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EXECUTIVE SUMMARY

Adaptation refersto adjustmentsin ecological, socia, or economic
systems in response to actual or expected climatic stimuli and
their effects or impacts. It refersto changesin processes, practices,
and structuresto moderate potential damages or to benefit from
opportunities associated with climate change.

Estimates of likely future adaptations are an essentia ingredient
in impact and vulnerability assessments. The extent to which
ecosystems, food supplies, and sustainable development are
vulnerable or “in danger” depends both on exposure to changes
in climate and on the ability of the impacted system to adapt.
In addition, adaptation is an important policy response option,
along with mitigation. Thereis a need for the development and
assessment of planned adaptation initiativesto help manage the
risks of climate change.

Adaptations vary according to the system in which they occur,
who undertakes them, the climatic stimuli that prompts them,
and their timing, functions, forms, and effects. In unmanaged
natural systems, adaptation is autonomous and reactive; it isthe
process by which species and ecosystems respond to changed
conditions. This chapter focuses on adaptations consciously
undertaken by humans, including those in economic sectors,
managed ecosystems, resource use systems, settlements,
communities, and regions. In human systems, adaptation is
undertaken by private decisionmakers and by public agencies
or governments.

Adaptation depends greatly on the adaptive capacity or
adaptability of an affected system, region, or community to
cope with the impacts and risks of climate change. The adaptive
capacity of communitiesis determined by their socioeconomic
characteristics. Enhancement of adaptive capacity represents a
practical means of coping with changes and uncertainties in
climate, including variability and extremes. In this way,
enhancement of adaptive capacity reduces vulnerabilities and
promotes sustainable development.

Adaptation to climate change has the potential to substantially
reduce many of the adverse impacts of climate change and
enhance beneficial impacts—though neither without cost nor
without leaving residual damage.

The key features of climate change for vulnerability and
adaptation are those related to variability and extremes, not
simply changed average conditions. Most sectors and regions
and communities are reasonably adaptable to changesin average
conditions, particularly if they are gradual. However, these
communities are more vulnerable and less adaptabl e to changes

in the frequency and/or magnitude of conditions other than
average, especially extremes.

Sectors and regions will tend to adapt autonomously to
changes in climate conditions. Human systems have evolved a
wide range of strategiesto cope with climatic risks; these strategies
have potential applications to climate change vulnerabilities.
However, losses from climatic variations and extremes are
substantia and, in some sectors, increasing. These lossesindicate
that autonomous adaptation has not been sufficient to offset
damages associated with temporal variations in climatic
conditions.The ecological, socia, and economic costs of relying
on reactive, autonomous adaptation to the cumulative effects of
climate change are substantial.

Planned anticipatory adaptation has the potential to reduce
vulnerability and realize opportunities associated with climate
change, regardless of autonomous adaptation. Implementation
of adaptation policies, programs, and measures usually will
have immediate benefits, aswell as future benefits. Adaptation
measures are likely to be implemented only if they are consistent
with or integrated with decisions or programs that address
nonclimatic stresses. The costs of adaptation often are marginal
to other management or development costs.

The capacity to adapt varies considerably among regions,
countries, and socioeconomic groups and will vary over time.
The most vulnerable regions and communities are those that
are highly exposed to hazardous climate change effects and have
limited adaptive capacity. Countries with limited economic
resources, low levels of technology, poor information and
skills, poor infrastructure, unstable or weak institutions, and
inequitable empowerment and access to resources have little
capacity to adapt and are highly vulnerable.

Enhancement of adaptive capacity is a necessary condition for
reducing vulnerability, particularly for the most vulnerable
regions, nations, and socioeconomic groups. Activities
required for the enhancement of adaptive capacity are essentialy
equivalent to those promoting sustainable development.
Climate adaptation and equity goals can be jointly pursued by
initiatives that promote the welfare of the poorest members of
society—for example, by improving food security, facilitating
access to safe water and health care, and providing shelter and
access to other resources. Development decisions, activities,
and programs play important roles in modifying the adaptive
capacity of communities and regions, yet they tend not to take
into account risks associated with climate variability and change.
Inclusion of climatic risks in the design and implementation of
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development initiatives is necessary to reduce vulnerability
and enhance sustainability.

Current knowledge of adaptation and adaptive capacity is
insufficient for reliable prediction of adaptations; it also is
insufficient for rigorous evaluation of planned adaptation
options, measures, and policies of governments. Climate
change vulnerability studies now usually consider adaptation,
but they rarely go beyond identifying adaptation options that
might be possible; there is little research on the dynamics of
adaptation in human systems, the processes of adaptation
decisionmaking, conditions that stimulate or constrain
adaptation, and the role of nonclimatic factors. There are serious
limitations in existing evaluations of adaptation options:

Adaptation to Climate Change in the Context of SQustainable Development and Equity

Economic benefits and costs are important criteria but are not
sufficient to adequately determine the appropriateness of
adaptation measures; there also has been little research to date
on the roles and responsibilities in adaptation of individuals,
communities, corporations, private and public ingtitutions,
governments, and international organizations. Given the scope
and variety of specific adaptation options across sectors,
individuas, communities, and locations, aswell asthe variety of
participants—private and public—involved in most adaptation
initiatives, it is probably infeasible to systematically evaluate
lists of particular adaptation measures; improving and applying
knowledge on the constraints and opportunities for enhancing
adaptive capacity is necessary to reduce vulnerabilities associated
with climate change.
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18.1. Introduction: Adaptation and Adaptive Capacity
Adaptation is adjustment in ecological, social, or economic
systems in response to actual or expected climatic stimuli and
their effects or impacts. This term refersto changesin processes,
practices, or structures to moderate or offset potential damages
or to take advantage of opportunities associated with changes
in climate. It involves adjustments to reduce the vulnerability
of communities, regions, or activities to climatic change and
variability. Adaptation isimportant in the climate change issue
in two ways—one relating to the assessment of impacts and
vulnerahilities, the other to the development and evaluation of
response options.

Understanding expected adaptations is essential to impact and
vulner ability assessment and hence is fundamental to estimating
the costs or risks of climate change (Fankhauser, 1996; Yohe et
al., 1996; Tol et al., 1998; UNEP, 1998; Smit et al., 1999; Pittock
and Jones, 2000). Article 2 of the United Nations Framework
Convention on Climate Change (UNFCCC) refersto “ dangerous’
human influences on climate in terms of whether they would
“alow ecosystems to adapt, ensure food production is not
threatened, and enable economic development to proceed in a
sustainable manner.” The extent to which ecosystems, food
supplies, and sustainable development are vulnerable or “in
danger” depends on their exposure to climate change effects
and on the ability of impacted systemsto adapt. Thus, to assess
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the dangerousness of climate change, impact and vulnerability
assessments must address the likelihood of autonomous
adaptations (see Figure 18-1).

Adaptation also is considered an important response option or
strategy, a ong with mitigation (Fankhauser, 1996; Smith, 1996;
Pielke, 1998; Kane and Shogren, 2000). Even with reductions
in greenhouse gas (GHG) emissions, global temperatures are
expected to increase, other changes in climate—including
extremes—are likely, and sealevel will continue to rise (Raper
et al., 1996; White and Etkin, 1997; Wigley, 1999). Hence,
development of planned adaptation strategiesto deal with these
risksis regarded as a necessary complement to mitigation actions
(Burton, 1996; Smith et al., 1996; Parry et al., 1998; Smit et al .,
1999) (see Figure 18-1). Article 4.1 of the UNFCCC commits
parties to formulating, cooperating on, and implementing
“measures to facilitate adequate adaptation to climate change.”
The Kyoto Protocol (Article 10) aso commits partiesto promote
and facilitate adaptation and deploy adaptation technologies to
address climate change.

Adaptive capacity isthe potential or ability of asystem, region,
or community to adapt to the effects or impacts of climate
change. Enhancement of adaptive capacity represents a practica
means of coping with changes and uncertainties in climate,
including variability and extremes. In this way, enhancement
of adaptive capacity reduces vulnerabilities and promotes
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Figure 18-1: Places of adapatation in the climate change issue (Smit et al., 1999).
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sustainable development (Goklany, 1995; Burton, 1997; Cohen et
al., 1998; Klein, 1998; Rayner and Malone, 1998; Munasinghe,
2000; Smit et al., 2000).

Considerable attention has been devoted to the characteristics
of communities, countries, and regions that influence their
propensity or ability to adapt and hence their vulnerability to
risks associated with climate change. These determinants of
adaptive capacity relate to the economic, social, institutional,
and technological conditions that facilitate or constrain the
development and deployment of adaptive measures (e.g., Bohle
et al., 1994; Rayner and Mdone, 1998; Kelly and Adger, 1999).

18.2. Adaptation Characteristics and Processes

Adaptation refers both to the process of adapting and to the
condition of being adapted. The term has specific interpretations
in particular disciplines. In ecology, for example, adaptation
refers to changes by which an organism or species becomes
fitted to its environment (Lawrence, 1995; Abercrombie et al.,
1997); whereas in the socia sciences, adaptation refers to
adjustments by individuals and the collective behavior of
socioeconomic systems (Denevan, 1983; Hardesty, 1983). This
chapter follows Carter et al. (1994), IPCC (1996), UNEP (1998),

What is Adaptation?

Adaptation to What?

CLIMATE-RELATED
........... - STIMULI
+Non-Climate: « Phenomena
roroesand « Time/Space Scales

'Conditions  }

e ——

v

How does
Who or What Adapts? . -
#—3| Adaptation Occur?
. DngrﬂEr:w TYPES
- e Processes
 Characteristics
¢ QOutcomes

How Good
is the Adaptation?

EVALUATION
* Criteria
* Principles

Figure 18-2: Adaptation to climate change and variability
(from Smit et al ., 2000).
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and Smit et al. (2000) in a broad interpretation of adaptation to
include adjustment in natural or human systemsin response to
experienced or future climatic conditions or their effects or
impacts—which may be beneficial or adverse.

18.2.1. Componentsand Forms of Adaptation

Asboth a process and a condition, adaptation isarelative term:
It involves an alteration in something (the system of interest,
activity, sector, community, or region) to something (the climate-
related stress or stimulus). Description of an adaptation requires
specification of who or what adapts, the stimulus for which the
adaptation is undertaken, and the process and form it takes
(Downinget al., 1997; Krankinaet al., 1997; UNEP, 1998; Fittock
et al., 1999; Rishey et al., 1999; Reilly and Schimmelpfennig,
2000). These elements are summarized in Figure 18-2 and
addressed in turn in subsequent subsections.

18.2.2. Climate Stimuli for Adaptation

Most impact and adaptation studies to date have been based on
climate change scenarios that provide a limited set of possible
future climates—invariably specified as average annual
conditions, such as temperature and moisture. Yet the climate
change-related stimuli for which adaptations are undertaken
(i.e., adaptation to what?) are not limited to changesin average
annual conditions; they include variability and associated
extremes. Climatic conditions are inherently variable, from
year to year and decade to decade. Variability goes along with,
and is an integral part of, climate change (Mearnset al., 1997;
Karl and Knight, 1998; Berz, 1999; Hulme et al., 1999): A
change in mean conditions actually is experienced through
changes in the nature and frequency of particular yearly
conditions, including extremes (see Figure 18-3). Thus, adaptation
to climate change necessarily includes adaptation to variability
(Hewitt and Burton, 1971; Parry, 1986; Kane et al., 1992b;
Katz and Brown, 1992; Downing, 1996; Yohe et al., 1996;
Smithers and Smit, 1997; Smit et al., 1999). Downing et al.
(1996), Etkin (1998), Mileti (1999), and others use the term
“climate hazards’ to capture those climate stimuli, in addition
to changes in annua averages, to which the system of interest
isvulnerable. Climate change stimuli are described in terms of
“changes in mean climate and climatic hazards,” and adaptation
may be warranted when either of these changes has significant
consequences (Downing et al., 1997). In water resource
management, changes in the recurrence interval of extreme
conditions, which are associated with changes in means, are
the key stimuli (Beran and Arnell, 1995; Kundzewicz and
Takeuchi, 1999).

Furthermore, for most systems and communities, changes in
the mean condition commonly fall within the coping range (see
Figure 18-3), whereas many systems are particularly vulnerable
to changes in the frequency and magnitude of extreme events
or conditions outside the coping range (Baethgen, 1997;
Schneider, 1997; Rayner and Malone, 1998; Kelly and Adger,
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values > +X*)

Figure 18-3: Climate change, variability, extremes, and
coping range (after Hewitt and Burton, 1971; Fukui, 1979;
Smit et al., 1999; and others).

1999). Interannual variations are key stimuli in many sectors
(Rosenzweig, 1994; Adams et al ., 1995; Mearns et al ., 1997,
Bryant et al., 2000).

Natural and human systems have adapted to spatial differences
in climate. There also are examples of adaptation (with varying
degrees of success) to temporal variations—notably, deviations
from the annua average conditions on which climate change
scenarios focus. Many social and economic systems—including
agriculture, forestry, settlements, industry, transportation, human
health, and water resource management—have evolved to
accommodate some deviations from “normal” conditions, but
rarely the extremes. This capacity of systems to accommodate
variations in climatic conditions from year to year is captured
in Figure 18-3 in the shaded “coping range.” This capacity also
isreferred to as the vulnerability or damage threshold (Pittock
and Jones, 2000). The coping range, which varies among sysems
and regions, need not remain static, as depicted in Figure 18-3.
The coping range itself may change (move up or down, expand
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or contract), reflecting new adaptations in the system (De Vries,
1985; de Freitas, 1989; Smit et al., 2000). The coping range
indicated in Figure 18-3 can be regarded as the adaptive capacity
of a system to deal with current variability. Adaptive capacity
to climate change would refer to both the ability inherent in the
coping range and the ability to move or expand the coping
range with new or modified adaptations. Initiatives to enhance
adaptive capacity (Section 18.6) would expand the coping range.

18.2.3. Adaptation Typesand Forms

Adaptations come in a huge variety of forms. Adaptation types
(i.e., how adaptation occurs) have been differentiated according
to numerous attributes (Carter et al., 1994; Stakhiv, 1994;
Bijlsma et al., 1996; Smithers and Smit, 1997; UNEP, 1998;
Leary, 1999; Bryant et al., 2000; Reilly and Schimmelpfennig,
2000). Commonly used distinctions are purposefulness and
timing. Autonomous or spontaneous adaptations are considered
to be those that take place—invariably in reactive response
(efter initial impacts are manifest) to climatic stimuli—as a
matter of course, without the directed intervention of a public
agency. Estimates of these autonomous adaptations are now used
in impact and vulnerability assessment. Planned adaptations can
be either reactive or anticipatory (undertaken before impacts
are apparent). In addition, adaptations can be short or long term,
localized or widespread, and they can serve various functions
and take numerous forms (see Table 18-1).

Adaptations have been distinguished according to individuals
choice options aswell, including “ bear losses,” “ share |osses,”
“modify threats,” “prevent effects,” “change use,” and “ change
location” (Burton et al., 1993; Rayner and Malone, 1998). The
choice typology has been extended to include the role of
community structures, institutional arrangements, and public
policies (Downing et al., 1997; UNEP, 1998; see Figure 18-4).

18.2.4. Systems, Scales, and Actors

Adaptations occur in something (i.e., who or what adapts?),
which is caled the “system of interest,” “unit of analysis,”
“exposure unit,” “activity of interest,” or “sensitive system”
(Carter et al., 1994; Smithers and Smit, 1997; UNEP, 1998;
Reilly and Schimmelpfennig, 2000). In unmanaged natural
systems, adaptation is autonomous and reactive and is the
means by which species and communities respond to changed
conditions. In these Stuations, adaptation assessment is essentially
equivalent to natural system impact assessment (addressed in
other WGII chapters). This chapter focuses on adaptations
conscioudy undertaken by humans, including those in economic
sectors, settlements, communities, regions, and managed
ecosystems.

Human system adaptation can be motivated by private or public
interest (i.e,, who adapts?). Private decisionmakers include
individuals, households, businesses, and corporations; public
interests are served by governments at al levels. The roles of
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Table 18-1: Bases for characterizing and differentiating adaptation to climate change (Smit et al., 1999).

General Differentiating

Concept orAttribute Examples of TermsUsed

Purposefulness Autonomous «——————————» Planned
Spontaneous @«———————————» Purposeful
Automatic < » |ntentiona
Natural -« = Policy
Passive - = Active

Strategic

Timing Anticipatory @-<—————————» Responsive
Proactive -« » Reactive
Ex ante - Expost

Temporal Scope Short term - @ = longterm
Tactical - = Strategic
Instantaneous «—— = Cumulative
Contingency
Routine

Spatial Scope Localized < » \Widespread

Function/Effects Retreat - Accommodate - Protect
Prevent - Tolerate - Spread - Change - Restore

Form Structural - Legal - Institutional - Regulatory - Financial - Technological

Performance Cost - Effectiveness - Efficiency - Implementability - Equity

public and private participants are distinct but not unrelated.
Figure 18-5 shows examples of types of adaptation differentiated
according to timing, natural or human systems, and public or
private decisionmakers.

Planned adaptation often isinterpreted asthe result of addiberate
policy decision on the part of a public agency, based on an
awareness that conditions are about to change or have changed
and that action is required to minimize losses or benefit from
opportunities (Pittock and Jones, 2000). Autonomous adaptations
are widely interpreted as initiatives by private actors rather
than by governments, usually triggered by market or welfare
changesinduced by actual or anticipated climate change (Leary,
1999). Smith et al. (1996) describe autonomous adaptations as
those that occur “naturally,” without interventions by public
agencies, whereas planned adaptations are called “intervention
strategies.” Thus defined, autonomous and planned adaptation
largely correspond with private and public adaptation, respectively
(see Figure 18-5).

The extent to which society can rely on autonomous, private,
or market adaptation to reduce the costs of climate change
impacts to an acceptable or nondangerous level is an issue
of great interest. Autonomous adaptation forms a baseline
against which the need for planned anticipatory adaptation can
be evaluated.

Distinguishing among the various decisionmakers involved in
adaptation isimportant. The case of African agriculture and water
resources illustrates that stakeholders and potential adapters
range from vulnerable consumersto international organizations
charged with relief and research (Eele, 1996; Magadza, 1996;
Downing et al., 1997). Poor and landless households have
limited resources, yet falure to adapt can lead to significant
deprivation, displacement, morbidity, and mortality. Subsistence
farmers do not have the same adaptation options as commercial
producers. Water supply adaptations may involve landowners,
private traders, local authorities, water-dependent businesses,
national governments, and international organizations. Each
stakeholder has distinct interests, information, risks, and
resources and hence would consider distinct types of adaptive
responses (Downing et al., 1997).

18.2.5. Processes and Evaluation of Adaptations

In order to predict autonomous adaptations and provide input
to adaptation policies, there is a need for improved knowledge
about processesinvolved in adaptation decisions. Thisknowledge
includesinformation on stepsin the process, decision rationales,
handling of uncertainties, choices of adaptation types and
timing, conditions that stimulate or dampen adaptation, and
the conseguences or performance of adaptation strategies or
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— 7 | Research
L 8| Education, Behaviora

Figure 18-4: Classification of adaptation options (Burton, 1996).

measures (Burton, 1997; Rayner and Malone, 1998; Tol et al.,
1998; Basher, 1999; Klein et al., 1999; Pittock, 1999; Smit et
al., 1999).

Decisions regarding adaptations can be undertaken at any of
severa scales, by private individuas, local communities or
ingtitutions, national governments, and international organizations.
Where these adaptations are consciously planned activities,
whether by public agencies or individuals, there is an interest
in assessing the performance or relative merits of alternative
measures and strategies (see Figure 18-4). Thisevaluation (i.e.,
how good is the adaptation?) can be based on criteria such as
costs, benefits, equity, efficiency, and implementability (see
Sections 18.3.5 and 18.4.3).

Anticipatory Reactive

¢ Changesin length of
growing season

» Changesin ecosystem
composition

* Wetland migration

Hatwral
Bystem s

= | * Purchaseof insurance » Changesin farm practices

& | * Construction of houseon | » Changesininsurance

B stilts premiums
= E % | - Redes gn of oil-rigs * Purchase of air-conditioning
H Early-warning systems Compensatory payments,
o E ﬂ New building codes, design subsidies

standards Enforcement of building
& Incentives for relocation codes

Beach nourishment

Figure 18-5: Types of adaptation to climate change, including
examples (from Klein, 1999).

18.3. Future Adaptations

Predictions or estimates of likely future adaptations are an
essential element of climate change impact and vulnerability
assessment. The degree to which a future climate change risk
is dangerous depends grestly on the likelihood and effectiveness
of adaptations in that system. Studies that ignore or assume no
adaptation are likely to overestimate residual or net impacts
and vulnerahilities, whereas those that assume full and effective
adaptation are likely to underestimate residual impacts and
vulnerabilities (Reilly, 1999; Reilly and Schimmelpfennig,
1999; Risbey et al., 1999; Smit et al., 2000). Hence, it is
important to have an improved understanding of the process of
adaptation and better information on the conditions under
which adaptations of various types are expected to occur. Such
scholarship on the “how, when, and why” of adaptation is
necessary to make informed judgments on the vulnerabilities
of sectors, regions, and communities (Ausubel, 1991a; Kane et
al., 1992a; Reilly, 1995; Burton, 1997; Smithers and Smit, 1997,
Tol etal., 1998; Klein et al., 1999). Insights into processes of
adaptation have been gained from several types of analysis,
including listing of possible adaptation measures, impact
assessment models, adaptation process models, historical and
gpatia analogs, and empirical analysis of contemporary adaptation
processes.

18.3.1. Possible Adaptation Measures

There are many arbitrary lists of possible adaptation measures,
initiatives, or strategies that have a potential to moderate impacts,
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Table 18-2: Examples of multilevel adaptive measures for some anticipated health outcomes of global climate change (Patz, 1996).

Adaptive Measure Heat-Related I1Iness

Health and Extreme

Vector-Borne Diseases Weather Events

Administrative/legal  — Implement weather
watch/warning systems
— Plant trees in urban areas

— Implement education

— Implement vaccination
programs

— Enforce vaccination laws

— Implement education

— Create disaster preparedness
programs

— Employ land-use planning to
reduce flash floods

campaigns campaigns to eliminate — Ban precarious residential
breeding sites placements
Engineering — Insulate buildings — Install window screens — Construct strong seawalls
— Install high-albedo materials  — Release sterile male vectors — Fortify sanitation systems
for roads
Personal behavior — Maintain hydration — Usetopical insect repellents — Heed weather advisories

— Schedule work breaks during
peak daytime temperatures

— Use pyrethroid-impregnated
bed nets

if they were implemented (e.g., Benioff et al ., 1996; Smith et
al., 1996; Mimura, 1999b). Such possible adaptations are based
on experience, observation, and speculation about alternatives
that might be created (Carter, 1996); they cover a wide range
of types and take numerous forms (UNEP, 1998). For example,
possible adaptive measures for health risks associated with
climate change listed by Patz (1996) appear in Table 18-2.

Similarly, in coastal zone studies, comprehensive lists of
potential adaptation measures are presented; these adaptations
include a wide array of engineering measures, improvements,
or changes, including agricultural practices that are more
flood-resi stant; negotiating regional water-sharing agreements;
providing efficient mechanisms for disaster management;
devel oping desalination techniques; planting mangrove beltsto
provide flood protection; planting salt-tolerant varieties of
vegetation; improving drainage facilities; establishing setback
policies for new developments; developing food insurance
schemes; devising flood early warning systems; and so forth
(Al-Farouq and Hug, 1996; Jallow, 1996; Rijsberman and van
Velzen, 1996; Teves et al., 1996; Mimura and Harasawa,
2000). In many other sectors and regions, arbitrary lists of
possible adaptations are common (Erda, 1996; Iglesias et al .,
1996). In the Canadian agricultural sector alone, 96 different
adaptation measures have been identified, as summarized in
Table 18-3.

Such lists indicate the range of strategies and measures that
represent possible adaptations to climate change risks in
particular sectors and regions. They show that there is alarge
variety and number of possible adaptations, including many
with the potential to reduce adverse climatic change impacts.
Many of these adaptations—especially in agriculture, water
resources, and coastal zone applications—essentialy represent
improved resource management, and many would have benefits
in dealing with current climatic hazards as well as with future
climatic risks (El Shaer et al., 1996; Harrington, 1996; Huang,

1996; Stakhiv, 1996; Frederick, 1997; Hartig et al., 1997,
Mendelsohn and Bennett, 1997; Mgjor, 1998). In only afew cases
are such lists of possible adaptations considered according to
who might undertake them, under what conditions might they
be implemented, and how effective might they be (Easterling,
1996; Harrington, 1996; Frederick, 1997; Major, 1998; Moss,
1998).

18.3.2. Impact Assessment Models

Estimates of likely future adaptations are essential parts of
climate change impact models. Integrated assessment models
also include assumptions about adaptations in the impact

Table 18-3: Adaptation strategies for the agricultural sector
(adapted from Smit, 1993; Carter, 1996).

Number of
Adaptation Strategy M easures
Change topography of land 11
Use artificial systemsto improve water use/ 29
availability and protect against soil erosion
Change farming practices 21
Change timing of farm operations 2
Use different crop varieties 7
Governmental and institutional policies 16
and programs
Research into new technologies 10
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components (Leemans, 1992; Rotmans et al., 1994
Dowlatabadi, 1995; Hulme and Raper, 1995; West and
Dowlatabadi, 1999). Some early studies of impacts assumed no
adaptation (Tol et al., 1998), invoking the so-called “naive’ or
“dumb farmer” assumption. The “dumb farmer” assumption—
which is not unique to agriculture—is a metaphor for any
impacted agent that is assumed not to anticipate or respond to
changed climate conditions but continues to act as if nothing
has changed (Rosenberg, 1992; Easterling et al., 1993; Smit et
al., 1996). By ignoring autonomous and planned adaptations,
such studies do not distinguish between potential and residual
net impacts and are of limited utility in assessing vulnerability.

An aternative approach that is common in more recent impact
modeling has been to assume level s of adaptation. Applications
include Nicholls and Leatherman (1995) for coastal zones,
Mendelsohn et al. (1994) and Rosenzweig and Parry (1994) for
agriculture, Sohngen and Mendelsohn (1998) for timber, and
Rosenthal et al. (1995) for space conditioning in buildings.
These studies demonstrate that adaptive measures have the
potential to significantly aleviate adverse impacts of climate
change and to benefit from opportunities associated with changed
climatic conditions (Helms et al., 1996; Schimmelpfennig, 1996;
Mendel sohn and Neumann, 1999). The models of Rosenzweig
and Parry (1994) show that, with adaptations assumed, food
production could be increased under climate change in many
regions of the world. Stuczyinski et al. (2000) conclude that
climate change would reduce Polish agriculture production by
5-25% without adaptation; with adaptation assumed, production
is estimated to change by -5 to +5% of current levels. Downing
(1991) demonstrates the potential of adaptationsto reduce food
deficits in Africa from 50 to 20%. Mendelsohn and Dinar
(1999) estimate that private adaptation could reduce potential
climate damages in India’s agriculture from 25 to 15-23%.
Reilly et al. (1994) estimate global “welfare” lossesin the agri-
food sector of between US3$0.1 billion and 61.2 billion without
adaptation, compared to +US$70 to —37 billion with adaptation
assumed. These studies indicate potential rather than the
likelihood of adaptation to alleviate damages (or benefit from
opportunities) associated with changesin climatic mean conditions
(rather than changing conditions that include variability and
extremes of climate).

Impact models invariably are based on climate scenarios that
focus on adaptation to changed average conditions, with little
attention given to interannual variations and extremes. Limited
research suggests that the potential of adaptation to cope with
changes in average conditions is greater than its potential to
cope with climate change-related variability. For example,
Mendelsohn et al. (1999) show that, assuming adaptation,
increases in average temperature would be beneficia for U.S.
agriculture, but increases in interannual variation would be
harmful. West and Dowlatabadi (1999) demonstrate that
considering variability and extremes can lead to estimates of
“optimal” adaptation and damages that differ considerably from
those based on gradual changes in mean climatic conditions.
Theimportance of considering variability, not just mean climate,
when estimating adaptation is widely recognized (Robock et
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al., 1993; Mearns et al., 1997; Alderwish and Al-Eryani, 1999;
Alexandrov, 1999; Luo and Lin, 1999; Murdiyarso, 2000).

In numerical impact models, assumptions about perception and
adaptation are more commonly arbitrary or based on principles
of efficiency and rationality and assume full information (Y ohe
et al., 1996; Hurdet al., 1997; Mendelsohnet al., 1999). AsTol
et al. (1998), Schneider et al. (2000), and others have noted,
however, actual and assumed behavior do not necessarily match.
In an analysis of global food production, Parry et al. (1999)
assume farm-level and economic system adaptations but
recognize that the “ adoption of efficient adaptation techniquesis
far from certain.” In addition to questions relating to rationality
principles, adaptation behavior is known to vary according to
the amount and type of information available, as well as the
ability to act. Hence, rationa behavior that is based on
assumed perfect information differs from rational behavior
under uncertainty (Yoheet al., 1996; Y ohe and Neumann, 1997,
West and Dowlatabadi, 1999). Replacing the “no adaptation”
model with one that assumes rational, unconstrained actors
with full information replaces the “dumb farmer” assumption
with the “clairvoyant farmer” assumption (Smit et al., 1996;
Risbey et al., 1999). Reilly (1998) questions the ability and
hence the likelihood of agents to detect and respond efficiently
to the manifestations of climate change. Tol (1998b) also
questions whether perfect foresight and rational behavior are
realistic assumptions for predictive models. Schneider (1997)
explores further the assumptions that underlie equilibrium
approaches (ergodic economics), including the equivalence of
temporal and spatial variations.

Numerical impact assessment models tend to use, rather than
generate, information on adaptations to estimate future impacts
of climate stimuli, after the effects of adaptation have been
factored in. They indicate the potential of human systems to adapt
autonomoudly and thus to moderate climate change damages.

18.3.3. Models, Analogs, and Empirical Analysis
of Autonomous Adaptation

Adaptation to rapid anthropogenic climate change may be a
new challenge, but individuals, societies, and economies have
adapted—in various ways and with various degrees of success—
to changed and variable environmental conditions throughout
history. These experiences in adaptive behavior provide
information on the processes, constraints, and consequences of
adaptations.

Knowledge of the processes by which individuals or communities
actually adapt to changes in conditions over time comes largely
from analog and other empirical analyses (Wigley et al., 1981;
Glantz, 1996; Meyer et al., 1998; Tol et al., 1998; Smit et
al., 1999; Yohe and Dowlatabadi, 1999; Bryant et al ., 2000).
These studies indicate that autonomous adaptations tend to be
incremental and ad hoc, to take multiple forms, to be in
response to multiple stimuli (usually involving a particular
catalyst and rarely climate alone), and to be constrained by
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economic, social, technological, institutional, and political
conditions.

Conceptua models of adaptation processes describe sequential
relationships and feedback involving climatic and nonclimatic
stimuli, system sensitivities and impacts, tactical and strategic
adaptations, and net or residua impacts. They aso indicate
conditionsthat constrain or facilitate various kinds of adaptation
(e.g., Carter, 1996; Smit et al., 1996; UNEP, 1998; Schneider
et al., 2000). Spatial analogs have been used to gain insight into
adaptation, by transferring experience from existing climatic
regions to places where such climate may be found in the
future. The contributions and limits of spatial analogs are
known (Schneider, 1997; Rayner and Maone, 1998). Some
ecological and paleoecological studies reconstruct species or
community dynamics over hundreds and thousands of years
(e.g., MacDonald et al., 1993).

Temporal analog or case studies document adaptive responses
to climatic stimuli in resource-based economic sectors and
communities over periods of several decades (e.g., Glantz,
1988; Olsthoorn et al., 1996; Changnon et al., 1997). Other
empirical analyses have examined adaptive behavior in key
sectors such as agriculture in light of climatic variability and
extremes over even shorter time periods (e.g., Appendi and
Liverman, 1996; Smit et al., 1997; Bryant et al., 2000).

These direct empirical analyses of adaptation processestend to
start with the system of interest, then assess its sensitivity and
adaptability to climate and other stimuli. This analytica strategy
is consistent with vulnerability assessment (Downing et al.,
1996; Adger, 1999; Handmer et al., 1999; Kelly and Adger,
1999), the “adjoint approach” (Parry, 1986), and “ shift-in-risk”
perspectives (Warrick et al., 1986). These studies have yielded
some important insights about adaptation.

For systems such as agriculture, forestry, water resources, and
coasta zone settlements, the key climatic stimuli are not average
conditions but variability and extremes. Adirect climatic condition
prompts adaptation less often than the economic and socia
effects or implications of the climatic stimuli that are fundamental
in triggering adaptive responses. Nonclimatic conditions are
important in moderating and sometimes overwhelming the
influence of climate stimuli in the decisionmaking of resource
users. Decisions on adaptation are rarely made in response to
climate stimuli alone. These findings are important for predicting
autonomous adaptations and for improving adaptation
assumptions in impact models.

In estimating future adaptations and developing adaptation
policies (see Section 18.4), it is helpful to understand factors
and circumstances that hinder or promote adaptation. As Rayner
and Malone (1998) conclude, the consequences of a climate
event are not direct functions of its physical characteristics;
they also are functions of “the ways in which a society has
organized itsrelation to its resource base, its relations with other
societies, and the relations among its members.” To understand
vulnerability in archeological, historical, and contemporary
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contexts, Rayner and M one (1998) identify the most promising
research strategy:

“...explicitly to focus attention on the process of adaptation—
or, on the other hand, of failureto adapt—that partly
condition the impact of the climatic stress in particular
societies...cases in which societies appear to have been
seriously damaged by, or even totally succumbed to,
climatic stress should not be taken to demonstrate the
determining influence of climate. It is essential to consider
ways in which these societies might have coped better, and
to focus on the political, cultural, and socioeconomic factors
which inhibited them from doing so” (Ingram et al., 1981).

Following this approach, McGovern's (1991) reexamination of
the extinction of Greenland settlements found that the stress
imposed by climate shifts was indeed severe but was within the
theoretical ability of the colonies to have coped, by means that
were available to them. Why they failed to employ those adaptive
means emerges as the key question, still incompletely answered,
in explaining the collapse: It did get cold and they did die out,
but why?’ (McGovern, 1991). Intervening between the physical
events and the social conseguencesis the adaptive capacity and
hence vulnerability of the society and its different groups and
individual members.

18.3.4. Costs of Autonomous Adaptation

As assessments of climate impacts (commonly measured as
“costs’ that include damages and benefits) increasingly have
incorporated expected adaptations, and particularly as impact
models and “integrated assessment” models have shown the
potential of adaptation to offset initial impact costs, interest has
grown in caculating the costs of autonomous adaptations.
Whether climate change or another climate stimulus is
expected to have problematic or “dangerous’ impacts depends
on the adaptations and their costs (Leary, 1999). Climate
change impact cost studies that assume adaptation also should
include the “adjustment of costs’ of these adaptations (Reilly,
1998).

Tol and Fankhauser (1997) provide a comprehensive summary
of analyses of the costs of autonomous, mainly (but not
exclusively) reactive adaptations, undertaken privately (i.e.,
not adaptation policies of government). A common basis for
evauating impact costs is to sum adaptation costs and residual
damage costs (Fankhauser, 1996; Rothman et al., 1998).
Procedures for defining and calculating such adaptation costs
are subject to ongoing debate. Tol and Fankhauser (1997) note
that most approaches consider equilibrium adaptation costs but
ignore transition costs. Hurd et al. (1997) include market and
nonmarket adaptation in their assessment of impact costs. Most
research to date on adaptation “costs’ is limited to particular
economic measures of well-being (Brown, 1998). Any
comprehensive assessment of adaptation costs (including
benefits) would consider not only economic criteria but also
social welfare and equity.
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Cost egtimation for autonomous adaptations is not only important
for impact assessment; it also is a necessary ingredient in the
“base case,” “reference scenario,” or “do-nothing option” for
evaluations of policy initiatives, with respect to both adaptation
and mitigation (Rayner and Malone, 1998; Leary, 1999; Smit
et al., 2000).

18.3.5. Lessonsfrom Adaptation Experiences

Research in many sectors and regions indicates an impressive
human capacity to adapt to long-term mean climate conditions
but less success in adapting to extremes and to year-to-year
variations in climatic conditions. Climate change will be
experienced via conditions that vary from year to year, as well
as for ecosystems (Sprengers et al., 1994) and human systems
(Downing et al., 1996); these variations are important for
adaptation. Thus, although human settlements and agricultural
systems, for example, have adapted to be viable in a huge
variety of climatic zones around the world, those settlements and
systems often are vulnerable (with limited adaptive capacity) to
temporal deviations from normal conditions (particularly
extremes). Asaresult, adaptations designed to address changed
mean conditions may or may not be helpful in coping with the
variability that is inherent in climate change.

All socioeconomic systems (especially climate-dependent
systems such as agriculture, pastoralism, forestry, water
resources, and human health) are continually in a state of flux
in response to changing circumstances, including climatic
conditions. The evidence shows that there is considerable
potential for adaptation to reduce the impacts of climate
change and to realize new opportunities. In China's Yantze
Valley, 18th-century regional expansions and contractions on
the double-cropping system for rice represented adaptive
responsesto the frequency of production successes and failures
associated with climatic variations (Smit and Cai, 1996).
Adaptation options occur generally in socioeconomic sectors
and systems in which the turnover of capital investment and
operating costs is shorter and less often where long-term
investment is required (Yohe et al., 1996; Sohngen and
Mendelsohn, 1998).

Although an impressive variety of adaptation initiatives have
been undertaken across sectors and regions, the responses are
not universaly or equaly available (Rayner and Malone,
1998). For example, the viability of crop insurance depends
heavily on the degree of information, organization, and subsidy
available to support it. Similarly, the option of changing location
in the face of hazard depends on the resources and mobility of
the affected part and on the availability and conditions in
potential destination areas (McGregor, 1993). Many response
strategies have become less available; many others have become
more available. Individual cultivator responseto climaterisk in
India has long relied on a diverse mix of strategies, from land
use to outside employment (sometimes requiring temporary
migration) to reciprocal obligations for support; many of these
strategies have been undermined by changes such as population
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pressure and government policy, without being fully replaced
by others—illustrating the oft-remarked vulnerability of
regions and populations in transition (Gadgil et al., 1988;
Johda, 1989). In areas of China, many historical adaptationsin
agriculture (e.g., relocating production or employing irrigation)
are no longer available as population pressures increase on
limited land and water resources (Fang and Liu, 1992; Cai and
Smit, 1996). In Kenya, effective smallholder response to
drought has shifted from traditional planting strategies to
employment diversification (Downing et al., 1989).

Not only isthere rarely only one adaptation option available to
decisionmakers (Burton and Cohen, 1993) but also “rarely do
people choose the best responses—the ones among those
available that would most effectively reduce losses—often
because of an established preference for, or aversion to, certain
options” (Rayner and Malone, 1998). In some cases there is
limited knowledge of risks or alternative adaptation strategies.
In other cases, adoption of adaptive measuresis constrained by
other priorities, limited resources, or economic or institutional
barriers (Eele, 1996; Bryant et al., 2000; de Loé and Kreutzwiser,
2000). Recurrent vulnerabilities, in many cases with increasing
damages, illustrate less-than-perfect adaptation of systems to
climatic variations and risks. There is some evidence that the
costs of adaptations to climate conditions are growing
(Burton, 1997; Etkin, 1998). There is strong evidence of a
sharp increase in damage costs of extreme climatic or weather
events (Berz, 1999; Bruce, 1999). Growing adaptation costs
reflect, at least in part, increases in populations and/or
improvements in standards of living, with more disposable
income being used to improve levels of comfort, health, and
safety in the short run. It is not clear whether the expansion in
adaptations is likely to be effective and sustainable in the long
run. In any event, although adaptationsto changed and variable
climatic conditions are undertaken, they are not necessarily
effective or without costs.

Many adaptations to reduce vulnerability to climate change
risks also reduce vulnerability to current climate variability,
extremes, and hazards (El Shaer et al., 1996; Rayner and
Malone, 1998). Measures that are likely to reduce current
sensitivity of climate variations in Africa also are likely to
reduce the threat of adverse impacts of climate change
(Ominde and Juna, 1991):

“Most analysts in the less-developed countries believe that
the urgent need, in the face of both climate variation and
prospective climate change, is to identify policies which
reduce recurrent vulnerability and increase resilience.
Prescriptions for reducing vulnerability span drought-
proofing the economy, stimulating economic diversification,
adjusting land and water uses, providing social support for
dependent populations, and providing financial instruments
that spread therisk of adverse consequences form individual
to society and over longer periods. For the near term,
development strategies should ensure that livelihoods are
resilient to a wide range of perturbations.” (Rayner and
Malone, 1998)
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Examples of current adaptation strategies in agriculture with
clear applications to climate change are given by Easterling
(1996) and Smit et al. (1997), including moisture-conserving
practices, hybrid selection, and crop substitution. In the
water resources sector, Stakhiv (1996) shows how current
management practices represent useful adaptive strategies for
climate change. Some analysts go further to point out that certain
adaptations to climate change not only address current hazards
but may be additionally beneficial for other reasons (e.g., “no
regrets’ or “win-win” strategies) (Carter, 1996).

Societal responsesto large environmenta challengestend to be
incremental and ad hoc rather than fundamental (Rayner and
Malone, 1998). In all of the climate analog cases examined by
Glantz (1988), “ Ad hoc responses were favored over long term
planned responses. As a result, there has been a tendency to
“muddle through.’ This has not necessarily been an inappropriate
response, but it is probably more costly in the long term than
putting along-term strategy together in order to cope with climate-
related environmental change.” In each case, moreover, action
was not taken without a catalyst or trigger that dramatically
indicated the seriousness of a threat (Glantz, 1988). Other
studies also indicate the ad hoc nature of adaptations and the
importance of a catalyst (Wilhite et al., 1986; Glantz, 1992;
Kasperson et al., 1995). These findings suggest that problems
that demand early or long-term attention often fail to receiveit,
and the most efficient responses are not taken. That the earlier
action would have been more efficacious, however, presupposes
that the best strategy was evident to the decisionmakers and
that premature responses closing off useful options would not
have been taken instead (Rayner and Malone, 1998). There is
little evidence that efficient and effective adaptationsto climate
change risks will be undertaken autonomously.

A consistent lesson from adaptation research is that climate is
not the singular driving force of human affairsthat is sometimes
assumed—but neither is it a trivial factor. Climate is an
important resource for human activities and an important
hazard. Climate change is a source of significant stresses (and
perhaps significant opportunities) for societies, yet it has aways
been only one factor among many. The consequences of a shift
in climate are not calculable from the physical dimensions of
the shift alone; they require attention to human dimensions
through which they are experienced (Rayner and Malone, 1998;
Bryant et al., 2000). The significance of climate change for
regions depends fundamentally on the ability and likelihood of
those regions to adapt.

To what degree are societies likely to adapt autonomously to
avoid climate change damages? Some studies show faith in
market mechanisms and suggest considerable capacity of
human systems to adapt autonomously (Ausabel, 1991b;
Mendelsohn et al., 1996; Yohe et al., 1996; Mendel sohn, 1998;
Mendelsohn and Neumann, 1999). Other studies highlight the
constraints on “optimal” autonomous adaptation, such as
limited information and access to resources, adaptation costs,
and residual damages; these studies emphasize the need for
planned, especialy anticipatory, adaptations undertaken or
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facilitated by public agencies (Smith et al., 1996; Reilly, 1998;
Tol, 1998a; Fankhauser et al., 1999; Bryant et al., 2000;
Schneider et al., 2000)

18.4. Planned Adaptations
and Evaluation of Policy Options

This section considers planned, mainly (but not exclusively)
anticipatory adaptations, undertaken or directly influenced by
governments or collectives as a public policy initiative. These
adaptations represent conscious policy options or response
strategies to concerns about climate change (Benioff et al.,
1996; Fankhauser, 1996; Smith, 1997; Pieke, 1998; UNEP,
1998). Public adaptation initiatives may be direct or indirect, such
as when they encourage or facilitate private action