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Abstract

Climate change impacts and responses are presently observed in physical and ecological systems. Adaptation to these impacts is
increasingly being observed in both physical and ecological systems as well as in human adjustments to resource availability and risk
at different spatial and societal scales. We review the nature of adaptation and the implications of different spatial scales for these
processes. We outline a set of normative evaluative criteria for judging the success of adaptations at different scales. We argue that
elements of effectiveness, efficiency, equity and legitimacy are important in judging success in terms of the sustainability of
development pathways into an uncertain future. We further argue that each of these elements of decision-making is implicit within
presently formulated scenarios of socio-economic futures of both emission trajectories and adaptation, though with different
weighting. The process by which adaptations are to be judged at different scales will involve new and challenging institutional
processes.
r 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Climate change is a reality. Observed impacts of
climate change on physical and ecological systems over
the past century (documented in McCarthy et al., 2001
and Parmesan and Yohe, 2003 for example) are a
forerunner of things to come. Along with changes in
mean climatic conditions, the earth potentially faces
irreversible and catastrophic system feedbacks and
impacts associated, for example, with collapse of
thermohaline circulation, the melting of the Greenland
ice sheet (Gregory et al., 2004), or other singular events
(Alley et al., 2003). Societies, organisations and indivi-
duals have adjusted their behaviour in response to past

climatic changes, and many are now contemplating
adapting to altered future climatic conditions. Much of
this adaptation is reactive, in the sense that it is triggered
by past or current events, but it is also anticipatory in
the sense that it is based on some assessment of
conditions in the future.

Adaptation is made up of actions throughout society,
by individuals, groups and governments. Adaptation
can be motivated by many factors, including the
protection of economic well-being or improvement of
safety. It can be manifested in myriad ways: through
market exchanges (Smit et al., 2000), through extension
of social networks (Adger, 2003), or through actions of
individuals and organisations to meet their own
individual or collective goals. It can be undertaken by
an individual for their own benefit or it can be made up
of actions by governments and public bodies to protect
their citizens.

These levels of actions take place within hierarchical
structures such that the levels interact with each other.
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Abstract Planned adaptation to climate change denotes

actions undertaken to reduce the risks and capitalize on the
opportunities associated with global climate change. This

paper summarizes current thinking about planned adapta-

tion. It starts with an explanation of key adaptation con-
cepts, a description of the diversity of adaptation contexts,

and a discussion of key prerequisites for effective adapta-

tion. On the basis of this introduction, major approaches to
climate impact and adaptation assessment and their evo-

lution are reviewed. Finally, principles for adaptation

assessment are derived from decision-analytical consider-
ations and from the experience with past adaptation

assessments.

Keywords Climate change ! Adaptation assessment !
Planned adaptation

Introduction

Anthropogenic climate change is associated with sub-

stantial risks for society and nature. The two fundamental

societal response options for reducing these risks are mit-
igation of climate change and adaptation to climate

change. In the climate change context, mitigation means

limiting global climate change by reducing the emissions
of greenhouse gases or enhancing their sinks. Adaptation

means actions targeted at the vulnerable system in response

to actual or expected climate stimuli with the objective of
moderating harm from climate change or exploiting

opportunities (McCarthy et al. 2001). Table 1 presents key

characteristics of mitigation and adaptation. Burton and
May (2004) have compared mitigation and adaptation re-

gimes under the United Nations Framework Convention on

Climate Change (UNFCCC).
Mitigation has traditionally received much greater

attention in the climate change community than adaptation,

both scientifically and from a policy perspective. The most
important reason for the focus on mitigation is its ability to

reduce impacts on all climate-sensitive systems whereas

the potential of adaptation is limited for many systems. It
is, for instance, difficult to conceive how Pacific coral

atolls could successfully adapt to a substantial rise in sea-

level. Second, the (long-term) benefits of mitigation are
certain, because mitigation reduces the root cause of the

climate-change problem whereas the effectiveness of pro-

active adaptation to climate change often depends on the
accuracy of regional climate and impact projections, which

are subject to substantial uncertainty. Third, mitigation

generally applies the polluter-pays principle whereas the
need for adaptation measures will be greatest in developing

countries whose historical contribution to climate change

has been small. Finally, greenhouse gas emissions are
comparatively easy to monitor quantitatively whereas

measuring the effectiveness of adaptation in terms of future

impacts avoided is much less straightforward. It is partic-
ularly difficult to ensure that international assistance for

adaptation would be fully additional to official develop-

ment assistance, because there is no binding level for the
latter. Such additionality is a key requirement for recipient

countries in any international adaptation regime, because

their vulnerability to climate change would not be im-
proved by a mere relabelling of development assistance.

Despite the urgent need for mitigation there are also

convincing arguments for increasing consideration of
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Figure 2. An operational model
should reflect a complex,
heuristic, web-like structure
because conservation planning
processes rarely unfold as a suite
of linear stages. Feedbacks
(dashed lines) are typically
required between stages to ensure
the effectiveness of conservation
planning processes, for example,
iteratively refining planning
products with stakeholders before
delivering them for use (see
Pierce et al. 2005). Stages of
systematic assessment, planning,
and management are followed by
stages of review, which completes
an action research cycle (sensu
McNiff & Whitehead 2003). This
requires the linking of social
learning institutions (Fig. 4),
such as research forums and
landowner groups to the
planning process to ensure the
ongoing refinement of the
operational model, empowered
stakeholders, and a more effective
conservation planning process.
Adapted from Brunckhorst
(2002).

Figure 3. Components of an
operational model for “doing”
pragmatic conservation
planning. Thematic but
integrated components are
grouped into three interlinked
foundations: (1) empower
individuals and institutions, (2)
systematic conservation
assessment, and (3) secure
effective action. Each foundation
is essential for an effective
conservation planning process.
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A Behavioral Approach to the Rational Choice Theory of Collective Action 
Presidential Address, American Political Science Association, 1997 
ELINOR OSTROM Indiana University 

E extensive empirical evidence and theoretical developments in multiple disciplines stimulate a need to 
expand the range of rational choice models to be used as a foundation for the study of social 
dilemmas and collective action. After an introduction to the problem of overcoming social dilemmas 

through collective action, the remainder of this article is divided into six sections. The first briefly reviews the 
theoretical predictions of currently accepted rational choice theory related to social dilemmas. The second 
section summarizes the challenges to the sole reliance on a complete model of rationality presented by 
extensive experimental research. In the third section, I discuss two major empirical findings that begin to 
show how individuals achieve results that are "better than rational" by building conditions where reciprocity, 
reputation, and trust can help to overcome the strong temptations of short-run self-interest. The fourth 
section raises the possibility of developing second-generation models of rationality, the fifth section develops 
an initial theoretical scenario, and the final section concludes by examining the implications of placing 
reciprocity, reputation, and trust at the core of an empirically tested, behavioral theory of collective action. 

L et me start with a provocative statement. You 
would not be reading this article if it were not for 
some of our ancestors learning how to undertake 

collective action to solve social dilemmas. Successive 
generations have added to the stock of everyday knowl- 
edge about how to instill productive norms of behavior 
in their children and to craft rules to support collective 
action that produces public goods and avoids "trage- 
dies of the commons."' What our ancestors and con- 
temporaries have learned about engaging in collective 
action for mutual defense, child rearing, and survival is 
not, however, understood or explained by the extant 
theory of collective action. 

Yet, the theory of collective action is the central 
subject of political science. It is the core of the justifi- 
cation for the state. Collective-action problems per- 
vade international relations, face legislators when de- 
vising public budgets, permeate public bureaucracies, 
and are at the core of explanations of voting, interest 
group formation, and citizen control of governments in 
a democracy. If political scientists do not have an 
empirically grounded theory of collective action, then 
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we are hand-waving at our central questions. I am 
afraid that we do a lot of hand-waving. 

The lessons of effective collective action are not 
simple-as is obvious from human history and the 
immense tragedies that humans have endured, as well 
as the successes we have realized. As global relation- 
ships become even more intricately intertwined and 
complex, however, our survival becomes more depen- 
dent on empirically grounded scientific understanding. 
We have not yet developed a behavioral theory of 
collective action based on models of the individual 
consistent with empirical evidence about how individ- 
uals make decisions in social-dilemma situations. A 
behavioral commitment to theory grounded in empir- 
ical inquiry is essential if we are to understand such 
basic questions as why face-to-face communication so 
consistently enhances cooperation in social dilemmas 
or how structural variables facilitate or impede effec- 
tive collective action. 

Social dilemmas occur whenever individuals in inter- 
dependent situations face choices in which the maxi- 
mization of short-term self-interest yields outcomes 
leaving all participants worse off than feasible alterna- 
tives. In a public-good dilemma, for example, all those 
who would benefit from the provision of a public 
good-such as pollution control, radio broadcasts, or 
weather forecasting-find it costly to contribute and 
would prefer others to pay for the good instead. If 
everyone follows the equilibrium strategy, then the 
good is not provided or is underprovided. Yet, every- 
one would be better off if everyone were to contribute. 

Social dilemmas are found in all aspects of life, 
leading to momentous decisions affecting war and 
peace as well as the mundane relationships of keeping 
promises in everyday life. Social dilemmas are called by 
many names, including the public-good or collective- 
good problem (Olson 1965, P. Samuelson 1954), shirk- 
ing (Alchian and Demsetz 1972), the free-rider prob- 
lem (Edney 1979, Grossman and Hart 1980), moral 
hazard (Holmstrom 1982), the credible commitment 
dilemma (Williams, Collins, and Lichbach 1997), gen- 
eralized social exchange (Ekeh 1974; Emerson 1972a, 

1 

In 1968, Hardin (I) drew attention to two 
human factors that drive environmental 
change. The first factor is the increasing de- 
mand for natural resources and environmen- 
tal services, stemming from growth in human 
population and per capita resource consump- 
tion. The second factor is the way in which 
humans organize themselves to extract re- 
sources from the environment and eject efflu- 
ents into it what social scientists refer to as 
institutional arrangements. Hardin's work has 
been highly influential (2) but has long been 
aptly criticized as oversimplified (3-6). 

Hardin's oversimplification was twofold: 
He claimed that only two state-established in- 
stitutional arrangements centralized govern- 
ment and private property could sustain com- 
mons over the long run, and he presumed that 
resource users were trapped in a commons di- 
lemma, unable to create solutions (7-9). He 
missed the point that many social groups, in- 
cluding the herders on the commons that pro- 
vided the metaphor for his analysis, have strug- 
gled successfully against threats of resource 
degradation by developing and maintaining 
self-governing institutions (3, 1F13). Although 
these institutions have not always succeeded, 
neither have Hardin's preferred alternatives of 
private or state ownership. 

In the absence of effective governance 
institutions at the appropriate scale, natural 
resources and the environment are in peril 
from increasing human population, consump- 
tion, and deployment of advanced technolo- 
gies for resource use, all of which have 
reached unprecedented levels. For example, it 
is estimated that "the global ocean has lost 
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TRAGEDY OF THE COMMONS? 
R E V I E W 

Human institutions ways of organizing activities affect the resilience of the environ- 
ment. Locally evolved institutional arrangements governed by stable communities and 
buffered from outside forces have sustained resources successfully for centuries, al- 
though they often fail when rapid change occurs. Ideal conditions for governance are 
increasingly rare. Critical problems, such as transboundary pollution, tropical deforesta- 
tion, and climate change, are at larger scales and involve nonlocal influences. Promising 
strategies for addressing these problems include dialogue among interested parties, 
officials, and scientists; complex, redundant, and layered institutions; a mix of institu- 
tional types; and designs that facilitate experimentation, learning, and change. 

international agreements on ozone depletion, 
was signed in 1987. Before then, ODS concen- 
trations were increasing faster than those of CO2; 
the increases slowed by the early 1990s and the 
concentration appears to have stabilized in recent 
years. The international treaty regime to reduce 
the anthropogenic impact on stratospheric ozone 
is widely considered an example of a successful 
effort to protect the global commons. In contrast, 
international efforts to reduce greenhouse gas 
concentrations have not yet had an impact. 

Knowledge from an emerging science of 
human-environment interactions, sometimes 
called human ecology or the "second envi- 
ronmental science" (25, 26), is clarifying the 
characteristics of institutions that facilitate or 
undermine sustainable use of environmental 
resources under particular conditions (6, 27). 
The knowledge base is strongest with small- 
scale ecologies and institutions, where long 
time series exist on many successes and fail- 
ures. It is now developing for larger-scale 
systems. In this review, we address what 
science has learned about governing the com- 
mons and why it is always a struggle (28). 

Why a Struggle? 
Devising ways to sustain the earth's ability to 
support diverse life, including a reasonable 
quality of life for humans, involves making 
tough decisions under uncertainty, complex- 
ity, and substantial biophysical constraints as 
well as conflicting human values and inter- 
ests. Devising effective governance systems 
is akin to a coevolutionary race. A set of rules 
crafted to fit one set of socioecological con- 
ditions can erode as social, economic, and 

more than 90% of large predatory fishes" 
with an 80% decline typically occurring 
"within 15 years of industrialized exploita- 
tion" (14). The threat of massive ecosystem 
degradation results from an interplay among 
ocean ecologies, fishing technologies, and 
inadequate governance. 

Inshore fisheries are similarly degraded 
where they are open access or governed by 
top-down national regimes, leaving local and 
regional officials and users with insufficient 
autonomy and understanding to design effec- 
tive institutions (15, 16). For example, the 
degraded inshore ground fishery in Maine is 
governed by top-down rules based on models 
that were not credible among users. As a 
result, compliance has been relatively low 
and there has been strong resistance to 
strengthening existing restrictions. This is in 
marked contrast to the Maine lobster fishery, 
which has been governed by formal and in- 
formal user institutions that have strongly 
influenced state-level rules that restrict fish- 
ing. The result has been credible rules with 
very high levels of compliance (17-19). A 
comparison of the landings of ground fish 
and lobster since 1980 is shown in Fig. 1. The 
rules and high levels of compli- 
ance related to lobster appear to 
have prevented the destruction 
of this fishery but probably are 
not responsible for the sharp 
rise in abundance and landings 
after 1986. 

Resources at larger scales 
have also been successfully pro- 
tected through appropriate inter- 
national governance regimes such 
as the Montreal Protocol on 
stratospheric ozone and the Inter- 
national Commission for the Pro- 
tection of the Rhine Agreements 
(2s24). Figure 2 compares the 
trajectory of atmospheric concen- 
trations of ozone-depleting sub- 
stances (ODS) with that of carbon 
dioxide since 1982. The Montreal 
Protocol, the centerpiece of the 
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Fig. 1. Comparison of landings of ground fish (gadoids, solid blue 
line) and lobster (dashed red line) in Maine from 1980 to 2002. 
Measured in millions of kilograms of ground fish and lobsters 
landed per year. International fishing in these waters ended with 
the extended jurisdiction that occurred in 1977 (155). 
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Lessons	
  (Hypotheses?)	
  
•  For	
  prac88oners	
  
–  Knowledge	
  is	
  necessary,	
  but	
  not	
  sufficient	
  
– Understand	
  ins8tu8ons,	
  value	
  systems,	
  mo8va8ons	
  
–  Engage	
  as	
  informed,	
  collabora8ve	
  par8cipants	
  

•  For	
  theorists	
  
–  Black	
  box	
  and	
  simple	
  models	
  are	
  both	
  underspecified	
  
–  Specifying	
  “how	
  to”	
  models	
  doesn’t	
  a	
  priori	
  address	
  or	
  
explain	
  “why	
  should	
  we	
  want	
  to”	
  ques8ons/	
  
phenomena	
  

–  People	
  are	
  more	
  than	
  merely	
  self-­‐interested	
  ra8onal	
  
actors,	
  or	
  even	
  members	
  of	
  communi8es	
  (reciprocity);	
  
also	
  principled/purposive	
  actors	
  


