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Abstract

Discussions and debates over the definition of adaptation and related terms including vulnerability, resilience, and adaptive capacity are common throughout the literature. Yet relatively little scholarship focuses on what constitutes successful climate adaptation or how to empirically discern successful adaptations from maladaptations. In this paper, we argue the importance of developing an empirical understanding of success and failure in climate adaptation. We contend that research projects examining responses to climate-related changes in modern societies can provide insight to describe characteristics of systems that succeed or fail in their attempts at adaptation. Using examples of cases where researchers might observe and characterize successful adaptation, we suggest that by considering the relevance of our approach for the development of a shared definition of successful adaptation to climate change.

Introduction


The literature on global change adaptation is rife with discussions and debates over the conceptual meaning of the generic term “adaptation.” Smit and Wandel (2006), for example, review numerous examples of definitions for adaptation, “mostly variations on a common theme” (p. 282). They trace the use of the concept and the development of various definitions through a number of disciplines, including evolutionary biology, anthropology, natural hazards, and political ecology (Smit and Wandel, 2006). Orlove (2009) describes the evolution of the term throughout the universe of international climate policymaking, noting how “conceptual baggage” (p. 132) associated with current definitions of the word constrains its usefulness. Related terms such as vulnerability, adaptive capacity, and resilience, often used in definitions of adaptation (e.g., Adger et al., 2007), also suffer from a lack of consistent definitions, especially in the climate change literature (Gallopin, 2006). 


The existence of such varied definitions is no surprise given the complex intellectual history and varied approaches present in adaptation scholarship. Broadly speaking, the climate change adaptation literature can be broken down into three major categories. One group focuses on defining concepts and developing theories to connect them (e.g., Smit and Wandel, 2006; Gallopin, 2006; Adger, 2006; Adger et al., 2005). A second group focuses on debates over the more mechanical aspects of adaptation, including the utility of probability and prediction in developing adaptation strategies (e.g., Dessai and Hulme, 2004; Dessai et al., 2005; Jones, 2001, 2003). A third group applies adaptation concepts to specific cases in an attempt to develop actionable plans or strategies for adapting to current and future climate change (e.g., Mukheibir and Ziervogel, 2007; Rosenzweig et al., 2006). Smit and Wandel (2006) further define this third category by outlining four major applications of adaptation analysis scholarship: estimating the degree to which predicted climate impacts can be offset, identifying specific adaptation options for particular systems, evaluating the relative adaptive capacity of countries, regions, or communities, and aiding in the development of practical adaptation initiatives.
Although the breadth of theoretical approaches to defining adaptation is a natural outgrowth of various intellectual traditions, this diversity may hinder effective interdisciplinary research and, consequently, efforts to make research findings relevant to decisionmakers. Thus there is a clear need for a common, shared definition. Progress in the study of global change and impacts to socio-economic systems depends on developing linkages between social and natural science researchers who already struggle to overcome a number of methodological and conceptual challenges (Gallopin, 2006). The lack of common definitions also impedes the ability of scholars and adaptation practitioners to effectively and consistently translate theory to case studies and policy applications. For example, scholars attempting to draw common lessons across a number of adaptation case studies may find their efforts hampered by the varied definitions used by different authors.

Climate change adaptation research could thus greatly benefit from a synthesis of theoretical concepts, intended to improve the field’s applicability to solving real-world adaptation problems. An important key to this synthesis will be the development of a thorough understanding of the answers to two seemingly simple questions: First, how can we recognize successful adaptation to climate change? Second, how might we distinguish between successful and unsuccessful adaptive actions? These questions could be addressed through an empirical research framework capable of tying adaptation objectives to measures of success in adaptation. 


Recognizing success in adaptation, however, is hampered by the fact that there is no shared definition of  “successful adaptation,” similar to the lack of consensus around the meanings of adaptation, vulnerability, adaptive capacity, and resilience. A few papers address the topic, but even the most recent effort could not reach full consensus on a shared definition among a relatively small group of experts dominated by welfare economists (Doria et al. 2009). This result is no surprise given the paucity of scholarship directly addressing the concept of successful adaptation to climate change, which was not even defined in the IPCC’s Fourth Assessment Report (Adger et al., 2007). Smit and Wandel (2006) note that anthropologists and archaeologists have used survival of a given culture or society to define success in historical adaptation contexts, but such a definition does not apply particularly well to modern societies facing the challenges posed by climate change impacts.


There is a need, therefore, for a practically applicable and consistent definition of successful adaptation that can be linked to a set of empirical evaluation metrics. Such a definition could have numerous benefits. It could help researchers and policymakers understand barriers and opportunities to successful adaptation, enable researchers to better spread the lessons of successful adaptation across communities, and make research efforts more translatable generally. To do so, however, requires not only a shared definition of the term but also a framework for measuring success and observing it in past, current, and future examples of climate-related adaptation. 
Reaching consensus on a shared definition of successful adaptation to climate change could be facilitated by the use of empirical methodologies intended to observe and characterize adaptation in modern societies. Findings from this type of research would be synthesized through an inductive approach intended to craft a definition of successful adaptation. This type of data and case-based research is intended to be an experimental departure from preexisting deductive approaches that tend to rely on crafting definitions through theoretical discussions in the literature. If the inductive approach proves useful, it could help clarify and synthesize shared definitions of adaptation, resilience, and vulnerability, paving the way for further interdisciplinary research on sophisticated models of the responses of socio-economic systems to climate change. Moreover, it could create a framework for future observation, analysis, and evaluation of adaptation strategies employed in modern societies where a host of policy, social, and other factors give rise to a complex set of reactive and proactive adaptive mechanisms as well as numerous barriers and limits to successful adaptation.

As discussed later in this paper, anthropologists and archaeologists have a long history of observing successful and unsuccessful physiological, cultural, and social adaptation in pre-modern societies or modern rural and indigenous communities. This intellectual tradition provides a useful corollary for scholars of adaptation in modern societies. Translating this conceptual approach to current contexts, however, will require a new set of metrics and methodologies appropriate to understanding how successful adaptation can be observed in the context of democratic political and policymaking institutions, varying levels of technological adaptation, and shifting social values. We hope that further work dedicated to this kind of empirical approach will facilitate the synthesis of shared conceptual definitions critically needed to advance climate change adaptation scholarship.

The remainder of this paper argues for the utility of the approach described above and sketches out some future research directions. We begin by reviewing previous efforts to define successful adaptation to climate change. We then describe some recent attempts to observe and analyze adaptation to climate-related changes and note the differences between those approaches and our intended methodology. Next, we expand our argument for an empirical approach to observing and defining successful climate adaptation and propose a few metrics that could be useful in exploratory attempts to refine our approach. Finally, we describe case studies and conclude by discussing the applicability of this effort to future climate change adaptation work.

Existing Definitions of Successful Climate Adaptation


Few papers in the climate change adaptation literature attempt to craft a definition of successful adaptation, and even fewer spend a significant amount of time exploring the concept. In a report for the Pew Center on Global Climate Change, Easterling and his colleagues (2004) offered the following definition:

[A] successful adaptation is defined as one that follows a climate change causing adverse impacts and maintains a system at approximately the same level of welfare or services as was provided before the change in climate. If the adaptation can completely offset the loss from climate change, it is successful. Although less straightforward, adaptation also should be considered successful if it maintains services or welfare with a small or minimal loss (p. 6). 

Although Easterling et al.’s intended audience was likely policymakers, rather than adaptation scholars, it is one of the earliest attempts to define the term. Their definition opens the door to the development of metrics that might be used to evaluate and characterize success—for example, continued economic vitality of a community, provision of clean water and other ecosystem services, and the ability of area residents to maintain certain standards of living, all of which can be measured given sufficient data. The definition does not, however, provide much guidance in understanding how to measure adaptation at different temporal or spatial scales or how to accommodate for the impact of changes such as out- or in-migration. Further, it poses a significant causality challenge, forcing empirical researchers to develop methods for proving the degree to which the prevention of climate change-related losses can be directly attributed to successful adaptation actions or may be the result of other circumstances.


Adger et al. (2005) focused more closely on various aspects of the concept of successful adaptation and set out a number of characteristics to paint a more holistic picture of success. They began with a simple definition: “In the broadest terms, the success of an adaptation strategy or adaptation decision depends on how that action meets the objectives of adaptation, and how it affects the ability of others to meet their adaptation goals” (p. 78). Such a definition means the likelihood of success is essentially dependent on the objectives laid out in a given adaptation plan, which makes it more difficult to draw overarching lessons from multiple cases. Adger and his colleagues did, however, emphasize the need to evaluate the success of one entity’s adaptation decisions in light of their impact on other entities’ objectives, a provision that helps ensure equity within the system in question but raises the bar on achieving any kind of success. To supplement their initial definition, they advocated assessing adaptation strategies over multiple spatial and temporal scales and using general principles of policy appraisal (equity, effectiveness, efficiency, and legitimacy) to evaluate specific decisions. While these criteria are useful for ensuring that adaptation decisions are made under principles of good governance, it is uncertain how their application helps define success for climate change adaptation in particular. 


Rather than using a conceptual approach, Preston and his colleagues (2009) developed a set of evaluation criteria for judging existing adaptation plans. Their examination of adaptation guidelines and planning documents focused largely on the inclusion of various procedural aspects of what they believed to be robust adaptation guidelines. Their review found numerous deficiencies in virtually every plan examined, but as they acknowledged, was limited only to what was proposed on paper and did not evaluate the success of any actual adaptation actions. They considered their paper merely to be a first step and called for “the development of suitable metrics for tracking successes and failures” (p. 13).


Finally, in a concerted attempt to “create a common working language” (p. 811) around successful adaptation, Doria and his colleagues (2009) used a variant of the Delphi technique to elicit expert opinions on a consensus definition of the concept. After three iterations with a panel dominated by welfare economists, they settled on a final definition: “‘Successful’ adaptation is any adjustment that reduces the risks associated with climate change, or vulnerability to climate change impacts, to a predetermined level, without compromising economic, social, and environmental sustainability” (p. 815). Of the 18 experts involved, 83.4 percent either agreed or completely agreed with that definition, although members of the same group tended to believe that expert elicitation was not well suited for defining subjective concepts like successful adaptation. Doria et al.’s final definition focuses on the reduction of risks, rather than on the maintenance of welfare, as was the case with Easterling et al. (2004) and Adger et al. (2005), which may make it more difficult to identify suitable evaluation metrics. From an empirical research perspective, however, the biggest drawback may be the inclusion of the term “sustainability,” which the authors intentionally left undefined.


Taken together, these various definitions point towards the need to compare some type of outcome to various predetermined levels but differ in focusing on either risk/vulnerability or continued provision of various services. Moreover, these approaches vary widely in scope, with some implications for the development of relatively simple metrics but other cautions to take heed of impacts across multiple scales. We believe that this disparity provides an opportunity for a more exploratory, inductive approach of examining changes in certain metrics over the course of a community’s adaptation to a given climate-related change.

Observing Adaptation


As mentioned earlier, the exploratory, empirical approach to characterizing successful adaptation that we advocate in this paper is reminiscent of various attempts by the anthropological and archaeological communities to observe the impact of climate-related changes on pre-modern societies. Much of this work focuses on the ability of historic human settlements to survive in harsh or swiftly changing conditions. Diamond (2005) popularized this approach in his book Collapse: How Societies Choose to Fail or Succeed. Examining evidence from locations such as Easter Island, Greenland, and New Guinea he argued that the response of a society in the face of major environmental change often determined whether that society was able to survive and thrive or wound up failing, with most or all of its members dying. Although some have taken issue with the specifics of some of Diamond’s conclusions (e.g., Dugmore et al.’s (2009) synthesis of archaeological evidence from Greenland Norse settlements), his approach inspired further attempts to draw lessons from past societies’ responses to changing climatic conditions.


Orlove (2005) considered the case of the Greenland Norse along with two others—the Mayan civilization and Dust Bowl farmers in the southern U.S. Great Plains—in an attempt to bridge sociological scholarship on future climate change adaptation with the lessons of archaeological and comparative historical work examining the downfall of various communities and civilizations. Together, Orlove’s three historical examples illustrated the necessity of adaptation in the face of a changing climate and the need to understand inherent limits to adaptation. Orlove’s paper highlights numerous complexities in past societal responses to climate change that could significantly complicate efforts to study future adaptation. 

One of the most direct attempts to describe a historic analog for future climate adaptation comes from Balstad et al.’s (2009) examination of adaptation amongst Dakota Territory settlers in the late 1870s who faced the challenge of farming arid lands. These settlers relocated from wetter and more moderate climates and employed multiple strategies to adapt to their new surroundings. Adaptation, Balstad and her colleagues noted, demonstrates the influence of economic, social, and technological policies as much as it does the influence of the actual climate events. Their study argues for the utility, in certain contexts, of examining historical climate-related analogs to inform our understanding of the ability of human communities to adapt to climatic change.

Many other scholars have focused on examining the survival of modern-day human communities in the face of harsh climatic or geologic conditions, like those in Greenland. Moran (2008) describes numerous studies examining how physiological, cultural, and social adaptations have allowed human communities to survive in various ecoregions across the globe. Of particular interest to a number of researchers from different disciplines are the adaptations used by communities in areas where human survival is particularly difficult, such as the northern Arctic or the high Andes. For example, Ford (2009) examined more recent adaptation in a similar environment in an additional attempt to look for limits to adaptation. He studied the response of the Igloolik Inuit community in Nunavut, Canada in 2006, when sea ice development was dramatically slower and smaller than normal. His results showed differential vulnerability even among members of this small community and demonstrated how multiple interacting factors (such as the price of gasoline and the depth of powdery snow in certain areas) can strain a community’s ability to adapt to climate impacts, although a community’s limits to adaptation may not be static and could be addressed through government policy actions. 


Yet much of the scholarship on human adaptation focuses either on pre-modern examples or on cases of rural and aboriginal societies living in distinctive conditions. Although examining these types of cases can be of considerable value in understanding the limitations to overall human survival, fewer studies examine how complex modern societies have responded and evolved in the face of climate-related changes. One of those few studies comes from Jennings (2009), who provides the example of local and national reactions to a major 2004 flood in Bostcastle, England. She found that recent demographic changes might have increased vulnerability to flood damage by eroding the influence of local expertise. Her work implies that placing too much emphasis on links between extreme events and climate change could lead to maladaptations by ignoring long-term local experience.


Coulthard (2009) provides a broader modern example, arguing that adaptation and coping among fisheries-dependent communities and the fishing industry can provide a useful analog for climate adaptation: “[F]ishing societies have lived, and lived well, for generations with the unpredictability of the sea and its bounty. Fishers, worldwide, have perhaps earned the right to be considered as expert adapters” (p. 256). After examining the cultural and social factors involved in the decisions of fishing people to cope, adapt, or exit the sector, Coulthard concluded that effective adaptation is necessarily built upon an understanding of the values of affected communities.


Finally, McLeman (2009) connects historic and current examples in an examination of migration as an adaptation strategy for rural residents in two different contexts—eastern Oklahoma in the 1930s and modern-day Addington Highlands in eastern Ontario. Eastern Oklahoma faced a sudden drop in precipitation, while Addington Highlands has experienced a recent loss in snow cover and winter recreation opportunities. In McLeman’s view, migration served as a useful adaptation strategy in both scenarios, leading to the conclusion that adaptive migration is not necessarily a sign of failure in adaptation.


Collectively, these examples demonstrate the potential for further research observing successful and unsuccessful adaptations to climate-related and other environmental changes. They show how retrospective analyses can inform our search for limits to adaptation and provide critical elements to consider in a robust elucidation of successful adaptation. Although historical analysis can be of significant value, there is a clear need for work that focuses on the complex objectives of and adaptive actions possible in modern societies. 

Moreover, the few studies of adaptation in modern societies tend to rely on ethnographic or other related techniques to illustrate social characteristics of societies in the throes of adaptation, rather than conducting empirical analyses of predetermined criteria for success. We believe that a useful new research direction is the evaluation of climate adaptation success using modern objectives and empirical metrics allowing us to understand barriers and limitations in the context of societies operating in an environment of complex policymaking institutions, evolving technological capacities, and increasingly diverse and multifaceted value systems. Doing so could provide a bridge between documentation of historic adaptation and the development of current and future adaptation strategies and further our collective understanding of successful adaptation.

An Empirical Approach to Evaluating Successful Climate Adaptation in Modern Societies

In advocating an empirical approach to adaptation, we take a cue from the work of researchers who have attempted to use quantitative techniques to map climate-related vulnerabilities in specific regions. Luers et al. (2003) developed a method for integrating damage thresholds, sensitivity, exposure, and adaptive capacity to demonstrate vulnerability of wheat yields in Mexico’s Yaqui Valley. O’Brien et al. (2004) calculated indices for climate and export competition exposure as well as adaptive capacity in India’s agricultural sector and produced maps demonstrating where multiple stressors create areas of significant vulnerability. Working with a different set of colleagues, O’Brien (2006) also examined agricultural vulnerability in Norway. These efforts are potentially quite relevant for policymakers, although they likely will be most effective when considered a routine part of planning and public decisionmaking (Smit and Wandel, 2006).

Empirical reviews and evaluations of examples of modern climate adaptation can provide a useful complement to the type of vulnerability research described above. Unlike previous attempts to define successful adaptation, which rely on a deductive approach of crafting a theoretical definition and looking for cases to support such a definition, we intend to pursue an inductive approach of defining potential metrics for success in various contexts, evaluating specific case studies, and using those to craft a new definition for success.

The policy relevance of such an approach becomes apparent when we pose a simple question: how do we know how much adaptation is enough? Evaluating the success of adaptation strategies for future climate change is obviously impossible, but evaluating the success of adaptations by communities that have adapted to recent or current changes could potentially provide fruitful evidence for the design of future adaptation strategies. Knowing when and how adaptation actions have been successful could help calibrate the use of resources and the design of strategies intended to deal with future climate change. For example, practitioners seeking to design an adaptation plan could model their efforts on previously successful instances and continually evaluate relevant metrics as part of an adaptive management scheme intended to fine-tune adaptation efforts.

It is critical, however, to carefully consider the contextual nature of a challenge like climate adaptation. Adaptation strategies and the limits of those strategies can only be understood in the context of the system being analyzed (Adger et al., 2009). Thus in order to provide the most useful research to inform future adaptation in modern societies, researchers should examine adaptation in very recent contexts. This implies a need to begin by understanding the goals and objectives of modern communities and societies attempting to adapt. For example, while pre-modern societies like the Greenland Norse may only have sought their own continued survival, few modern communities would consider overall survival to be the only useful objective for future climate change adaptation. Instead, many might consider the need to provide for the welfare and economic security of its residents while protecting the natural environment on which they depend.

Effective evaluation of successful adaptation efforts would first identify potential adaptation objectives, then define an appropriate temporal and spatial scale encompassing climate-related impacts and examine broad metrics indicative of effects on the original objectives. For example, a winter tourism-dependent region experiencing warmer winters might seek to maintain an overall level of economic output to support its citizens. Researchers might look to see whether economic output has remained level or increased over the time period in question. The logical next step would be to delve into the regional context to identify whether policy, social, cultural, and other responses may explain how that particular community adapted successfully to avoid a serious economic downturn and whether such adaptations, examined over multiple spatial and temporal scales, provide universal benefit or interfere with the achievement of other societal goals.

That type of research entails adapting the historic approach discussed in the previous section to the current context, requiring the development not only of new adaptation objectives but also of methods to understand the mechanisms driving response actions. The modern world is comprised of a complex web of governance, technological, and social systems that pose a wide variety of barriers and limits to successful adaptation. Many of these limits may be endogenous to societies and socially constructed (Adger et al., 2009), putting the onus on researchers to possess or develop an intimate knowledge of the adaptation context in question. Understanding that context would allow researchers to connect the results of their empirical assessment of specific metrics to barriers, opportunities, limits, and strategies present in the area under consideration. The results of these studies could help inform decisionmakers of the implications for future adaptation and to translate lessons learned into a form useful in other contexts.

In summary, although researchers possess a long record of human adaptation to climate variability and other environmental changes (Adger et al., 2007), little of that record has been analyzed and synthesized in a manner conducive to providing lessons for efforts to adapt to future climate variability and change. The empirical approach proposed in this paper can help researchers and decisionmakers know when enough has been done to adapt, allowing more efficient and effective use of public and other resources.

Applicability to Future Climate Change Adaptation Efforts

Some authors (e.g., Dessai and Hulme, 2004) contend that future climate change holds such potential surprises that there is a limited ability to use historical examples as analogs for future climate adaptation. What is important, however, is not the magnitude or type of change faced in historical examples, but rather the change as perceived by those who experienced it. Thus Balstad et al. (2009) argue that while there was nothing climatologically unusual about the conditions faced by Dakota Territory settlers in the 1870s, the conditions there were so different from the ones the settlers knew in their home regions that the shift mimicked dramatic climate change. Examining such an experience, therefore, can demonstrate how communities in that context succeeded or failed in their attempts at climate adaptation.


Balstad et al. (2009) point out that much social science research on climate adaptation and decisionmaking in uncertain conditions relies on laboratory experiments or behavioral studies. Researching adaption by real historical populations can provide, in their words, 

the perspective that can be obtained through examining adaptive behavior and linking perceptions, experiences, and behavior over long time periods and in the context of complex and often interacting economic, technological, policy, and climate systems (p. 285).

While Balstad and her colleagues relied on historical data and accounts written by settlers, scholars analyzing more recent adaptations can paint a much more robust picture given an understanding of life in the time period in question and the ability to interview decisionmakers and others dealing with the relevant changes.


Examining the applicability of historical analogs does, however, raise important questions of temporal scale. If future climate change is considered to encompass relatively long-term (i.e., lasting decades or even centuries) impacts, then adaptation responses will likely be spread out over a similar time frame. This challenges researchers to find appropriate analogs based not on ephemeral events like individual disasters or even seasonal change, but on trend shifts that prompt various adaptive actions similar to what we might expect in the face of future climate change. 


With that in mind, we use the next section to describe three case studies that we believe may serve as productive examples of a very effective use of recent historical analogs to inform climate adaptation. All of the examples below have a distinct connection to Colorado, the area where we currently work. Testing our proposed approach in this region will enable us to draw more robust conclusions about mechanisms of and barriers to adaptation due to our understanding of the context in question.

Potential Case Studies


Bark Beetles in western North America. Across western North America, an epidemic of the native mountain pine beetle and other bark beetles has caused widespread tree mortality since the late 1990s. Eight million acres of trees in the Western United States are dead (Cables and Bentz, 2009), with particularly heavy mortality across forested areas of Colorado, where beetles have already killed more than two million acres of trees (U.S. Forest Service and Colorado State Forest Service, 2009).

According to the Colorado Forest Restoration Institute, four major factors triggered and are continuing to drive this outbreak: 1) long-term drought, which stresses trees and makes them more vulnerable to beetle attack, 2) higher summer temperatures, which also stress the trees and promote beetle growth, 3) higher winter temperatures, which reduce the likelihood that cold will kill beetle larvae, and 4) forest density, which provides abundant food sources for the beetles and can also stress trees due to competition for light, water, and nutrients (Romme, et al., 2006). Most experts agree that this massive epidemic is unprecedented in recorded history and has likely been exacerbated by recent warming across western North America (Bentz et al. 2009; T. Veblen, personal communication).

The sheer scale of the bark beetle epidemic and its potential to impact human and natural systems throughout the region, combined with a likely connection to recent climate change, makes this an ideal candidate for an examination of adaptation by affected human communities. Although area residents and policymakers are concerned about fire risk, impacts to water supplies, falling hazard trees, and reduced economic revenue due to tourism impacts, little work has been done to quantify and describe these potential impacts. In addition, the beetle infestation provides a unique opportunity to study the evolution of adaptive actions, due to the fact that it evolved over a time period (approximately 15 years) long enough to see significant shifts in behavior and policy but short enough to allow for effective data collection.

We are particularly interested in comparing adaptation in multiple settings affected by the beetle infestation. In Colorado, the economy in the affected area is highly dependent on tourism, while an outbreak of similar scope has devastated forests in interior British Columbia, whose economy is much more heavily dependent on logging and resource extraction. We would thus explore the use of economic indicators such as tourism revenue, sales tax, and property values to look for evidence of successful or unsuccessful adaptation in human communities. Given the breadth of concerns about impacts to natural systems, we would also aim to understand changes in metrics related to water quantity and quality (including nutrient loading and changes in watershed yield) and public safety.

Aurora, CO and the 2000s drought. The early 2000s brought severe drought to much of the Western United States, including 2002, one of the worst drought years on record for Colorado’s Front Range (Pielke Sr. et al., 2005). The unique “prior appropriation” system that governs water rights in the American West meant that such a drought posed novel and complex challenges for water utilities and resulted in the imposition of adaptive behaviors on numerous Front Range residents. Fortunately for researchers, the 2000s drought is well documented, especially in terms of its impacts on water utility policies and procedures in Aurora, a large suburban community east of Denver (Kenney et al., 2008).


In this case, metrics might include the continued ability of Aurora Water and other utilities to provide adequate supplies for residential customers; economic impacts on nearby farming communities that either lack sufficient water or lease water rights to municipal utilities; and instream flows for fish and recreational stream users. One of the authors of this paper (Dilling) has proposed a project to examine adaptive capacity in this system over time, given adjustments already made in the wake of the 2000s drought. Will residential water users no longer be able to make further reductions in water consumption if an even more severe drought occurs? This case could provide significant potential for an examination of successful adaptation over different time scales, especially if the region experiences another severe drought.

The Hayman Fire. In the midst of the 2002 drought came the largest fire in Colorado’s history. The Hayman Fire burned 138,000 acres of montane forest southwest of Denver. Despite combined federal and state firefighting expenditures of $119.8 million, the Hayman Fire destroyed 599 structures (Federal Emergency Management Agency 2003) and resulted in severe debris loading in the Cheeseman Reservoir, a key source of drinking water for Denver. Research after the Hayman Fire showed a short-term decrease in tourism revenue (Graham 2003), and fire scars are still plainly evident in the region. Although fires are more ephemeral events, they are similar to beetle epidemics in their ability to reshape entire landscapes for years to come. 


Possible metrics for understanding adaptation in this case would likely include property values, given that the fire burned near a growing exurban region near Denver. Proper analysis would also examine tourism revenue, measures of water quality, and soil erosion. Researchers could also examine local communities’ adoption of community wildfire protection plans and other “firewise” practices developed to help communities adapt to their fire-prone surroundings.


It is important to note that these cases clearly are not, strictly speaking, examples of adaptation to climate change. Given the difficulties of distinguishing whether climate phenomena and trends are attributable to natural variability or the effects of anthropogenic climate change, observing actual modern or recent adaptation to climate change is effectively impossible. What is possible, and what we advocate, is a focus on how communities have responded to dramatic changes in the external environment, as was the case with the beetle epidemic, drought, and fire described above. Examining these responses may provide useful information about how modern societies can successfully adapt to future climate change.

Collectively, the three cases offer intriguing opportunities to develop and test our framework for empirical research on success in adaptation. Our current set of proposed metrics clearly focuses on indicators of economic viability and ecosystem service provision, which we believe captures many of the concerns of modern societies. We hope, however, to refine this set of metrics and the parameters of our overall approach after examining one or more of these cases in depth. For example, we may need to address ways to incorporate the cultural value of various places into an otherwise easily quantifiable set of metrics. We then intend to investigate how policymaking institutions, political actions, and shifts in public behavior may be connected to the outcomes elicited through analyses of these metrics. From these detailed case studies will emerge data and other fodder for an inductive approach to crafting a shared definition of successful climate adaptation.

Conclusion


In its Fourth Assessment Report, the Intergovernmental Panel on Climate Change called for “research on the synergies and trade-offs between various adaptation measures” and “the economic and social costs and benefits of adaptation measures” (Adger et al. 2007, p. 737). An empirical approach to evaluating successful adaptation in modern societies, as outlined in this paper, could help meet those research challenges while providing researchers and policymakers with further evidence on how to design and identify effective adaptation strategies for future climate change.


Our next step is to begin the process of exploring and evaluating the utility of various quantitative metrics and analysis methodologies. We intend to begin with one of the cases described above in an initial attempt to understand which adaptive actions may have led to successful or unsuccessful adaptations, and why. Such a process may be initially time-consuming, but we hope to work with others to develop evaluative frameworks that can be applied more easily to future cases.


After developing and assessing those metrics, we will need to understand how to draw connections between various adaptive actions and changes in the metrics. Doing so can help clarify a set of factors, institutions, and other elements essential to a causal analysis. Policy decisions, political shifts, changes in individual behavior, and economic innovations or missteps are all likely candidates.


Once we have drawn a robust picture of adaptation in a given case, we will then seek to reassess our efforts in light of how they might inform theoretical debates about adaptation. In particular, we will examine whether the results provide any new insights about how to craft a definition of successful adaptation—and how to develop the means to identify successful or unsuccessful adaptive actions.


Finally, we will attempt to apply what we learn to the most useful and beneficial goals—namely, reducing vulnerability to future climate impacts. Laswell (1971) speaks of the need to preserve, if nothing else, the most basic goal of human dignity. It is our hope that results from the type of research outlined in this paper can advance not only that goal but also support decisionmakers and researchers all over the world in their attempts to provide for the survival and welfare of all human beings.
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