mitigation objectives), especially when they are integrated with sound 47 
ecosystem management approaches. EBA also offers lower risk of maladaptation than engineering solutions in that 48 
their application is more flexible and responsive to unanticipated environmental changes. 49 
 50 
EBA provides opportunities particularly in developing countries where economies depend more directly on the 51 
provision of ecosystem services (Vignola et al., 2009). In these settings, ecosystem-based adaptation projects may 52 
be readily developed by enhancing existing initiatives, such as community-based adaptation and natural resource 53 
management approaches (e.g., Midgley et al., 2012).  54 
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 1 
Examples of ecosystem based approaches to adaptation include: 2 

• Sustainable water management, where river basins, aquifers, flood plains, and their associated vegetation 3 
are managed or restored to provide resilient water storage and enhanced baseflows, flood regulation 4 
services, reduction of erosion/siltation rates, and more ecosystem goods (e.g., Midgley et al., 2012, 5 
Opperman et al., 2009). 6 

• Disaster risk reduction through the restoration of coastal habitats (e.g., mangroves, wetlands and deltas) to 7 
provide effective measure against storm-surges, saline intrusion and coastal erosion;  8 

• Sustainable management of grasslands and rangelands to enhance pastoral livelihoods and increase 9 
resilience to drought and flooding;  10 

• Establishment of diverse and resilient agricultural systems, and adapting crop and livestock variety mixes 11 
to secure food provision. Traditional knowledge may contribute in this area through, for example, 12 
identifying indigenous crop and livestock genetic diversity, and water conservation techniques; 13 

• Management of fire-prone ecosystems to achieve safer fire regimes while ensuring the maintenance of 14 
natural processes. 15 

 16 
It is important to assess the appropriate and effective application of EBA as a developing concept through learning 17 
from work underway, and to build understanding of the social and physical conditions that may limit its 18 
effectiveness. Application of EBA, like other approaches, is not without risk, and risk/benefit assessments will allow 19 
better assessment of opportunities offered by the approach. 20 
 21 
_____ END BOX 16-2 HERE _____ 22 
 23 
 24 
16.4. Adaptation Capacities and Constraints 25 
 26 
There is high agreement and robust evidence that different actors, sectors, and geographic regions have differential 27 
capacities to adapt to climate variability and change, although those capacities can be difficult to measure (Tol et al., 28 
2008). Research regarding adaptive capacity to climate change dates to the mid- to late-1990s (Smit et al., 2001), 29 
and the concept featured prominently in both the IPCC TAR and AR4 (Smit et al., 2001; Adger et al., 2007). Since 30 
the AR4, the literature on adaptive capacity and the various constraints on adaptation has deepened (Adger et al., 31 
2009b; Moser and Ekstrom, 2010). This literature continues to evolve along two pathways. The first focuses on 32 
adaptation constraints as generally discrete determinants that are often represented as tangible stocks of resources or 33 
capital that can be deployed in pursuit of adaptation (Yohe and Tol, 2002; Paavola, 2008; Osbahr et al., 2010). As 34 
such, deficiencies in the availability of, or entitlement to, those resources constrain the planning and implementation 35 
of adaptation policies and measures. However, Adger et al. (2007) caution that high adaptive capacity in terms of 36 
resources for adaptation does not necessarily translate into vulnerability reduction. Hence, a second pathway focuses 37 
on adaptation constraints as dynamic processes involving complex interactions that may span multiple actors across 38 
different spatial or temporal scales. Such dynamic constraints mediate access to and the disposition of resources for 39 
adaptation. Each of these categories of constraints as well as specific examples are discussed further in the following 40 
sections. Nevertheless, it should be noted that adaptation in practice may be constrained by interactions among 41 
multiple constraints (Dryden-Cripton et al., 2007; Smith et al., 2008b; Moser and Ekstrom, 2010; Shen et al., 2011; 42 
Section 16.4.6).  43 
 44 
 45 
16.4.1. Discrete Constraints 46 
 47 
16.4.1.1. Knowledge and Information 48 
 49 
The generation and dissemination of knowledge regarding climate change and adaptive responses are important 50 
components of adaptation processes. The various types of knowledge most frequently examined in adaptation 51 
studies include a) information regarding future biophysical and socioeconomic states and associated uncertainties 52 
(Keller et al., 2008; Moss et al., 2010; Wilby et al., 2009); b) information regarding adaptation options and their 53 
associated costs and benefits (Prato, 2008; de Bruin et al., 2009b; Patt et al., 2010); and c) information regarding the 54 
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various constraints on, or limits to, the implementation of those options and how they can be ameliorated (Mitchell 1 
et al., 2006; Moser, 2009; Smith et al., 2008b; Moser and Ekstrom, 2010; Conway and Schipper, 2011). Although 2 
the pursuit of adaptation has been linked to education and awareness of climate change among actors (Deressa et al., 3 
2011), the adaptation literature reflects different perspectives on the manner in which knowledge constraints 4 
adaptation. Adaptation practitioners and stakeholders continue to identify a deficit of information as a major 5 
constraint on adaptation (Adger et al., 2009b; Jones and Preston, 2011; Preston et al., 2011a). This is evidenced by 6 
surveys and case studies in both developed (Jantarasami et al., 2010; Gardner, 2010; see also Tribbia and Moser, 7 
2008; Ford et al., 2011) and developing nations (Bryan et al., 2009; Deressa et al., 2009). Nevertheless, the AR4 8 
concluded that knowledge in itself is not sufficient to drive adaptive responses (Adger et al., 2007). Recent literature 9 
has questioned the extent to which uncertainty and/or lack of information about future climate change is a constraint 10 
on adaptation (Hulme et al., 2009; Dessai et al., 2009; Wilby and Dessai, 2010). Other authors have also questioned 11 
the utility of vulnerability metrics and assessments for informing adaptation decision-making (Barnett et al., 2009; 12 
Preston et al., 2009, 2011b; Hinkel, 2011). Hence, the extent to which knowledge acts to constrain or enable 13 
adaptation is ultimately dependent upon how that knowledge is generated, shared and used to achieve desired 14 
adaptation objectives (Patt et al., 2007; Nelson et al., 2008; Tribbia and Moser, 2008; Moser, 2010). 15 
 16 
 17 
16.4.1.2. Natural Resources 18 
 19 
Constraints on natural resource supply and quality can significantly constrain the adaptation measures that are 20 
available as well the cost and effectiveness of those measures (Barnett and Adger, 2007). This constraint is 21 
particularly relevant in developing nations and small island states where livelihoods are closely linked to ecosystem 22 
services. Since the AR4, a number of livelihood analyses in different regional and sectoral contexts have explored 23 
the role of access to natural capital and resources in influencing vulnerability and the capacity to adapt to climate 24 
change (Paavola, 2008; Thornton et al., 2008; Iwasaki et al., 2009; Badjeck et al., 2010; Nelson et al., 2010a,b). A 25 
particular focus in the literature is on risk to water resource security. For example, demand for fresh water for human 26 
consumption is increasingly encroaching upon the sustainable yield of surface and groundwater systems in a number 27 
of global regions (Shah, 2009). As a consequence, such systems have reduced flexibility to cope with reductions in 28 
water supply. This in turn influences the effective portfolio of adaptation actions that can be implemented and, 29 
subsequently, agriculture and food security (Hanjra and Qureshi, 2010). The degradation of resource quality is 30 
another source of constraints on adaptation to climate change (Côté and Darling, 2010). Non-climatic stresses to 31 
ecological systems can reduce their resilience to climate change as evidenced by studies on coral reefs and marine 32 
ecosystems, tropical forests, and coastal wetlands (Malhi et al., 2009a,b; Diaz and Rosenberg, 2008; Kapos and 33 
Miles, 2008; Afreen et al., 2011). Ecological degradation also influences the goods and services provided by those 34 
systems to humans (Nkem et al, 2010; Tobey et al., 2010). For example, degradation of coastal wetlands and coral 35 
reef systems may reduce their capacity to buffer coastal systems from the effects of tropical cyclones (Das and 36 
Vincent, 2009; Tobey et al., 2010; Gedan et al., 2011; Keryn et al., 2011; Box 16-2). Meanwhile, soil degradation 37 
and desertification reduce crop yields and the resilience of agricultural and pastoral livelihoods to climate stress 38 
(Iglesias et al., 2011; Lal, 2011). These consequences of degraded natural capital reduce coping capacity and 39 
resilience and thus can increase the demand for adaptation.  40 
 41 
 42 
16.4.1.3. Financial Resources 43 
 44 
Constraints on the capacity to finance priority adaptation measures are widely recognized as a potential impediment 45 
to adaptation. At the international scale, despite the development of a number of mechanisms to finance financing 46 
adaptation in developing nations, the demand for adaptation finance is significantly larger than the current 47 
availability of resources represented through these funds (Flåm and Skjærseth, 2009; Hof et al., 2009). Furthermore, 48 
the challenge of developing a framework for the equitable and effective allocation of adaptation funds to developing 49 
nations is non-trivial (Barr et al., 2010; Smith et al., 2009b). Alternative funding mechanisms such as overseas 50 
development assistance (ODI) have been discussed as ways of subsidizing the adaptation funds, yet the reallocation 51 
of ODI may undermine adaptive capacity by diverting resources away from programs and projects targeting 52 
development goals (Ayers and Huq, 2009). A range of finance challenges have been identified at other scales. 53 
Investigations of farming communities in Africa, for example, have identified finance as a key determinant of 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 16 

Do Not Cite, Quote, or Distribute 14 11 June 2012 

vulnerability and adaptive capacity of farmers to climate variability and change (Nhemachena and Hassan, 2007; 1 
Hassan and Nhemachena, 2008; Deressa et al., 2009, 2011). Such case studies often examine the issue of finance as 2 
just one component of a broader livelihoods framework (Paavola, 2008; Osbahr et al., 2010). Meanwhile, despite 3 
traditional assumptions regarding the high adaptive capacity of developed nations, institutions in such nations may 4 
still face challenges in funding adaptation measures, although financial constraints are often discussed in the broader 5 
context of resource limitations (Jantarasami et al., 2010; Moser and Ekstrom, 2010). Jantarasami et al. (2010) 6 
observe that staff from federal land management agencies identified resource constraints as a key barrier to 7 
adaptation. Similarly, surveys and interviews with state and local government representatives in Australia indicate 8 
that the costs of investigating and responding to climate change are perceived to be significant constraints on 9 
adaptation at these levels of governance (Gardner et al., 2010; Smith et al., 2008b; Measham et al., 2011).  10 
 11 
 12 
16.4.1.4. Technology and Infrastructure 13 
 14 
The adaptation literature recognizes technology as a critical driver of and constraint on both adaptation to climate 15 
change as well as economic development and sustainability more broadly (UNFCCC, 2006; Adger et al., 2007). The 16 
AR4 noted the role of technology in contributing to spatial and temporal heterogeneity in adaptive capacity and the 17 
potential for technology to constrain adaptation or create opportunities (Adger et al., 2007). Meanwhile, the 18 
economics literature indicates that impacts to existing infrastructure and the needsfor new infrastructure to manage 19 
emerging climate risks dominate adaptation costs (see Chapter 17, World Bank, 2006; Nicholls, 2007; UNDP, 2007; 20 
UNFCCC, 2007; Parry et al., 2009). Technology and infrastructure have been identified as one factor associated 21 
with the so called ‘adaptation deficit’ of particular regions and sectors (Burton 2004, 2005; Burton and May 2004). 22 
Key considerations with respect to technology and infrastructure include a) availability; b) access (including the 23 
capacity to finance, operate and maintain); c) acceptability to users and affected stakeholders; and d) effectiveness in 24 
managing climate risk (Adger et al., 2007; Dryden-Cripton et al., 2007; van Aalst et al. 2008). The adaptation 25 
literature explores these issues in the context of specific sectors, particularly agriculture, water resources 26 
management and coastal management (Howden et al., 2007; Bates et al., 2008; van Koningsveld et al., 2008; Parry 27 
et al., 2009; Zhu et al., 2010). For example, Howden et al. (2007) note the importance of technology options for 28 
facilitating adaptation including applications of existing management strategies as well as introduction of innovative 29 
solutions such as bio- and nanotechnology (see also Hillie and Hlophe, 2007; Bates et al., 2008; Fleischer et al., 30 
2011;). Several studies from Africa have explored how different factors drive awareness, uptake and use of 31 
adaptation technologies for agriculture (Nhemachena and Hassan, 2007; Hassan and Nhemachena, 2008; Deressa et 32 
al., 2009, 2011). Meanwhile, Nicholls (2007) and van Koningsveld et al. (2008) note the range of technologies that 33 
have been deployed for managing coasts and sea-level rise. While such literature identifies adaptation technologies 34 
and in some cases the costs of their implementation, quantitative understanding of the extent to which technology 35 
will enhance adaptive capacity (Piao et al., 2010).  36 
 37 
 38 
16.4.1.5. Human Resources 39 
 40 
The effectiveness societal efforts to adapt to climate change are dependent upon the humans who are the primary 41 
agents of change. Hence, human resources provide the foundation for intelligence gathering, the uptake and use of 42 
technology, as well as leadership regarding the prioritization of adaptation policies and measures and their 43 
implementation. Although the AR4 and subsequent adaptation literature identify human resources as one of the 44 
factors influencing adaptive capacity (Adger et al., 2007), there has been little attention given specifically to human 45 
resources as a constraint on adaptation by adaptation researchers. Rather the literature mentions human resources in 46 
two principle contexts. First, it highlights the linkages between the development of human resources and adaptive 47 
capacity more broadly. For example, Ebi and Semenza (2008) treat human resources as part of the portfolio of 48 
resources that can be harnessed to facilitate adaptation in the public health arena. A number of recent studied call 49 
attention to the role of leadership in enabling or constraining organisational adaptation (Gupta et al., 2010; 50 
Tompkins et al., 2010; Termeer et al., 2012; van der Berg et al., 2010). Murphy et al. (2009) discuss the emergence 51 
of institutions to build human resources in the climate change arena, including expanded higher education 52 
opportunities to build climate expertise as well as professional societies. Second, the literature highlights the finite 53 
nature of human resources as a need to prioritize adaptation efforts including the extent of engagement in 54 
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participatory processes (van Aalst et al., 2008) as well as the selection of adaptation actions for implementation 1 
(Millar et al., 2007). 2 
 3 
 4 
16.4.2.  Dynamic Constraints 5 
 6 
16.4.2.1. Framing of Adaptation 7 
 8 
Adaptation processes are influenced by the manner in which individuals and institutions perceive climate change 9 
risks and the mental models employed to structure decision-making regarding adaptation. Several studies point to 10 
differences between risk perception and problem definition at the individual level versus at the organizational level 11 
(Patt and Schröter, 2008). For example, Wolf et al. (2010) find that elderly individuals in the UK generally have low 12 
perceptions of their own vulnerability to heat waves, and Whitmarsh (2008) finds that perceptions of climate risk 13 
were mediated indirectly through individual, environmental values rather than through overt experience with climate 14 
impacts. However, van der Berg et al. (2010) note that drivers of climate adaptation in nine Dutch municipalities 15 
had little to do with risk perception, but rather was driven by local leadership and normative motivations to take 16 
action. Framing also influences the manner in which actors pursue adaptation including preferred adaptation options 17 
and the timing of their implementation (Kuruppu and Liverman, 2011). Pielke (2005) notes that institutional 18 
definitions of climate change have had significant implications for adaptation policy and the eligibility of adaptation 19 
efforts to receive funding through mechanisms such as the Global Environment Facility (GEF). A number of authors 20 
have observed that methods for the assessment of vulnerability and adaptation have changed over time and different 21 
methods lead to different understandings of vulnerability and appropriate adaptation (Füssel and Klein, 2006; Jones 22 
and Preston, 2011; Preston et al., 2011b). Such challenges are prompting research into the characteristics, evolution 23 
and implications of different framings of adaptation (McGray et al., 2007; McEvoy et al., 2010; Fünfgeld and 24 
McEvoy, 2011) as well as efforts to map relations between adaptation and associated concepts like vulnerability and 25 
resilience (Cork, 2010; Gallopin, 2006; Miller et al., 2010; O'Brien et al., 2007; Young, 2009). Concerns have been 26 
raised that framing adaptation in terms of available or dominant tools, paradigms and institutions such as climatic 27 
predictions, risk management and economic development, may obfuscate the need for and desirability of alternative 28 
approaches (Eriksen and Brown, 2011; Eriksen et al., 2011; Hulme et al., 2009; O'Brien et al., 2007; Pelling, 2011). 29 
Perceptions of what the goal of adaptation is, what constraints obstruct its realization, and what constraints may be 30 
inadvertently created by certain adaptation efforts, are also products of how adaptation is framed (Fünfgeld and 31 
McEvoy, 2011). 32 
 33 
 34 
16.4.2.2. Rates of Change 35 
 36 
There is high agreement, robust evidence that future rates of global change will have a significant influence on the 37 
demand for and costs of adaptation. Since, the AR4, new research has confirmed the commitment of the Earth 38 
system to future warming (Lowe et al., 2009; Armour and Roe, 2011) and elucidated a broad range of tipping points 39 
or ‘key vulnerabilities’ in the Earth system that would result in significant adverse consequences should they be 40 
exceeded (Lenton et al., 2008; Rockström, 2009; Chapter 19). While the specific rate of climate change to which 41 
different ecological communities or individual species can adapt remains uncertain (Section 16.5), there is high 42 
agreement, robust evidence that more rapid rates of change constrain adaptation of natural systems (Hoegh-43 
Guldberg, 2008; Gilman et al., 2008; Allen et al., 2009; Lemieux et al., 2011; Maynard et al., 2008; Malhi et al., 44 
2009a,b; Thackeray et al., 2010), particularly in the presence of other environmental pressures (Brook et al., 2008). 45 
Rapid socioeconomic change, including economic development and technological innovation and diffusion, can 46 
enhance adaptive capacity, but can also pose constraints to adaptation. Globally, rates of economic losses from 47 
climate extremes are doubling approximately every one to two decades due to increasing human exposure (Pielke et 48 
al., 2008; Baldassarre et al., 2010; Bouwer, 2011; Munich Re, 2011; IPCC, 2012a). These trends are projected to 49 
continue in future decades (Pielke et al., 2007; Montgomery, 2008; O’Neill et al., 2010; UN, 2011; Preston, 50 
submitted). In addition, larger populations can lead to greater resource consumption, which can constrain adaptation 51 
in regions that are resource-limited. Global trends toward population aging can increase vulnerability by increasing 52 
net population sensitivity to climate extremes (O’Brien et al., 2008; Wolf et al., 2010; Bambrick et al., 2011). The 53 
adaptation literature also suggests that successful adaptation will be dependent in part upon the rate at which 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 16 

Do Not Cite, Quote, or Distribute 16 11 June 2012 

institutions can learn to adjust to the challenges and risks posed by climate change and implement effective 1 
responses (Adger et al., 2009b; Moser and Ekstrom, 2010; Stafford Smith et al., 2011). 2 
 3 
 4 
16.4.2.3. Governance and Institutional Arrangements 5 
 6 
Governance and institutional arrangements, though needed to enable adaptation, can act as potential constraints. 7 
Decision-making is often undertaken within a context of multi-level governance including governmental 8 
administration at local to international as well as market actors and non-governmental organizations (e.g., Rosenau, 9 
2005). As a result, coordination among actors is important for facilitating adaptation decision-making and 10 
implementation. Studies of the development of adaptation planning and policy at different levels of governance 11 
largely center on case studies (e.g., van Nieuwaal et al., 2009; Hunt and Watkiss 2011), often by level or issue (e.g., 12 
Gagnon-Lebrun and Agrawala, 2006; Swart et al., 2009; Keskitalo, 2010; Biesbroeck et al., 2010; Ford and 13 
Berrang-Ford, 2011; Preston et al., 2011a; Corfee-Morlot et al., 2009). Multi-level governance of adaptation is 14 
challenged by the different regulatory and legal systems – including differing levels of decentralization – that exist 15 
across different geopolitical scales as well as differential authorities and power relationships. As national and 16 
subnational governments have the ability to establish legislatively binding policy directives, adaptation to climate 17 
change cannot entirely be determined or steered from local level, but will be dependent on legislation and often also 18 
policy at higher levels (Measham et al., 2011; Westerhoff et al., 2011; Box 16-3). A study of adaptation policy 19 
initiatives in the UK, Sweden, Finland and Italy showed that central governments may play a significant role in 20 
supporting the development of adaptation policies at the local level. Pittock (2011) notes, however, that national 21 
policies for water management can impede rather than enable adaptation (see also Urwin and Jordan, 2008). In cases 22 
where there is limited top down leadership on adaptation, less centralized state structures could create opportunities 23 
for local initiatives (Keskitalo, 2010; Measham and Preston, 2012). In addition, in some cases in the EU region, EU 24 
investments have enabled local actions on adaptation even in the absence of funding by EU member states 25 
(Keskitalo, 2010). McDonald (2011) also notes that bodies of law may not be adequate for addressing adaptation 26 
challenges. For example, the need for adaptation may create new challenges for the complex multi-national 27 
governance of transboundary resources, particularly where there are ongoing disputes or conflicts (see Section 28 
16.4.4). To include the relevant scope of institutions and social actors in adaptation strategies, it has been noted that 29 
communication and coordination between different groups is important (van Nieuwaal et al., 2009; Grothmann, 30 
2011,). While some attention has been given quite recently to role of the private sector in adaptation governance 31 
(CDP, 2012; Taylor et al. 2012; Tomkins and Eakin, 2012), adaptation research and practice to date has largely 32 
focused on the public components of governance.  33 
 34 
_____ START BOX 16-3 HERE _____ 35 
 36 
Box 16-3. Constraints on Adaptation in Australian Local Governments: A Case Study of Sydney, Australia 37 
 38 
A study of adaptation among coastal local governments in Sydney, Australia identified a number of constraints on 39 
local adaptation associated with organizational capacities, the structure of Australian governance, and the role of 40 
science and assessment in supporting local decision-making. The study rationale and methodology was based on an 41 
acceptance that climate adaptation is an uncertain and complex policy challenge, which thereby creates a need for 42 
participatory approaches (Smith et al., 2008b). The study was organized around three stages including: (i) mapping 43 
local government vulnerabilities; (ii) participatory systems modeling and prioritization of adaptation opportunities 44 
and constraints; and (iii) an institutional analysis of adaptive capacity and multi-criteria assessment of potential 45 
options for overcoming adaptation constraints (Smith et al., 2008b). While the vulnerability mapping highlighted the 46 
challenges associated with changing climatic and socioeconomic conditions in Sydney, subsequent discussions with 47 
stakeholders revealed gaps in local government knowledge about climate risk as well as the potential difficulty in 48 
operationalizing abstract concepts such as adaptive capacity within existing local government practice (Preston et 49 
al., 2008; Preston et al., 2009). The three most commonly-cited constraints on local government adaptation included 50 
(i) perceptions, expectations, and behaviors of residents; (ii) challenges in managing community infrastructure; and 51 
(iii) the inadequacy of planning frameworks for local adaptation (Smith et al., 2008a). In particular, infrastructure 52 
and planning processes within local government are closely linked to state government legislation and investment 53 
priorities. Therefore, while local government can pursue capacity building activities unilaterally (e.g., community 54 
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education and intelligence gathering), more substantive policy reforms for adaptation must be sanctioned by State 1 
government (Smith et al., 2008b). The study also revealed that adaptation is a fairly new consideration for this level 2 
of governance, particularly relative to greenhouse gas mitigation (Smith et al., 2008b; Measham et al., 2011). 3 
Furthermore, the perception within local government of climate change being an environmental issue has led to it 4 
being compartmentalized within the environmental departments of local government. Collectively, the study 5 
suggests the need for both ongoing social learning about climate change and adaptation as well as concerted and 6 
coordinated efforts among local and state government to develop adaptive policy responses (Yuen et al., 2012; 7 
Smith et al., 2008b).  8 
 9 
_____ END BOX 16-3 HERE _____ 10 
 11 
 12 
16.4.2.4. Social and Cultural Dimensions 13 
 14 
Adaptation can be constrained by social and cultural factors which are based on, and correspond with, broader held 15 
ideals of how a society should function and what is valued (Hartzell-Nichols, 2011; Moser and Ekstrom, 2010; 16 
O’Brien, 2009; O’Brien and Wolf, 2010). Values underlie practices, beliefs and worldviews and are the normative 17 
dimension of adaptation (O’Brien, 2009). New studies on these constraints since the AR4 have focused on 18 
communities (Kuruppu, 2009; Nielsen and Reenberg, 2010) or specific groups such as farmers (Codjoe et al., 2011; 19 
Patt and Schröter, 2008) and the elderly (Wolf et al., 2009). These studies demonstrate that existing social and 20 
cultural norms have a major role in determining what kind of adaptation can take place, when and by whom. Such 21 
norms include gender roles and identity, traditionally acceptable livelihoods, caste, land ownership systems and 22 
religion which can hinder adaptive actions at individual, household and community levels (Ahmed and Fajber, 2009; 23 
Bryan et al., 2009; Jones and Boyd, 2011). Women in particular are often constrained by social practices such as not 24 
being able to own land and lack of access to decision-making structures (Jones and Boyd, 2011) and hazard 25 
information (Ahmed and Fajber, 2009). Cultural constraints include lack of oral history of disasters and risks, a 26 
prominent phenomenon in developed countries where highly vulnerable environments are built upon without 27 
adequate understanding of the landscape and its history (Heyd and Brooks, 2009). The lack of perception of 28 
vulnerability has left for example elderly people unprepared for heatwaves in the UK (Wolf et al., 2009). Social 29 
constraints can come in the form of governance arrangements which, for example, in the Arctic constrain 30 
individual’s and communities’ hunting and fishing practices and adaptation opportunities (Loring et al., 2011; 31 
Section16.4.2.3).  32 
 33 
Religious beliefs can constrain adaptation as they reduce the perceived necessity and opportunities for adaptation 34 
while contributing to increase in vulnerability. In Kiribati, for example, constraints have emerged through religious 35 
institutions that have placed extensive financial commitments on their members, which has displaced individual 36 
agency to undertake adaptation as resources are spent on the collective ‘good’ (e.g., church buildings) (Kuruppu, 37 
2009). In both Kiribati and Zanzibar, natural hazards are viewed as events controlled by God to which nothing can 38 
be done (Kuruppu and Liverman, 2011; Mustelin et al., 2010). In Tuvalu, God is attributed responsibility to take 39 
care of the people (Mortreux and Barnett, 2009) while in Ecuador, some religious groups believe that even the 40 
impacts accruing from natural hazards are dictated by God (Schipper, 2008). In Mozambique, attributing disasters to 41 
supernatural forces, such as God, angry ancestral spirits or witches reinforces existing power structures and social 42 
control (Artur and Hilhorst, 2012). Further ethnographic explorations are needed at local level to better grasp how 43 
and to what extent global climatic processes alter culture, values, and identity (Crate, 2011). Improved 44 
understanding is also needed how gender, religious beliefs and land-use and rights can decrease vulnerability and 45 
enable individual, household and community adaptation.  46 
 47 
 48 
16.4.2.5. Monitoring and Evaluation 49 
 50 
The AR4 provided little discussion of the role of monitoring and evaluation (M&E) of adaptation responses as a 51 
component of building adaptive capacity (Adger et al., 2007). Nevertheless, adaptation guidance, such as the 52 
guidelines for the preparation of National Adaptation Programmes of Action (UNFCCC, 2002), the United Nations 53 
Development Programme’s Adaptation Policy Framework (Lim et al., 2005), and a range of climate change risk 54 
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management frameworks (Jones et al., 2001; Willows and Connell, 2003; NZCCO, 2004a,b; AGO, 2006; US AID, 1 
2007; World Bank, 2008) all emphasize the importance of M&E for adaptation planning and implementation. The 2 
ability to implement adaptation policies and measures that achieve objectives is dependent upon the capacity of 3 
actors to develop robust adaptation practice through learning from policy successes and failures (GIZ, 2011a, b). 4 
Nevertheless, the long time scales associated with climate change and adaptation responses as well as uncertainty 5 
about the future pose significant challenges for evaluating success (GIZ, 2011b), particularly when there is a lack of 6 
consensus with respect to adaptation objectives (de França Doria et al., 2009; Osbahr et al., 2010). Recent evidence 7 
suggests adaptation guidance on M&E is increasingly being translated into practice (GIZ, 2011a,b). However, 8 
Preston et al. (2011a) argue that adaptation M&E is more advanced in the developing world due to the close 9 
linkages between adaptation and development assistance, which has a long history of M&E. In contrast, the limited 10 
evidence from developed nations suggests that many organizations have yet to engage on adaptation (Wheeler, 11 
2008); have yet to turn adaptation planning into practice (Berrang-Ford et al. 2011; Ford et al., 2011); or are limiting 12 
adaptation actions to capacity building efforts (Preston et al., 2011a). Yet, the UK (2008) Climate Change Act and 13 
U.S. Executive Order 13514 (CEQ, 2011) contain reporting provisions with respect to adaptation planning and 14 
implementation. This suggests that the policy foundation for M&E in developed nations is emerging, but additional 15 
development of objectives, methods, and metrics for M&E will be required.  16 
 17 
 18 
16.4.3. Generic versus Context-Specific Constraints 19 
 20 
Many of the adaptation constraints identified in Section 16.4.1 and 16.4.2 are common to multiple regions, sectors 21 
and communities. Internationally, awareness of, and investments in, climate adaptation have generally lagged those 22 
associated with greenhouse gas mitigation (Pielke et al., 2007; Wheeler et al., 2008; Measham et al., 2011). The 23 
availability of and access to information on future climate change (See Section 16.4.2.2), vulnerability and risk 24 
remains challenging for some institutions and stakeholders in both the developing and developed world, with 25 
adverse implications for progressing adaptation (Tribbia and Moser, 2008; Preston and Kay, 2010; Campbell-26 
Lendrum and Woodruff, 2010; Tarnoczi and Berkes, 2010; Ziervogel et al., 2010). The adaptation literature 27 
indicates that the costs of adapting to future climate change will be significant (see Chapter 17) for both the 28 
developed and developing world, and would be higher given faster rates and/or higher magnitudes of climate change 29 
(Pittock, 2006; Joos and Sphani, 2008; Kriegler et al., 2008; Lenton et al., 2008; Lowe et al., 2009; Smith et al., 30 
2009a). Yet financial resources for adaptation are finite, necessitating reallocation of existing resources (Collier et 31 
al., 2008; von Braun, 2009; Mechler et al., 2010; Beckman, 2011), the pursuit of ‘low’ or ‘no regrets’ adaptation 32 
measures (Heltberg et al., 2008), and the development of innovative financing mechanisms (Müller, 2008). 33 
Institutional weaknesses and complex systems of governance are a common constraint on the timely and effective 34 
delivery of adaptation solutions (see Section 16.4.2.3; Adger et al., 2009b; Smith et al., 2009b; Bisaro et al., 2010; 35 
Burch et al., 2010; Jantarasami et al., 2010; Pidgeon and Butler, 2011). Despite some degree of universality with 36 
respect to these constraints, the manner in which they manifest is context dependent and thus varies among sectors, 37 
regions, actors, as well as spatial and temporal scales (16.4.4). Therefore, one must be cautious in applying generic 38 
assumptions regarding adaptation constraints in assessments of vulnerability and adaptive capacity or in the 39 
identification of appropriate adaptation responses (Adger and Barnett, 2009; Barnett and Campbell, 2009; Mortreux 40 
and Barnett, 2009). The recent adaptation literature suggests significant work remains in understanding such 41 
context-specific determinants of vulnerability and adaptive capacity (Tol and Yohe, 2007; Smith et al., 2010; Hinkel 42 
et al., 2011; Preston et al., 2011b) and in effectively using the diversity of knowledge gained from the multitude of 43 
available case studies to facilitate adaptation more broadly.  44 
 45 
 46 
16.4.4. Constraints across Spatial and Temporal Scales 47 
 48 
Despite a strong emphasis in the adaptation literature on place-based adaptation, adaptation can be constrained by 49 
processes that transcend multiple spatial scales (Adger et al., 2005; Eakin et al., 2009; Adger et al., 2009a; Preston 50 
and Stafford Smith, 2009). International efforts to reduce greenhouse gas emissions, for example, influence the 51 
magnitude and rate of change in climate at national, regional, and local scales (see Section 16.5.4). Adaptation 52 
constraints can also propagate from the bottom up. For example, global food commodity prices increased sharply in 53 
2006–2008 and again in 2010–2011 due in part to the impacts of extreme weather events on food producing regions. 54 
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The resulting global increase in food prices benefited some producers in developed nations, but undermined food 1 
security in developing nations (FAO, 2011). The bulk of the literature on adaptation and spatial scales, however, 2 
focuses on climate impacts and adaptive responses that pose trans-boundary challenges, such as water resources 3 
management in multi-national river basins (Iglesias et al., 2007; Goulden et al., 2010; Huntjens et al., 2010; 4 
Krysanova et al., 2010; Timmerman et al., 2011; Wilby and Keenan, 2012).  5 
 6 
Constraints on adaptation can also transcend temporal scales. Development of water management and allocation 7 
systems in both Australia and the U.S. Southeast occurred during periods of relatively favorable rainfall (Jones, 8 
2011; Pederson, 2012), resulting in systems that have been challenged to cope with persistent drought in recent 9 
decades. Similarly, Libecap (2011) suggests that water infrastructure developed in the U.S. West in the late-19th and 10 
early 20th centuries has resulted in path dependence that constrains management choice regarding water allocation in 11 
the present. Cherti et al. (2010) suggest similar challenges may exist for the U.S. agricultural industry in the future 12 
due to constraints on farmers’ capacity to alter management practices and technology in response to a changing 13 
climate. Preston (submitted) illustrates how the continuation of historical patterns of U.S. population growth and 14 
wealth accumulation will contribute to significant increases in future societal exposure to extreme events and 15 
associated economic losses. Attempts to rectify such path dependence come at significant costs. For example, the 16 
Australian Government has committed AUS$3.1 billion to purchase water entitlements in an attempt to restore water 17 
usage in the Murray Darling basin to sustainable levels (Commonwealth of Australia, 2010).  18 
 19 
 20 
16.4.5. Constraints and Competing Values 21 
 22 
Constraints on adaptation arise from the fundamental values of actors within society, conflicts among values, and 23 
the trade-offs associated with prioritizing adaptation objectives (Haddad, 2005; UNEP, 2011). For some actors, 24 
investments in climate adaptation, particularly over the near-term, represent an opportunity cost (Tomkins and 25 
Eakin, 2012). At international scales, for example, deliberation over how the adaptation needs of least developed 26 
countries will be financed has become central to the UNFCCC policy agenda (UNFCCC, 2007; Ayers and Huq, 27 
2009; Dellink et al., 2009; Flåm and Skjærseth, 2009; Denton, 2010; Patt et al., 2010). Yet the extent to which the 28 
developed world bears responsibility for compensating the developing world for climate impacts has been a 29 
contentious issue (Hartzell-Nichols, 2011). Even at local scales, Measham et al. (2011) report that some Local 30 
Government stakeholders in Australia find it difficult to elevate adaptation on the policy agenda given other 31 
responsibilities and the absence of a legislative mandate. The real or perceived trade-offs associated with adaptation 32 
may vary depending on actors’ objectives and underlying values (Haddad, 2005; UNEP, 2011; Table 16-1). Such 33 
trade-offs may result in some actions being simultaneously perceived as adaptive and maladaptive (Bardsley and 34 
Hugo, 2010), depending on the perspective of stakeholders. Alternatively, whether an adaptation option represents 35 
an opportunity or a constraint may depend upon the manner in which it’s implemented (see Box 16-4 for a 36 
discussion in the context of insurance). Recognizing the potential for values conflicts to constrain adaptation, 37 
researchers and practitioners have advocated for so-called ‘no regrets’ or ‘low regrets’ adaptation strategies 38 
(Heltberg et al, 2009). However, Preston et al. (2011a) suggest such no regrets actions may reduce investments in 39 
more substantive adaptations necessary to protect highly vulnerable systems or avoid irreversible consequences. 40 
Meanwhile, Adger et al. (2009a) question whether incremental adaptation is sufficient to avoid consequences that 41 
directly impact human values and cultural identities that cannot be readily compensated. Addressing such risks 42 
through adaptation may necessitate deliberation among stakeholders regarding adaptation objectives and the manner 43 
in which competing or conflicting values can be reconciled to achieve outcomes (de Bruin et al., 2009b; McNamara 44 
et al., 2009, 2011; UNEP, 2011).  45 
 46 
[INSERT TABLE 16-1 HERE 47 
Table 16-1: Examples of potential trade-offs among adaptation objectives.] 48 
 49 
  50 
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_____ START BOX 16-4 HERE _____ 1 
 2 
Box 16-4. Opportunities, Constraints, and Limits to Insurance for Adapting to Climate Change 3 
 4 
The insurance sector provides coverage for a considerable part of weather-related damage, principally covering 5 
wind-related damage and, to varying degrees, flood risks in developed countries. Insurers have experienced steadily 6 
increasing losses from natural disasters during the last decades (Munich Re, 2012) as a result of rapid increases in 7 
exposure, and these losses may in the future also increase as a result of climate change (IPCC, 2012a). Several 8 
studies have assessed the risks and opportunities for the insurance sector associated with climate change (Vellinga et 9 
al., 2001; Dlugolecki, 2000, 2008; Mills, 2005, 2009; Kunreuther and Michel-Kerjan, 2007; Daily et al., 2009; 10 
Botzen et al., 2010). 11 
 12 
Insurance against extreme weather events can be an important instrument for adapting to some of the consequences 13 
of climate change. Insurance can help an individual homeowner adapt to more extreme weather events by spreading 14 
these risks, although this comes at a cost of paying higher insurance premiums. However, on a macro (societal) 15 
level, risk spreading does not reduce aggregate risks, and additional incentives and policies need to be put in place to 16 
achieve adaptation through risk reduction. Insurance arrangements can, in theory, provide policyholders with pricing 17 
incentives for reducing their exposure and vulnerability to natural hazards (Botzen at al., 2009), although there are 18 
few successful examples of such systems in practice (Warner et al., 2009). Incentivizing actions through price 19 
requires charging the full technical rate for the risk, without the inherent subsidization of those at greater risk and 20 
price regulation that is a feature of many insurance systems, such as hurricane insurance in the USA (Kunreuther et 21 
al., 2011).  22 
 23 
The experience of the insurance sector in modelling the costs of weather risks will be employed to determine 24 
whether those risk costs have altered, potentially as a result of climate change. The insurance sector mostly writes 25 
annual contracts, giving the insurer flexibility to raise premiums, or reduce coverage in the face of evidence for an 26 
increase in risk, although this freedom may be constrained in practice by the inherent ‘societal contract’ for insurers 27 
to serve consumer interests. For example, in situations where insurance has been withdrawn or rates have increased, 28 
as after the 2004-2005 hurricane season in Florida, insurers have found themselves under significant political and 29 
regulatory pressure (Grace and Klein, 2009). On the demand side, the ability of insurers to raise premiums is 30 
constrained by consumers’ willingness-to-pay for insurance (Botzen and van den Bergh, 2012).  31 
 32 
There are clear limits to the use of insurance for all situations where climate change is altering risks of extreme 33 
weather events. On a local level, insurability of properties will be impaired if it becomes certain that large damages 34 
will occur more frequently as a certain result of sea level rise. In free market situations, insurance may be withdrawn 35 
for those at greatest risk, which may leave them unable to obtain mortgages. This happened in parts of Grand 36 
Bahama for flood insurance (IPCC, 2007a). Where levels of risk are rising, the option to break the insurance 37 
contract may be asymmetric, as the insured may be unable to find a replacement insurer. On a more aggregate level, 38 
climate change may increase the ‘fat tails’, and correlation between tails, of natural disaster loss distributions 39 
(Kousky and Cooke, 2009), requiring the purchase of additional reinsurance or alternative risk transfer instruments 40 
at relatively high cost (Charpentier, 2008). Public-private insurance arrangements in which the government provides 41 
some form of coverage against the extreme part of risk may be a solution, even though existing schemes do not 42 
provide adequate incentives for risk reduction because, for reasons of social risk sharing, premiums are not risk-43 
based (Paudel et al., 2012). Several government-backed insurance systems, such as for flood insurance in the US, 44 
are already in persistent debt (Michel-Kerjan, 2010), and currently there is little appetite for financing disaster 45 
insurance from public budgets. In summary, while insurance can support climate change adaptation, it does so at a 46 
cost to the property owner and has limits of insurability that are already being tested and exceeded. An important 47 
condition for insurance to contribute to adaptation is that it provides adequate incentives for risk reduction and 48 
should be embedded in broader adaptation policies that limit natural disaster risks.  49 
 50 
_____ END BOX 16-4 HERE _____ 51 
 52 
 53 
  54 
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16.4.6. Interactions among Constraints 1 
 2 
Deconstruction of adaptation constraints into discrete factors assists with their identification and diagnosis, but, such 3 
constraints rarely act in isolation. Rather actors are challenged to navigate multiple, interactive constraints in order 4 
to achieve a given adaptation objective (Adger et al., 2007, 2009; Smith et al., 2008b; Jantarasami et al., 2010; 5 
Moser and Ekstrom, 2010). For example, while the cost of adaptation is frequently cited as a constraint on action, 6 
cost is a function of rates of climate change and greenhouse gas mitigation efforts (16.4.2.2), the availability of 7 
finance (16.4.1.3), and available technologies (16.4.1.4). Meanwhile, the perceived costs and benefits of a given 8 
adaptation option have strong intersections with governance as well as social and cultural preferences (Dryden-9 
Cripton et al., 2007; Smith et al., 2009b; Engle, 2011; Shen et al., 2011). Multiple constraints can significantly 10 
reduce the range of adaptation options and opportunities and therefore may pose fundamental limits to adaptation 11 
(Section 16.5), and/or drive actors toward responses that may ultimately prove to be maladaptive (Barnett and 12 
O’Neill, 2012). As such, removing various constraints on adaptation, which in turn increases adaptation options and 13 
flexibility, is fundamental to the facilitation of adaptation processes (Smith et al., 2008b; Moser and Eckstrom, 14 
2010). Bottom up approaches have been credited with making adaptation constraints explicit and stimulating social 15 
learning (Preston et al., 2009; Yuen et al., 2012), but have yielded less evidence of substantive adaptation. 16 
Meanwhile, top down, index-based approaches have come under criticism due to concerns about robustness and 17 
relevance to adaptation decision-making (Hinkel, 2010; Preston et al., 2011b). Ongoing advances in comprehensive 18 
understanding of multiple, interacting constraints as well as the manner in which they influence adaptation and 19 
outcomes are needed to facilitate adaptation practice (Engle, 2011).  20 
 21 
 22 
16.5. Limits to Adaptation 23 
 24 
Although constraints increase the challenges associated with implementing adaptation policies and measures, they 25 
do not necessarily pose a limit to adaptation. A limit is reached when adaptation efforts are unable to provide an 26 
acceptable level of security from risks to the existing objectives and values and prevent the loss of the key attributes, 27 
components or services of ecosystems (see Box 16-1). In some instances, those limits are mutable and may be 28 
removed over time by new technologies, institutional arrangements, economic or fiscal change. Other limits are 29 
absolute and there is no identified process of change that might be expected to alter them over time. While terms 30 
such as barriers, limits, and constraints are sometimes used interchangeably, this discussion builds on recent efforts 31 
refining the distinction between a constraint and limit (Hulme et al., 2007; Adger et al., 2009b; Section 16.2; Box 32 
16-1). 33 
 34 
 35 
16.5.1. Types and Sources of Limits  36 
 37 
Limits may arise due to constraints associated with technology, institutional capacity, economic and financial 38 
resources, ecological, social, political, and cultural circumstances as well as inability to generate resources needed to 39 
meet the magnitude, scale, and/or rates of change (Adger et al., 2009b; Meze-Hausken, 2008; O’Brien, 2009; Moser 40 
and Eckstrom, 2010; Section 16.4). There is a variety of circumstances and associated terminology in the literature 41 
that relate to adaptation limits including ‘thresholds’ (Meze-Hausken, 2008; Briske et al., 2010; Washington-Allen 42 
et al., 2010); ‘regime shifts’ (Washington-Allen et al., 2010); ‘tipping points’ (Lenton et al., 2008; Kriegler et al., 43 
2008; ‘dangerous climate change’ (Mastrandrea and Schneider, 2004; Ford, 2009); ‘reasons for concern’ (Smith et 44 
al., 2009a); ‘planetary boundaries’ (Rockstrom et al., 2009); or ‘key vulnerabilities’ (Schneider et al., 2007; 45 
Johannessen and Miles, 2011; Hare et al., 2011; Chapter 19).  46 
 47 
The literature on limits to adaptation distinguishes between limits that arise from biophysical characteristics and 48 
processes and those that are socioeconomically constructed. Biophysical limits equate to thresholds in physical or 49 
ecological systems that, if exceeded, would lead to irreversible changes or the loss of critical structure or function 50 
(Hulme et al., 2007; Lenton et al., 2008). There is high agreement and much evidence that climate change can 51 
trigger such irreversible changes in biophysical systems (IPCC, 2012a; Chapter 19). Such limits arise from the 52 
magnitude and/or rate of change (16.4.2.2). For example, a number of physical thresholds in the Earth system have 53 
been proposed as posing potential limits to adaptation, particularly large-scale events such as irreversible melting of 54 
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the Greenland or Antarctic Ice Sheets as well as collapse of the Atlantic Thermohaline Circulation (Schneider and 1 
Lane, 2006; Sheehan et al., 2008; Travis, 2010). Such physical thresholds, however, though relevant to 2 
understanding adaptation limits, are not necessarily limits in themselves. Rather, the limiting nature of changes in 3 
the physical environment is dependent upon the nature of ecological and societal systems exposed to such changes. 4 
Lenton et al. (2008) comment, for example, on the need to examine tipping points in socioeconomic systems as well 5 
as in the Earth system. In contrast with purely physical limits, ecological limits reflect a more direct connection with 6 
the adaptive capacity of natural systems. Ecological limits to adaptation are often associated with exceedences of the 7 
physiological capacity of individual organisms to cope with and/or adapt to changes in the climate (i.e., temperature, 8 
rainfall, and/or disturbance regimes; Peck et al., 2009). Such systems tend to be those that persist at the upper limit 9 
of climate tolerances (e.g., Sheehan et al., 2008; Evans et al., 2011); or latitudinal/altitudinal ranges (Dirnböck et al., 10 
2010; Benito et al., 2011); those for which sustainability is closely tied to vulnerable physical systems (Johannessen 11 
and Miles, 2011); or those that are under significant pressure from non-climatic forces (Evans et al., 2011; Jenkins et 12 
al., 2011).  13 
 14 
Since the AR4, the literature on socioeconomically-constructed limits has enriched understanding of adaptation 15 
limits beyond the purely biophysical dimension. Human choice and action create significant opportunities for 16 
adaptation (Section 16.2), reducing the likelihood that limits will be encountered. Nevertheless, there is high 17 
agreement and moderate evidence that socioeconomic constraints can pose limits to adaptation. The key 18 
socioeconomically-constructed limits discussed in the literature are material in nature – specifically economic 19 
resources and technology (Adger et al., 2009b; de Bruin et al., 2009; Flåm and Skjærseth, 2009). More recently, 20 
however, other factors such as complexities of multi-level governance, values, and social processes have been 21 
discussed (Adger et al., 2009b; O’Brien, 2009). This dependence of socioeconomically-constructed limits upon 22 
human agency and normative factors distinguishes them from biophysical sources of limits, which are purely 23 
objective in origin (O’Brien et al., 2009). The distributional aspects of climate impacts and adaptive capacity hinder 24 
the definition of socioeconomic limits. For example, ‘losers’ in one global region may be compensated by winners 25 
in other regions through, for example, global trade or development assistance (Hare et al., 2011).  26 
 27 
Understanding the potential for adaptation limits to arise in practice is an area of ongoing research. Investigators 28 
have posited that biophysical feedbacks due to climate changes could lead to tipping points, but these are not well 29 
integrated with understanding of social systems (Leary et al., 2009). In ecosystem science, substantial questions 30 
regarding the significance, identification, and interpretation of thresholds remain (Meze-Hausken, 2008; Briske et al. 31 
2010). Similarly, specifying species- and location-specific climate thresholds that represent limits to adaptation 32 
remains challenging as does assessing the likelihood of exceeding such thresholds (Akçakaya et al., 2006; Ragen et 33 
al., 2008; Fordham et al., 2012). As the Millennial Ecosystem Assessment demonstrated, there are large gaps in our 34 
knowledge of the relationships between environmental conditions and human well-being (Millennium Ecosystem 35 
Assessment, 2005; Raudsepp-Hearne et al., 2010). There is not a standard methodology to assess adaptive capacity 36 
or anticipate what societal resources might become available as perceptions of risk change. Therefore, judgments of 37 
whether a tipping point or threshold will exceed an adaptation limit tend to rely on assessments of past experience 38 
and normative judgment. Natural disasters inform those judgments as they demonstrate shortcomings in current 39 
adaptation and challenges to effective response (IPCC, 2012a). In other cases, factors that may influence the 40 
feasibility of a strategy have been identified but not systematically evaluated. For instance, maintaining current 41 
yields of some perennial crops in California may require shifting production locations, although topography, soils, 42 
competing land uses and irrigation infrastructure may limit feasibility (Lobell et al., 2006). 43 
 44 
_____ START BOX 16-5 HERE _____ 45 
 46 
Box 16-5. Historical Perspectives on Approaching and Exceeding Limits to Adaptation 47 
 48 
Increasingly sophisticated archeological and environmental reconstruction techniques are providing useful 49 
perspectives on the role of environmental change in cases of significant societal change (sometimes termed 50 
‘collapse’). These may help to illuminate how adaptation limits were either exceeded, or where this was avoided to a 51 
greater or lesser degree. Great care is necessary to avoid over-simplifying cause and effect, or over-emphasizing the 52 
role of environmental change, in triggering significant societal change, and the societal response itself. Coincidence 53 
does not demonstrate causality, such as in the instance of matching climatic events with social crises through the use 54 
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of simple statistical tests (e.g., Zhang et al., 2011), or through derivative compilations of historical data (e.g., de 1 
Menocal, 2001, Thompson et al., 2002, Drysdale et al., 2006, versus Butzer, 2012). 2 
  3 
Application of social theories may not explain specific cases of human behavior and community decision-making, 4 
and diminishes the singular importance of the roles of leaders, elites and ideology (e.g., Hunt, 2007; McAnany and 5 
Yoffee, 2010; Butzer, 2012; Butzer and Endfield, 2012). Resilience itself is much more than a bundle of 6 
environmental processes, and involves complex political and socio-cultural factors and feedbacks, that define 7 
vulnerabilities critical to adaptation and constraints. 8 
 9 
There are now roughly a dozen case studies of historical societies under stress, from different time ranges and 10 
several parts of the world, that are sufficiently detailed (based on field, archival, or other primary sources) for 11 
relevant analysis (e.g., Butzer and Endfield, 2012). These include Medieval Greenland and Iceland (Dugmore et al., 12 
2012; Streeter et al., 2012); Ancient Egypt (Butzer, 2012); Colonial Cyprus (Harris, 2012); the prehistoric Levant 13 
(Rosen and Rivera, 2012); Islamic Mesopotamia and Ethiopia (Butzer, 2012); the Classic Maya (Dunning et al., 14 
2012; Luzzadder-Beach et al., 2012); and Colonial Mexico (Endfield, 2012). Seven such civilizations underwent 15 
drastic transformation in the wake of multiple inputs, triggers, and feedbacks, with unpredictable outcomes. These 16 
can be seen to have exceeded adaptation limits. Five other examples showed successful adaptation through the 17 
interplay of environmental, political and socio-cultural resilience, which responded to multiple stressors (e.g., 18 
insecurity, environmental or economic crises, epidemics, famine). Climatic perturbations are identified as only one 19 
of many ‘triggers’ of potential crisis, with preconditions necessary for such triggers to stimulate transformational 20 
change. These preconditions include human-induced environmental decline mainly through over-exploitation. 21 
Avoidance of limits to adaptation requires buffering feedbacks that encompass social and environmental resilience. 22 
Exceedance of limits occurred through cascading feedbacks that were characterized by social polarization and 23 
conflict that ultimately result in societal disruption. Political simplification undermined traditional structures of 24 
authority to favor militarism, while breakdown was accompanied or followed by demographic decline. Although 25 
climatic perturbations did contribute to triggering many cases of breakdown, the most prominent driver at an early 26 
stage was institutional failure. Environmental degradation seldom played a pivotal role. Collapse was neither abrupt 27 
nor inevitable, often playing out over centuries.  28 
 29 
These historical insights cannot be directly applied to contemporary problems of sustainability without adjustment 30 
for cumulative information and increasing social possibilities for grassroots participation. For example, from the 31 
14th to 18th centuries AD, Western Europe responded to environmental crises at great societal cost, with high 32 
nutritional stress and long-wave demographic fluctuations. This occurred through the consideration of traditional 33 
knowledge and the localized evaluation of new information to emphasize innovation, experimentation and 34 
intensification, sometimes under the stress of fresh environmental perturbations or social unrest. Resilience and 35 
adaptation depended on experience, communications, identification of alternative options, and a measure of 36 
consensus. Effective change in recent historical societies involved both the grassroots and the elites, with the key 37 
questions increasingly cybernetic, structural, and cultural. 38 
 39 
_____ END BOX 16-5 HERE _____ 40 
 41 
 42 
16.5.2. Absolute versus Mutable Limits 43 
 44 
The observation that limits to adaptation can be socially-constructed suggests that such limits are amenable to being 45 
shifted or muted entirely. Therefore, it is important to distinguish between mutable and absolute limits, as they have 46 
different implications for the success of adaptation, particularly over long time scales. For example, adaptation in ski 47 
resorts faces some limits related to the efficiency of snowmaking equipment at different temperatures as well as the 48 
design and location of lifts and runs, which could be overcome with redesign and relocation (Bark et al., 2010). 49 
Other mutable limits may be in the capacity to respond at a particular rate or scale. A local area may not have the 50 
money, equipment, or expertise to adapt but they may overcome such a limit by drawing in resources from regional, 51 
national, or international entities. Laws, regulations, funding programs, and other potentially limiting factors can be 52 
changed, although some efforts are likely to be more difficult, expensive, and time-consuming than others.  53 
 54 
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Adger et al. (2009; pg. 338) argue that many ‘limits’ to adaptation are dependent on the changing goals, values, risk 1 
and social choices of society which may make limits “mutable, subjective, and socially constructed.” Similarly, 2 
Meze- Hausken (2008) views adaptation as being triggered in part by subjective thresholds including perceptions of 3 
change; choices, needs, options and economic capacity; and expectations of the future and wants (see also O’Brien, 4 
2009). The influence of cognitive factors, culture and ideology on judgment about risks is a well-documented 5 
element of risk management (IPCC, 2012a; Section 14.4.2.1). Plans are often constructed and designed to meet 6 
multiple goals and determining the acceptable or tolerable balance will reflect potential tradeoffs and risks. These 7 
value choices have significant implication for other analyses. For example, estimates of the engineering capacity to 8 
manage flood risk on the Themes were based on the assumption society would maintain the standard of a 1 in 1000 9 
year level of protection over time (Reeder et al., 2009). Societal assessment of risk and willingness to invest in risk 10 
management is subject to many influences some of which can result in rapid changes (Kasperson et al. 1996). 11 
 12 
Despite the theoretical potential for changes in society to mute adaptation limits, some researchers caution that 13 
institutions may not be able to achieve all that is desired of them. In the USA, institutions across scales lack the 14 
mandate, information, and/or professional capacity to select and implement adaptations for risk reductions (NRC, 15 
2009). In addition, America’s Climate Choices reports that new institutions and bridging organizations will be 16 
needed to facilitate integration of complex planning processes across scales (NRC, 2010). Zinn (2007) points to 17 
cases of persistent difficulties in environmental management in suggesting that climate change would require levels 18 
of integrated environmental planning and management that U.S. institutions have not been able to achieve 19 
consistently. In a related vein, Brikmann et al. (2010) observe that many urban adaptation plans depend on the 20 
involvement and interplay of formal and informal organizations, but these plans rarely address how this integration 21 
might be achieved (also see Chapter 15 on implementation). Therefore, while limits to adaptation may be mutable in 22 
principle, in practice they can be highly persistent.  23 
 24 
A critical uncertainty affecting the prospects for adaptation to manage climate risk is the circumstances that cause 25 
adaptation limits to become absolute (see, for example, Box 16-6 on climate change and conflict). Even for 26 
unmanaged ecological systems, where there is robust evidence that limits exist, defining those limits remains 27 
challenging due to system complexity and lack of information regarding responses across different scales of 28 
biological organization (Wookey et al., 2009; Lavergne et al., 2010). For human systems, defining absolute limits is 29 
even more challenging due to the aforementioned normative aspects that interact with biophysical conditions. The 30 
challenge is perhaps most evident in considering human migration as a potential adaptive response to climate risk. 31 
Migration can be viewed as adaptive in that it often has a positive influence on livelihoods as it provides diversified 32 
incomes and opportunities for a household as well as a response to deteriorating conditions. For example, on some 33 
Torres Strait Islands, adaptation to rising seas through retreat is not an option due to the limited land or lack of high 34 
land (Green et al., 2009), suggesting some degree of displacement or migration may eventually be needed to 35 
maintain human security. Yet, Adger et al. (2009b) and O’Brien et al.’s (2009) emphasis on actors’ values suggests 36 
that migration can carry adverse consequences, even when initiated in response to a real hazard. Objectives such as 37 
preservation of health and safety are met, but others such as maintenance of sense of place experience an absolute 38 
limit. On the other hand, staying in place when the security of objectives and values continue to deteriorate can, in 39 
some instances, reflect a profound inability to pursue more positive adaptive options (Foresight, 2011). This 40 
unwillingness or inability to pursue migration as an adaptation option may be as significant a policy concern as 41 
migration (Foresight, 2011). The inability to retreat from highly vulnerable coastal areas due to the inherent lack of 42 
physical land is also suggestive of an absolute limit to adaptation. Hence, both remaining in place and migrating to 43 
avoid risk can be adaptive or reflect limits to adaptation depending on the socioecological context, the objectives of 44 
actors, and the trade-offs they are willing to make.  45 
 46 
_____ START BOX 16-6 HERE _____ 47 
 48 
Box 16-6. Climate and Conflict 49 
 50 
Recent years have seen a surge of academic interest into possible causal linkages between climate variability and 51 
armed conflict. Most of this work concentrates on the extent to which short-term changes in meteorological 52 
conditions correlate with the outbreak or occurrence of intrastate armed conflicts and civil wars. Some studies report 53 
that civil war risk increases in unusually dry periods, either directly (Hendrix and Glaser, 2007; Raleigh and 54 
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Kniveton, 2012) or as an indirect consequence of economic shocks (Miguel and Satyanath, 2011). Similarly, Burke 1 
et al. (2009) report that civil wars are more frequent in warmer years, and Hsiang et al. (2011) find civil war risk in 2 
the tropics to covary with El Niño/La Niña-Southern Oscillation (ENSO) cycles. Other studies fail to uncover a 3 
robust link between specific climatic conditions and armed conflict (Buhaug, 2010; Ciccone, 2011; Koubi et al., 4 
2012; Theisen et al., 2011, 2012) or report results that are in direct opposition to earlier findings (Hendrix and 5 
Salehyan, 2012) whereby conflict risk is found to increase with excess rainfall. A related set of studies focuses 6 
specifically on climate-related natural disasters and conflict. Nel and Righarts (2008) find a positive effect of 7 
disasters on civil war risk, while more recent investigations conclude that climatic disasters are largely unrelated to 8 
civil war risk (Bergholt and Lujala, 2012; Slettebak, 2012) and to political instability more generally (Omelicheva, 9 
2011). 10 
 11 
Research exploring climate impacts on lesser forms of organized political violence appears more supportive of a 12 
relationship. For example, Theisen (2012) report that violent communal events in Kenya are more frequent 13 
following unusually wet years, corroborating similar observations by Witsenburg and Adano (2009) and Raleigh and 14 
Kniveton (2012). Hendrix and Salehyan (2012), studying the entire African continent, conclude that precipitation 15 
anomalies in either direction are associated with an increase in social conflict. Other studies are less supportive of a 16 
climate-conflict dynamic. Benjaminsen et al. (2012), Kevane and Gray (2008), and Raleigh (2010) all dispute a 17 
significant causal role of climate-induced environmental degradation in driving communal violence in various parts 18 
of Africa, whereas Bohlken and Sergenti’s (2010) analysis of Hindu-Muslim riots in India suggests a negative 19 
association between rainfall and conflict. A commonality among many of these studies is the important role ascribed 20 
to traditional and local political institutions in facilitating or mitigating communal conflict (see, e.g., Adano et al., 21 
2012). Moreover, to the extent there is a temporal pattern in intergroup conflict, it appears to be driven more by 22 
material opportunity conditions than by competition over dwindling resources, which dominates environmental 23 
security thinking (e.g., Homer-Dixon, 1999). 24 
 25 
Taken together, this body of literature provides mostly weak, inconsistent, and inconclusive evidence for a 26 
systematic impact of climate variability on armed conflict (Bernauer et al., 2012; Gleditsch, 2012). Empirical 27 
findings appear most congruent for the least severe and organized forms of conflict. Reflecting the empirical 28 
uncertainty in the field, research thus far has been unable to identify key causal mechanisms connecting climate 29 
variability and extremes with armed conflict, although economic shocks in response to agricultural 30 
underperformance and food insecurity and inflation of food prices constitute the main narratives motivating this 31 
research. 32 
 33 
_____ END BOX 16-6 HERE _____ 34 
 35 
 36 
16.5.3. Effects of Mitigation Practice on Adaptation Opportunities, Constraints, and Limits  37 
 38 
In Chapter 15, three major themes are identified where adaptation and mitigation responses are expected to show 39 
interactions, being agriculture, the built environment and carbon sequestration through re-vegetation. Here, we 40 
consider more broadly which mitigation practices may affect adaptation opportunities, constraints and limits. Nine 41 
practices are identified with potential for interactions, some much stronger than others (Table 16-2). Only one 42 
mitigation practice, carbon sequestration through Carbon Capture and Storage, shows no obvious potential 43 
interaction. One of the strongest and most common interactions relates to impacts on biodiversity and ecosystems, 44 
and therefore also on ecosystem based approaches to adaptation and human livelihoods. The next most common 45 
interaction relates to sustainability of natural resources such as water.  46 
 47 
[INSERT TABLE 16-2 HERE 48 
Table 16-2: Summary of potential interactions between mitigation practices and adaptation opportunities, constraints 49 
and limits.] 50 
 51 
Energy efficiency gains through demand side management have strong potential to reduce water use in energy 52 
production (e.g., Hardy et al., 2012) and are relevant to many energy production systems . Increased energy 53 
efficiency would therefore enhance adaptation opportunities in the water sector especially in water constrained 54 
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countries. Energy efficiency gains through shifting transportation modes have the potential to allow the development 1 
of more climate resilient transportation systems, but also could increase vulnerability if the planning and 2 
implementation of new transportation systems ignores climate risks (e.g., Eisenack et al., 2012). Energy de-3 
carbonisation could increase vulnerabilities if risks to natural resources are not taken into account. For example, 4 
hydraulic fracturing for shale gas extraction is a process that may both require large amounts of water and 5 
contaminate ground water supplies (e.g., Coman, 2012) and thus reduce the long term adaptation options associated 6 
with groundwater abstraction. 7 
 8 
Fossil fuel substitution has several potentially strong interactions with land use, biodiversity and ecosystem impacts 9 
(e.g., Tscharntke et al., 2012). These may translate to adaptation opportunities, as in the case of using lands that are 10 
aridifying, degraded or abandoned due to climatic shifts for the production of biofuels or biomass energy, or land 11 
allocated to wind turbines to sustainable use of ecosystem goods and services. However, expanding land allocations 12 
to biofuel production may strongly inhibit adaptive responses to increase the resilience of food supply under climate 13 
change (Ilaboya et al., 2012). Inappropriate biofuel plantings can also result in ecosystem degradation and the loss 14 
of future climate resilience supplied by ecosystem goods and services (Sinkala and Johnson, 2012). Such outcomes 15 
would also reduce the potential for conservation adaptation responses and ecosystem based adaptation opportunities. 16 
Finally, agricultural production allocations to biofuel (e.g., Madramootoo and Fyles, 2012) could reduce the regional 17 
or global climate change limit for sustainable food production, although there appears to be no regional or global 18 
calculation currently available to assess this risk.  19 
 20 
Fossil fuel substitution through renewable energy provides opportunities to enhance ecosystem climate resilience in 21 
the footprints of solar and wind plants, and hydrological schemes may also provide additional water security or 22 
increase potential for irrigation for food production and food security. Such schemes pose uncertain risks to 23 
biodiversity and ecosystems and thus have unclear potential impacts on the effectiveness of adaptation responses to 24 
climate change (e.g., Pearce-Higgins et al., 2012; Witt et al., 2012). Well-supported adverse effects on biodiversity 25 
include those on migrating bird species of wind energy (e.g., Saidur et al., 2011), and the disruption of ecosystems 26 
and destruction of their goods and services for adaptation by hydrological schemes (e.g., Poff et al., 2007). 27 
 28 
Carbon sequestration schemes involving forests and sustainable agriculture are promising for enhancing adaptation 29 
opportunities, especially for biodiversity conservation (e.g., Harvey et al., 2010) and ecosystem based adaptation, 30 
though not without risk (e.g., Huettner, 2012). While reforestation shows few if any constraint interactions, 31 
afforestation may reduce ecosystem service flows (e.g., catchment water yields) especially if invasive alien forest 32 
species are employed (Van Wilgen et al., 2007). Approaches towards reducing emissions from deforestation and 33 
degradation (REDD+) may compromise the potential for indigenous peoples use of ecosystem goods and services 34 
(Phelps et al., 2010).  35 
 36 
 37 
16.5.4. Limits and Transformational Adaptation 38 
 39 
Adaptation has traditionally been viewed as a process of incremental adjustments to climate variability and change 40 
in order to continue to maintain existing management objectives and values (Burton et al., 2001). Reliance upon 41 
incremental adaptation, however, though initially adaptive, can create path dependence that ultimately leads to 42 
adaptation limits (Folke, 2006; Gallopin, 2006; Nelson et al., 2010; Pelling and Manuel-Navarrete, 2011).Once this 43 
point is reached, continuing to maintain those objectives and values can prove maladaptive resulting in chronic 44 
system underperformance or, in more severe instances, irreversible losses and system collapse (Box 16-5). 45 
Encountering an adaptation limit, however, does not necessarily result in the end of the adaptive process. Since the 46 
AR4, the adaptation and resilience literatures have suggested that climate change may drive actors toward 47 
transformational changes, which represent fundamental changes in underlying objectives and values (Pelling, 2011; 48 
Kates et al., 2012; Stafford Smith et al., 2011; O’Neill et al., 2012; Park et al., 2012; see also Chapter 20). This may 49 
involve accepting the loss of lower-order objectives (e.g., protection of existing vulnerable coastal property, or 50 
continuation of an agricultural practice in a given location) in order to continue to meet higher order objectives (e.g., 51 
resilient coastal communities or sustainable rural economies) (Pelling and Manuel-Navarrete, 2011). This suggests 52 
there are hierarchies of limits within systems and thus a need for a more dynamic understanding of limits than what 53 
has appeared in the literature to date. Park et al. (2012) discuss transformational adaptation within the Australian 54 
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wine industry, including the speculative acquisition of land in regions that may become suitable for grape varieties 1 
in a future climate. In addition, O’Neill et al. (2012) suggest that managing the risks associated with wildfire events 2 
in Australia may necessitate transformational change regarding assessments of the suitability of land for 3 
development. Transformational adaptation, however, isn’t without risks (Kates et al., 2012). The development of 4 
new management objectives and business models in anticipation of a changing climate creates opportunity costs and 5 
there are inherent uncertainties associated with the timing and magnitude of investment returns. Hence, the same 6 
factors that constrain incremental adaptation also constrain transformation. Transformational change may therefore 7 
be most feasible when it is perceived as creating new opportunities consistent with existing values (e.g., expansion 8 
of an industry into new locations) as opposed to a reaction to loss (e.g., retreat from vulnerable locations).  9 
 10 
 11 
16.6. Sectoral and Regional Syntheses of Adaptation Opportunities, Constraints, and Limits  12 
 13 
THIS SECTION SYNTHESIZES MATERIAL AVAILABLE AT THE TIME OF WRITING FROM SECTORAL 14 
AND REGIONAL ZERO-ORDER DRAFTS – UPDATES WILL BE MADE WITH SUBSEQUENT 15 
INTERATIONS THOSE CHAPTERS 16 
 17 
 18 
16.6.1. Cross-Sectoral Synthesis 19 
 20 
16.6.1.1. Opportunities, Constraints, and Limits within Sectors  21 
 22 
Opportunities, constraint and limits depend on how adaptation been framed (Section 16.4.2.1), the scale at which 23 
adaptation been planed and the types of adaption options that have been identified, which vary among different 24 
sectors and regional contexts. Integration or mainstreaming and adaptive management have been frequently 25 
identified as relevant frameworks for adaptation policy implementation. Meanwhile, Integrated Water Resource 26 
Management (IWRM), and Integrated Coastal Zone Management (ICZM) represent multi-sectoral adaptation 27 
options for the management of natural resources that are viewed as more effective than standalone efforts to reduce 28 
climate-related risks (Bijlsma et al., 1996; Chapter 3.6.; Chapter 5.9). IWRM, for example, is an ideal overarching 29 
framework in which to evaluate, design, implement and monitor adaptation strategies for climate impacts on water 30 
resources. Building communities of practice around IWRM can facilitate the mainstreaming of climate adaptation 31 
strategies into sustainable development efforts, providing synergy in awareness-raising, capacity-building and in the 32 
creation of social, political, and institutional environments receptive to technological innovation (UNFCCC, 2006). 33 
 34 
Mainstreaming climate change into national, sectoral and local development has emerged over time as several 35 
adaptation measures happening now support the argument that adaptation is taking place in response to multiple 36 
stresses and are reinforcing the importance of mainstreaming adaptation (Dovers and Hezri, 2010; Tompkins et al., 37 
2010). Several studies reveal that there is a mismatch between national statements on adaptation and local action to 38 
address climate change impacts meaningfully. Adaptation intervention addressing short term risks over long term 39 
strategic planning potentially increasing vulnerability and make future adaption more difficult. Institutional barriers 40 
along with limited consideration of future climate change scenarios in adaptation planning and intervention create 41 
potential maladaptation (Berrang-Ford et al., 2011). Ecosystem based adaptation has also emerged as key adaptation 42 
measure along with other options (Box 16-2). 43 
 44 
The degree of adaptation depends on the adaptive capacity of each country, region, or exposed sector and adaptive 45 
capacity relies on various factors, such as financial and human resources, scientific knowledge, access to 46 
information, technology, social institutions and infra-structure. Barriers to adaptation are distinct in nature between 47 
developed and developing countries. Institutional challenges are widely noted as common barriers to adaption faced 48 
by developed countries, often involving significant time to negotiate and consult with various interested parties. 49 
Changing and creating institutions and present political short-sightedness also often limit planning for long term 50 
risk. However, financial barriers, lack of information on the necessity to adapt, knowledge about available options 51 
and the ability to implement most suitable ones appear to be lesser problems for developed countries relative to 52 
developing countries (Berrang-Ford et al., 2011). Table 16-3 provides summary of opportunities, constraints and 53 
limits to adaptation in the context of sectors. 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 16 

Do Not Cite, Quote, or Distribute 28 11 June 2012 

 1 
[INSERT TABLE 16-3 HERE 2 
Table 16-3: Cross-sectoral synthesis.] 3 
 4 
 5 
16.6.1.2. Opportunities, Constraints, and Limits arising from the Interaction among Sectors 6 
 7 
Engineering of protective structures such as seawalls and dikes protect the population and productive systems, but 8 
can generate adverse externalities on natural systems by limiting sediment discharge and subsequently causing 9 
erosion at the river mouths (Nunn et al., 2006) and may also eliminate valuable natural wetlands in future. The 10 
collapse of seawalls is also very common in many Pacific Islands. A cheaper and more effective long-term solution 11 
is planting mangroves along affected shorelines (Nunn et al., 2006). 12 
 13 
 14 
16.6.2. Cross-Regional Synthesis 15 
 16 
16.6.2.1. Opportunities, Constraints, and Limits within Regions 17 
 18 
Adaptation is a trans-national and a cross-sectoral issue. Therefore a key organizational framework for addressing 19 
adaptation is the mainstreaming of an interdependent mix of strategies at regional and sub-regional levels by 20 
encouraging organizations to integrate climate change into their policies and economic management systems. Many 21 
countries and region consider mainstreaming and integrating climate change into development plans as overarching 22 
goal. Outcomes of MEAs, particularly several decisions of the UNFCCC, also provide opportunities for integrating 23 
climate change into development planning and processes. The key examples are a) formulation of National 24 
Adaptation Programmes of Action (NAPA); b) the National Adaptation Plans (NAPs), and c) the Technology 25 
Mechanism under which a Climate Technology Centre and Network have been launched to facilitate technology 26 
transfer. Black Carbon abatement is an opportunity to achieve both climate mitigation and health benefits, and a new 27 
initiative has been launched recently by the United Nations Environment Programme (UNEP, 2012). Table 16-4 28 
provides a summary of opportunities, constraints and limits to adaptation in the context of different regions. 29 
 30 
[INSERT TABLE 16-4 HERE 31 
Table 16-4: Cross-regional synthesis.] 32 
 33 
 34 
16.6.2.2. Opportunities, Constraints, and Limits arising from the Interaction among Regions 35 
 36 
Common constrains in developing countries are lack of technical and human capacity, financial resources, social and 37 
cultural, political and legal framework. In addition, spatial and temporal uncertainties associated with forecasts of 38 
regional climate, lack of socio-economic scenarios and data at the required scale as well as limited national 39 
capacities for monitoring climate and forecasting extreme events and natural hazards also impede climate and 40 
disaster risk management. Lack of institutional co-ordination in the formulation of responses as well as engagement 41 
and participation of stakeholders are types of constraints. Mainstream climate change into policy is also constrained 42 
by multiple factors including institutional capacity. While financial and technical capacity do not seems key 43 
constraint in developed countries rather availability of natural resources is key constraint such as water availability 44 
for expansion of agriculture, and maintenance of key infrastructure or upgrade those by local council or authority.  45 
 46 
 47 
16.7. Ethical Dimensions of Adaptation Constraints and Limits 48 
 49 
Hartzell-Nichols (2011, pg. 690) argues that “Adaptation is fundamentally an ethical issue because the aim of 50 
adaptation is to protect that which we value.” This underlines the ethical dimensions of the framing of adaptation 51 
opportunities, constraints and limits adopted in this chapter as being concerned with risks to social objectives and 52 
values, and to valued attributes of biophysical systems. However, defining what these values are and untangling the 53 
ethical issues is not straightforward, such that defining moral principles to clarify choices between alternative 54 
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courses of action remains difficult. According to Gardiner (2006, pg. 407), “Even our best theories face basic and 1 
often severe difficulties addressing basic issues … such as scientific uncertainty, intergenerational equity, 2 
contingent persons, nonhuman animals, and nature. But climate change involves all of these matters and more”. 3 
Complicating this picture further is the observation that social and personal values are not universal nor are they 4 
static (O’Brien, 2009; O’Brien and Wolf, 2010). There may be different, equally well-founded values about 5 
something that is being put at risk by climate change. These are not limited to economic values, but include 6 
intangible cultural or spiritual values as well. Berkes (2008; pg. 163) documents that in Inuit culture, the loss of sea 7 
ice in summer months leaves some people ‘lonely for the ice.’ Whether the risk of such a loss would be seen as 8 
unacceptable remains a complicated question and raises ethical issues that remain unresolved. 9 
 10 
One ethical principle that is widely applied in ethical discussions of climate is ‘equity’ (Gardiner, 2010). It is now 11 
well-established that nations, peoples and ecosystems are differentially vulnerable to current and future projected 12 
climate change impacts, which themselves are also almost certain to be unequally distributed across the world 13 
(Füssel, 2009; IPCC, 2007a; Füssel, 2010;). This inequity is exacerbated by the fact that exposure to adverse impacts 14 
is involuntary for many societies (Dellink et al., 2009; Fussel, 2010; Paavola and Adger, 2006; Patz et al., 2007). 15 
Therefore, adaptation capacity and implementation constraints have the potential to create or exacerbate inequitable 16 
consequences due to climate change (high agreement, robust evidence). 17 
 18 
Inequity resulting from adaptation constraints and limits emerge across several dimensions; namely inter-country 19 
equity, inter-generational equity, inter-pecies equity (Schneider and Lane, 2005), and intra-country or sub-national 20 
equity (Thomas and Twyman, 2005). Adger et al. (2009b) propose that adaptation limits are endogenous to society 21 
and thus dependent on ethics, knowledge, attitudes to risk and culture. Inter-generational equity considerations are 22 
dominated by discussions of discount rate ( Nordhaus, 2001;Stern et al., 2006; Beckerman and Hepburn, 2007). This 23 
debate largely ignores the challenge of irreversible damages associated with limits to adaptation, especially those 24 
that may result from non-linear damage functions (Hanemann, 2008). Inter-species equity is a complex topic and 25 
still the subject of evolving ethics unrelated to climate change considerations – value to human society increasingly 26 
serves as the most common metric for determining interventions affecting species (Balmford et al., 2002). Clearly, 27 
differential ecosystem vulnerability is an important determinant of most species’ vulnerability to climate change, 28 
with some species and ecosystems already severely threatened (IPCC, 2007a). Support for climate change 29 
adaptation interventions for species increasingly invokes human and societal benefits as a primary motivation (CBD, 30 
2009). Intra-country or subnational equity issues have emerged due to the impacts of recent climate extreme events, 31 
clearly this is a wide disparity in vulnerability at subnational level in almost all countries, with extreme climatic 32 
conditions highlighting previously concealed limits. 33 
 34 
The complexity of international law comprises a significant barrier to making the case for addressing the breaching 35 
of adaptation limits (Koivurova, 2007). At national and sub-national levels, cultural attitudes can contribute to 36 
stakeholder marginalization from adaptation processes, thus preventing some constraints and limits from being 37 
identified (such as gender issues and patriarchal conventions). 38 
 39 
 40 
16.7.1. Ethics and the Externalities of Adaptation 41 
 42 
There is a wide variety of potential positive and negative externalities associated with adaptation to climate change, 43 
and some of these have relevance in the context of constraints and limits. Externalities are important because they 44 
may allow ‘free-riding’ on the one hand, or, on the other hand, unintended adverse consequences that are not 45 
considered in achieving optimal adaptation outcomes. Positive externalities can be projected at all levels of scale 46 
from international to local. Positive externalities may be most closely associated with investments in public goods, 47 
but they may also arise from private investments in adaptation. Investments in health, food security and disaster risk 48 
reduction adaptive strategies may benefit neighbours most through reducing risks of social instability and resource 49 
demands. Negative externalities relate most obviously to adaptive strategies that reduce resource availability to 50 
neighbours, such as through water security strategies that may reduce availability to downstream neighbours 51 
(Eckstein, 2009), or generate new risks to neighbours, such as changing downstream flood risks as a result of raising 52 
river levees (te Linde et al., 2011). 53 
 54 
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Positive distributional spill-overs of adaptation that aim to avoid limits are many and would benefit society through 1 
their monetization (Jack et al., 2008). An example is the enhancement of ecosystem functions for local adaptation 2 
benefits (e.g., restoration of wetlands to avoid the permanent loss of ecosystem services such as food and water 3 
security). The downstream externalized benefits would include a reduction in flood risk. Emerging concepts in the 4 
form of payments for ecosystem services would internalize these and provide further motivation for more integrated 5 
and equitable sharing of the burden and benefits of adaptation, but their implementation faces constraints relating to 6 
valuation and verification. There are few agreed international procedural arrangements for addressing or resolving 7 
these externalities, compounded by complex international law (Koivurova, 2007). 8 
 9 
 10 
16.7.2. Ethics at the Limits of Adaptation  11 
 12 
Historical reconstructions of societies that approach limits to adaptation involving a climate driver show that 13 
endogenous responses may determine whether limits are exceeded or avoided (Box 16-5). Ethical considerations are 14 
central to these endogenous responses. As real or perceived national or local limits to adaptation are approached, 15 
strategies may be encouraged that deprive neighbors of resources (FAO, 2011). Adaptation to water resource 16 
limitations may be particularly pernicious (Eckstein, 2009), with local strategies involving water table reductions 17 
that affect entire regions, and national strategies that impound water that would have previously flowed between or 18 
across political boundaries. Intergenerational concerns are important for considering the ethics relating to avoiding 19 
adaptation limits. This is because several generations in the twenty-first century, at least, will experience 20 
progressively changing climates (Adger et al. 2009), which could expose them to greater probabilities of exceeding 21 
adaptation limits. 22 
 23 
 24 
16.8. Seizing Opportunities, Overcoming Constraints and Avoiding Limits  25 
 26 
There is a growing body of knowledge, including tools and guidelines, on the implementation of climate change 27 
adaptation responses which is addressing information and knowledge constraints on adaptation. This information 28 
provides a very wide range of views on how constraints may be overcome and opportunities taken. One of the 29 
important early initiatives in this area was the ‘Assessment of Impacts and Adaptation to Climate Change’ project 30 
under the START Program, which prompted an increase in research and policy interest and engagement in 31 
implementation (e.g., Mataki et al. 2006). In general, the information remains largely fragmented, although there is a 32 
major international effort underway to extract value from this knowledge through several actions of the Nairobi 33 
Work Program of the UNFCCC. 34 
 35 
Opportunities for advancing implementation are becoming increasingly available through policies, tools and 36 
guidelines that are emerging throughout the developed and developing world addressing national, sub-national and 37 
local urban scales. For example, there is growing recognition of the potential for using disaster response and 38 
recovery processes as a means of increasing resilience to future extreme events (Lavell et al., 2012), although such 39 
opportunities require awareness and procedures to allow them to be taken. Examples of national responses include 40 
the USA ‘Instructions for Implementing Climate Change Adaptation Planning in Accordance with Executive Order 41 
13514’ (CEQ, 2011) and South Africa’s ‘National Climate Change Response White Paper’ (Government of South 42 
Africa, 2011). Many similar initiatives have been launched at sub-national and local levels with some early lessons 43 
about overcoming constraints to implementation being learned. For example Pickets (2012) states that many 44 
opportunities exist to incorporate adaptation-related principles and objectives into ‘Official Community Plans’, 45 
referring to storm-water management, water supply management, infrastructure planning, ecosystem mapping, and 46 
flood risk mitigation. Pickets (2012) also reports that incorporating climate change adaptation into existing plans and 47 
policies (i.e. mainstreaming) is effective in prioritizing implementation. However, there is far less information to 48 
assess how the theoretical body of adaptation knowledge has been applied, and the outcomes that have resulted, 49 
International networks of local governments (e.g., Local Governments for Sustainability, ICLEI) will provide an 50 
important source of potential information on the effectiveness of implementation, and how constraints are being 51 
overcome and opportunities taken. 52 
 53 
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At present, the study of limits to adaptation is immature, with very few published data and little robust information 1 
available. As stated by the Australian National Climate Change Adaptation Research Facility (Jenkins et al., 2011; 2 
McNamara et al., 2011), the study of adaptation concerns mainly what adaptation can achieve, and not what is 3 
unachievable. Because limits to adaptation may be determined by a mix of physical, economic, technological and 4 
socially-related factors, and because history suggests behavioral responses affect the outcome of exceeding or 5 
avoiding limits, there is an urgent need to identify the social context that increases the chance of avoiding limits to 6 
adaptation. 7 
 8 
 9 
Frequently Asked Questions 10 
[answers forthcoming] 11 
 12 
FAQ 16.1: Given the range of constraints and limits, what is the potential for adaptation effectively to address 13 
impacts of climate change?  14 
 15 
FAQ 16.2: How does uncertainty about climate change and climate policy affect adaptation opportunities, 16 
constraints and limits?  17 
 18 
FAQ 16.3: What would be the effect on adaptation of exceeding the 2°C global goal?  19 
 20 
FAQ 16.4: How can adaptation opportunities be seized, adaptation constraints be overcome and adaptation limits be 21 
avoided? (And what would it cost? Do the benefits outweigh the costs?) 22 
 23 
 24 
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Table 16-1: Examples of potential trade-offs among adaptation objectives. 
 

Sector Strategy Adaptation Objective Real or Perceived Externality References 

Agriculture 

Biotechnology and 
genetically modified 
crops 

Enhance drought and pest resistance; 
enhance yields 

Perceived risk to public health and safety; 
ecological risks associated with introduction of 
new genetic variants to natural environments 

Howden et al. (2007); Nisbet and 
Scheufele (2009); Fedoroff et al. 
(2010) 

Subsidized drought 
assistance; crop 
insurance 

Provide financial safety net for farmers to 
ensure continuation of farming 
enterprises 

Creates moral hazard and inequality if not 
appropriately administered 

Productivity Commission (2009); Pray 
et al. (2011); Trærup (2011); O’Hara 
(2012); Vermeulen et al. (2012) 

Increased use of 
chemical fertilizer 
and pesticides 

Maintain or enhance crop yields; 
suppress opportunistic agricultural pests 
and invasive species 

Increased discharge of nutrients and chemical 
pollution to the environment; increased emissions 
of greenhouse gases; increased human exposure 
to pollutants  

Gregory et al. (2005); Howden et al. 
(2007); Boxall et al. (2009) 

Biodiversity 

Migration corridors; 
expansion of 
conservation areas 

Enable natural adaptation and migration 
to changing climatic conditions 

Unknown efficacy; concerns over property rights 
regarding land acquisition; governance challenges 

Hodgson et al. (2009); West et al. 
(2009); Krosby et al. (2010); Levin 
and Petersen (2011) 

Anticipatory 
endangerment 
listings 

Enhance regulatory protections for 
species potentially at-risk due to climate 
change 

Addresses secondary rather than primary 
pressures on species; concerns over property 
rights; regulatory barriers to economic 
development 

Clark et al. (2008); Ragen et al. 
(2008); Bernanzzani et al. (2012) 

Assisted migration Facilitate conservation of valued species  
Potential for externalities for ecological and 
human systems due to species relocation 

Lovejoy (2005, 2006); McLachlan et 
al. (2007); Dunlop and Brown (2008) 

Coasts 

Sea walls 
Protect assets from inundation and/or 
erosion 

High direct and opportunity costs; equity 
concerns; ecological impacts to coastal wetlands 

Nicholls (2007); Hayward (2008); 
Hallegatte (2009); Zhu et al., (2010) 

Managed retreat 
Allow natural coastal and ecological 
processes; reduce long-term risk to 
property and assets 

Undermines private property rights; significant 
governance challenges associated with 
implementation 

Rupp-Armstrong and Nicholls (2007); 
Hayward (2008); Abel et al. (2011); 
Titus (2011) 

Migration out of low-
lying areas 

Preserve public health and safety; 
minimize property damage and risk of 
stranded assets 

Loss of sense of place and cultural identify; 
erosion of kinship and familial ties; impacts to 
receiving communities 

Hess et al. (2008); Helberg et al. 
(2009); McNamara and Gibson (2009); 
Adger et al. (2011) 

Water 
resources 
management 

Desalination 
Increase water resource reliability and 
drought resilience 

Ecological risk of saline discharge; high energy 
demand and associated carbon emissions; creates 
disincentives for conservation 

Adger and Barnett (2009); Barnett and 
O’Neill (2010); Becker et al. (2010); 
Rygaard et al. (2011); Tal et al. (2011) 

Water trading 
Maximize efficiency of water 
management and use; increases flexibility 

Undermines public good/social aspects of water 
Alston and Mason (2008); Bourgeon et 
al. (2008); Donohew (2008); Mooney 
and Tan (2012); Tan et al. (2012) 

Water recycling/reuse 
Enhance efficiency of available water 
resources 

Perceived risk to public health and safety;  
Hartley, 2006; Dolcinar et al., 2011 
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Table 16-2: Summary of potential interactions between mitigation practices and adaptation opportunities, 
constraints, and limits. 
 
Mitigation practice Adaptation Opportunity Adaptation Constraint Adaptation limit 
Energy efficiency (demand 
side) 

Water use efficiency; Climate 
resilient transportation systems 

Current vulnerability of 
transport infrastructure 

-- 

Energy decarbonisation Identification of new technologies 
and sources for natural gas 

Some strategies may 
involve hydraulic 
fracturing and 
unsustainable impacts on 
ground water resource 

-- 

Fossil fuel substitution - 
biofuel 

Use of 
aridifying/degraded/abandoned 
croplands 

May lead to unsustainable 
land use change, food 
security impacts, adverse 
conservation/EBA 
outcomes 

Food security 

Fossil fuel substitution – 
renewable energy 

Conservation/Ecosystem Based 
Adaptation (EBA)/Livelihoods 
Hydro power also provides 
irrigation 
Sea level control through tidal 
power production systems? 

May pose risk to natural 
ecosystems (birds/bats due 
to solar; all hydro; tide and 
wind may have 
unacceptable impacts on 
marine species and 
ecosystems) 

Exceeding species or 
systems thresholds at a local 
level 

Carbon sequestration CCS Emerging carbon markets 
encourage investment 

Status of research and 
development of 
technologies 

-- 

Carbon sequestration 
Reforestation 

Conservation/EBA/Livelihoods Competing land uses Wildfire/drought/thermal 
limits 

Carbon sequestration – 
afforestation 

Conservation/Fire suppression Ecosystem conversion; 
sustainable water supply; 
invasiveness 

Wildfire/drought/thermal 
limits 

Carbon sequestration – 
REDD 

Conservation/EBA/Livelihoods Indigenous use of goods 
and services; design of 
institutions 

Wildfire/drought/thermal 
limits 

Land-use change 
sustainable agriculture 

Conservation/EBA/Livelihoods --Ability to adopt new 
agricultural practices 

Drought/thermal limits 

*Ecosystem-based approaches to adaptation 
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Table 16-3: Cross-sectoral synthesis. 
 

Sector Framing Rate of 
change 

Opportunities Constraint Limits Synthesis 

Freshwater 
resources 
 

Integration of water-
related adaptation 
options into planning 
and implementation, 
enhance adaptive 
water management 
techniques. IWRM 
joined with SEA is a 
major instrument to 
explore water-related 
adaptation measures. 
Successful IWRM 
strategies capture 
several elements. 
[3.6.1, 3.6.3]. 
Adaptation involves 
measures to alter 
hydrological 
characteristics to suit 
human demands, and 
measures to alter 
demands to fit 
conditions of water 
availability [3.6.6] 

[To be 
completed 
post-
FOD] 

Climate change 
is frequently 
cited as a key 
motivation for 
the adoption of 
adaptive water 
management 
[3.6.3] 

Failure to estimate 
actual costs for many 
reasons [3.6.2], very 
little guidance on 
precisely how the 
adaptive water 
management 
approach works 
when addressing 
climate change over 
the next few decades, 
institutional 
structures that limit 
stakeholder 
engagement and the 
uncertainty in how 
climate change may 
affect the water 
management system 
[3.6.3]  
 
Uncertainty in the 
projected future 
changes makes it 
impossible for 
practical purposes to 
construct quantitative 
probability 
distributions of 
climate change 
impacts [3.6.5] 

Four different 
types of limits 
on adaptation 
to changes in 
water quantity 
and quality in 
UK identified 
by Arnell and 
Delaney, 2006.  

[To be 
completed 
post-
FOD] 

Terrestrial 
and inland 
water 
systems 

Autonomous 
adaptation by 
ecosystem (capacity 
to migrate) and human 
assisted adaptation 
including adaptive 
management and, 
migration and 
restoration [4.4.1, 
4.4.2] 

[To be 
completed 
post-
FOD] 

[To be 
completed post-
FOD] 

Autonomous 
adaptation 
constrained by 
physical or 
topographic barriers 
(e.g., valleys, 
mountain ranges and 
water bodies), 
human-created 
(fences, roads, 
croplands or settled 
areas), increasing 
habitat fragmentation 
of ecosystem. [4.4.3] 
Social and 
institutional factors 
including poor 
ecological 
understanding are 
constraints for 
successful adaptive 
management. [4.4.2] 

A clear 
consensus that 
climate change 
will result in 
shifts in 
species ranges, 
and that range 
contractions 
and constraints 
on migration 
for many 
species, 
especially in 
the context of 
highly 
fragmented 
habitats and 
other global 
change 
pressures, will 
greatly increase 
extinction risk 
over the 
coming 
century. [4.3.3] 

[To be 
completed 
post-
FOD] 
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Coastal 
systems 
and low-
lying areas 

Adaptation occurs in 
the context of existing 
governance and 
social-ecological 
systems, regardless of 
types of adaptation i.e. 
proactive and planned 
or reactive and ad hoc, 
approach is 
integrative and 
adaptive management 
[5.9.1] 
Different constraints 
typically do not act as 
barriers in isolation, 
but come in 
interacting bundles. 
[5.9.4] 

[To be 
completed 
post-
FOD] 

Many 
approaches on 
integration, 
better social, 
ecological, and 
economic 
outcomes have 
been developed 
over time 
including 
Integrated 
Coastal 
Management, 
Community-
Based 
Adaptation, 
Ecosystem-
Based 
Adaptation, and 
Disaster Risk 
Reduction and 
Management. 
[5.9.1] 

Technological 
feasibility, resources, 
institutional barriers 
(existing laws, 
regulations, 
procedural 
requirements or 
ineffective 
governance), social 
and psychosocial 
(place attachment, 
social support, social 
norms, identity), 
cultural-cognitive 
(beliefs, worldviews, 
values, awareness, 
education) and 
economic 
(livelihood, job 
mobility, 
investment), lack of 
awareness, 
knowledge or 
location-specific 
information, social 
justice concerns, or 
negative interactions 
between different 
policy goals. [5.9.4] 

Studies 
published after 
AR4 
reinforcing 
finding and 
producing a 
better 
understanding 
on “there are 
limits to the 
extent to which 
natural and 
human coastal 
systems can 
adapt even to 
the more 
immediate 
changes in 
climate 
variability and 
extreme events, 
including in 
more 
developed 
countries” 

[To be 
completed 
post-
FOD] 

Ocean 
systems 

Ecosystem resilience 
and marine ecosystem 
based adaptation [6.4] 

[To be 
completed 
post-
FOD] 

[To be 
completed post-
FOD] 

Constraints are 
related to ocean 
temperature, 
acidification, etc that 
limit functions of 
ocean and supply of 
primary elements to 
living organism such 
as oxygen [6.4]. 
Knowledge gap on 
whether and to what 
extent species can 
undergo adaptation 
to progressive ocean 
acidification over 
generations [6.2]. 

There have 
been reports on 
climate-
induced 
changes in 
species 
abundances but 
not on climate-
induced 
extinctions in 
the oceans 
[6.3]. 

[To be 
completed 
post-
FOD] 

Food 
production 
and food 
systems 

Reductions in risk and 
vulnerability by 
adjusting practices, 
processes and capital 
in response to current 
climate or threat of 
climate change 
[7.5.1]. 

[To be 
completed 
post-
FOD] 

[To be 
completed post-
FOD] 

Inadequate 
information on 
climate, climate 
impacts, risks and 
benefits of options, 
lack of adaptive 
capacity, technical 
options, inadequate 
extension, 
institutional inertia, 
financial resources, 
infrastructure, 
functioning markets 
and insurance 
systems [7.5.1] 

Physiological 
limits to 
performance 
and crop yields 
requirement to 
sustain critical 
backward and 
forward link 
infrastructure. 
[7.5.1] 

[To be 
completed 
post-
FOD] 
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Urban 
areas 

Integrate/mainstream 
climate change 
adaptation in city 
planning and 
implementation. 

[To be 
completed 
post-
FOD] 

Growing 
attention to 
cities and urban 
areas in 
middle-income 
and low-
income 
countries. 
Recognition of 
important 
relation 
between 
adaptation to 
climate change 
and 
development. 

Institutional 
constraints, resource 
limitations, limited 
adaptive capacity 
with limited 
resources, weak 
institutions, 
poor/inadequate 
infrastructure and 
poor governance in 
global south. 
Capacity constraints 
including limited 
technical expertise 
and ill-designed 
institutional 
mechanisms, 
uncertainty as to 
what climate change 
will bring (and 
when) in each 
locality, city 
government priorities 
are often driven by 
short term priorities 
and nearer term 
concerns about 
economic growth and 
competitiveness.  

[To be 
completed 
post-FOD] 

[To be 
completed 
post-
FOD] 

Rural 
Areas 

Economic and 
institutional 
development, 
improvements in 
health, education and 
infrastructure, 
growing 
interconnectedness 
and technology 
transfers 

[To be 
completed 
post-
FOD] 

[To be 
completed post-
FOD] 

Prevailing 
development 
constraints, physical, 
financial, social and 
cultural barriers, lack 
of access to credit 
and water, better 
access to markets, 
extension and credit 
services, technology 
and farm assets, lack 
of access to 
technologies and 
markets. 

There are 
limits to the 
role of social 
capital in 
resilience 
which also 
context 
specific. 

[To be 
completed 
post-
FOD] 

Key 
economic 
sectors and 
services 

[To be completed 
post-FOD] 

[To be 
completed 
post-
FOD] 

[To be 
completed post-
FOD] 

[To be completed 
post-FOD] 

[To be 
completed 
post-FOD] 

[To be 
completed 
post-
FOD] 
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Human 
health 

[To be completed 
post-FOD] 

[[To be 
completed 
post-
FOD] 

Black Carbon 
abatement is an 
opportunity to 
achieve both 
climate 
mitigation and 
health benefits 
(UNEP, 2012). 
Cross sectoral 
adaptation 
opportunities 
exists 
(transportation, 
building, 
landuse, 
forestry and 
agriculture 
(Younger et al., 
2008) 

Uncertainties of 
future climate and 
socioeconomic 
conditions, financial, 
technologic, 
institutional, social 
capital and individual 
cognitive limits, 
different knowledge 
and conceptual 
understanding by 
different 
actors/stakeholders, 
governance 
arrangements and the 
way institutions 
works (Huang, C, et 
al., 2010; Carmichael 
and Lambert, 2011) 

[To be 
completed 
post-FOD] 

[[To be 
completed 
post-
FOD] 

Synthesis [[To be completed 
post-FOD] 

[[To be 
completed 
post-
FOD] 

[To be 
completed post-
FOD] 

[[To be completed 
post-FOD] 

[To be 
completed 
post-FOD] 

[[To be 
completed 
post-
FOD] 
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Table 16-4: Cross-regional synthesis. 
 

Region Framing Rate of 
change 

Opportunities Constraint Limits Synthesis 

Africa 
[22.3.4: 
adaptation 
section is 
forthcoming] 

Mainstreaming climate change 
into national development 
policies. Sub-regional 
organizations integrate climate 
change in their policies and 
economic management. 

[To be 
completed 
post-FOD] 

[To be completed 
post-FOD] 

Lack of capacity, data and integrated 
analysis, 

[To be completed 
post-FOD] 

[To be 
completed 
post-FOD] 

Asia Adaptive management and 
mainstreaming climate change 
into development planning at 
all scales, levels and sectors. 

[To be 
completed 
post-FOD] 

[To be completed 
post-FOD] 

Ecological, social and economic, 
technical and political are key constraints 
for developing countries in Asia. Spatial 
and temporal uncertainties associated 
with forecasts of regional climate, limited 
national capacities in climate monitoring 
and forecasting, and lack of co-ordination 
in the formulation of responses are other 
constraints. Absence of involvement of 
upstream and downstream stakeholder, 
using inaccurate or incomplete impact 
forecasts has potential to increase 
maladaptation. 

[To be completed 
post-FOD] 

[To be 
completed 
post-FOD] 

Europe Adaptation is a trans-national 
and a cross-sectoral issue. 

[To be 
completed 
post-FOD] 

Policy makers are 
responding to the 
need to develop 
climate adaptation 
strategies. There are 
some evidences that 
adaptation are 
already occurring in 
Europe. 

There is no integrated coastal zone 
management or climate change 
adaptation for the Baltic Sea Region. 

There are limits to 
how far 
communities can 
adapt to rapid and 
large sea-level rise. 
Studies have 
examined such 
impacts in the UK. 

[To be 
completed 
post-FOD] 

Australasia Policy reforms for 
mainstreaming climate change 
that comprises an 
interdependent mix of 
strategies. 

[To be 
completed 
post-FOD] 

[To be completed 
post-FOD] 

Water availability for expansion of 
agriculture, individual and collective 
social and cultural values, councils with 
limited resources, community level 
adaptation is constraints by financial 
resources, social and institutional capital, 
limited vertical and horizontal integration 
of governance. 

To be completed 
post-FOD] 

[To be 
completed 
post-FOD] 
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North 
America 

 [To be completed post-FOD] [To be 
completed 
post-FOD] 

Climate change 
offers many 
adaptation 
opportunities in 
water scarce areas. 
Relationships also 
exist between urban 
development and 
adaptations. Some 
urban authorities in 
North America are 
starting to 
acknowledge the 
local implications of 
climate change and 
are adapting. 

High cost, energy and time required to 
construct, develop and maintain 
Infrastructures and services, warning 
systems and emergency preparedness, 
low social capital and limited economic 
resources, regional-to-local spatial scales 
climate scenarios, decision priority on 
extreme events than changes in long-term 
average conditions, many cities that are 
developing adaptation actions have 
existing deficits in infrastructure (e.g., 
insufficient coverage, need of major 
upgrades and climate proofing), services 
(health, education), and institutional 
capacity. Other cities lack of willingness 
to address adaptation issues. 

[To be completed 
post-FOD] 

[To be 
completed 
post-FOD] 

Central and 
South 
America 

[To be completed post-FOD] [To be 
completed 
post-FOD] 

Heavily constrained 
by limited funding 
available from 
central governments 
for this purpose.  

Limited fund, responses to disaster 
mainly, lack of capacity to response to 
early warning system, institutional 
capacity to mainstream climate change 
into policy. 

[To be completed 
post-FOD] 

[To be 
completed 
post-FOD] 

Polar Region 
[will add 
later] 

[To be completed post-FOD] [To be 
completed 
post-FOD] 

[To be completed 
post-FOD] 

[To be completed post-FOD] [To be completed 
post-FOD] 

[To be 
completed 
post-FOD] 

Small Islands 
 

Mainstreaming and integrating 
climate change into 
development plans is seen as a 
goal. The importance of 
community-based adaptation 
actions are seen as being 
critical to successful adaptation 
in small islands. 

 [To be completed 
post-FOD] 

Lack of technology and human resource 
capacity, financial limitations, lack of 
cultural and social acceptability and 
uncertain political and legal frameworks, 
lack of climate change and socio-
economic scenarios and data at the 
required scale. 

[To be completed 
post-FOD] 

[To be 
completed 
post-FOD] 

Synthesis [To be completed post-FOD] [To be 
completed 
post-FOD] 

[To be completed 
post-FOD] 

[To be completed post-FOD] [To be completed 
post-FOD] 

[To be 
completed 
post-FOD] 
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Figure 16-1: An actor’s view of adaptation constraints and limits at a given point in time. 


