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Neither the costs nor the benefits of adapta-
tion to climate change have been systemati-
cally studied so far. This paper discusses the
extent to which the vast body of Iiterature on
climate change impacts can provide insights
into the scope and likely cost of adaptation.
The ways in which the impacts literature
deals with adaptation can be grouped Into
four categorles: no adaptation, arbitrary ad-
aptation, observed adaptation (analogues),
and modeled adaptation (optimization). All
four cases are characterized by the simple
assumptions made about the mechanisms of
adaptation. No or only scant attention Is paid
to the process of adapting to a new climate.
Adaptation analysis has to acknowledge that
people will be neither dumb nor brilliant at
adapting. They are likely to see the need for
change, but may be constrained in their abil-
ity to adapt or in their comprehension of the
permanence and direction of change. © 1998
Published by Elsevier Science Ltd. All rights
reserved.
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Introduction

Adaptation is seen by many scientists and policy makers as a powerful
option to reduce the negative impacts of climate change or take advantage
of the positive effects. Some would even argue that adaptation is a superior
response strategy to climate change than greenhouse gas emission reduc-
tion. Unfortunately, there are only a few studies available that can help
testing such claims. While there is a series of detailed case studies for
specific locations and threats (mostly sea level rise), they are often too case
specific to allow general conclusions. This paper critically reviews the
validity of such propositions on the basis of what is known today.

The study of the potential for adaptation is linked to the assessment of
climate change impacts and the related concept of vulnerability. It is
generally agreed that vulnerability to climate change is a function of both
the sensitivity of a system to changes in climate, and the ability to adapt
the system to such changes (Watson et al., 1998). The number of vulner-
ability assessments is increasing, and further and broader evidence is
expected to become available in the context of country studies undertaken
by Parties to the Climate Convention in response to the reporting require-
ments under the Convention. However, in most of the studies undertaken
so far the analysis of adaptation measures is done only briefly, if at all.
Most information about adaptation continues to be embedded in work
about the impacts of climate change in general. In this paper, we analyze
this literature and try to draw some conclusions about the likely costs and
benefits of adaptation to climate change.

We survey the impact literature with three questions in mind: (i) what
assumptions are made about adaptation? (ii} what effect does adaptation
have on impacts? and (iii) what costs are associated with adaptation?
A fourth question - is the available information useful for decision-
making? — is the subject of a companion paper (Fankhauser et al., 1997).
Our conclusions about the four questions are: (i) that the assumptions
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"It should be noted that in all references to
‘costs’, these may be negative (benefits) as weil
as positive (costs in the usual sense of the word).
The word ‘costs’ is used to remain in line with the
literature and because, on balance, climate
change is expected to have a negative impact. In
this context, costs are consistent with ‘damages’.
2Note that the current climate is not in equilib-
rium, nor is a the climate likely to be in a foresee-
able future. The term is used for convenience to
denote the situation in which climate is stationary
at the time scale of social and natural adaptation,
and systems are fully adjusted to it.
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Table 1 A classification of climate change costs, with examples from sea level rise and
agriculture

Adaptation costs Residual impacts

Transition Costs of relocation from unprotected Flood damage during construction of pro-
coastal areas tective structures (before structures reach
the desired height)
Cost of retraining farmers in new Yield losses before the availability of more
practices or for a non-farming job suitable crops
Equilibrium  Maintenance, and periodic Higher residual flooding risk of protected

replacement, of coastal protection
structures

areas

Costs of additional irrigation,

Change in food prices and crop yields that
additional fertilizer or different crops

cannot be mitigated through adaptation

usually made about adaptation are not very realistic; (ii) that adaptation
has a strong influence on the sign and magnitude of estimated impacts; (iii)
that adaptation costs (as opposed to net costs of damages) are seldom
reported; and (iv) that the information is thus of only limited use to
decision makers. The proposition that adaptation is powerful is confirmed
in a technical sense — there are measures that can substantially reduce the
negative impacts of climate change — but the issue remains open in an
economic sense — the cost-effectiveness of many of these measures has not
yet been assessed. The conclusion that adaptation may be the preferred
response strategy is therefore premature.

To better understand the state of the literature, it is useful to split the
costs of climate change into four classes, and along two dimensions (see
Table 1).! The first distinction is between the transaction costs associated
with the transition to a new equilibrium, and the costs associated with the
new equilibrium itself.2 The second distinction is between the costs of
adaptation and the costs of climate beyond adaptation, here referred to as
residual costs. Table 1 provides illustrative examples for each type of cost
from agriculture and coastal protection.

The distinctions are stressed not least because they have not been
sufficiently recognized so far. Assessments of the economic costs of climate
change generally combine adaptation costs with residual costs to develop
an aggregate damage-cum-adaptation figure, without always making
a clear distinction between the two (see Pearce et al., 1996, for a survey). In
the next section of this paper, we try to reintroduce this distinction.

Perhaps more importantly, assessments of climate change costs usually
ignore the costs of transition (top row of Table 1), and concentrate on the
equilibrium impact of climate change — typically the climate associated
with a doubling of the pre-industrial CO, concentration level (labelled
2 x CO,). This ignores the fact 2 x CO, may not be the equilibrium at
which the atmospheric greenhouse gas concentration is eventually stabil-
ized, and that, in all likelihood, concentration levels and climate will
continue to change in the foreseeable future. Furthermore, the transition
itself induces additional damages because of rigidities in markets and
capital stocks, and lack of awareness and information about the change
and possible adaptation. The point is that, while both transitional and
equilibrium costs will occur in the process of stabilizing the atmospheric
greenhouse gas concentration, the former will dominate over the next
century or so, and the focus of analysis needs to be shifted accordingly.

In addition, different types of adaptation can be distinguished. Carter
et al. (1994) distinguish between ‘autonomous’ adaptation which involves
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changes in behavior in response to climate change likely to be under-
takenby humans, animals, and plants. They also note conscious or
purposeful adaptations which are tactical or strategic adaptations by
governments or organizations to anticipate or respond to climate change
(Smithers and Smit, 1997). The damage literature does not usually
make this distinction. Four approaches of dealing with adaptation
can be distinguished in the literature: no adaptation, arbitrary
adaptation, observed adaptation (analogues), and modeled adaptation
(optimization). Each of them (except the first) can include both auton-
omous and anticipatory adaptation. In later sections we critically discuss
each of these approaches. We also look for information on the period of
transition.

Adaptation and the damage literature

Global damage estimates, such as those of Nordhaus (1991), Cline (1992),
Fankhauser (1995a) and Tol (1995), typically distinguish between some 15
different damage categories, including agriculture, forestry, sea level rise,
energy demand, human amenity, human morbidity, human mortality,
leisure activities, water supply, construction, urban infrastructure, air
pollution, migration, extreme weather events, and natural ecosystems.
Only about five of them (coastal protection, space cooling and heating,
defensive expenditures against pollution, and, arguably, migration) can be
categorized as primarily adaptation costs. A survey of cost estimates
associated with most of these measures is given in Table 2. Adaptation
costs thus only comprise a fraction of total costs. In Cline’s (1992) assess-
ment for the USA, some 25% of total costs can be classified as adaptation.
Adaptation amounts to 10 and 7% of the global estimates of Fankhauser
(1995a) and Tol (1995), respectively. Because of differences in underlying
assumptions, results are extremely difficult to compare. To the extent that
results are comparable, differences can be large, a fact that clearly under-
lines the preliminary character of such figures.

Some adaptive measures are implicitly assumed in many of the other
damage categories as well (e.g. agricultural impacts, health impacts). How-
ever, separating the effect of adaptation from other effects is often difficult,
because adaptation costs are generally not reported separately. Agricul-
tural studies, for example, now routinely include at least some adaptive
measures (e.g. Adams et al., in press, 1995; Darwin et al., 1995; Mendelsohn
et al., 1994; Rosenzweig and Parry, 1994). Unfortunately, they are usually
not costed separately. In fact, in many cases the costs associated with
adaptation are not included in the analysis at all. That is, it is assumed that
adaptation will be cost-free.

If the costs of adaptation are scarcely studied, even less is known about
the benefits of these measures. Because studies are usually carried out with
total damage costs (adaptation costs plus residual damages) in mind, they
tend to focus on the total cost associated with particular adaptation and
climate change scenarios. The marginal benefit (avoided damages) of
incremental adaptation can then only be deduced through the comparison
of scenarios involving different levels of adaptation, but the same level of
climate change. Few studies report that sort of information. Nevertheless,
some studies are available for sea level rise, agricultural, and health
impacts. They are discussed in the following sections.
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Table 2 The cost of adaptation: evidence from the literature

Source/study Countries/region Adaptation Assumptions/comments
costs (mS$)
(a) Coastal protection
Cline (1992) USA 1200 Annuitized cost of partial protection against a 100 cm rise
Fankhauser (1995a) USA 160 Annuitized cost of partial protection against a 50 cm rise
OECD 448
Former Soviet Union 46
Developing Countries 421 Dev. country estimate includes E. Europe
World 915
Fankhauser (1995b) UsA 62590 Present value costs (until 2100) of ‘optimal’ protection
against 100 cm rise
OECD 730890
Hope et al. (1993) European Union 500000 Present value cost of ‘aggressive adaptive policy’ (pre-
dominantly coastal protection)
Tol (1995) North America 1500 Annuitized costs of partial protection against a 100 cm rise
OECD 5000
Eastern Europe/Former Soviet Union 500
Developing Countries 4000
World 9500
(b) Space heating and cooling expenditures
Cline (1992) USA 11200 Extra cost for space cooling, 2.5°C warming
1300 Cost savings for space heating, same scenario
Fankhauser (1995a) USA 6900 Net increase in electricity expenditures (i.e.
OECD 20490 mostly space cooling) for 2.5°C warming
Former Soviet Union — 682
Developing Countries 3257 Dev. country estimate includes E.Europe
World 23065
Rosenthal et al. (1995) USA —-7600 Net decrease in heating and cooling expenditures for 2.5°C
warming
(c) Resettlement and migration costs
Cline (1992) USA 500 Cost to the US of absorbing 100,000 additional immigrants
(2.5°C warming)
Fankhauser (1995a) USA 450 Cost of resettlement and foregone eamings
OECD 2048 (2.5°C warming)
Former Soviet Union 153
Developing Countries 2126 Dev. country estimate includes E. Europe
World 4327
Tol (1995) North America 1000 Cost to destination country plus loss to
OECD 2700 immigrants and country of origin (2.5°C warming)
Eastern Europe/Former Soviet Union 500
Developing Countries 10700
World 13800
(d) Adjustment in air and water quality expenditures
Cline (1992) USA 3500 Additional defensive expenditure to meet standards for
tropospheric ozone (2.5°C warming)
Titus (1992) USA 34000 Additional control costs to meet water quality standards
(2.5°C warming)

Sources: As indicated.

3 Although, strictly, it is the analyst rather than the
farmer who is dumb (Colin Prentice, personal
communication).
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No adaptation

In some, particularly earlier impact work, human behavior is assumed to
remain virtually unchanged in response to climate change. There is neither
autonomous nor anticipatory adaptation (e.g. the Fankhauser, 1995a, air
quality estimate; Adams et al., 1990). The complete absence of adaptation,
that is the estimation of impacts on an unchanged society, is perhaps most
prominently associated with the so-called ‘dumb farmer’ hypothesis.>
However, the ‘no adaptation’ hypothesis has also been used in many other
impact studies, including work on hunger, morbidity and health, and
damage from extreme weather events. Ignoring adaptation is obviously
inadequate and can lead to a serious overestimation of the likely impact.



“In our classification, this should read ‘no antici-
patory adaptation’.
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Table 3 The benefits and costs of coastal protection (Number of people at risk from a 1 m rise
In sea level)

People at risk* People at risk* Cost of

W.0. measures with measures measures
('000 people) ('000 people) (%/GNPy®)

Country studies

Antigua 19.0 77 0.32
Egypt 30.0 120.0° 0.45
Marshall Istands 20.0 2.0 >7.04
The Netherlands 240 1.2 0.05
Poland 196.4 9.9 0.02
General vuinerability assessments

North America 170 90 0.02
Central America 56 6 0.23
Caribbean Islands 110 20 0.21
South America, Atlantic Coast 410 48 0.25
South America, Pacific Coast 100 B 0.01
Atlantic Ocean Small Islands 0 0 0.07
North and West Europe 130 130 0.02
Baitic States 3 3 0.08
North Mediterranean 37 31 0.02
South Mediterranean 2100 250 0.07
Africa, Atlantic Coast 2000 220 0.25
Africa, Indian Ocean Coast 3600 390 0.38
Gulf States 14 3 0.05
Asia, Indian Ocean Coast 27360 3040 0.52
Indian Ocean Small Islands 100 12 0.72
Southeast Asia 7800 880 0.20
East Asia 17100 2200 0.06
Pacific Ocean Large Islands 17 4 017
Pacific Ocean Small Islands 34 4 0.77
Former USSR 52 52 0.02
World 61300 7380 0.06

Sources: IPCC (1994) and Delft Hydraulics (1993)

*Number of people living in the risk zone, multiplied by the probability of flooding per year.
®Undiscounted, assuming 100 years lifetime, i.e., annual costs are 1% of total costs.

The number of people at risk increases because adaptation allows an increasing number of people to
remain in risk areas that would otherwise be abandoned. Note that adaptation only reduces, but does
not completely eliminate risks.

In addition, it conveys the wrong message to policy makers that the only
option for climate policy is emission abatement.

An impact study ignoring adaptation does have value as a reference case
when studying adaptation. Just as has been done in Tables 3 and 4, one
can compare damages with no adaptation to damages with adaptation to
estimate the effect of adaptation in reducing damages (e.g. Rosenzweig and
Parry, 1994).

Arbitrary adaptation

Examples of studies that assume an arbitrary level of adaptation most
prominently include coastal protection and agricultural impact assess-
ments. While assuming arbitrary adaptation is questionable from the
point of view of impact assessment, the results of such studies can form the
basis for the analysis of more realistic adaptation patterns and for policy
analysis and advice — provided that adaptations options and their conse-
quences are properly reported, which they seldom are.

The methodology of Nicholls and Leatherman (1995) for assessing the
impact of sea level rise is a prime example of arbitrary adaptation. Three
levels of (anticipatory) adaptation are considered: ‘no adaptation’,*

113



Scope for adaptation to climate change: R S J Tol et al.

Table 4 The benefits of adaptation by farmers

Study/study area Climate

scenario

Easterling ef a/. (1993)

Missouri, lowa, Nebraska, year 1980s
Kansas (MINK)

Rosenzweig and Parry (1994) 2xCO,
Developed countries baseyear 2060
Developing countries

World

Adams et al. (1993) 2xCO,

United States

Reilly et al. (1994)°

Developing countries
GDP/cap < $500
GDP/cap $500-2000
GDP/cap > $2000

E. Europe and former USSR

OECD

World

2xCO,

1930s climate
analogue; base

baseyezar 1990

base year 1989

Type of adaptation Climate impacts Impact change
no adaptation to
without with adaptation
adaptation adaptation

Change in planting date
tilage practices, change in
crops, improved irrigation

Yield change (bn$) % impact red.

and corp drought resistance —133t0 —2.71 —0.53t0-1.92 29-60
Small shifts in planting date  Change in cereal prod (%) % impact red.
( < 1 month), change in —35t0 113 4.0t0 14.0 24-> 100
crops, additional irrigation —108to — 110 —-8.0to —12.0 9-17
(‘level 1 adaptation’) -12to - 76 00to - 5.0 34-100
as Rosenzweig and Parry Welfare change (bn$) % impact
(1994) 2.15t0 -13.00 10.82 - 9.03 > 100
Welfare change (bn$) % impact red.
as Rosenzweig and Parry
(1994) —2.07t0 —19.83 —021to —10.67 26-90
—1.80to —15.01 —043to — 1067 41-76
—0.33to ~-0.82 —-0.60to —1.02 20-46
1.89to — 10.96 242tc —4.88 29-56
2.67to —15.10 58210 —6.47 57->100
—0.13to —61.23 7.00t0 — 3762 39->100

“Worldwide adaptation alters terms of trade to the disadvantage of developing countries.
®Based on Rosenzweig and Parry (1994) yield data.
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‘important area protection’, and ‘full protection’. Note that the only form
of adaptation considered is structural protection of drylands. Under ‘no
(anticipatory) adaptation’, the rising sea is allowed to freely inundate
coastal land. Coastal communities and ecosystems are left to find their
own ways of autonomous adaptation. Under ‘important area protection’,
cities, harbors, and the like are protected. Under ‘full protection’, all land
with a human population density of 10 people/km? is protected. The costs
of protection together with the avoided impact deliver important informa-
tion to guide a prudent adaptation strategy.

In a global vulnerability assessment (GVA), the IPCC finds that the
number of people ‘at risk from flooding’ (defined as the number of people
living in risk areas times the probability of a flood) could often be reduced
by as much as a factor of 8 through ‘appropriate’ adaptation measures,
which are close to ‘total protection’ (Delft Hydraulics, 1993; IPCC, 1994;
see Table 3). While this underscores the potential of coastal protection as
an adaptation policy, it is unclear whether the implementation of the
measures considered would be worthwhile. Protection costs vary between
about 0.01 and 0.75% of gross national product (GNP), but no attempt
has been made to compare them explicitly with the benefits of increased
safety.

Such a comparison has been attempted by Dennis et al. (1995) for
Senegal, Volente and Nicholls (1995) for Uruguay and Volonte and
Arismendi (1995) for Venezuela. The preferred strategy for Senegal ap-
pears to be ‘important area protection’. Volonte and Nicholls (1995) find it
hard to defend even this modest strategy for Uruguay, with net present
protection costs of about $3 billion and benefits of about $2 billion.
Benefits and costs are not consistently compared for Venezuela, but the
costs of sea level rise are measured in hundreds of millions whereas the
costs of protection are measured in billions of dollars — note that discount-
ing affects the (avoided) costs of future sea level rise more heavily than
near-term protection costs.
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A pioneering study on farmer adaptation is the MINK study on climate
change impacts in the Missouri-lowa—Nebraska—Kansas region (Easter-
ling et al, 1993). It uses the climate of the 1930s as an analogue for
a possibly drier and warmer future. Besides more technical forms of
adaptation, such as crop management practices, the MINK study also
considered more institutional forms of adaptation, such as distribution of
water resources. Using an arbitrary set of low-cost adaptation measures,
like a change in planting date or increased irrigation, Easterling et al.
calculate that adaptation could reduce agricultural damages to the MINK
region by 30 to 60% (see Table 4).

Other studies show a similar picture. Rosenzweig and Parry (1994)
distinguish three arbitrary levels of adaptation. In the ‘without adaptation’
scenario, farmers are ‘dumb’ and continue to behave as they currently do,
i.e. they completely ignore that climate has changed. Under ‘level 1 ad-
aptation’, small adjustments in behavior and modest capital investments
(within the capacity of an individual farm) are allowed. ‘Level 2 adapta-
tion’ assumes large adjustments and investment. In their global study,
a change of — 1.2 to — 7.6% in worldwide cereal production without
adaptation is reduced to 0 to — 5% with moderate farm-level adaptation.
This could reduce the global welfare loss of US$0.1 to US$61.2 billion
without adaptation, to between a gain of US$7.0 and a loss of US$37.6
billion [Reilly et al. (1994) using the Rosenzweig and Parry yield data].

More comprehensive adjustments in management could offset practic-
ally all losses. Gains, however, would occur mainly in developed countries.
Developing countries, where adaptation is assumed to be less effective
(perhaps because of lack of resources) will continue to suffer significant
welfare losses (see Table 4). Note that the initial effect is reinforced through
competition on the international argricultural markets. A shortcoming of
these studies is that, while the benefits of adaptation (avoided impact) can
be derived from model results, the costs of adaptation (e.g. investment
costs) are neglected. Even though ‘strong adaptation’ is assumed to be
costly, exactly how costly is not reported or included in the impact
estimates cited above.

Space heating and cooling are typical examples of adaptive measures
used to accommodate suboptimal levels of temperature. The impact of
a warmer climate on space heating and cooling expenditures is usually
derived from engineering approaches or behavioral models, in which
ambient air temperature is an explanatory variable of electricity demand.
The study by Rosenthal er al. (1995) uses an engineering approach to
estimate the energy needed to maintain internal building temperatures at
their current level. The assumed level of adaptation is thus limited to
a change in consumed heating and/or cooling degree-days. Other
measures, such as adjustments in the building stock, changes in the market
penetration of air conditioning, behavioral changes, or even the accept-
ance of higher temperatures are ignored. The results obtained from this
method vary greatly, from net gains [Rosenthal et al. (1995) for 1°C
warming in the United States] to significant net losses [Cline (1992) for the
United States; Fankhauser (1995a) extrapolated US data; both for climate
conditions estimated to occur under a doubling of carbon dioxide in the
atmosphere].

Examples of arbitrary adaptation are also available with respect to air
and water quality (see Table 2). Cline’s (1992) assessment of air pollution
damage and the Titus (1992) estimate of water quality impacts both
assume that society will adapt to higher pollution levels by increasing
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SAt the other end of the spectrum, the Fank-
hauser (1995a) air pollution estimate assumes no
adaptation; i.e. climate change simply leads to
increased air poliution and damages to human
health anc the environment.

§ One of the early climate change impacts studies
to use spatial analogues was Parry et a/. (1988).
This study used spatial analogues to estimate
how agriculture might change in response to cli-
mate change. Some studies within Parry et al.
such as Gadgil et al. (1988) note that significant
climate variability exists in places such as India
so the mechanisms for coping with different cli-
mates are already know. What this study did not
do, but the studies described in the text do, is use
spatial analogues to model adaptation to climate
change.
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defensive expenditures. In other words, it is assumed that current air and
water quality standards will be maintained, despite the fact that different
standards may be optimal in a future climate.’

Observed adaptation

Observed adaptation relies on the use of analogues to examine how
societies and individuals have adapted to different climates and changes in
climate. One form of analogues are spatial analogues, which examines how
societies in different locations adapt to different climates. A second form of
analogues are temporal analogues which examine how societies in a loca-
tion have adapted to different climate conditions or changes in climate
extremes in the past (Carter et al., 1994). The implicit assumption is that
the adaptations observed in different spatial locations or in the past may
be used as a prediction of adaptation to climate change.

Spatial analogues

A small number of studies model adaptation through the use of spatial
analogues. The behavioral and technical adjustments observed in different
locations under different climates today is used as an indication of society’s
capability to adapt.® The spatial analogue method is likely to capture
a wide range of adaptation measures. However, by comparing equilibrium
situations, the process of how adaptation takes place, and the costs
incurred during the adjustment (see Table 1), are completely ignored.
A further critique on the spatial analogue method (though not restricted to
this category) is that it is limited to partial analysis. The sector or region
under investigation is studied in isolation, even in cases where it may be
more appropriate to include interactions with other sectors or regions.
Mendelsohn et al. (1994) (see also Mendelsohn et al., in press) use the
analogue method to estimate climate change impacts on US agriculture.
In a cross-section of US farming, the authors statistically estimate the
influence of climate on the value of land. The study finds a strong positive
correlation between land prices and such factors as the availability of
irrigation water, thus underlining the importance of these adaptive tools.
The impact of a change in climate is derived assuming that future farmers
have similar motives and similar constraints as present day farmers. Given
the difficulty in predicting changes in motives, let alone in influencing
them, the former assumption appears reasonable. Some of the constraints
faced by farmers, on the other hand, are likely to change, e.g. through
changes in the food market and deliberate policies. These effects are not
explicitly spelled out and are essentially hidden in the ‘black-box’ of
currently observed behavior. Darwin et al. (1995) improve upon this
methodology by coupling an analogue model for crop yields and farmer
behavior (for the entire world) with a trade model for food products. With
such a setup autonomous adaptation can be studied. In addition, the effect
of policies such as income support or price subsidies can be analyzed.
Some indication of adaptation benefits with respect to health damage
can be obtained from Kalkstein (1989), a study which analyses the heat
stress mortality impact of doubling preindustrial CO, concentration levels
(2 x CO;) in 15 major US cities. The study produces two sets of estimates.
The first set is achieved by feeding climate change data into a statistical
model, and regressing mortality on climate variables. This approach






