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1. Introduction

1.1 Motivation and Purpose 

In the early years of the 21st century, adaptation to climate change has risen sharply as a topic of scientific inquiry, in local to international policy and planning circles, in the media, and in public awareness (Adger et al. 2007; Moser 2009a; Preston et al. 2009). Adaptation scholars have generally assumed lower vulnerability and greater adaptive capacity in developed countries and greater challenges in developing countries, and thus focused more research there (e.g., Smit, Pilifosova, et al. 2001; Adger et al. 2007). While this broad-brush wisdom may hold true in an absolute sense, catastrophic climatic events in Europe, the United States and Australia in recent years have led to critical questioning of the common assumption that the US and other richer nations will be able to adapt to climate change with little problem (Moser 2009b; Moser 2009a; O'Brien et al. 2006; Pielke et al. 2007; Schipper 2006).

One line of research that has grown out of this more critical examination of developed nations’ adaptive capacity is the growing interest in barriers and limits to adaptation: are there any, and if so, what is the nature of these barriers, what is their impact on society’s ability to deal with climate change impacts, and how, if at all, can they be overcome? This paper aims to contribute to just this line of research. Our primary goal is to advance the discussion and examination of barriers to adaptation by laying the foundations for a systematic, diagnostic framework that allows researchers and practitioners to identify barriers to adaptation in different contexts. In subsequent papers we will build on this foundation to present the diagnostic approach and identify the range of barriers arising in the adaptation process. 
Below, we provide a brief overview of the literature on adaptation barriers to provide a deeper rationale for our paper and then define our terms (Section 2). In Section 3 we offer some guiding principles to build our diagnostic framework. Section 4 then introduces the key elements of the framework and Section 5 describes several fundamental distinctions of barriers that one can expect to encounter. The concluding Section 6 gives a brief preview of our next steps in further developing and empirically testing this framework of adaptation barriers. 

1.2 Synthesis of the State of Knowledge about Adaptation Barriers

A small but growing body of literature has emerged that specifically addresses questions about the existence and nature of barriers and our ability to transcend them (e.g., Adger et al. 2009; Adger, Lorenzoni, and O'Brien 2009; Burton 2009; Easterling, Hurd, and Smith 2004; Grothmann and Patt 2005; Jamieson and VanderWerf 1994; Lowe, Foster, and Winkelman 2009; Mitchell et al. 2006; Moser and Luers 2008; Moser et al. 2008; Nielsen and Reenberg 2010; Patt and Schröter 2008; Pielke et al. 2007). This work can be augmented by insights on the challenges involved in social change and management processes at all levels of aggregation and governance. Together this literature begins to explain the “adaptation deficit” (Burton 2009) and sheds light on the gap – quite frustrating to some (Blair 2009) – between the recent fury of adaptation talk and planning and yet still limited progress in implementation and actual advance in preparedness. It infuses a welcome dose of pragmatic realism into our rather simplistic assumptions about adaptive capacity and communities’ and nations’ ability to manage the impacts from climate change. Indeed, a careful study of barriers and limits to adaptation can advance our understanding of adaptation processes and improve our predictive capacity, including the assessment of adaptation costs and the relative balance of mitigation and adaptation needs (Patt et al. 2009). Moreover, it could help society shake loose from the grips of complacency (O’Brien et al. 2006), enable decision-makers to prepare more efficiently, and increase the likelihood of effective and timely implementation of adaptation measures.

The barriers and limits identified in the literature to date predominantly focus on financial and technological ones, but psychological, social, political, cultural, organizational and institutional ones have also been discussed. Much remains to be learned about all of them (NRC 2009). To date, there has been no widely accepted definition of a barrier, nor has there been a systematic identification of possible barriers in the adaptation process. While highly informative and illustrative, the empirical focus in barriers has varied widely (e.g., those faced by individuals, local governments or private sector businesses), but has not been comprehensive. To fill these gaps, we believe it is important to carefully examine all aspects of the adaptation process, including the actors involved, the decision processes from start to finish, and the governance contexts in which actors undertake adaptation. The challenge is one of enormous complexity, and single disciplines or theoretical constructs are unlikely to suffice to capture it. Our hope is to begin this interdisciplinary integration by laying the foundation for a diagnostic framework. 

2. Defining Adaptation, Limits and Barriers: Scope and Scale of Adaptive Interventions

2.1 Defining Adaptation

Scholars and practitioners use the term “adaptation” in a variety of ways (Adger et al. 2007; Head 2009; Smit et al. 2000; Smit and Wandel 2006; Schipper and Burton 2009). If the development of a diagnostic framework is to succeed at all, it is important to clarify what counts as “adaptation” in order to delineate the actions and contexts in which barriers may arise. 

Early social science work on adaptation to environmental hazards and changes (Denevan 1983; Kates 1985; Rappaport 1968; Vayda and McCay 1975) can be broadly described as falling into the human ecology tradition. Building on the classic literature on analyzing human response to environmental hazards (e.g., Burton, Kates, and White 1978), Kates et al. (1985) distinguished between adjustment and adaptation. Adjustments are short-term, relatively small-scale or minor, whereas adaptations are longer-term and more systemic. They acknowledged that though these two concepts of adaptation and adjustments are theoretically distinct, they tend to be difficult to distinguish in practice. Some scholars maintain this distinction to this day (Berkes and Jolly 2001), but much recent scholarship no longer carefully distinguishes the shallower and deeper changes societies make in response to a stimulus. The units of analysis in the human ecology tradition vary from individuals (Vayda & McCay 1975) to entire cultures (Rappaport 1968; Steward 1972) and earlier work was restricted to reactive adaptation given that the studied individuals and cultures did not have forward-looking capacity (e.g., models projecting environmental change).

In sociological, psychological, and geographic hazards work, the concern has traditionally been on short-term responses (coping) to hazardous events and a variety of “hazard mitigation” interventions. Despite deeper, and theoretically differing causal analyses of hazard vulnerability and impacts (Hewitt 1983; Kates, Hohenemser, and Kasperson 1984; Wisner et al. 2004) and resulting calls for systemic interventions in human, natural, and technological systems, the predominant concern in applied hazards studies has been on the preparedness, response and recovery processes immediately preceding and following an hazardous event. Until recently there has been little concern for longer-term trends in underlying environmental (or societal) drivers (Bruce 1999; Lever-Tracy 2008; Schipper and Pelling 2006). In scholarship and practice, these short-term concerns with individual hazardous events (disaster preparedness, hazard mitigation, and coping) now fall under the rubric of adaptation. The reverse approach has also been taken, namely grouping adaptive responses into common rubrics of hazard management intervention (Travis 2009).

Other social science theories attempt to describe and explain social change phenomena – from individual behavior change (Barr 2008; Gardner and Stern 2002; Halpern and Bates 2004) to organizational and institutional change (Argyris 1993; Breit et al. 2003; Collins 1998) to decision-making and policy change (Kingdon 2002; Jasanoff and Wynne 1998) to technological innovation and change (Berkhout 2002; Rip and Kemp 1998; Rogers 2003) and to large-scale societal and cultural change (Inglehart and Welzel 2005; Raskin et al. 2002; Steward 1972). In particular, discussions of the “sustainability transition” or of “transition management” (Kemp and Rotmans 2004; Raskin et al. 1996; Rotmans, Kemp, and van Asselt 2001) speak to some of the deeper, lasting system changes that Kates et al. (1985) would have called “adaptation.” The degree of anticipation versus reactivity to stimuli from the social environment, the time-scales, the degree of intentionality and control, and the number of actors and the intensities and forms of their connectedness in bringing about change all vary widely.

While momentarily neglecting the theoretical contributions to adaptation in ecology, we acknowledge its focus on resilience of ecological and social-ecological systems, a term that has come to absorb both short-term responses to disturbance (“bounding back”) and the longer-term capacity to change and adapt in order to maintain essential system functions and features (Holling 1973, 1996; Walker et al. 2004). Out of this context the notion of “adaptive management” emerged, an iterative, deliberately learning-oriented strategy to assist in more flexible management of natural resources in light of uncertain knowledge, inadequate models and constantly changing contexts (Gunderson, Holling, and Light 1995; Lee 1993). With increasing attention to the institutional context and actor networks involved in ecosystem management, “adaptive governance” has become a central focus for resilience scholars (Folke et al. 2005; Olsson et al. 2006; Pahl-Wostl 2009). 

In the climate change context, the now most commonly adopted definition of understanding is that adopted by the Intergovernmental Panel on Climate Change (IPCC) where adaptation is understood as an “adjustment in natural and human systems in response to actual and expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities” (IPCC 2001, p.982). The types of adaptation included encompass anything from coping to deeper system changes. The actions are distinguished, however, by the timing of when they are undertaken (anticipatory or reactive), the actors undertaking them (private or public), and by the degree of conscious planning and intentionality (autonomous or planned). Planned adaptation can occur on any organizational level. Smit et al. (2000) in addition group them into three broad temporal categories: those that deal with long-term trends, variability from the norm over relatively short periods, and extreme events. Pielke et al. (2007) have criticized the IPCC’s definition as restricted to actions that respond to “climate stimuli and their effects.” In fact, numerous researchers have found that many if not most adaptation actions are not taken for climate-related reasons alone (Adger et al. 2007; Tompkins et al. 2009). Thus, definitional purity may come at the expense of capturing the full range of actual adaptation experiences and processes.

Finally, it is important to examine how individuals engaged in planning and implementation of adaptive actions define what they do. Experience in the US suggests that practitioners generally are less careful or systematic in their definition of adaptation (Moser 2009a). Many adopt the IPCC definition or a more intuitive derivative (e.g., “preparing for and managing the impacts of unavoidable climate change”). Importantly, as adaptation rises on the policy agenda and such definitions are put forth in public documents (including its explicit climate rationale), countless actions previously undertaken without a climate change justification now find themselves under the “adaptation umbrella” (see de Bruin et al. 2009; Tompkins et al. 2009 ; Wilson 2006; NRC forthcoming). 

In light of the foregone discussion, we adopt a definition here that expands upon the IPCC definition. We concur with it by recognizing that climate change will manifest at different time and spatial scales, and in human and natural systems, as will the adaptive responses; some of these human responses will involve foresight, others reactivity; and they will occur at all levels. We deviate from it mainly in recognizing that adaptation may or may not be justified by climate change and may well begin as a result of other, non-climatic events and opportunities. The IPCC definition also implicitly assumes effectiveness in outcome that we believe is premature – whether or not harm will be moderated and beneficial opportunities exploited is contingent upon many factors, not just the adaptive action itself. All too many adaptive actions may turn out to be maladaptive. Thus, for the purposes of this paper, we use the following definition:

Adaptation involves changes in natural and human systems (ranging from short-term coping to longer-term, deeper transformations) in response to actual and expected climatic stimuli, their effects, and concurrent and interacting non-climatic changes which may moderate harm or exploit beneficial opportunities (Figure 1).
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Figure 1. Scope and Scale of Adaptation to Climate Change 

(Based on our literature review, especially Dovers 2009; Kates et al. 1985; Olsson et al. 2006; Post and Altman 1994)

Our primary focus in this paper is on the planned adaptation process but we do not presume a particular level of planning or decision-making; instead we attempt to account for the complexity of a more involved process. We are also not a priori normative about what the right scale or scope of adaptation should be, i.e., assuming that actions taken in pursuit of shorter-term and maybe shallower goals are necessarily less worthy. Success in the near-term may well turn out to be “maladaptive” in the long run, and vice versa. We do suggest, however, that choosing a particular scope and scale of adaptation has significant implications for the number and types of barriers activated and encountered by choosing different adaptation actions or pathways. System transformations will require different and likely more challenging hurdles to be overcome than planning or implementing immediate measures to cope with a disaster.

2.2 Defining Limits and Barriers to Adaptation

In addition to defining the scope of adaptation, we also must define what a barrier is. In our work, we distinguish between “limits” and “barriers” to adaptation. Limits are defined as absolute in a real sense: they constitute thresholds beyond which existing activities, land uses, ecosystems, species or sustenance cannot be maintained, not even in a modified (adapted) fashion. Beyond such limits loom irreversible loss (and the adjustment to living with that loss), radical system shifts, or – maybe – innovation and novelty.  

By contrast, barriers are obstacles that can be overcome with concerted effort, creative management, change of thinking, prioritization and any related shifts in resources, land uses, institutions, etc. As Adger et al. (2009) convincingly argue, many seeming limits, especially social limits, are in fact malleable barriers; they can be overcome with sufficient political will, resources, and effort. However, many barriers will make adaptation less efficient, less effective, lead to missed opportunities or higher costs, and in many instances they may appear to individuals participating in the adaptation process as de facto limits. Not questioning such overt or latent perceptions about limits and barriers (however difficult to overcome) may itself pose a barrier to making progress in the adaptation process. 

As a matter of convenience (and readability), we will use the term “barrier” (interchangeably with hurdle or obstacle) in the remainder of this paper. In fact, it is our hypothesis that most social hurdles are in fact barriers that can be overcome. Physical and biological hurdles may not always be overcome, no matter how much political will or money are brought to bear on them.

3. Principles Guiding the Development of a Diagnostic Framework 

The development of our diagnostic framework of adaptation barriers is guided by a number of basic recognitions or principles which are derived from our definition of adaptation and reflect the bodies of literature we draw on. They represent inevitable dialectical tensions in the adaptation process, one which a diagnostic framework of adaptation barriers must be able to capture. We thus aim for a framework that is:

· Socially-focused but ecologically-constrained 

· Actor-centric but context-aware

· Process-focused but action/outcome-oriented

· Realistically iterative and messy but linear for convenience

We elaborate on each of these inevitable tensions below.

Socially-focused but ecologically-constrained. Our primary focus is the social sphere because we are interested in planned adaptation. This focus means we are interested in actors who are not just autonomously reacting to a changing environment, but who are perceiving, thinking, feeling, planning, deciding, governing, guiding, facilitating, acting, implementing, legislating, leading, communicating, linking, blocking, rejecting, arguing, disagreeing etc. This social focus notwithstanding, we take for granted that all human systems are embedded in and interact with biophysical systems (i.e., social-ecological system, coupled human-natural systems), or else they would not require adaptation to a changing climate (Folke et al. 2002; Kasperson, Kasperson, and Turner 2009; Liu et al. 2007; Turner et al. 2003; Young et al. 2006). 

Actor-centric but context-aware. Our framework is explicitly actor-centric and assumes that the adaptation process typically involves multiple actors. Actors, however, are always embedded in a social, cultural, institutional, technological and economic context that enables and constrains the action space they have; in turn, actors are able to change the context in which they move (Giddens 1984). These contextual aspects will feature strongly in our diagnostic framework, but in what ways and how much they matter, to which actors, and for which adaptation strategies will be situation-specific. The presence of multiple actors involved in the adaptation planning and implementation process points to the notion of “governance,” which implies that determining a course of action is no longer considered simply the purview of formal governments, but a multi-actor, multi-sectorial undertaking (Brown and Schmidt 2009; Moser 2009b). The delineation of what is the governance space and what is “larger context” is a matter of perspective and may itself be dynamic over the course of an adaptation process. The absence or presence of actors from multiple levels of governance can result in barriers or help overcome them; and what appears as a barrier to any one actor may differ depending on the top-down or bottom-up perspective taken (Urwin and Jordan 2008).

Process-focused, but action/outcome-oriented. Our framework emphasizes a variety of processes of interaction among the actors involved in adaptation, including processes of communication, analysis, decision-making, policy-making, resource allocation, implementation, etc. This focus on the dynamic nature of adaptation reflects the reality that adaptation to a continually changing situation (climatic, environmental and/or social) is never just done once and then complete. It requires iteration. At the same time, we realize that actors make consequential decisions at some point, even if they have to return to them at a later point in time. Thus, our framework will need to balance attention to process with attention to decision, actions, and outcomes. 

Realistically iterative and messy but linear for convenience. Finally, we realize that a logically structured framework is always more static, simpler, and “cleaner” than the messy, iterative, partial or incomplete equivalents in reality they try to represent. Therein lies the perpetual tension between normative and descriptive models, and the inevitable reductionism of all models (Mintzberg, Raisinghani, and Theoret 1976). Few processes in reality ever follow a formulaic and complete sequence of steps. At the same time, and by necessity, our framework must bring some semblance of order and recognition to an unwieldy and sometimes hidden reality. Thus, we are aware that a framework always imposes more order than exists in reality. Describing processes and the obstacles that may arise in them thus is only linear for the convenience of writing. 

4. Toward a Diagnostic Framework for Identifying Adaptation Barriers: Key Elements

Having delineated our interests and recognized some of the inevitable challenges in representing them in a comprehensive framework, here now we build the fundamental architecture. The first basic component of the framework is structural (Section 4.1), the second procedural (Section 4.2).

4.1 Fundamental Architecture

Building on a framework proposed for the analysis of social-ecological systems (Anderies, Janssen, and Ostrom 2004; Ostrom 2007, 2009), we consider three primary interconnected pieces of the puzzle to fully understand an adaptation situation: the actors, the larger context in which they act, and the object upon which they act (i.e., the specific system that actors are trying to manage, alter, or adapt). We are interested not just, say, in a coastal waterfront (the system to be managed) that has to be better protected against sea-level rise. Rather, we also consider how the actors who manage that waterfront change themselves (e.g., their thinking about the environment or about coastal protection, their use of information, interactions with other departments, agencies, and other levels of government). In turn they may only make these changes if the governance context in which they act also changes, or if they alter the context to lay the foundations for such changes (e.g., shaping what is legal or politically feasible, which decision protocols to use, or the timing of certain opportunities to make changes in budgeting, planning, or infrastructure replacement schedules). Barriers and limits may arise in all three components. Finally, the greater context in which both the actor and the system of interest are embedded provides the enabling and constraining contextual conditions that shape adaptive actions (Figure 2). 


Figure 2. Interaction of actors, context, and the system that is to be managed 

In many instances it will be useful and necessary to distinguish the more immediate institutional, legal, social, political, or fiscal factors shaping the governance context of the actors from the larger economic, social, technological or cultural context in which actors act and resources, sectors or human systems get managed. There is no hard and fast rule, however, as to where to draw the line between the more immediate and the larger context. For example, our strong actor focus makes culturally and socio-economically deeply influenced issues such as values, beliefs, perceptions and attitudes central. These issues are clearly part of the governance space but also stem from the larger context. Thus, drawing a clear line between governance and wider context may be less important than recognizing the importance of this culture’s influence on the adaptation planning and implementation process.

Typically, the governance context already exists when an adaptation planning process is initiated, but one (interim) outcome of an adaptation process is to change the governance system because it is too rigid or restrictive. It critically shapes the interactions among the actors, those between the actors and the system they manage and affect, and between them and the wider context (Berkes 2002; Cash et al. 2006; Gupta 2008; McCay 2002; North 1990; Ostrom 1990, 2005; Young 1999; Young 2002). We define governance as “the set of decisions, actors, processes, institutional structures and mechanisms, including the division of authority and underlying norms, involved in determining a course of action” (Moser 2009b, p.315).
4.2 The process of Planned Adaptation 

Planned adaptation, by definition, is a deliberate process that has an identifiable beginning and an end, if a temporary one. The process quite likely is ongoing and messy, but at various points, one should be able to distinguish different phases or stages. To avoid an overly linear conceptualization, some scholars have also called these “stages” processes, routines or tasks. In the decision, policy, organizational, and risk management sciences various depictions of these stages or phases are common, and while different in detail, they resemble each other in fundamental ways (Bazerman and Moore 2009; Clark 2002; Frederickson 1986; Mintzberg, Raisinghani, and Theoret 1976; Mitchell et al. 2006; Renn 2008). Klein, Nicholls, and Mimura (1999) have adopted these stage depictions for the adaptation process, including: 1. Information collecting and awareness, 2. Planning and design, 3. Implementation, and 4. Monitoring and evaluation.


In our framework, we divide the adaptation process into three major elements – understanding, planning, and management – and identify distinct subprocesses within each. This allows us to systematically identify potential barriers that may arise at different moments in the process. The element of understanding involves (1) problem detection and awareness raising (the actor receives a signal and detects a problem developing an initial framing of the problem); (2) information gathering; and (3) problem definition (characterize it based on her or other participants’ pre-existing knowledge, values, beliefs, and experience). The element of planning involves (4) development of adaptation options; (5) assessment of options (to inform the selection process); and (6) selection of option(s). The element of management involves (7) implementation; (8) monitoring; and (9) evaluation. Monitoring and evaluation stages are critical to an adaptive management approach in that they can help support institutional and social learning (Lee 1993), which is necessary to deal with complex and uncertain problems (Gunderson and Holling 2002). The order of these steps may not be as linear and neat as this listing or Table 1 suggests. Mintzberg et al. (1976) convincingly showed how reality differs from conventional, normative models of decision-making. 

	Element or Phase
	Stage/Subprocess

	Understanding
	Gaining awareness and initial problem framing

	
	Gathering information

	
	Defining the problem

	Planning
	Developing options

	
	Assessing options

	
	Selecting option(s)

	Management
	Implementing option(s)

	
	Monitoring environment and outcome of option(s)

	
	Evaluating outcome of option(s)


Table 1. Matrix of phases and sub-processes common in the adaptation process 

Next, we discuss some issues that occur across all phases and affect all sub-processes. In other words, there are barriers that are stage and process specific, and others that may arise throughout the process (Section 5.2).

5. Barriers To adaptation

5.1 Cross cutting issues

A set of cross-cutting issues arise throughout the process of adaptation, including deeply held values and beliefs (as the basis of cultural cognition), information (including its generation and exchange through communication), leadership, and participation. These issues take on special significance or “flavors” in each stage, but are important throughout. In addition to these in and of themselves complex cross-cutting issues, events external to the adaptation planning process, such as disasters, economic crises, or some other societal shock, can impede or temporarily suspend continuation in any stage in the process. Certainly, such events can distract attention, resources, and staff time. Likewise, novel opportunities may arise from within or without the adaptation process previously not foreseen or anticipated that may radically shift or alter the adaptation planning process. Because the cross-cutting issues play a role at any stage of the adaptation process, but have situation-specific relevance for the process depending on when and how they unfold, we discuss them separately from the stage-specific barriers.

5.1.1 CULTURAL COGNITION

Individuals always look at new problems, tasks, and solutions always through the lens of their preexisting values, beliefs, norms and experiences. As research in risk perception, cognitive psychology, and people’s values and beliefs suggests, this “cultural” lens colors our general beliefs about society and the environment. According to Kahan and Braman (2006, p.148), "culture is prior to facts in the cognitive sense that what citizens believe about the empirical consequences of [certain actions or] policies derives from their cultural worldviews."   In addition, certain heuristics, mental shortcuts, lead to the tendency to underestimate risks arising from climate change (Kollmuss and Agyeman 2002; Kahan 2010). Together these cognitive filters shape our perceptions, constrain our attitudes about options, and influence our decision-making processes, e.g., what and how information is used in defining a problem (Renn 2009: p.141; Luers and Moser 2006). Ideologies based on the dominating pattern of values thus can act as barriers or drivers to the process (Bachrach and Baratz 1970). For example, Blennow and Persson (2009) found that the strength of belief in climate change was a crucial factor for explaining differences in adaptation actions among Swedish forest owners. 


Cultural cognition not only has direct impacts on the process, but also indirect impacts, such as what information is valued and is therefore produced. In addition, we frame time and resources (including seemingly farther reaching constraints such as budget allocations and intellectual capacity) under the issue of values and beliefs because these are a product of choices people have made, which were guided by their values and beliefs.

5.1.2 Information and Communication

Throughout the adaptation process, communication – information exchange and dialogue about the meaning of information and knowledge – is a perpetually occurring and critical process. Information-related barriers have to do with whether and how information is created (based on what goals, perceived needs, by what discipline and on the basis of what paradigm), how it is communicated (by whom and in what way – one way information transfer or two-way dialogue to co-create knowledge and understanding), and who receives it. Much information produced and used for adaptation to climate change has been through the lenses of the hazards-based approach and to a lesser extent the vulnerability-based approach. The impacts information produced from the hazards approach is especially useful as a signal about a potential threat and to increase awareness that a problem exists because the focus is typically on disasters over the long term (Füssel 2007). The vulnerability approach, on the other hand, provides information about the existing vulnerabilities and risks from climate-variability and other non-climate stressors, which are necessary to define the problem, develop and assess adaptation options, and implement a strategy. Ideally, adaptation planning should rely on both hazards and vulnerability approaches to create the most comprehensive understanding of the threats to a particular locale.


The delivery and reception of knowledge are also common themes throughout each stage. Misunderstood information, unintended interpretation of conveyed information, complete lack or insufficient frequency or content of communication can severely interrupt or derail social interactions among those involved in the adaptation process. This holds true about the communication within or among government agencies or private sector enterprises, between such entities and the wider public, or among various stakeholders. A growing body of literature highlights the importance of effective communication of climate change information in order to increase awareness and understanding, and to actively engage policy-makers, other stakeholders, and the public (CRED 2009; Kahan 2010; Moser and Dilling 2007; O’Neill and Hulme 2009; Ogunseitan 2003; O'Neill and Nicholson-Cole 2009; Shackley and Wynne 1996). Mass media messages based on the assumption that “one size fits all” do not effectively promote awareness or inspire engagement, nor do messages designed to invoke fear (Lorenzoni, Nicholson-Cole and Whitmarsh 2007; O'Neill and Nicholson-Cole 2009; Moser and Dilling, forthcoming). Instead, communication of information (whether it is getting climate science into decision models or promoting public awareness about projected impacts) must be tailored specifically to the target audience. This involves consideration of pre-existing beliefs, values, cognitive biases of the recipients as well as credibility, salience, transparency, historical relationships between messenger and recipient, among other factors that may prevent the target audience from receiving the information and/or intended message.  
5.1.3 Leadership

Leadership can be critical at any stage in the adaptation process. We do not restrict it to formal leadership positions; rather we view it as a role that can be taken on by individuals in any position he or she holds in the adaptation process. Leadership can help overcome hurdles, but can also create some.


Leaders can present a barrier in two ways: when they are absent from the process or when they limit or derail or block the process. By contrast, an effective leader takes on a series of critical tasks that facilitate, support and guide the adaptation process. The presence of an active leader is especially important when an issue is new and unfamiliar and there is no requirement (legal, job description, or otherwise) or decision and management routine yet to take it on. In those instances, leaders can help maintain momentum of the adaptation process. 


Clearly, not every leader provides the same quality of guidance, motivation, and vision. Those who demonstrate high skill (e.g., in communication, facilitation, and elicitation) and strong qualities of integrity (e.g., dedication and openness to the issue, the process and the solution options, self reflexitivity, humility, creativity, transparency, honesty) tend to be trusted more by process participants,  and perceived as legitimate. Individuals in positions of influence may constrain the process if they demonstrate traits contrary to those listed above.

5.1.4 Participation

Who and in what way individuals participate in the adaptation processes will differ by governance level, origin of the process, the nature of the signal or issue, and the style of decision-making (Gunderson, Holling, and Light 1995). In turn, the type, degree, intensity, frequency, and outcome of participation will strongly influence what occurs at every step in the process (Moser 2007a). There is no set prescription as to who should participate at what stage and in what ways (Moser, 2007a; National Research Council 2008; Stringer et al. 2006). Moreover, who participates will likely differ not only from one sub-process to another, but also from one adaptive cycle to another. An early adaptation process may be composed entirely of managers and scientists to initiate thinking about the issue and gain some fundamental understanding of the challenges (Walters et al. 2000), while a subsequent cycle may include broader set of resource users, community leaders and non-governmental organizations. Another adaptation process may include community leaders, representatives of interest groups, and managers from the beginning. 

Who participates is determined not only by the organizers, but also which of those invited elect to participate. Thus, participatory processes frequently require careful assessment of the constraints on participation and supporting resources of time, funding, energy, and expertise to enable effective participation (Moser 2007a). The form of participation also must fit the intended outcome (Ron and Frewer 2005). While the inclusion of stakeholders in decision-making processes has become increasingly accepted (and sometimes mandated) in the design of management decisions, facilitating meaningful participatory processes is quite challenging, and if done badly, can present significant barriers to progress (NRC 2008). One recent review has shown that, “stakeholder engagement processes can in some situations actually cost more, take more time, increase distrust and conflict, and at a minimum, not bring any professional benefits to those involved” (Moser 2007a: p.21). 


On the other hand, exclusion of (potentially) affected parties from a planning and decision-making process can undermine the prospects of congenial working relationships, implementation and acceptance or create lasting distrust that can severely hinder subsequent decision processes (NRC 2008). Within limits (as discussed in Renn and Walker 2008;NRC 2008), the benefits outweigh the costs for inclusion of multiple stakeholders (NRC 2008). 

Importantly, formal public participatory processes are just one dimension to consider under the rubric of participation. In an adaptation process entirely within a government agency or corporate entity, questions of participation also arise – regarding which departments, which staff, which superiors need to be involved or consulted. Thus the scale and scope of participation matters in any process involving more than one individual. The formality of the process, however, may differ.

5.2 Legacy vs. Contemporary

Some barriers arise from sources in the past, others from the present situation. Legacy barriers are those hurdles that occur as a product of a decision made in the past, either an earlier (separate) process or an earlier stage in the adaptation process. Sometimes the outcomes of these earlier choices will reveal themselves as barriers only at later stages. For example, how a problem is defined limits what options are considered or developed to address it, which in turn constrains which options are selected in subsequent stages. Or, failure to include stakeholders early in the process may create feelings of distrust leading to opposition in later stages. 


By contrast, contemporary barriers are those that arise in the current stage and clearly interfere with the progress of the current stage or process (e.g., stakeholders oppose taking a certain action because of strong cultural beliefs and values; inadequate resources do not permit implementation of a preferred choice). The difference between the legacy and contemporary barriers can be hard to pinpoint at any one point in time and the two types are often interconnected (e.g., in the case when information does not exist for an assessment it is both a contemporary barrier and legacy barrier in that it impedes existing progress, but may also have been the result of earlier decisions made about what science to invest in. This prior decision, in turn, was influenced by priorities and pre-existing belief systems and mental models). A distinct difference between legacy and contemporary barriers, however, is, that contemporary ones can be affected by the individuals involved at present, whereas legacy ones can no longer be changed. They may compel actors in the present situation to temporarily abandon the adaptation planning process to remedy the situation that has arisen from the past decision (e.g., conduct scientific research to fill information gaps, spend time building trust, work to remove institutional obstacles). In the next phase of this project, for each stage of the adaptation process, we will generally describe legacy barriers and develop a set of diagnostic questions for identifying contemporary barriers. 
6. Next steps
In this paper we have laid out the basis, structure, and main components that together construct a framework for understanding barriers to adaptation. The next step is to further develop this framework by identifying specific barriers that occur in each stage along with diagnostic questions that help people identify what barriers they will encounter. It can only gain traction in science and practice if it is widely tested, refined, and found to be useful. We are currently planning a first such empirical test in the context of urban adaptation planning for increased flooding risks as a result of sea-level rise along the San Francisco Bay. In the context of the State of California’s continued efforts to advance the science of climate change impacts, vulnerabilities and adaptation, a research agenda was recently developed that will allow us to test this framework in the Bay area. Several municipalities and counties – in various stages of adaptation planning and implementation – will be selected to explore which barriers decision-makers have already encountered and are currently facing. The research will also examine how managers have overcome the barriers encountered and which barriers they perceive as more or less challenging.

Similar research, we hope will be conducted by others, in other regions, nations, sectors, at different scales, and in different contexts of economic development, and vulnerability to climate change. It is through such testing that we hope the usefulness of a systematic diagnostic framework of adaptation barriers can be shown and improved. We hope the diagnostic framework can become a decision support tool that helps decision-makers think in new ways about the systems that need to adapt to climate change, about the governance system that steers the adaptation process, and about their own role as actors in it.

7. References

Adger, W. N., S. Agrawala, M. M. Q. Mirza, C. Conde, K. O’Brien, J. Pulhin, R. Pulwarty, B. Smit, and K. Takahashi. 2007. Assessment of adaptation practices, options, constraints and capacity. In Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, eds. M. L. Parry, O. F. Canziani, J. P. Palutikof, P. J. v. d. Linden and C. E. Hanson, 717-743. Cambridge: Cambridge University Press.

Adger, W. N., S. Dessai, M. Goulden, M. Hulme, I. Lorenzoni, D. Nelson, L.-O. Naess, J. Wolf, and A. Wreford. 2009. Are there social limits to adaptation to climate change? Climatic Change 93 (3-4):335 - 354.

Adger, W. N., I. Lorenzoni, and K. L. O'Brien eds. 2009. Adapting to Climate Change: Thresholds, Values, Governance. Cambridge, UK: Cambridge University Press.

Anderies, J. M., M. A. Janssen, and E. Ostrom. 2004. A framework to analyze the robustness of social-ecological systems from an institutional perspective. Ecology and Society 9 (1):18. [online] URL: http://www.ecologandsociety.org/vol9/iss1/art18.

Argyris, C. 1993. Knowledge for Action: A Guide to Overcoming Barriers to Organizational Change. San Francisco: Jossey-Bass.

Bachrach, P., and M. Baratz. 1970. Power and Poverty: Theory and Practice. New York: Oxford University Press.

Barr, S. 2008. Environment and Society: Sustainability, Policy and the Citizen. Hampshire, UK: Ashgate.

Bazerman, M. H., and D. A. Moore. 2009. Judgement in Managerial Decision Making. Hoboken, NJ: John Wiley & Sons Inc.

Berkes, F. 2002. Cross-scale institutional linkages for commons management: Perspectives from the bottom-up. In The Drama of the Commons, eds. E. Ostrom, T. Dietz, N. Dolsak, P. Stern, S. Stonich and E. Weber, 293-321. Washington, DC: National Academies Press.

Berkes, F., and D. Jolly. 2001. Adapting to climate change: Social-ecological resilience in a Canadian Western Arctic community. Conservation Ecology 5 (2):18 [online] URL: http://www.consecol.org/vol5/iss2/art18.

Berkhout, F. 2002. Technological regimes, path dependency and the environment. Global Environmental Change 12 (1):1-4.

Blair, M. 2009. Review Letter of GAO-10-113 Climate Change Adaptation Report from the Council on Environmental Quality, 2. Washington, D.C.: Government Accountability Office (GAO).

Blennow, K., and J. Persson. 2009. Climate change: Motivation for taking measure to adapt Global Environmental Change 19 (1):100-104.

Breit, H., A. Engels, T. Moss, and M. Troja eds. 2003. How Institutions Change: Perspectives on Social Learning in Global and Local Environmental Contexts. Wiesbaden, Germany: VS Verlag für Sozialwissenschaften.

Brown, K., and F. Schmidt eds. 2009. Governance as a Crosscutting Theme in Human Dimensions Science.

Bruce, J. P. 1999. Disaster loss mitigation as an adaptation to climate variability and Change. Mitigation and Adaptation Strategies for Global Change 4:295-306.

Burton, I. 2009. Climate change and the adaptation deficit. In The Earthscan Reader on Adaptation to Climate Change, eds. E. L. Schipper and I. Burton, 89-95. London: Earthscan.

Burton, I., R. W. Kates, and G. F. White. 1978. The Environment as Hazard. New York: Oxford University Press.

Cash, D. W., W. N. Adger, F. Berkes, P. Garden, L. Lebel, P. Olsson, L. Pritchard, and O. Young. 2006. Scale and cross-scale dynamics: governance and information in a multilevel world. Ecology and Society 11 (2):8. [online] URL: http://www.ecologyandsociety.org/vol11/iss2/art8/.

Center for Research on Environmental Decisions. 2009. The Psychology of Climate Change Communication: A Guide for Scientists, Journalists, Educators, Political Aides, and the Interested Public New  York.

Clark, T. W. 2002. The Policy Process: A Practical Guide for Natural Resource Professionals. New Haven, CT: Yale University Press.

Collins, D. 1998. Organizational Change: Sociological Perspectives. London: Routledge.

de Bruin, K., R. Dellink, A. Ruijs, L. Bolwidt, A. van Buuren, J. Graveland, R. de Groot, P. Kuikman, S. Reinhard, R. Roetter, V. Tassone, A. Verhagen, and E. van Ierland. 2009. Adapting to climate change in The Netherlands: an inventory of climate adaptation options and ranking of alternatives. Climatic Change 95 (1):23-45.

Denevan, W. M. 1983. Adaptation, variation and cultural geography. Professional Geographer 35 (4):399-406.
Dunwoody, S. 2007. The Challenge of Trying to Make a Difference Using Media Messages. In Creating a Climate for Change, ed. M. a. Dilling. Cambridge: Cambridge University Press.

Easterling, W. E., B. H. Hurd, and J. B. Smith. 2004. Coping with Climate Change: The Role of Adaptation in the United States. Arlington, VA: Pew Centre on Global Climate Change.

Folke, C., S. Carpenter, T. Elmqvist, L. Gunderson, C. Holling, and B. Walker. 2002. Resilience and Sustainable Development: Building Adaptive Capacity in a World of Transformations. Ambio 31 (5):437-440.

Folke, C., T. Hahn, P. Olsson, and J. Norberg. 2005. Adaptive Governance of Social-Ecological Systems. Annual Review of Environment and Resources 30 (1):441-473.

Frederickson, J. W. 1986. The Strategic Decision Process and Organizational Structure. Academy of Management Review 11 (2):280-297.

Füssel, H. M. 2007. Adaptation planning for climate change: concepts, assessment approaches, and key lessons. Sustainability Science 2:265-275.

Gardner, G. T., and P. C. Stern. 2002. Environmental Problems and Human Behavior. 2nd ed. ed. Boston, MA: Pearson Custom Publishing.

Grothmann, T., and A. Patt. 2005. Adaptive capacity and human cognition: The process of individual adaptation to climate change. Global Environmental Change Part A 15 (3):199-213.

Gunderson, L. H., and C. S. Holling eds. 2002. Panarchy: Understanding transformations in systems of humans and nature. Washington: Island Press.

Gunderson, L. H., C. S. Holling, and S. S. Light eds. 1995. Barriers and Bridges to the Renewal of Ecosystems and Institutions. New York: Columbia University Press.

Gupta, J. 2008. Global change: Analyzing scale and scaling in environmental governance. In Institutions and Environmental Change, eds. O. R. Young, L. King and H. Schroeder. Cambridge, MA: The MIT Press.

Halpern, D., and C. Bates. 2004. Personal Responsibility and Changing Behaviour: The State of Knowledge and Its Implications for Public Policy. London: UK Prime Minister’s Strategy Unit.

Head, L. 2009. Cultural ecology: adaptation - retrofitting a concept? Progress in Human Geography:0309132509338978.

Hewitt, K. 1983. Interpretations of Calamity from the Viewpoint of Human Ecology. In The Risk & hazards Series. Boston, MA: Allen and Unwin.

Holling, C. S. 1973. Resilience and stability of ecological systems. Annual Review of Ecology and Systematics 4:1-23.

———. 1996. Engineering resilience versus ecological resilience. In Engineering within ecological constraints, ed. P. C. Schulze, 31-44. Washington DC: National Academy Press.

Inglehart, R., and C. Welzel. 2005. Modernization, cultural change, and democracy: the human development sequence. Cambridge, UK: Cambridge University Press.

Intergovernmental Panel on Climate Change. 2001. Climate Change 2001: Impacts, Adaptation, and Vulnerability. Contribution of Working Group II to the third Assessment Report of the Intergovernmental Panel on Climate Change. New York, NY: Cambridge University Press.

Jamieson, D., and K. VanderWerf. 1994. Societal response to creeping environmental phenomena: Some cultural barriers. In Creeping environmental phenomena and societal responses to them: Workshop report, ed. M. Glantz, 23-32. Boulder, CO: National Center for Atmospheric Research, Environmental and Societal Impacts Group.

Jasanoff, S., and B. Wynne. 1998. Science and Decisionmaking. In Human Choice and Climate Change: The Societal Framework, eds. S. Rayner and E. L. Malone, 1-87. Columbus, Ohio: Batelle Press.

Kahan, D. 2010. Fixing the communications failure. Nature 463:296-297.

Kasperson, J. X., R. E. Kasperson, and I. B. L. Turner. 2009 Vulnerability of Coupled Human-Ecological Systems to Global Environmental Change. In Human Footprints on the Global Environment: Threats to Sustainability, eds. E. A. Rosa, A. Diekmann, T. Dietz and C. Jaeger, 231-294. Cambridge, MA: MIT Press.

Kates, R. W. 1985. The Interaction of Climate and Society. In Climate Impact Assessment, ed. J. H. A. Robert W. Kates, and Miriam Berberian, 3-36. New York: Wiley.

Kates, R. W., C. Hohenemser, and J. X. Kasperson eds. 1984. Perilous Progress: Managing the Hazards of Technology. Boulder, CO: Westview Press.

Kemp, R., and J. Rotmans. 2004. Transitions towards sustainability. London, UK: Edward Elgar.

Kingdon, J. W. 2002. Agendas, Alternatives, and Public Policies. 2nd. ed. White Plains, NY: Addison-Wesley Longman Publ.

Klein, R. J. T., R. J. Nicholls, and N. Mimura. 1999. Coastal adaptation to climate change: Can the IPCC Technical Guidelines be applied? Mitigation and Adaptation Strategies for Global Change 4 (3-4):239.

Kollmuss, A., and J. Agyeman. 2002. Mind the Gap: why do people act environmentally and what are the barriers to pro-environmental behavior? Environmental Education Research 8:239-260.

Lee, K. N. 1993. Compass and Gyroscope: Integrating Science and Politics for the Environment. Washington, DC: Island Press.

Lever-Tracy, C. 2008. Global Warming and Sociology. Current Sociology 56 (3):445-466.

Liu, J., T. Dietz, S. R. Carpenter, M. Alberti, C. Folke, E. Moran, A. N. Pell, P. Deadman, T. Kratz, J. Lubchenco, E. Ostrom, Z. Ouyang, W. Provencher, C. L. Redman, S. H. Schneider, and W. W. Taylor. 2007. Complexity of coupled human and natural systems. Science 317 (5844):1513.

Lorenzoni, I., S. Nicholson-Cole, and L. Whitmarsh. 2007. Barriers perceived to engaging with climate change among the UK public and their policy implications. Global Environmental Change 17:445-459.

Lowe, A., J. Foster, and S. Winkelman. 2009. Asking the Climate Question: Lessons Learned in Effective Adaptation from Urban Leaders Partners. Washington, DC: Center for Clean Air Policy.

Luers, A. L., and S. C. Moser. 2006. Preparing for the Impacts of Climate Change in California: Opportunities and Constraints for Adaptation. A Report From California Climate Change Center CEC-500-2005-198-SF.

McCay, B. J. 2002. Emergence of institutions for the commons: Contexts, situations, and events. In The Drama of the Commons, eds. E. Ostrom, T. Dietz, N. Dolsak, P. C. Stern, S. Stonich and E. U. Weber, 361-402. Washington, D.C. : National Academies Press.

Mintzberg, H., D. Raisinghani, and A. Theoret. 1976. The structure of “unstructured” decision processes. Administrative Science Quarterly 21 (2):246-275 

Mitchell, R. B., W. C. Clark, D. W. Cash, and N. Dickson eds. 2006. Global Environmental Assessments: Information, Institutions, and Influence. Cambridge, MA: The MIT Press.

Moser, S. C. 2007a. Effective Stakeholder Engagement in the Pacific RISA: Considerations in the Futher Development of Regional Climate Services.

———. 2009a. Good Morning, America! The Explosive US Awakening to the Need for Adaptation, 50 pp. Sacramento, CA and Charleston, SC: California Energy Commission and NOAA-Coastal Services Center.

———. 2009b. Whether Our Levers Are Long Enough and the Fulcrum Strong? -- Exploring the Soft Underbelly of Adaptation Decisions and Actions. In Living with climate change: Are there limits to adaptation?, eds. W. N. Adger and et al., 313-343. Cambridge, UK: Cambridge University Press.

Moser, S., and L. Dilling. 2007. Creating a Climate for Change: Communicating Climate Change and Facilitating Social Change. Cambridge, UK: Cambridge University Press.

———.  forthcoming. Communicating Climate Change: Opportunities and Challenges for Closing the Science-Action Gap. In The Oxford Handbook of Climate Change and Society, eds. R. Norgaard, D. Schlosberg and J. Dryzek.

Moser, S. C., R. E. Kasperson, G. Yohe, and J. Agyeman. 2008. Adaptation to climate change in the Northeast United States: Opportunities, processes, constraints. Mitigation and Adaptation Strategies for Global Change 13 (5-6):643-659.

Moser, S. C., and A. L. Luers. 2008. Managing climate risks in California: The need to engage resource managers for successful adaptation to change. Climatic Change 87 (Suppl 1):S309-S322.

National Research Council. 2008. Public Participation in Environmental Assessment and Decision Making. Washington, D.C.: The National Academies Press.

———. 2009. Restructuring Federal Climate Research to Meet the Challenges of Climate Change. Washington, DC: National Academies Press.

———. forthcoming. America’s Climate Choices: Adapting to Climate Change. Washington, DC: National Academies Press.

Nielsen, J. Ø., and A. Reenberg. 2010. Cultural barriers to climate change adaptation: A case study from Northern burkina Faso. Global Environmental Change 20 (1):142-152.

North, D. C. 1990. Institutions, Institutional Change, and Economic Performance. Cambridge, UK: Cambridge University Press.

O'Brien, K., S. Eriksen, L. Sygna, and L. O. Naess. 2006. Questioning complacency: Climate change impacts, vulnerability, and adaptation in Norway. Ambio 35 (2):50-56.

O'Neill, S. J., and S. Nicholson-Cole. 2009. "Fear Won't Do It": Promoting Positive Engagement With Climate Change Through Visual and Iconic Representations. Science Communication 30 (355).

O’Neill, S. J., and M. Hulme. 2009. An iconic approach for representing climate change Global Environmental Change 19 (4):402-410.

Ogunseitan, O. A. 2003. Framing environmental change in Africa: cross-scale institutional constraints on progressing from rhetoric to action against vulnerability. Global Environmental Change 13 (2):101-111.

Olsson, P., L. H. Gunderson, S. R. Carpenter, P. Ryan, L. Lebel, C. Folke, and C. S. Holling. 2006. Shooting the rapids: Navigating transitions to adaptive governance of social-ecological systems. Ecology and Society 11 (1):18. [online] URL: http://www.ecologyandsociety.org/vol11/iss1/art18/.

Ostrom, E. 1990. Governing the Commons: The Evolution of Institutions for Collective Action. Cambridge, UK: Cambridge University Press.

———. 2007. A diagnostic approach for going beyond panaceas. Proceedings of the National Academy of Sciences 104 (39):15181-15187.

———. 2009. A general framework for analyzing sustainability of social-ecological systems. Science 325 (5939):419-422.

Pahl-Wostl, C. 2009. A conceptual framework for analysing adaptive capacity and multi-level learning processes in resource governance regimes. Global Environmental Change 19 (3):354-365.

Patt, A. G., and D. Schröter. 2008. Perceptions of climate risk in Mozambique: Implications for the success of adaptation strategies. Global Environmental Change 18 (3):458-467.

Patt, A. G., D. P. v. Vuuren, F. Berkhout, A. Aaheim, A. F. Hof, M. Isaac, and R. Mechler. 2009. Adaptation in integrated assessment modeling: where do we stand? Climatic Change Published online: 15 October 2009 

Pielke Jr., R. A., G. Prins, S. Rayner, and D. Sarewitz. 2007. Lifting the taboo on adaptation. Nature 445:597-598.

Preston, B. L., R. Westaway, S. Dessai, and T. F. Smith. 2009. Are We Adapting to Climate Change? Research and Methods for Evaluating Progress. In Greenhouse2009, 15 pp. Boston, MA.

Raskin, P., T. Banuri, G. C. Gallopin, P. Gutman, A. Hammond, R. Kates, and R. Swart. 2002. Great Transition: The Promise and Lure of Times Ahead. A Report of the Global Scenario Group. Stockholm, Sweden: Stockholm Environment Institute.

Raskin, P., M. Chadwick, T. Jackson, and G. Leach. 1996. The sustainability transition: Beyond conventional development. Polestar Series 1. Stockholm, Sweden: Stockholm Environment Institute.

Renn, O. 2008. Risk Governance: Coping with uncertainty in a Complex World. London: Earthscan.

Renn, O., and K. Walker. 2008. Global Risk Governance: Concept and Practice Using the IRGC Framework. Dordrecht, The Netherlands: Springer.

Rip, A., and R. Kemp. 1998. Technological change. In Human Choice and Climate Change, Vol. 2: Resources and Technology, ed. S. R. a. L. Malone, 327-399. Washington, DC: Batelle Press.

Rogers, E. M. 2003. Diffusion of Innovations. 5th ed. (1962) ed. New York: Free Press.

Rowe, G. and Frewer, L.J. 2005. A typology of public engagement mechanisms. Science, Technology & Human Values 30 (2):251-290. 

Schipper, E. L. F. 2006. Conceptual History of Adaptation in the UNFCCC Process. Review of European Community and International Environmental Law (RECIEL) 15:82-92.

Schipper, E. L. F., and I. Burton. 2009. Understanding Adaptation: Origins, concepts, practice and policy. In The Earthscan Reader on Adaptation to Climate Change eds. E. L. F. Schipper and I. Burton, 1-8. London: Earthscan.

Schipper, L., and M. Pelling. 2006. Disaster risk, climate change and international development: scope for, and challenges to, integration. Disasters 30 (1):19-38.

Shackley, S., and B. Wynne. 1996. Representing uncertainty in global climate change science and policy: Boundary-ordering devices and authority. Science, Technology, & Human Values 21 (3):275-302.

Smit, B., I. Burton, R. J. T. Klein, and J. Wandel. 2000. An anatomy of adaptation to climate change and variability. Climatic Change 45:223-251.

Smit, B., O. Pilifosova, and et al. 2001. Adaptation to Climate Change in the Context of Sustainable Development and Equity. In Climate Change 2001: Impacts, Adaptation and Vulnerability, eds. J. J. McCarthy and et al., 877-912. Cambridge, UK: Cambridge University Press.

Smit, B., and J. Wandel. 2006. Adaptation, adaptive capacity and vulnerability. Global Environmental Change 16 (3):282-292.

Steward, J. H. 1972 Theory of Culture Change: The Methodology of Multilinear Evolution. Champaign, IL: University of Illinois Press.

Stringer, L. C., A. J. Dougill, E. Fraser, K. Hubacek, C. Prell, and M. S. Reed. 2006. Unpacking “participation” in the adaptive management of social–ecological systems: a critical review. Ecology and Society 11 (2):A39.

Tompkins, E. L., E. Boyd, S. A. Nicholson-Cole, E. K. Weatherhead, N. W. Arnell, and W. N. Adger. 2009 An Inventory of Adaptation to climate change in the UK: Challenges and findings. In Tyndall Centre for Climate Change Research Working Paper Norwich, UK: Tyndall Centre for Climate Change.

Travis, W. R. 2009. Going to extremes: propositions on the social response to severe climate change. Climatic Change 98 (1-2):1-19.

Turner, B. L., II, R. E. Kasperson, P. A. Matson, J. J. McCarthy, R. W. Corell, L. Christensen, N. Eckley, J. X. Kasperson, A. Luers, M. L. Martello, C. Polsky, A. Pulsipher, and A. Schiller. 2003. A framework for vulnerability analysis in sustainability science. PNAS 100 (14):8074-8079.

Urwin, K., and A. Jordan. 2008. Does public policy support or undermine climate change adaptation? Exploring policy interplay across different scales of governance. Global Environmental Change 18 (1):180-191.

Vayda, A., and B. McCay. 1975. New directions in ecology and ecological anthropology. Annual Review of Anthropology 4:293-306.

Walker, B., C. S. Holling, S. R. Carpenter, and A. P. Kinzig. 2004. Resilience, adaptibility and transformability in social-ecological systems. Ecology and Society 9 (2):art.5 [online], URL: http://www.ecologyandsociety.org/vol9/iss2/art5.

Walters, C., J. Korman, L. E. Stevens, and B. Gold. 2000. Ecosystem modeling for evaluation of adaptive management policies in the Grand Canyon. Conservation Ecology 4 (2).

West, J. M., S. H. Julius, P. Kareiva, C. Enquist, J. J. Lawler, B. Petersen, A. E. Johnson, and M. R. Shaw. 2009. U.S. Natural Resources and Climate Change: Concepts and Approaches for Management Adaptation. Environmental Management 44 (6):1001-1021.

Wilson, E. 2006. Adapting to climate change at the local level: The spatial planning response. Local Environment 11 (6):609-625.

Wisner, B., P. Blaikie, T. Cannon, and I. Davis. 2004. At Risk: Natural Hazards, People's Vulnerability and Disasters. 2nd edition ed. London, New York: Routledge.

Yadav, S. B., and A. Korukonda. 1985. Management of type III error in problem identification. INTERFACES 15 (4):55-61.

Young, O. R., F. Berkhout, G. C. Gallopin, M. A. Janssen, E. Ostrom, and S. van der Leeuw. 2006. The globalization of socio-ecological systems: An agenda for scientific research (Special Issue on "Resilience, Vulnerability, and Adaptation: A Cross-Cutting Theme of the International Human Dimensions Programme on Global Environmental Change". Global Environmental Change 16 (3):304-316.

Time  & effort  typically required





System transformation�(incl., paradigm shift)





Scope and Scale of Adaptation to Climate Change





More substantial adjustments�(change in some aspects of system without complete transformation)








Coping measures �(short term responses to deal with projected climate change impacts and return to status quo)





Context


Governance & larger socioeconomic, cultural, and physical environment�





























Climate/environmental change//


Social/political/economic change








Actors








System to be managed








1

