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Climate change is a new and important challenge to development strategies. In light of

the current literature a framework for assessing responses to this challenge is provided.

The presence of climate change makes it necessary to at least review development

strategies—even in apparently nonclimate-sensitive and nonpolluting sectors. There is a

need for an integrated portfolio of actions ranging from avoiding emissions (mitigation)

to coping with impacts (adaptation) and to consciously accepting residual damages.

Proactive (ex ante) adaptation is critical, but subject to risks of regrets when the magni-

tude or location of damages is uncertain. Uncertainty on location favors nonsite-specific

actions, or reactive (ex post) adaptation. However, some irreversible losses cannot be

compensated for. Thus, mitigation might be in many cases the cheapest long-term sol-

ution to climate change problems and the most important to avoid thresholds that may

trigger truly catastrophic consequences. To limit the risks that budget constraints

prevent developing countries from financing reactive adaptation—especially since climate

shocks might erode the fiscal base—“rainy-day funds” may have to be developed within

countries and at the global level for transfer purposes. Finally, more research is required

on the impacts of climate change, on modeling the interrelations between mitigation and

adaptation, and on operationalizing the framework. JEL codes: O10, Q54, Q56

Until recently, policymakers and development experts could at least assume that

where there was water today, there would still be water in the future. Or that
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where there was a coastline suitable for a port, that coastline would still be there

in the future. In other words, the geographical and physical foundations for devel-

opment, and for the determination of competitive advantage, were treated as

stable and reliable.

This presumption is no longer true, as climate change threatens to bring

about important shifts in precipitation and weather patterns, sea levels, and

water flows (IPCC 2007a), ratcheting up pressure on the land and on ecosys-

tems (IPCC 2007b), thereby making previously stable parameters less stable. In

fact the fingerprints of climate change are increasingly evident in changing

weather patterns across the globe. From a developing country perspective,

climate change is thus yet another important (and new) challenge within

which development takes place. It may bring new opportunities, but also many

constraints and risks. As such, development and growth will be taking place

against a new headwind.

The key question for developing countries is the extent to which this new challenge—

climate change—will modify the allocation of resources in development strategies. For a

variety of reasons, the international debate on climate change is currently framed

around “reducing emissions”, that is, mitigation. Since we all emit greenhouse

gases (GHG) into a shared atmosphere, protecting the quality of the atmosphere

as a global public good requires global collective action. Developed countries have

taken some (modest) emission reduction commitments, and developing countries

are now under pressure to commit to emissions targets as well. Developing

countries have resisted this call on the grounds that they have contributed little to

the current concentrations of GHG in the atmosphere and that they cannot afford

to increase the cost of development given their poverty and low standards of

living. Prominent on their agenda, in fact, is “making their development strategies

robust to climate change”, that is, adaptation.

The present paper addresses the following questions within a framework for

assessing responses to the challenge that climate change poses to development

strategies. Is it worth revising development strategies for climate change? How

can one think about the balance between mitigation and adaptation? And how

might the balance in this portfolio be affected by the uncertainties about the

extent and location of climate damages?

The paper is organized as follows. First, we provide a brief review of the litera-

ture on the risks that climate change poses to economic development, and the

options available to respond. Second, we argue for an integrated portfolio of actions,

including both mitigation of and adaptation to climate change (for both developed

and developing countries)—because mitigation and adaptation are not entirely

substitutable. We also review the literature on how to balance this portfolio given

the uncertainties about climate damages. Third, we discuss why an integrated

portfolio remains necessary despite criticisms that mitigation is a low priority for
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development and that there is no public sector role in adaptation. Fourth, we

argue for a broad review of development strategies. Fifth, we discuss some of the

limitations of the current literature on the topic and we identify areas for further

research.

Setting The Stage: Evaluating The Risks To Economic
Development And Identifying The Options

The causal chain linking economic behavior today to economic consequences

tomorrow via climate change can be summarized as follows:

Economic activities ! GHG emissions ! Atmospheric concentrations of GHG !
Climate change ! Impacts on physical and ecological systems ! Impacts on

economies and human welfare

Climate Change Threatens Economic Development

Climate change matters to policymaking only if its potential ultimate damages are

expected to be significant, that is only if the expected laissez-faire or business-

as-usual scenario with climate change differs markedly from the expected laissez-

faire scenario without climate change. A converging set of data and projections

suggest that such a significant difference is in fact likely (IPCC 2007a, 2007b).

The ultimate damages of climate change arise from both gradual and rapid

changes in climatic averages (mean precipitation, temperature, and so on), as well

as increases in the variance, frequency, or magnitude of climatic shocks—all of

which have potentially significant economic implications.

The estimates of the economic costs associated with climate change impacts

focus mostly on gradual changes. Early figures in the mid-1990s estimated these

costs at around 1.5–2.0 percent of World GDP in 2100 for temperature increases

of 2–3 degrees Celsius by 2100 (see Pearce and others 1996 for a summary).

New analysis in the early 2000s found generally lower costs (Mendelsohn and

others 2000; Nordhaus and Boyer 2000; Tol 2002a, 2002b). But Stern (2007)

has recently reported costs in the range of a 5–20 percent annual equivalent loss

of World GDP from now up to 2200. The changing estimates reflect improve-

ments in data and methods over time (for example, the inclusion of risks includ-

ing catastrophes), evolution of scientific views about certain aspects of climate

change (for example, mean temperature increase in 2100 for a given emissions

path), and differences in the choice of key parameters (for example, the value of

the pure rate of time preference). Despite the dispersion of the results, there is an

emerging consensus that climate change will have a net negative impact on
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developing countries, that the aggregate impacts of climate change on economic

growth can be significant in individual countries (Lecocq and Shalizi 2007b), and

that the impact on specific resources can be high, generating additional tensions

where resource availability is already an issue (see, for example, Kundzewicz and

others 2007, for freshwater).

The development literature shows that climatic shocks (not necessarily due to

climate change) have already had large impacts on economic growth in many

countries, such as Madagascar, Bangladesh, or Central American countries (IMF

2003), and play a significant role in explaining cross-country economic differ-

ences (Easterly and others 1993; Collier and Dehn 2001). This suggests that

tomorrow’s climate-change-induced climatic shocks, which are likely to be larger

and more frequent than today’s, may affect economic growth further, within the

same countries, their neighbors, as well as in others with similar characteristics

(Martin and Bargawi 2004). Though there is no empirical or theoretical consen-

sus on the key mechanisms through which climate shocks have such large

impacts on growth, a number of factors—such as the size of climate-sensitive

sectors (for example, agriculture or tourism), the indirect impacts on nonclimate-

sensitive sectors, rigidities in factor allocation and in price adjustments

(Hallegatte, Hourcade, and Dumas 2007), and the strength of institutions and the

cohesiveness of society (Rodrick 1999)—appear to play an important role.

An increase in the frequency and magnitude of shocks due to climate change

would also increase the chance of countries falling into “poverty traps” or would

reduce their chances of getting out of them (as a result of path-dependent mul-

tiple equilibria combined with stochastic shocks; Azariadis and Stachurski 2004).

Similarly, increasing returns to agglomeration (Fujita, Krugman, and Venables

1999) can magnify the national or global consequences for economic growth of

localized impacts of climate change on key localities (such as major1 or coastal2

cities that constitute national engines of growth) (Huq and others 2007).

The analysis above thus suggests that climate change is an important enough

risk to development that it warrants a response at the national and international

level. The rest of the paper aims at providing some views on what that response

should be.

The Response Options: Mitigation, Proactive Adaptation, Reactive Adaptation,
and Accepting Residual Damages

To limit the impacts of climate change on economies, countries can mitigate emis-

sions or adapt to climate change consequences. Mitigation consists of reducing

emissions (or removing GHG out of the atmosphere) at the beginning of the chain

to minimize climate change in the first place. By contrast, adaptation consists of

responding to climate change impacts at the end of the chain.
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For example, shifting from coal- to gas-fired power plants (thereby reducing

GHG emissions per kilowatt-hour produced), developing renewable energy, or

reducing deforestation and associated emissions of carbon dioxide are mitigation

actions. In the literature, “mitigation” also encompasses “carbon sequestration”

(either biological via photosynthesis or physical through carbon capture and

storage), though sequestration does not avoid emissions but removes carbon from

the atmosphere (that is, it reduces net emissions and not gross emissions).

Relocating people and capital away from new flood-prone areas, shifting to crops

that are more resistant to drought, or responding to and rehabilitating areas

following natural disasters are all examples of adaptation actions.

In addition, following Smit and others (2000), two forms of adaptation are distin-

guished. Reactive adaptation focuses on coping ex post with the adverse impacts of

climate change, when they occur. Proactive (or anticipative) adaptation, on the other

hand, focuses on lowering the costs of coping ex ante. Proactive adaptation encom-

passes measures taken in advance to limit the ultimate damages of climate change

or to reduce the extent of reactive adaptation required when climate change impacts

materialize. For example, evacuating people from a flood-hit area is reactive adap-

tation, while modifying zoning laws on coasts in anticipation of stronger sea surges

is proactive adaptation. Even though proactive adaptation and mitigation are both

ex ante actions, proactive adaptation only reduces the cost of ex post adaptation but

not the need for it, because it does not reduce emissions as mitigation would.

As noted by Fankhauser, Smith, and Tol (1998), the distinction between proac-

tive adaptation and reactive adaptation is intuitively clear but difficult to delineate

with precision in a dynamic setting. For example, after the heat wave of August

2003 in France, which is estimated to have caused in excess of 11,000 deaths over

the historical average, the French government prepared a Heat Wave National

Action Plan3 that includes among other things the creation of a national alert

system, a strong effort for prevention and information, and a clearer division of

tasks among public agencies. This plan was adopted both in reaction to the 2003

heat wave itself (that is, reactive adaptation) and in anticipation of future repeat

events (that is, proactive adaptation)—as such, it is a typical example of a “co-evol-

ution” of problems and responses in a dynamic setting.

However, the distinction between proactive and reactive adaptation is important

from a policy point of view because the rationale for the two actions is very differ-

ent. Proactive adaptation (like mitigation) uses resources now to prevent possible

crises in the future, while reactive adaptation uses resources to cope with events

at the time they occur. The crux of the problem is that, in practice, behavioral changes

and policy decisions are often easier to implement once a crisis has occurred than in

anticipation of a crisis. Yet from an economic point of view, examples such as the

2004 Indian Ocean Tsunami or the 2005 hurricane Katrina suggest that the

costs of preventive action—for example, installing early warning systems or fixing
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dikes—are often lower than the costs of deferred action,4 even when appropriately

discounted, thereby making proactive adaptation preferable (Athukorala and

Resosudarmo 2005; Burby 2006).

Finally, the term “ultimate damages” is used for damages that would be

incurred in the absence of any policies—even if some private adaptation is

implemented—and “residual ultimate damages” is used for those damages that

remain after all mitigation and adaptation expenditures have been incurred, because

they are technically irreversible (for example, lost species) or economically irrevers-

ible (that is, reversibility may be feasible technically, but is considered too costly,

for example, the full restoration of the Everglades ecosystem or the Aral Sea).

There are thus four main options only for reducing the ultimate damages

of climate change: mitigation (ex ante), proactive adaptation (ex ante), reactive

adaptation (ex post), and accepting residual damages.

The Appropriate Counterfactual for Evaluating Climate Change Options: No Action
and Full Ultimate Damages

Before choosing among these options, an important methodological point about

the appropriate counterfactual must be made. Most assessments of mitigation pol-

icies have used as the baseline for ranking options a business-as-usual or laissez-

faire growth (scenario S1 in figure 1) in the absence of climate change. Yet the

uncertainty about the likelihood of human-induced global warming has been

essentially resolved by now. In fact, from many different directions scientific evi-

dence suggests that some degree of climate change is already occurring (IPCC

2007a). Thus, a laissez-faire scenario without climate change (S1) no longer

describes any real-world situation. The appropriate counterfactual scenario (to

determine the real opportunity costs) is now one in which no action whatsoever is

taken against climate change and that, as a result, the full set of associated

damages are incurred on the whole portfolio of assets (S2).

Against the first counterfactual (S1), any policy action against climate change,

or any combination thereof, has a net cost. In other words, it looks as if any

policy action was making the economy worse off. (This is not the case, of course,

because even no action, as in S2, leads to a net cost relative to S1.) However, rela-

tive to the laissez-faire scenario in the presence of climate change (S2), it will be

seen that a combination of policy actions (S3) or (S4) might bring net benefits.

Worrying about the appropriate counterfactual may seem trivial if the ranking

of policy options does not change. However, the message conveyed will be different

depending on how the problem is framed: the net benefits of mitigation action will

be reported as a positive with respect to a counterfactual with climate change, and

as a negative with respect to counterfactual without climate change (Mohr 1995).

At a more fundamental level, the set of mitigation options available in the
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presence of climate change is also likely to be more restricted than the set of

options available in the absence of climate change because the efficiency of miti-

gation actions and the intensity of climate change are interdependent. This can

affect the ranking of policy options (and targets).5 For example, if climate change

were not already occurring, investing in hydropower instead of using fossil fuels

to generate energy could be a very appropriate mitigation measure in countries

with glacial melt, such as Bolivia or Afghanistan. With climate change, however,

the glaciers will initially melt faster than historic patterns show—thereby generat-

ing potentially higher volumes of water and requiring larger or taller dams. But

eventually, once glaciers have disappeared, there will be insufficient water and

some or all of the investments could be stranded or wasted, especially if the time-

line is compressed due to an acceleration in climate change.6

An Integrated Portfolio Of Actions Is Needed To Minimize The
Climate Bill

The decision problem faced by the international community is to choose the best

combination of options to minimize the global climate bill, that is, to minimize the

Figure 1. Illustrative Growth over Time in the Laissez-faire Cases without Climate Change and

with Climate Change; and in Two Policy Scenarios without and with Anticipative Action

Note: UD, ultimate damages; RUD, residual ultimate damages; RA, reactive adaptation; PA, proactive

adaptation; M, mitigation.

S1, Laissez-faire Scenario without Climate Change; S2, Laissez-faire Scenario with Climate Change; S3, Policy

Scenario with Reactive Adaptation Only; S4, Policy Scenario with Reactive Adaptation, Proactive Adaptation,

and Mitigation.
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sum of the costs of mitigation, proactive adaptation, reactive adaptation, and the

acceptance of residual ultimate damages (the latter depending on the levels of

mitigation, proactive adaptation, and reactive adaptation) through appropriate

incentives and transfer mechanisms.

The decision problem is different at the national level because individual

countries, whether small or large emitters, have little direct control over total

world emissions. This has two critical implications. First, they have to set domestic

proactive and reactive adaptation levels given other countries’ mitigation decisions.

Second, their mitigation decisions, for the most part, make sense primarily in the

context of global action. Here, however, large and small emitters differ. For countries

that are large emitters (such as China,7 India, Brazil, Indonesia, Mexico, and a

few others among developing countries), domestic mitigation decisions can have

direct measurable implications for domestic damages, not just indirect via global

collective action. For countries that are small emitters, domestic mitigation

decisions will still matter, but only in certain circumstances; for example, if the

use of cleaner fuels is also cheaper in the long run or if domestic commitment to

mitigation action facilitates global collective action.

In this section we discuss how options to address climate change might be

balanced, primarily at the international level, but also with reference to the

national level.

Putting the Horse Before the Cart: Deriving the Need for Mitigation from the
Inability to Adapt

Since climate change emerged as a major international issue some 20 years ago,

the debate has focused for the most part on mitigation. As a result, the major

pieces of international law that currently address climate change—the UN

Framework Convention on Climate Change (1992), the Kyoto Protocol (1997),

and the EU Emissions Trading Scheme (2003)—all focus primarily on mitigation,

recognizing common but differentiated responsibilities.8

In this context, the debate over the participation of developing countries in the

future climate regime narrows down to two questions: when will developing

countries take on mitigation commitments? And how stringent will these commit-

ments be? Negotiating on this basis has proved very difficult, and the controversy

over how and when they should join the mitigation effort is far from resolved to

date. Some countries, chief among them the United States, have consistently

argued that large emitters among developing countries should take on commit-

ments rapidly. Most developing countries, on the other hand, have typically been

reluctant to even discuss this possibility (Hourcade 2003) and have called for

more attention to adaptation.
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The poorest countries emphasized adaptation early on, on the grounds that they

would not be able to contribute much to mitigation, but would suffer from the

costs of adapting to a changing climate to which they had not contributed (and

many would not contribute) significantly.9 In addition, most developing countries

(like many developed countries) were concerned that mitigation would adversely

affect economic growth and the ability to develop (Heller and Shukla 2003). In

fact, although the IPCC (2007c) reports relatively modest global costs of mitigation,

the range of modeling results is large. The impact on growth, in the case of devel-

oped countries, is expected to operate through increased capital and operating costs

in emitting sectors (for the same output) and premature retirement of existing

capital stock. In the case of developing countries, the impact on growth is expected

to come through the higher cost of modernization, if it takes place in the context of

expensive rather than cheap energy—thus making it more difficult to close the per

capita income gap with industrial countries. Finally, competitiveness issues arise

in both developed and developing countries if individual countries try to take

mitigation actions unilaterally outside a collective action framework.

We argue that there are good reasons to treat adaptation as the primary rather

than the secondary concern when addressing the climate change challenge within

countries, as well as globally. First, as noted above, some countries have essen-

tially very limited mitigation opportunities, but all face adaptation needs. Second,

in practice, there have been delays in coming to an effective agreement on mitiga-

tion, and we expect that these delays will continue. If, globally, no (or insufficient)

action is being undertaken to mitigate, then implicitly one is behaving as if adaptation

were cheaper.10 Third, the early impacts of climate change are being observed (in

part a consequence of the delayed action of the past 20 years) and there is

already a need for adaptation to deal with these initial stages.

A response to climate change based solely on reactive adaptation, however, is very

unlikely to minimize the total climate bill for two key reasons. First, even if it is tech-

nically and economically feasible to cope with some impacts of climate change, it

is not necessarily cheaper to do so than to engage in ex ante actions ( proactive

adaptation or mitigation). For example, though it might be technically and econ-

omically feasible to evacuate coastal cities, building dikes ex ante might prove

cheaper, and reducing emissions to limit sea surges even more so. Much of the

reluctance to move more effectively on mitigation is predicated on the assumption

that adaptation costs will either be low or occur faraway in the future, when

many countries will be better off and able to cope with the consequences of

climate change (Schelling 1995). Yet it is unclear whether in fact the costs of

adaptation will be lower than the costs of mitigation, and how they will be distrib-

uted over space and time, because information on the costs of adaptation is still

limited (Adger and others 2007). Closing this information gap is a critical

challenge facing analysts and modelers.
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Second, and more importantly, mitigation and adaptation are not perfect substi-

tutes for each other. If some losses are irreversible, then proactive adaptation (or

reactive adaptation, for that matter) cannot restore them (for example, the loss of

polar species, glacial ecosystems, or submerged coastal cities): large residual

damages remain. Mitigation, on the other hand, can avoid those irreversible

losses, provided it is undertaken early enough. In addition, mitigation is the only

game in town to avoid potentially catastrophic consequences of climate change

(such as a shift in thermohaline circulation).

Thus, the likely inability to adapt fully at low cost requires some degree of

mitigation action. On the other hand, a policy response relying on mitigation only is

also very unlikely to minimize the total climate bill—if only because some future

changes in the climate are already locked in, leaving no option but to adapt to

those consequences.

Combining Options is Preferable to Picking One: The Case for an Integrated
Portofolio of Actions

The previous discussion thus suggests that an integrated portfolio of actions that encom-

passes simultaneously some mitigation actions, some proactive adaptation actions, some

reactive adaptation actions, and explicit acceptance of residual damages will be superior to

any individual type of action alone in minimizing the total climate bill.11 Working back-

wards from the ability to adapt to climate change one gets the following priorities:

† Where the ultimate damages are likely to be low or inconsequential, the

whole problem can be ignored—but it has been argued above that this is not

likely to be the case globally in the long run (though it could be relevant in

the short run for some locations).

† Where ultimate damages are expected to be of a magnitude or a type that

one can cope with at low cost, reactive adaptation will dominate. However,

even then one has to identify irreversibilities that might be incurred, and con-

sciously make a decision that the residual damages associated with these

irreversibilities are acceptable.

† Where the ultimate damages associated with climate change will generate

vulnerabilities that cannot easily be coped with, or will generate irreversibil-

ities that cannot be accepted, preventive ex ante action—proactive adaptation

or mitigation—is necessary. The balance between proactive adaptation and

mitigation will depend on the structure of uncertainties and risks (which is

discussed below).

Because of the inertia in the climate system, there will always be a lag between

ex ante actions and their effects, so one needs to schedule ex ante actions (whether

mitigation or proactive adaptation) well in advance. This implies that a portfolio

304 The World Bank Research Observer, vol. 25, no. 2 (August 2010)

 at International M
onetary F

und on S
eptem

ber 15, 2010
w

bro.oxfordjournals.org
D

ow
nloaded from

 

http://wbro.oxfordjournals.org/


of action is needed at any given moment in time. For example, all three types of

action to deal with climate change damages are needed simultaneously now:

some damage is occurring already and requires reactive adaptation now; other

damage is unavoidable in the near to medium term. The cost of coping with this

damage can be reduced by proactive adaptation now, while other damage may

occur further in the future, which cannot be coped with cost-effectively even with

proactive adaptation, thus requiring mitigation now. Some ex ante actions (such as

proactive adaptation) can be taken unilaterally, but others ( primarily mitigation)

will require collective action.

The balance between actions, however, will need to adapt over time. First,

because of the time lag between action and consequences, windows of opportu-

nities to avoid or reduce particular categories of damages are closing continu-

ously. In addition, climate change is likely to be nonlinear. The speed with which

temperature will increase is not known, but the presumption is that it could accel-

erate in the absence of mitigation due to positive feedbacks between emissions

and temperature (Friedlingstein and others 2003). Also, the extent of additional

damages that will accompany each supplementary degree above current levels is

uncertain, but again the presumption is that the damage increment will be larger

with each additional degree (IPCC 2007b). Thus, minimizing the cost of climate

change in the presence of uncertainty and nonlinearities must be treated within a

portfolio of actions that is capable of adapting. It should be negotiated and planned

as such.

The discussion above has tried to clarify, from a practical point of view, why a

portfolio of action that combines proactive and reactive adaptation with mitiga-

tion is desirable and possibly unavoidable. In fact, mitigation and adaptation are

so tightly linked that they need to be thought through and addressed jointly and

simultaneously. Since the need for adaptation usually depends on the level of miti-

gation, and since the level of mitigation depends on the ability to adapt, what

should be the balance between the two? Within the adaptation portfolio, what

should be the balance between proactive and reactive adaptation? The first ques-

tion is especially relevant for negotiations at the global level, whereas the second

is also relevant at the national level, especially for countries with limited ability to

contribute to mitigation.

The Interactions Between Mitigation and Adaptation Reinforce the Need for
an Integrated Portfolio of Actions

Building on Kane and Shogren (2000), Lecocq and Shalizi (2007a) analyze the

optimal balance between mitigation, proactive adaptation, reactive adaptation,

and residual ultimate damages in a partial equilibrium, dynamic optimization

model. The analytical resolution of the model confirms many standard results in
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economic analysis of mitigation policies—notably that the marginal costs of

abatement must be equal to the discounted sum of the marginal damages of emis-

sions in all sectors/regions over all future periods. Also, adaptation—whether

proactive, reactive, or a combination of the two—in specific sectors, regions, and

periods should be financed up to the point where the last dollar spent is matched

exactly by the discounted value of the avoided damages (in the future for proactive

adaptation, vs now for reactive adaptation).

The analytical resolution of the model also confirms that the interactions

among mitigation, proactive adaptation, and reactive adaptation determine the

optimal levels of these three components in the model (Shibata and Winrich

1983). If mitigation and adaptation, whether proactive or reactive, are indepen-

dent, then their optimal levels can be determined separately. In particular, the

optimal level of adaptation would not depend on the success or failure of mitiga-

tion policies. So observed delays in implementing mitigation measures would not

have any consequences for adaptation actions. If, on the other hand, mitigation

and adaptation are interdependent—that is if the marginal benefits of mitigation

in terms of avoided damages depend on the level of adaptation—then the optimal

level of mitigation and the optimal level of adaptation cannot be determined indepen-

dently. Then, a commitment to more adaptation would require less stringent miti-

gation targets. By the same token observed delays in implementing mitigation

measures would require a different amount of (and probably more) proactive

adaptation actions.

In fact, mitigation and adaptation are often interdependent (Klein and others

2007). First, some activities simultaneously influence both mitigation and

adaptation—sometimes reinforcing and sometimes offsetting each other’s effects.

For example, planting trees can have a cooling effect on surrounding areas by

providing additional moisture (adaptation) while removing carbon dioxide from

the atmosphere—here adaptation reinforces mitigation. By contrast, developing

air conditioning to cope with warming, or desalinization to cope with warming-

induced water stress (both adaptation measures) may result in higher energy

demand and GHG emissions if electricity is generated by fossil fuels—here

adaptation undermines mitigation.

Second, the efficiency of adaptation measures often depends on the level of

mitigation, and vice versa. For example, in the absence of mitigation, sea-level rise

in some areas may be such that no sea wall can possibly protect the coastline.

Neighborhoods and even cities may have to be relocated, at very high cost, with

limited possibility for reducing the residual damages because the submerged phys-

ical capital is lost. With sufficient mitigation, on the other hand, the sea level

may not rise as much and sea walls would be effective. It might then be more

cost-effective to invest in proactive adaptation in the form of sea walls than to

relocate the city. In this example, mitigation and proactive adaptation are
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complements, but they can also be substitutes. For example, high levels of mitiga-

tion that limit temperature increase may allow some threatened ecosystems to

survive and thus make it unnecessary to adopt costly proactive protection

measures.

Similarly, proactive adaptation and reactive adaptation are often not indepen-

dent, and their optimal levels cannot be determined separately. For example, modi-

fying zoning plans ex ante to account for increased risks of floods reduces the

need for costly evacuation and sheltering of victims in response to a flood ex post

(substitution). On the other hand, investing in advance in upgrading the capabili-

ties of emergency response teams ( proactive adaptation), through better training

and equipment, will enable them to react more efficiently when a disaster occurs

(reactive adaptation)—hence they complement each other.

The interdependence between mitigation and adaptation has four impli-

cations. First, it reinforces the importance of improving our knowledge about

the costs and benefits of adaptation—currently underdeveloped relative to miti-

gation. Second, it suggests that introducing adaptation into numerical models

that assess the costs and benefits of climate policies is very important—not as

an add-on, but as a potentially important factor in shaping mitigation

decisions. Third, from a policy perspective, it suggests that mitigation policies

and adaptation policies should be negotiated jointly and not separately as is essen-

tially the case today at the international level, and that they should be developed and

planned jointly at the national level. Fourth, the interdependence between mitiga-

tion and adaptation is an additional argument in favor of an integrated portfo-

lio of actions.

Balancing the Portfolio of Actions under Uncertainty

In frameworks where only mitigation is discussed, the shape of the aggregate

damage function—that is, the timing and size of the damage—is the most impor-

tant uncertainty for setting the optimal level of mitigation (Ambrosi and others

2003). However, when adaptation is introduced, uncertainty on the distribution of

damages across space (regions) also becomes an issue, since the benefits of adap-

tation are sector and site-specific.

This has implications for the optimal division of resources among mitigation,

proactive adaptation, and reactive adaptation. First, the more uncertain the

location of an impact, the more cost-effective mitigation becomes relative to proac-

tive adaptation12 (Lecocq and Shalizi 2007a). Second, in contrast to the mitiga-

tion vs proactive adaptation balance, where uncertainty favors earlier action, in

the case of the proactive vs reactive balance, uncertainty favors reactive adap-

tation over proactive adaptation—to the extent that proactive adaptation and

reactive adaptation are substitutes (but not if they are complements). This is
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because proactive adaptation measures, and particularly those that consist of building

or strengthening fixed, long-lived capital stock, have a higher chance of being misdirected

when there is uncertainty about the location of impacts. This uncertainty is

resolved once climate change events occur, hence the greater efficiency of reactive

adaptation. In other words, with uncertainty about location, the costs of making

mistakes—that is, of adapting in sectors/regions that finally will suffer less than

expected—begin to erode the expected benefits of proactive adaptation. Mitigation,

on the other hand, reduces all damages regardless of the region/sector, and is thus unaf-

fected by uncertainty over the spatial distribution of impacts. (However, it remains

affected by the uncertainty over the timing and magnitude of impacts.)

Lecocq and Shalizi (2007a) draw from this analysis a typology of situations

with different implications for the balance of the portfolio of actions under

uncertainty:

† If uncertain impacts are expected to occur with high confidence in known

locations, then targeted (site-specific) proactive adaptation has the highest

chance of remaining cost-effective13 (even if it involves producing fixed long-

lived capital stock), because the risk of misdirecting investment toward the

wrong region/sector is low. For example, one might invest in water manage-

ment infrastructure to reduce tensions on water resources that are likely to

emerge in regions already under high water stress.

† If uncertain impacts are expected to occur with high confidence, but whose

precise location remains uncertain, then nontargeted (nonsite-specific) proac-

tive adaptation measures may still remain cost-effective if they cover enough

sectors or regions. Examples of nontargeted proactive adaptation measures

include setting up country-wide disaster response and management capabili-

ties, or developing appropriate insurance markets.

† If uncertain impacts are expected to occur with low confidence, and location

remains uncertain, then, depending on the scale of the impact, mitigation, or

reactive adaptation is more likely to be cost-effective relative to proactive

adaptation.

An Integrated Portfolio Makes Sense Even Within A Broader
Perspective

The discussion above is framed in a partial equilibrium approach focused primar-

ily on climate change. However, given the magnitude of the problem and the fact

that resources are limited, it is necessary to look at climate change in the broader

context of other challenges to development.
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Views on the Appropriateness of Incorporating Mitigation into Development
Strategies from a Broader Perspective

When looking at the problem from a broader perspective, the idea that early

anticipative action (be it mitigation or proactive adaptation) is necessary has been

challenged by a number of authors. Three lines of criticism stand out.

The first line of criticism is associated with Schelling (1995, 2006). He argues

that the main beneficiaries of mitigation will be developing countries, since they

account for the largest part of the Earth’s surface and the greatest proportion of

population exposed to climate variability. They are also the most vulnerable—

with limited ability to cope, given their current level of development. He further

argues that instead of industrialized countries putting a lot of funds into mitigat-

ing themselves, or putting pressure on developing countries to mitigate, they

would be better off transferring equivalent resources directly to developing

countries today—in order to facilitate more rapid growth in those countries and

increase their ability to cope with climate change consequences when they

arrive—rather than indirectly through avoided costs in the future. The argument

rests on the assumption that future generations will be wealthier and technologi-

cally more capable than today’s (that is, there is less need for intergenerational

transfers), so that there is a premium on helping the poor today (that is, there is

more need for intragenerational transfers now). This is an important and valid

point, but, as noted above, it is predicated on the assumption that adaptation will

be cheap relative to mitigation, which has not yet been demonstrated. In addition,

the core weakness of this position is that it understates potential economic and technical

irreversibilities. Mainly encouraging growth and development in the hope that it

will increase adaptation capabilities in the future does not address the fact that

adaptation and mitigation are not perfect substitutes, since adaptation cannot

meaningfully and cost-effectively address many types of species extinction, eco-

logical destruction, or other potentially catastrophic events.

The second line of criticism is associated with the Copenhagen Consensus

(Lomborg 2004),14 which notes that there are many immediate and important

risks and challenges facing developing countries that dominate the actions for

addressing climate change. In other words, policies that address many of these

other problems have a higher cost–benefit ratio than policies that address climate

change. This is also an important and valid argument. But it does not exclude the

need for mitigation, as even the analysis of climate policies on which the

Copenhagen Consensus is based (Yohe and others 2008) has a positive cost–

benefit ratio, despite the fact that it does not fully include uncertainty or cata-

strophes. In addition, this analysis does not take into account the fact that because of the

decade-long lag structures between action and consequences in the climate change arena,

earlier actions that avoid bad lock-ins and favor good lock-ins can dominate later actions.
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A third line of criticism comes from technological optimists who argue that

exogenous technological change will allow us to reduce emissions drastically (see

for example, the lowest-emissions business-as-usual scenarios reported in IPCC

2007c) or to find a geo-engineering solution to climate change (even if the latter

is still recognized to be costly financially). As a result, they argue that there is less

need for costly anticipative actions now. While this argument is enticing and

there is ample evidence that exogenous technological change is a major driver of

growth and development, there is much less certainty that the necessary technologies

will automatically emerge in time to forestall the negative consequences of climate

change (that is, without early changes in incentives and institutions to stimulate

research into and diffusion of desired technologies). Since insurance markets

cannot address systemic global risk, there is a need for a global insurance policy in

the form of actions now on incentives and institutions to stimulate R&D into

desired technologies and to ensure that they are brought on line in time. Otherwise

the world, and particularly developing countries, could be confronted with the

need for draconian adjustments and potentially serious social conflict if the necess-

ary technologies do not automatically emerge in time. The geo-engineering options

also carry the risk of uncertain consequences associated with large-scale interven-

tions on the Earth’s climate in a web of relations not yet fully understood.

A key issue ignored in the lines of criticism above is the role of learning by doing—

both in terms of speeding up the generation of information that resolves uncer-

tainty and in terms of speeding up the rate at which the cost of action (for

example, developing viable alternative technologies) is lowered over time. Arrow

and Fischer (1974) and Henry (1974) have noted that, in the presence of uncer-

tainty and inertia, increasing information that might resolve uncertainty in the

future (at least partially) increases the cost-effectiveness of courses of action that

leave options open (that is, there is an option value to retaining flexibility).

Translating this approach to climate change, Ha-Duong, Grubb, and Hourcade

(1997) show that risk-averse actions (in their model, more mitigation now, which

can be revised upward or downward as new information on climate change mate-

rializes) often dominate risk-neutral approaches. The mitigation actions contem-

plated here would be separate from, and in addition to, actions that generate

information to resolve uncertainty (that is, more research on climate change

mechanisms and impacts). Several authors have also argued that in the presence

of “learning by doing”, early action can expedite the move along the technology

cost curve to lower the cost side of the cost–benefit calculations (for example,

Grubb, Carraro, and Schellnhuber 2006).

Another fundamental problem not taken into account by the three lines of

criticism above is the limited ability of cost–benefit analysis and standard

discounting to handle the large uncertainty on catastrophic events with low prob-

ability or unpredictable systemic effects. In the presence of “unreckonable risks”
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(Chomitz 2007), or of uncertainty in the sense of Knight (1921) (that is, without

ex ante knowledge of the probability of occurrence of the different states of

nature), Weitzman (2007) argues that one must act as if the chance of an

extreme event is significant. He even argues that this issue can dominate dis-

count-rate debates. Such arguments will favor larger investments on mitigation to

avoid crossing “catastrophe generating” thresholds.15

To sum up, the three lines of criticism of mitigation action (in both developed

and developing countries) raise important and legitimate points. However, they do

not address the whole gamut of issues associated with climate change, nor do

they use methodologies fully adequate to the nature of the problem. Thus, even

when looked at from a broader perspective, mitigation will remain an important

component of any integrated portfolio of actions to address climate change—

whether in developed or developing countries.

Sharing Responsibilities: The Role of Adaptation in the Public Sector Response

Though a portfolio of action among mitigation, proactive adaptation, reactive

adaptation, and accepting residual damages might be necessary for society, a

question remains as to whether adaptation should be part of the portfolio of public

actions. Since mitigation reduces all climate-related risks—both known and

unknown—everywhere, it is a global public good requiring collective action (by

all nations at the international level, and by all subnational actors at the national

level). By contrast, as already noted above, adaptation reduces specific classes of

risks, often in specific locations. Thus, adaptation can be site-specific (for

example, land-use planning), risk-specific (for example, R&D on heat-tolerant

crops), or both (for example, hardening of local and regional infrastructure). As

such, adaptation provides a private good (for example, a more resistant building

benefiting its inhabitants only), a club good (for example, a mutual insurance

fund), or a local public good (for example, a dike).

Economic theory suggests that such goods should be self-supplied by the indi-

viduals, firms, or local communities that benefit from them at the subnational

level and not by national governments or public agencies. Similarly, from an inter-

national point of view, economic theory suggests that adaptation measures that

benefit individual countries should be self-financed by the countries themselves

and not by the international community.

The rationale for public provision of resources for adaptation at the national or

international level is thus less obvious than the rationale for public provision of

mitigation. However, public intervention may still be justified—at the national

level (in relation to the subnational level, nonpublic entities, or both) and at the

international level (in relation to the national level, global civil society entities, or

both)—for standard well-known economic reasons. These latter include imperfect
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information, barriers to collective action (at the subnational level within

a country, or at the national level relative to the international community), moral

hazard or free rider problems, externalities within and across countries, network

or public good aspects of high fixed-cost national and international assets, and

budget constraints and the ability of the poor to pay (see Lecocq and Shalizi

2007a for a discussion). There are also a wide range of instruments that can be

used, ranging from indirect actions (such as information provision or standard

setting) to direct actions (such as taxes on ill-adapted assets or direct provision of

adaptation resources and institutions). There are also multiple ways in which the

international community may support adaptation at the country level on top of

what individual countries are doing.

Further empirical work is required to determine how much adaptation is

required, how much private agents, developing country governments, and the

international community can afford, and whether the existing framework and level

of international funds for adaptation is capable of meeting the needs.16 However, the

cost–benefit criterion applies to government, as well as private, actions. Thus, the

government should only support proactive adaptation measures to the extent that

the benefits to society outweigh the public costs of implementation.

One advantage of anticipative action, including proactive adaptation, is that, if

properly planned, expenditures can more easily be spread out over time, whereas

reactive adaptation may require large expenditures in short periods of time. In

the words of Chomitz (2007), “smoothly adaptive” expenditure or investment strat-

egies may be preferable to “lumpy” expenditure or investment strategies in the face

of “inexorable calamities” when timing uncertainty is taken into consideration.

Relying on reactive adaptation runs another risk. Public resources are rarely

stable over long periods of time, especially in developing countries. Both sudden

and prolonged climatic shocks can erode the country’s fiscal base. Thus, the risks

of climate impacts and low availability of public resources are at least partly corre-

lated and must be addressed in advance. Setting up rainy-day funds (Sobel and

Holcombe 1996; Lecocq and Shalizi 2007a) may be an appropriate solution.

Such funds could still be cost-effective even with low returns, so long as the risk

of not being able to react adequately is high because of budget constraints. At the

global level, the rainy-day fund is a form of self-insurance whose usefulness is

highest when contributions cumulate in the medium term. At the national level,

however, resources might be insufficient relative to the size of the impacts.

Therefore, financing of reactive adaptation may have to be split between a

national rainy-day fund and transfers from abroad.

However, even when there is uncertainty about the location of damages, the

rainy-day fund may complement, but not necessarily replace, proactive adap-

tation. More research is required to determine fully the conditions under which

rainy-day funds are effective, notably, taking into account the uncertainty as to
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when damages might occur, and taking into account that proactive adaptation

typically reduces damages during more than one period. More empirical research

on the returns to these funds, and their contingency to institutional structures in

developing country contexts, is also necessary.

The Need For A Broad Review Of Development Strategies

The emerging risks associated with climate change make it necessary that all

actors, public and private, at least review their development strategies, policies,

and projects. The discussion above provides a qualitative framework for such a

review.

This review should be conducted for all investment projects that take place

within the country, be they funded by corporations, communities, households, or

individuals—and not only for investment programs and projects funded by the

government. Similarly, the design of long-lasting institutional arrangements may

have to be revised to take climate change into account. For example, when water

run-offs are expected to diminish, it is all the more important for long-term water

rights’ arrangements to include strong provisions for resolving tensions (Miller,

Rhodes, and MacDonnell 1997).

The review should also encompass all sectors, not just climate-sensitive or

GHG-emitting ones. In fact, current adaptation literature focuses mostly on a

limited number of sectors (notably agriculture) (Adger and others 2007) and on

developing countries (Dasgupta and others 2007; Mendelsohn and others 2007).

This is understandable given the large share of agriculture in the GDP of many

developing countries and the sensitivity of this sector to the vagaries of the

climate. However, because of growing interindustry linkages as development pro-

gresses many more sectors will exhibit sensitivity to climate, and attention will

have to expand to these other sectors as well—such as various infrastructure

sectors (roads for rural markets and global trade, changing the engineering

design of infrastructure in areas where glaciers are disappearing, hardening build-

ings and infrastructure in coastal areas prone to storms and storm surges, and so

on) and emerging alternatives to agriculture (such as tourism). Finally, the indir-

ect effects of climate change on nonclimate-sensitive sectors, via, for example

factor mobility or markets, may also require that adaptation measures be taken

there.

The mitigation literature, though much larger, also tends to concentrate on a

narrow range of sectors, namely energy supply (volume and mix of fuel).

However, there also is a need to review development strategies in other sectors

(Sathaye and others 2007). For example, demand management policies in

energy-intensive sectors can be very effective in reducing the long-term trajectory
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of energy consumption and emissions. In fact, it may be easier to build more

compact cities with more balanced multimodal transport systems (lower ineffi-

cient use of energy in transportation) or to construct buildings with better insula-

tion and energy efficiency (lower energy demand through better construction)

than to risk lock-ins and be left with “retrofitting” long-lasting capital as the only

mitigation option. This is especially important since developing countries are under-

going massive urbanization and will be installing a large part of their long-lived capital

stock in the next 15–30 years: addressing mitigation opportunities in these other

sectors is critical to avoid potential lock-ins.

One might object to the need for such a review on the grounds that in many

countries adaptation to current climate variability is already part of development

strategies. Yet this does not mean that these strategies are also adapted to future

climate variability associated with climate change. “Win–win” opportunities, in

which improving adaptation to current climate variability is aligned with adap-

tation to future climate variability, may well exist (Smit and others 2000), but

careful examination is still warranted. For example, a key development goal for a

small, very poor country with a high share of GDP in agriculture might be to

improve smallholders’ agricultural productivity and their integration into agropro-

cessing. To meet this goal, the high vulnerability of smallholders to the currently

observed range of weather-related shocks must be reduced through irrigation pro-

jects, improved management of key watersheds, and other agriculture develop-

ment programs that include weather-risk mitigation. It would seem at first glance

that many countries’ current development strategies already target vulnerable

rural communities with the objective of reducing the impacts of weather-related

risks. However, these projects and programs may not be sufficient to cope with

increased variability in climate, or with sustained climate patterns for which there is

no precedent—such as 100-year floods or multiyear droughts occurring much

more frequently. And they might even be a waste of resources if climate variability

increases so much in the future that outmigration17 of the local population, shift-

ing the domestic economy towards other, less climate-sensitive sectors, or both,

become the only viable solution.

Finally, though the discussion has focused on developing countries, it must be

clear that the challenge of adapting development strategies to climate change is a

global one. And unlike other challenges, it is new for all countries involved, not

just developing ones.

Conclusions And Recommendations

Improving people’s quality of life, and not just standard of living, is a major goal

of most societies globally. This involves transforming institutions to manage
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a broad portfolio of assets: not just physical and human capital, but also social

and environmental assets, as well as knowledge and technology (World Bank

2002). Development strategies that transform institutions and policies to move

from a low and narrow asset base to a high and broad asset base operate within a

set of constraints including, among other things, geography, endowments in

natural resources, climate, history, culture, and economic environment. Climate

change is a new challenge creating headwinds for development.

This paper has provided a roadmap for assessing the consequences of climate

change for development strategies. The presence of climate change makes it necessary

to at least broadly review development strategies, regardless of the sources of funding

(foreign, domestic, or both). Though the mitigation debate focuses primarily on

the energy sector, and though the adaptation debate focuses primarily on climate-

sensitive sectors such as agriculture, input–output relations in multisector

models highlight the importance of indirect effects of climate change on the rest

of the economy, hence the importance of reviewing development strategies even in

apparently nonclimate-sensitive and nonGHG-emitting sectors. In particular, it is criti-

cal to review projects and programs that involve long-lived, fixed capital stock and

to adjust investment strategies—notably in countries undergoing major urbaniz-

ation. Similarly, the design of long-lasting institutional arrangements will have to

be revised to take climate change risks into account.

An argument has been made that because climate change poses both immi-

nent and long-run impacts, and because the policy responses to climate change

risks are interdependent, there is a need for an integrated portfolio of actions spanning

a spectrum from avoidance of climate change to explicitly accepting the residual damages

generated by climate change. In this portfolio, proactive (ex ante) adaptation is criti-

cal, but also subject to risks of regrets in cases of uncertainty about the location

of damages. In particular, uncertainty as to location favors either nonsite-specific

actions (such as strengthening the ability to react and manage disasters), or reac-

tive (ex post) adaptation. Although adaptation often provides private benefits, it

should not be left entirely to private agents: there is a strong rationale for public

intervention for adaptation both at the national and international levels—for example,

when there are spillovers, such as conflicts. To limit the risks that budget con-

straints might prevent developing countries from financing reactive adaptation—

especially since climate shocks often erode the fiscal base—rainy-day funds may

have to be developed within countries, and also at the global level for transfer

purposes.

However, the effectiveness of proactive or reactive adaptation is limited as some

losses are technically or economically irreversible, such as for biodiversity or cul-

turally valued sites and monuments. As a result, some level of mitigation might

be, in many cases, the cheapest option for addressing long-term climate change.

It is also the only option for avoiding thresholds that generate truly catastrophic
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consequences. In fact, it is highly unlikely that the amount of effort on any one type

of action in the portfolio will be zero in any country over the next few decades.

However, the balance between the different components of the portfolio is likely to

evolve over time. It should be negotiated and planned as such.

Finally, since mitigation and adaptation are interdependent, mitigation policies and

adaptation policies should be negotiated jointly at the international level and not separ-

ately, as is essentially the case today, and they should be designed and

implemented jointly at the national level. Adopting such a package could in turn

increase the probability that a global treaty can be devised that fairly addresses

the needs and capabilities of the diverse constituencies.

A caveat must be noted here on the methodology used in this analysis.

Optimization tools are very powerful for conceptually determining an optimal

portfolio of actions. In practice, however, it may be very difficult operationally to

define such a portfolio without additional information and data. It may even be

irrelevant in some cases to worry about trade-offs at the margin, if current actions

are suboptimal in aggregate, and if one needs to move forward on multiple fronts

simultaneously (because one is far inside the production frontier, rather than

being on the frontier). Weitzman’s criticism (2007) of consumption smoothing

cost–benefit analysis in the presence of potential catastrophic events also applies

to our framework. However, the key message remains: resources can be misallo-

cated if one just funds activities because they might hypothetically address

climate change. Some effort has to be made to construct a portfolio of actions

that recognizes trade-offs and the fact that one faces simultaneously different

damages with different lag structures between actions and their benefits.

The paper has also identified big gaps in the literature. First, more disaggregated

information about likely damages—in terms of magnitude, location, and timing—

is necessary to get a better quantitative sense of the optimal balance among miti-

gation, reactive adaptation, proactive adaptation, and residual ultimate damages.

In particular, more research is required on path dependency (lock-ins) and

poverty traps. But as noted above, there is already a lot of scope for action with

the information currently available. Second, introducing adaptation in numerical

models that assess the costs and benefits of climate policies is very important—

not as an add-on, but as a potentially important factor in shaping mitigation

decisions. Third, further empirical work is needed to determine how much adap-

tation is required; how much private agents, developing country governments,

and the international community can afford; and whether the existing framework

and level of international funds for adaptation is capable of meeting the needs.

Fourth, more work is required on whether the costs of adaptation can meaning-

fully be separated from normal development expenditures, in order to determine

the extra resources required.18 Finally, more research is needed to determine the

conditions under which rainy-day funds are effective.
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Finally, a priority for future research should be on how to operationalize this

framework—that is, determining how development strategies should be modified

and what should be the balance of actions in an integrated portfolio of actions—

at the country or regional level. This requires in particular further analysis of the

relationships between the national and international levels. If, in the presence of

uncertainty, mitigation is indeed more cost-effective than adaptation, then one

needs to understand how the need for collective action on mitigation can be

strengthened at the international negotiation level, including by developing

country negotiators. Second, since the extent of mitigation is for the most part

exogenous for individual country policymakers, one needs to explore to what

extent optimal country-level adaptation strategies depend on this exogenous par-

ameter. In conclusion, on the one hand, the first part of the paper argues that

development strategies will in fact look different in the presence of climate change

than in its absence, because of the need to incorporate a portfolio of actions to

minimize the climate bill. On the other hand, the second part of the paper argues

that climate change negotiations are less likely to succeed if they do not explicitly

address development issues19 and the need for an integrated portfolio of actions.
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1. Large water-stressed inland cities such as Beijing, Delhi, Kabul, and Tehran.
2. Cheap sea transportation favors export industries in coastal cities. Yet the latter are more

vulnerable to climate-change-induced sea-level rise, hurricanes, and associated sea surges.
3. http://www.sante-jeunesse-sports.gouv.fr/IMG//pdf/PNC-2008.pdf, last accessed July 7, 2009.
4. Lump sum transfers of resources to victims of climate change are not included in reactive

adaptation, because they do not affect the size or efficiency of the economy.
5. Currently, most studies rank competing concentration targets by adding the costs of mitiga-

tion and the ultimate damages associated with each target, the former and the latter being
established independently.

6. Hydropower potential may increase in northern latitudes as a result of climate change, but
may decrease in temperate/Mediterranean regions (Lehner, Czisch, and Vassolo 2005) and in
tropical areas such as the Andes (Bradley and others 2006).
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7. Now estimated to be the largest in the world.
8. In fact, a Least Developed Countries Fund under the UNFCCC supports, among other things,

the preparation of National Adaptation Plans of Actions. The Kyoto Protocol also establishes an
Adaptation Fund supported by shares of the proceeds of the sales of Certified Emission Reductions
under the Clean Development Mechanism. But overall, resources available for adaptation remain
limited (Tompkins and Hultman 2007). Another reason for focusing on mitigation is the availability
of a common metric for most actions. A comparable metric is not yet available to evaluate and
compare the efficacy of adaptation actions.

9. For a history of climate negotiations, see Grubb, Vrolijk, and Brack (1999).
10. Or, cynically, as if the costs were to fall conveniently on the weakest members of the society

within countries or globally. (Although failure to take action could also be explained by the difficulty
of collective action between sovereign nations without an external enforcement mechanism; see also
endnote 19.)

11. Few studies attempt to estimate numerically the optimal balance between mitigation and
adaptation. Bosello (2004) and de Bruin, Dellink and Tol (2007) both find that introducing reactive
adaptation in global optimization models significantly reduces the total climate bill and that the
optimal portfolio of actions include both mitigation and adaptation. However, as of spring 2009,
their models include neither proactive adaptation nor uncertainty.

12. Even here, there is a caveat. The uncertainty associated with mitigation investments, for
example, in hydropower or wind farms increases once climate change is already underway, because
past patterns and locations of water or wind flows are no longer reliable.

13. Callaway (2004) makes a similar point that irreversible investment for adaptation will be
undertaken when it becomes clear that the climatic events they are aimed at adapting to are not
random, but part of climate change.

14. See also http://www.copenhagenconsensus.com, last accessed July 7, 2009.
15. Heal (2008) shows that neither low values for the pure rate of time preference nor cata-

strophes are necessary to generate the need for high levels of mitigation action early.
16. Compare Note 8.
17. Historically, outmigration was a natural adaptive response to climate events such as pro-

longed droughts. However, it often led to conflicts with settled or nomadic populations in the
regions to which the eco-refugees moved.

18. Politically, there is an imperative to separate mitigation, adaptation, and development
finance. But this raises complex analytic problems. In light of the argument made earlier in this
paper, “normal” development in the absence of climate change can no longer be meaningfully
defined, because the pattern of development expenditures going forward will already be different
(resulting in a higher or lower level of expenditures) in the presence of climate change in order to
handle a continuous and changing set of adaptation needs brought about by climate change.

19. Large inequalities lead to a large divergence of interests, which in turn undermine the ability
to resolve collective action problems (World Bank 2002). This is why climate change negotiations will
not generate robust solutions until development issues are resolved.

References

Adger, W.N., S. Agrawala, M.M.Q. Mirza, C. Conde, K. O’Brien, J. Pulhin, R. Pulwarty et al. 2007.
“Assessment of Adaptation Practices, Options, Constraints and Capacity.” In IPCC (2007b).

Ambrosi, P., J.-C. Hourcade, S. Hallegatte, F. Lecocq, P. Dumas, and M. Ha-Duong. 2003. “Optimal
Control Models and Elicitation of Attitudes Towards Climate Damages.” Environmental Modeling
and Assessment 54:133–47.

Arrow, K.J., and A.C. Fischer. 1974. “Environmental Preservation, Uncertainty and Irreversibility.”
Quarterly Journal of Economics 88(2):312– 9.

318 The World Bank Research Observer, vol. 25, no. 2 (August 2010)

 at International M
onetary F

und on S
eptem

ber 15, 2010
w

bro.oxfordjournals.org
D

ow
nloaded from

 

http://wbro.oxfordjournals.org/


Athukorala, P., and B.P. Resosudarmo. 2005. “The Indian Ocean Tsunami: Economic Impact,
Disaster Management, and Lessons.” Asian Economic Papers 4(1):1–39.

Azariadis, C., and J. Stachurski. 2004. “Poverty Traps.” Research Paper 913. University of
Melbourne.

Bosello, F. 2004. Timing and Size of Adaptation, Mitigation and R&D Investments in Climate Policy.
Venice: Fondazione Eni Enrico Mattei.

Bradley, R.S., M. Vuille, H.F. Diaz, and W. Vergara. 2006. “Threat to Water Supplies in the Tropical
Andes.” Science 312:1755–6.

de Bruin, K.C., R.B. Dellink, and R.S.J. Tol. 2007. “AD-DICE: An Implementation of Adaptation in
the DICE Model.” Working Paper FNU-126. Hamburg University and Center for Marine and
Atmospheric Science.

Burby, R.J. 2006. “Hurricane Katrina and the Paradoxes of Government Disaster Policy: Bringing
About Wise Governmental Decisions for Hazardous Areas.” Annals of the American Academy of
Political and Social Sciences (604):171– 91.

Callaway, J.M. 2004. “The Benefits and Costs of Adapting to Climate Variability and
Change.” In Corfee-Morlot, J., and S. Agrawala eds., The Benefits of Climate Change Policies:
Analytical and Framework Issues. Paris: OECD.

Chomitz, K.J. 2007. “Inexorable Catastrophes and Unreckonable Risks: A Framework for Thinking
about Climate Adaptation.” Mimeo.

Collier, P., and J. Dehn. 2001. “Aid, Shocks, and Growth.” Policy Research Working Paper 2688.
World Bank, Washington, DC.

Dasgupta, S., B. Laplante, C. Meisner, D. Wheeler, and J. Yan. 2007. “The Impact of Sea Level Rise
on Developing Countries: A Comparative Analysis.” Policy Research Working Paper 4136. World
Bank, Washington, DC.

Easterly, W., M. Kremer, L. Pritchett, and L. Summers. 1993. “Good Policy or Good Luck? Country
Growth Performance and Temporary Shocks.” Journal of Monetary Economics 32(3):459–83.

Fankhauser, S., J.B. Smith, and R.S.J. Tol. 1998. “Weathering Climate Change: Some Simple Rules to
Guide Adaptation Decisions.” Ecological Economics 30:67–78.

Friedlingstein, P., J.-L. Dufresne, P.M. Cox, and P. Rayner. 2003. “How Positive is the Feedback
between Climate Change and the Carbon Cycle?” Tellus B 55(2):692–700.

Fujita, M., P. Krugman, and A.J. Venables. 1999. The Spatial Economy. Cambridge, MA: MIT Press.

Grubb, M., C. Carraro, and J. Schellnhuber, eds. 2006. “Endogenous Technological Change and the
Economics of Atmospheric Stabilisation.” The Energy Journal 27(April; special issue).

Grubb, M., C. Vrolijk, and D. Brack. 1999. The Kyoto Protocol, a Guide and an Assessment. London:
Royal Institute of International Affairs.

Ha-Duong, M., M. Grubb, and J.-C. Hourcade. 1997. “Influence of Socioeconomic Inertia and
Uncertainty on Optimal CO2-emission Abatement.” Nature 390:270–3.

Hallegatte, S., J.-C. Hourcade, and P. Dumas. 2007. “Why Economic Dynamics Matter in Assessing
Climate Change Damages: Illustration on Extreme Events.” Ecological Economics 62(2):330–40.

Heal, G. 2008. “Climate Economics: A Meta-Review and Some Suggestions.” NBER Working Papers
13927.

Heller, T.C., and P.R. Shukla. 2003. “Development and Climate: Engaging Developing Countries.” In
Beyond Kyoto: Advancing the International Effort against Climate Change. Washington, DC: Pew
Center on Global Climate Change.

Henry, C. 1974. “Investment Decisions under Uncertainty: The ‘Irreversibility Effect’.” American
Economic Review 64(6):1006–12.

Shalizi and Lecocq 319

 at International M
onetary F

und on S
eptem

ber 15, 2010
w

bro.oxfordjournals.org
D

ow
nloaded from

 

http://wbro.oxfordjournals.org/


Hourcade, J.-C. 2003. “Dans le labyrinthe de verre. La négociation sur l’effet de serre.” Critique
Internationale (15):143–59.

Huq, S., S. Kovats, H. Reid, and D. Satterthwaite. 2007. “Editorial: Reducing Risks to Cities from
Disasters and Climate Change.” Environment & Urbanization 19(1):3– 15.

IMF (International Monetary Fund). 2003. Fund Assistance for Countries Facing Exogenous Shocks.
Washington, DC: Policy Development and Review Department.

IPCC (Intergovernmental Panel on Climate Change). 2007a. “Climate Change 2007: The Physical
Science Basis.” Contribution of Working Group I to the Fourth Assessment Report of the IPCC
(Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and H.L. Miller,
eds.) Cambridge, UK: Cambridge University Press.

. 2007b. Climate Change 2007: “Impacts, Adaptation and Vulnerability.” Contribution of
Working Group II to the Fourth Assessment Report of the IPCC (Parry, M.L., O.F. Canziani, J.P.
Palutikof, and P.J. van der Linden, and C.E. Hanson, eds.) Cambridge, UK: Cambridge University
Press.

. 2007c. Climate Change 2007: “Mitigation.” Contribution of Working Group III to the
Fourth Assessment Report of the IPCC (Metz, B., O.R. Davidson, P.R. Bosch, R. Dave, and L.A.
Meyer, eds.) Cambridge, UK: Cambridge University Press.

Kane, S., and J.F. Shogren. 2000. “Linking Adaptation and Mitigation in Climate Change Policy.”
Climatic Change 45:75–102.

Klein, R.J.T., S. Huq, F. Denton, T.E. Downing, R.G. Richels, J.B. Robinson, and F.L. Toth. 2007.
“Inter-relationships between Adaptation and Mitigation.” In IPCC (2007b).

Knight, F.H.. 1921. Risk, Uncertainty and Profit. Boston, MA: Houghton Mifflin.
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