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Abstract

Scholars often identify lack of knowledge and lack of societal capacity as key barriers in promoting effective adaptation to climate change.  A focus solely on these issues however, may miss one of the most important elements of creating successful adaptation outcomes on the ground.  The hazards community has long identified the fact that knowledge about reducing vulnerability does not always influence decision making to actually reduce exposure to risks in practice.  Disaster losses continue to rise, and losses of life, while declining, still remain unacceptably high, despite tremendous gains in our ability to understand the underlying causes of such losses.  One of the key barriers to successful adaptation that must not be overlooked, therefore, is the uptake and use of knowledge about reducing vulnerability in decision making processes.  Otherwise, as Mickey Glantz has written, we reach the situation where “lessons have been identified, but not learned” meaning that knowledge gained even as a result of disaster or tragedy, is not acted upon to improve future outcomes.  This paper sets forth a theoretical framework to underpin case studies examining three related questions for adaptation: 1) Is lack of information a barrier for successful adaptation measures?; 2) What are the barriers to the successful uptake of information for adaptation in policy?; and 3) Are there limits to the use of information for improving outcomes?

Introduction

As the dimensions and reality of climate change have become more evident in recent years, attention is now beginning to focus on the issue of adaptation.  Adaptation is clearly deserving of attention, as climate change is occurring and emissions mitigation efforts, even if rapidly ramped up, will not be able to stave off impacts (Parry et al. 2007).  While much attention has been focused on estimating future impacts from climate change on various sectors and parts of the world, much remains to be understood about the barriers to successful adaptation.  These barriers include lack of knowledge about what to do and lack of capacity (whether financial, institutional or human) to act (Adger et al 2007).  

However, many may assume that given knowledge about how to reduce negative outcomes, and given sufficient societal capacity, society will take action to adapt to the risks of climate change.  This assumes that societies are able and willing to act on knowledge in order to reduce risk.  From existing research about the response to hazards, even without the prospect of climate change, we might have reason to doubt this assumption.  As Mickey Glantz and colleagues wrote, “lessons learned” might more appropriately be called “lessons identified”-- only until someone actually applies the knowledge to reduce the risks associated with future hazards do they actually become lessons truly learned (Glantz et al. 2009).  

White, Kates and Burton, three giants in the field of hazards and vulnerability work, published an important review of where hazards scholarship stands on the “situation in which more is lost while more is known” (White et al. 2001).  They reviewed twelve hazards textbooks that reflected the research and scholarship of the field to ask the question of why we know more and yet experience increasing losses due to hazards.  While the good news is that losses of life are decreasing, property damage is increasing, in both developing and the developed countries.  Losses of life, while declining, also remain unacceptably high given the number of preventable deaths especially in developing countries.  Explanations for these findings have been suggested but are not yet empirically or theoretically conclusive (White et al. 2001).  

With respect to the role of knowledge in improving outcomes with respect to hazards, White et al. (2001) briefly review five potential explanations for why, in face of ever-growing knowledge about hazards and their natural and social causes, losses continue to mount.  The possible explanations they offer include: a) knowledge is still lacking; b) knowledge is available but not used; c) knowledge is used but ineffectively or with unintended consequences; d) there is a lag time between the effective use of relevant knowledge and improving the situation; and e) all best efforts to use knowledge have occurred but background increases in vulnerability swamp any positive gains.  Their assessment concludes that in developed countries such as the United States, evidence is strongest for explanations b, c, and d-- conflicting interests, lack of political will and lack of incentives for longer-term policies are cited as particularly prevalent.  Developing countries also experience the inability to use available knowledge, but are burdened in addition with rapid increases in vulnerability that have the effect of overwhelming whatever modest improvements have been made with available knowledge.  White et al. conclude with a plea for more appraisal of the “actual results of applying the best available knowledge in the best possible way” and better integration of knowledge of hazards into the practice of sustainable development.

Dilling and Lemos (submitted) have recently reviewed the results of over 30 empirically-based studies of applying seasonal to interannual climate forecasts in regions where vulnerability to climate variability exists in order to look for patterns for when science is usable for decision making.  Usable science was defined as “science that is relevant to the decision context, that is available at the time and geographical scale of interest and which can make a difference to the outcome of a decision.”  They identified several lessons (identified, not necessarily learned) that comprised the elements of usable science: 1) the context of application matters-- features of the decision context itself are crucial in determining whether information is relevant and ultimately could be used; 2) there must be a receptive institutional or organizational setting; 3) there must be a compatible cultural context; and 4) the content, delivery mechanisms and dissemination of information must meet  the needs of the intended audience.  The review also found that there was ample room for improvement in the science policies that support the creation of usable science.  

These features summarize what is necessary for scientific information to be usable, that is, to have the potential for being used in decision making.  Simply because science is usable does not mean that it is ultimately used.  For outcomes on the ground to improve, whether in hazards mitigation or climate change adaptation (which are closely related), society must improve the uptake and integration of information about reducing vulnerability into decision making at the individual and institutional level (Slovic et al. 1974).
This suggests that a stronger focus on the process of decision making and the use of knowledge in that process might be a fruitful area of research in order to make progress on expanding adaptive capacity and reducing vulnerability.  Grothmann and Patt (2005) argue that there is a dearth of research in adaptation focusing on the process of decision making, pointing out that “fixing problems of poor decision-making requires understanding how the process of decision-making actually takes place.”  

1.  Knowledge for Adaptation

Adaptation for climate change impacts has emerged as a strong theme in the literature only in the past ten years or so, against a backdrop of much more abundant research on the need to reduce emissions (Pielke Jr. 1998, Burton et al. 2002).  The case for adaptation has only become stronger in the past few years, as climate change becomes more certain and impacts are documented worldwide.  Communities, municipalities and organizations are beginning to examine the potential impact of climate change on their resource demands in areas such as water supply, wastewater management, species protection, energy demand and supply, and hazard mitigation in coastal and flood-prone regions (e.g. Moser and Luers 2006, Dessai and Hulme 2007, Tompkins and Amundsen 2008, Lawler 2009).  

As defined by the climate change assessment community, adaptation is: “adjustment in ecological, social, or economic systems in response to actual or expected climatic stimuli and their effects or impacts” (Smit et al. 2001).  From a human perspective then, the notion of adaptation includes considered, rational action taken in order to prevent negative outcomes associated with the changes that climate change might bring.  Autonomous adaptation also occurs, that is, responses to change that may not be planned or may emerge as an inherent part of the ecological system.  Adaptation has been an ongoing feature of social and policy systems—our current social fabric and legal framework has been determined through a myriad of responses to hazards and adverse outcomes throughout history (Orlove 2005).
The climate assessment community has defined vulnerability as “the degree to which a system is susceptible to injury, damage, or harm” (Smit et al. 2001). Turner et al. (2003) characterized vulnerability as a combination of exposure, sensitivity and adaptive capacity.  Vulnerability has evolved over the past few decades from a concept primarily based on the severity of the natural hazard itself to a much more comprehensive notion involving social capital, political stability, poverty level, access to decision making, and so on (Bankhoff et al. 2003, Eakin and Luers 2006). Recent research emphasizes the social or human dimensions as a dominant factor influencing vulnerability, while acknowledging that such vulnerability is of course often embedded in a particular natural hazard context (Kelly and Adger 2000).  Some studies have examined vulnerability at a national scale, establishing indicators across a range of social and physical systems, such as access to sanitation, literacy rate, political rights, life expectancy at birth, and so on (e.g. Brooks et al. 2004).  

It is clear then, that the need for adaptation is driven by both natural and social factors-- in other words, vulnerability is constructed by both exposure to hazards and by underlying social factors such as poverty, inequity, governmental systems, social capital, and so on.  This paper does not seek to evaluate the claims for one particular aspect being more important that another in creating vulnerability.  Rather, I am claiming that no matter the type of knowledge-- whether forecasts of temperature, assessments of infrastructure conditions, or understanding of how social class impacts exposure to hazards-- in order to impact outcomes on the ground and create successful adaptation to climate change this information must be taken up and acted upon successfully in decision making processes.  Both physical and social system knowledge can be of use, to varying degrees depending on the context and state of the knowledge itself.

So, we might first ask the question, is lack of information a barrier to successful adaptation?   We do not know the answer to this yet conclusively.  It may depend on what one expects in the way of adaptation knowledge, and what types of processes need to be activated in order to use new knowledge. Many managers have expressed interest in downscaled predictions of future climate change for their particular region or county.  And yet, the quality of predictions at the regional scale leaves much to be desired, and in many places is not sufficient to use at this time as a reliable indicator of future climate (Dessai et al. 2009).  Dessai et al. and others have argued that lack of certainty in predictions of the future should in no way constrain efforts to embark in adaptation strategies.  Rather, they argue, strategies for adaptation should be robust to a range of potential climate outcomes (cf. Lempert and Collins 2007).  They call for further research in the range of alternatives to consider in the face of deep uncertainty.  If skillful information about the future impacts of climate change at the regional scale could be developed in a timely manner, it is probable that that information would be highly desired and sought after. 

Lack of information may therefore act in at least two ways: one, it may be a perceived barrier to adaptation, that is, when information about the future is lacking people may think that there is no option but to continue with business as usual, and two, lack of information may actually be a barrier to adaptation, if strategies for reducing vulnerabilities that are robust to both existing knowledge and a range of future possibilities are not sufficiently illuminated and explored with decision makers.  To address the former is not only a matter of identifying current knowledge that is relevant, but also a matter of working with cognitive indicators such as perceived adaptive capacity (Grothmann and Patt 2005).

To date there is not enough empirical evidence to determine whether or not decision makers lack sufficient information to adapt to climate change.  There are assessments of research needs as expressed by the impacts, adaptation and vulnerability communities, e.g. WGII of the IPCC Fourth Assessment Report (e.g. Liverman 2008, NRC 2009).  The identified research needs include the ability to compare across multiple case studies, assessment of model uncertainties, understanding barriers to adaptation, and the like.  These assessments are certainly valid indicators of the research communities perception of information gaps, but do not necessarily reflect what individuals and resource managers on the ground may need.  There is therefore a need to assess what decision makers say they need to know, what knowledge is available that is relevant to their decision context, and what options are viable.

2.   Inefficient or Nonuse of Available Knowledge

As alluded to above, if the trend for adaptation knowledge is analogous to that for knowledge on hazards in general, one of the perhaps most prevalent situations for developed countries is likely to be that knowledge for adaptation may be available but not acted upon.  Why, in a situation where a known vulnerability exists, and potential solutions are available, do we still not act to reduce vulnerability?  This will be a central question for climate change adaptation research (and mitigation research for that matter) for many years to come.  First, let us review some high profile recent cases that demonstrate that this is indeed a problem even for developed countries.  These cases have been linked, rightly or wrongly, to the issue of climate change by virtue of the physical impact in question (heat waves and hurricanes/flooding).  However, even more importantly they illustrate the underlying issue of knowledge of a vulnerability being insufficient in itself to cause a preparatory response such as we might call for in adaptation to climate change.  If this is a problem even in developed countries, we might posit that it will be even more of a issue in developing countries, even if a less prominent one compared to lack of knowledge and resources generally.

The heat wave of 2003 in France in which close to 15,000 people perished in a 2-week period demonstrates that even in a country with a high socio-economic status, vulnerability to climate-related events can be high (Poumadère et al. 2005).  While deaths from other types of natural hazards have decreased in post-industrial societies (Burton et al. 1978), heat-wave related deaths have not (ibid.).  Poumadère et al.’s analysis suggested that a number of factors contributed to the vulnerability of the individuals to the heat wave, including lower socio-economic status, female gender, being elderly, and living alone.  Anecdotally, deaths were prevented in cities or specific institutions where steps were taken in advance, such as instructing staff to make changes in their routines, providing behavioral advice or drawing attention to the increased risk through the media.  In many more instances, however, attention to the increased risk posed by the uncharacteristically intense heat wave was unremarked, with tragedy as a consequence.  

Prior to the French heat wave case, it is clear that information on heat waves existed, and that the vulnerabilities of the poor, elderly and women were well known.  Poumadère et al. note that a paper published just before the disaster reviewed over 1000 articles about the impacts of heat waves, with the author warning that increasing attention was needed to risk prevention for heat waves (Besancenot as cited in Poumadère).  It is clear that hazards researchers (and some public health officials or administrators) knew that risk of dying in a heat wave was due to a combination of physical (temperature) and social (status, gender, age) factors.  In this highly educated and post-industrial society, what might account for the differential uptake and action based on warnings of risk?  The question is still open.

It has been said that Hurricane Katrina was “the most predicted disaster in American history” (Cigler 2007).  Predicted not only because forecasters identified that a major hurricane was bearing down upon a low-lying coastal city, but predicted in that this inevitable natural event would occur against a backdrop of failing infrastructure, a city with may poor residents with little access to resources for evacuation, and massive inequities among races within the city.  New Orleans residents were predominantly African-American, with disproportionately high numbers of individuals living in extreme poverty, or with disabilities or poor health.  A multi-part newspaper story with uncanny prescience ran in the New Orleans Times Picayune in 2002, three years before Hurricane Katrina arrived (McQuaid and Schleifstein 2002).  In that story, the problems of insufficient planning for evacuation, areas likely to experience high water, vulnerable populations such as the poor and infirm being left behind, were all described as if the story had been written after Katrina.  For example: “Amid this maelstrom, the estimated 200,000 or more people left behind in an evacuation will be struggling to survive. Some will be housed at the Superdome, the designated shelter in New Orleans for people too sick or infirm to leave the city.  Others will end up in last-minute emergency refuges that will offer minimal safety. But many will simply be on their own, in homes or looking for high ground” (McQuaid and Schleifstein 2002).  This prediction was not only based on computer models, or expert guesses from academics, but also from the experience of many residents who had lived through previous hurricanes and from historical records of flooding in the wake of earlier storms in the past century.  And yet, the disaster unfolded eerily and tragically-- not without surprises in the exact timing and failure points, but demonstrating the major features expected such as deaths, displaced persons, inadequate rescue efforts, and long term economic suffering.  Many have asked questions about lessons to be learned from Katrina, or criticized the response, or looked for where to lay the blame.  It is clear that while there were many failures leading to the disaster of Katrina, lack of knowledge about the potential for disaster was not one of them (e.g. Colten et al. 2008).  The uptake of knowledge into appropriate decision making processes, however, failed at many levels and in many different organizations.

Through these anecdotal cases, we can see that uptake of information into policy processes has indeed been lacking, or that it at least appears inefficient from the perspective of the knowledge generation side.  Understanding why knowledge is not taken up in the policy process is much more difficult to diagnose.  As reviewed in Dilling and Lemos (submitted), new types of information such as forecasts can have a hard time being taken up by decision makers in organizations and by individuals for a variety of reasons including lack of trust, lack of relevance, poor communication processes, and so forth.  But it seems that we may even need to look beyond knowledge generation processes in order to explain why some information is not incorporated, particularly information that is known for decades and even has perhaps been gained through direct, personal experience.
3.  Barriers and Limits to uptake of adaptation-related information in policy processes

My initial assumption is that adaptation to climate change will share many similarities to the challenges of mitigating natural hazards.  As defined above, adaptation is responding to actual or potential stimuli from climate effects and their impacts.  Climate change impacts will likely manifest as “creeping environmental problems” rather than as discrete crises that galvanize action (cf. Glantz 1999).  While we often notice natural hazards as discrete disasters, preventing negative impacts, like adaptation, is more a matter of long-term planning, incorporating mitigative measures into everyday decisions, and overall choices to build resilience (Colten et al. 2007, White et al. 2001).  Moreover both adaptation and hazards communities have grappled with alternative world views regarding the main drivers of risk, whether from the physical dimensions of the hazard, or that of the underlying societal vulnerability (O’Brien et al. 2004, White et al. 2001).  Both must grapple with the uncertainties inherent in prediction, communicating probabilities, and issues of scale.  While we do not know yet the full extent of what the limits to the uptake of adaptation-related knowledge in policy processes might be, we can look to the experience with hazards to draw some analogies that may be useful as starting points for research.

I will focus on two main arguments emerging from the hazards community and adaptation research that should be examined empirically to evaluate limits in uptake of adaptation knowledge.  The first is that the perception of risk and of adaptive capacity is not always accurate and the second is that even when risks are identified, acting to mitigate them may not provide sufficient reward to decision makers in positions to make a difference.  

Since the 1970s, hazards research has identified that managers often do not behave as predicted by optimization models, but rather make decisions in a manner that the decision sciences calls “boundedly rational” (Slovic et al. 1974).  This model of decision making acknowledges that there are certain limitations on the perception and cognitive processing of uncertain information, and that this limits the ability of individuals to make use of all the relevant information that might inform their judgements.  From an empirical perspective, Slovic et al. identify some key questions that might inform research studies today on the potential uptake of information on adaptation to climate change.  These questions include asking whether managers might overgeneralize on the basis of small samples, might conflate causality and correlation in evaluating a decision outcome, might be influenced by particularly memorable events, make anchoring errors, and commit other information processing shortcuts that end up compromising their ability to make a strong decision.  These factors have been empirically studied in many instances in other contexts, but may be playing a role as well in determining the uptake of information on adaptation into policy processes.  Whether these types of decision making characteristics can be altered or improved upon with new ways of presenting information remains to be seen. 

Grothmann and Patt (2005) studied decision making at an individual level for adaptation to climate variability in two communities, one in Zimbabwe and one in Germany.  They focused particularly on cognitive factors that might produce a response of either adaptive (actions to prevent damage) or maladaptive (e.g. avoidant, wishful thinking, fatalism).  They identify the two components of risk appraisal; perceived probability and perceived severity.  Once a certain threshhold of risk had been reached, then components of adaptation appraisal, or choosing a course of action become relevant. These include perceived adaptation efficiency, perceived self-efficacy and perceived adaptation costs.  Overall these findings suggest that intent and perceptions can limit the actual adaptive capacity and may lead to an overestimate of adaptive capacity by the scientific community.  Simply because someone from the outside of the community believes there is an alternative choice that would reduce vulnerability, does not mean that the actual decision maker perceives the choice in the same way.

The larger social context of adaptation decision making may also be influenced by the social amplification/attenuation of risk (Kasperson et al. 1988).  The risks posed by climate change may in fact be mediated and attenuated by various processes in society compared with the actual risks of various negative impacts occurring.  We do not have empirical evidence that risk attenuation or amplification is occurring in the case of climate change.   Anecdotally, we can say that climate change shares some of the characteristics of social amplification: significant media coverage; a (misguided) perception by the public that the basics of climate change science are hotly disputed in the mainstream scientific community; and impacts that lend themselves to dramatization (e.g. polar bears and melting ice).  However, while a climate protection movement may still be building (Moser 2007), there have not been massive protest and moratoriums on coal-fired plants, for example, nor has the impetus to improve adaptive capacity to climate change reached the top of the public agenda as one might expect if the theory holds and risk is amplified in society.  I have argued elsewhere (with Susanne Moser) that the characteristics of climate change itself make it difficult to promote action with any sense of urgency (Moser and Dilling 2007).  Social attenuation of risk may begin to play a role in influencing public managers’ decision making on adaptation if they perceive that the public does not value making tough decisions to prevent what the public sees as particularly unlikely or uneventful future outcomes of climate change.  This in turn may make the uptake and use of any information in decision processes a particularly unlikely event.

At the policy level it is important to recognize that policy structures and organizational incentives may not be aligned well to undertake adaptive measures.  Burby has argued that policy decisions and their outcomes in place before hurricane Katrina were responsible for making the disaster not only predictable, but much worse that it should have been (Burby 2006).  He argues that indeed there is a “levee effect” first postulated by White (1945) whereby structures designed to provide safety from a hazard can actually increase vulnerability in conditions where the normal tolerances for the protective measure are exceeded or where additional exposure to the hazard is encouraged through development in an otherwise hazardous place (e.g. Sorenson 2000, Riebsame et al. 1991).  To make matters worse, he argues, when faced with more pressing problems (or perhaps socially amplified ones?) such as crime and school achievement, local government officials put hazard mitigation on the back burner.  The payoffs may be long distant, and the current costs high.  As argued by Mills, it may in fact be that local residents do not perceive hazard mitigation as the most pressing issue, and thus it may constitute a “policy without publics” (Mills 1991 as cited in Burby 2006).  In addition, the presence of federal insurance programs (in the case of flooding) create a “moral hazard” where the full scope of the risk is not born by residents and thus there is no incentive to try to reduce them.  Moreover, as Skolnikoff (1999) has pointed out, in the case of climate change, it is likely that other factors such as economics and politics dominate.  Indeed, some knowledge may not be welcome as it may contraindicate for other, more preferred policies, and thus incorporation of knowledge is not only less urgent, but it is also inconvenient and actively discouraged.
Finally, we may wish to consider the possibility that in fact there is some level of “equilibrium” that individuals and societies reach with respect to mitigating hazards or reducing vulnerability to them.  Certainly many individuals accept that they live in hazardous locations and are willing to deal with the consequences once the inevitable strikes.  This may be a conscious decision, or perhaps an example of the social attenuation of risk, where the risks of quite probable events are underappreciated and ignored  (Kasperson et al. 1988).  Individuals who live in Malibu (mudslides), California (earthquakes), Colorado forests (fires), Des Moines or Grand Rapids or New Orleans (flooding), Miami or the Outer Banks (hurricanes), to name a few, are not unaware of the hazards that exist in their environment.  They have chosen to live in the environment  and value other factors more highly, such as aesthetics, family roots, jobs, recreation, climate, and a host of other tangible and intangible rationales.  The policy question arises when the decisions made by an individual either put others at risk, say firefighters, or when losses are reimbursed to the individuals at the expense of others.  Once societal funds are on the table, the question of individual freedom to choose where to live does become a policy question.  And the question of what it is reasonable to expect in the way of mitigation given existing knowledge, existing funds, and competing priorities can only be resolved through the political and policy process.  There is also some question as to whether individuals truly perceive the risks they are bearing, if communities have in fact built infrastructure and homes in vulnerable situations such as central Paris (vulnerable to heat waves) and downtown New Orleans (vulnerable to flooding).  There may be some sense of safety and belief that city officials are making decisions in residents’ best interest when that might not in fact be the case.

Going Forward: The need for empirical study of the uptake of adaptation knowledge

It is clear that losses due to natural hazards combined with underlying social vulnerability are still high, and could be considered unacceptably so.  The impacts of climate change are not known in full, but some, such as heat waves and coastal flooding, are largely beyond dispute.  Society can choose to mitigate the risks associated with these hazards by identifying and addressing the underlying vulnerabilities.  What we still do not know, however, is what limits the uptake of information on adaptation, and what might be done to remedy the situation if warranted. 

If the natural hazards experience is any sort of appropriate analog for adaptation to climate change, there is ample evidence to suggest that the uptake of information will be a key limitation on successful adaptation.  Limits on the uptake of information to reduce vulnerability may stem from individual cognitive barriers, societal perceptions or policy processes and incentive systems themselves.  These limits must be identified in order to provide a more accurate picture of the vulnerability of populations-- information that is not used or is used ineffectively to reduce vulnerability can have the same effect in the end as no information at all.  

White et al. 2001 end their paper with a call for empirical work looking at the results of “best case” scenarios where the best available knowledge was applied with good results.  I would like to do the same here for the area of adaptation, but include a focus as well on empirical work looking at some of the barriers and failures as well as successes.  The theory suggests that individual and societal perception of risk, tradeoffs with more immediate issues, cognitive limitations, and incomplete or inappropriate policy incentives may all play a role in limiting the uptake and use of relevant knowledge in policy processes.  Adaptation to climate change is proceeding in several localities around the globe. These claims can be tested with a series of empirically-based cases to understand where the theory may hold and where it may give way to new paradigms. Decision processes can be queried and risk perception assessed, along with actions potentially being considered.  Cases may be drawn from both those entities that are taking action, as well as those that are predicted be exposed to risks in the future but which are not taking action.  In short, an exciting research agenda lies ahead that builds not only on a long tradition in hazards research but addresses a timely and perhaps important barrier for successful adaptation.
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