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Until recently, policymakers and development expeduld at least assume that where there was water
today, there would still be water in the future. t@at where there was a coastline suitable forrg pmat
coastline would still be there in the future. Imext words, the geographical and physical foundatfon
development, and for the determination of competiidvantage, were treated as stable and reliable.

This presumption is no longer true, as climate gkatireatens to bring about important shifts in
precipitation and weather patterns, sea-levels,veatér flows (IPCC, 2007a), ratcheting up pressure
land and ecosystems (IPCC, 2007b), thereby makiegqusly stable parameters less stable. In fhet, t
fingerprints of climate change are increasinglydeut in changing weather patterns across the globe.
From a developing country perspective, climate gkaa thus yet another important (and new) chaieng
within which development takes place. It may brimgw opportunities, but also many constraints and
risks. As such, development and growth will berigkblace against a new head-wind.

The key question for developing countries is thienéxto which this new challenge—climate
change—uwill modify the allocation of resources avelopment strategiefor a variety of reasons, the
international debate on climate change is curreintlgned around ‘reducing emissions’, imitigation
Since we all emit greenhouse gases (GHG) into aedhatmosphere, protecting the quality of the
atmosphere as a global public good requires globlgctive action. Developed countries have taken
some (modest) emission reduction commitments, awtldping countries are now under pressure to
commit to emissions targets as well. Developingntioes have resisted this call on the groundsttiey
contributed little to the current concentration€&zdiG in the atmosphere, and cannot afford to irs¢he
cost of development given their poverty and lowndgads of living. Prominent on their agenda, irt,fe
‘making their development strategies robust to aterchange’, i.eadaptation

We propose a framework for assessing responsdsetahallenge that climate change poses to
development strategies. Using this framework wereskl the following questions: Is climate change
worth revising development strategies? How can thirek about the balance between mitigation and
adaptation? And how might the balance in this ptidfbe affected by the uncertainties about themxt

and location of climate damages?



The paper is organized as follows. First, we byiefiview the literature on the risks that climate
change poses to economic development, and deshgbaptions available to respond. Second, we argue
that an integrated portfolio of actions, including both mitigation of and adaptation tarate change is
necessary (for both developed and developing ceshtbecause mitigation and adaptation are in géner
not separable, and we review the literature on howalartze this portfolio given the uncertainties about
climate damages. Next, we argue that the need fartfolio remains despite criticisms that mitigetiis
low priority for development, and that there ispublic-sector role in adaptation. On this basis fiwally
argue that a broad review of development stratégiesmrranted. We conclude by discussing someef th

limitations of the current literature on the tomad by identifying areas for further research.

Setting the Stage: Evaluating the Risks to Economic Development

and ldentifying the Options

The causal chain linking economic behavior todayetonomic consequences tomorreia climate
change can be summarized as follows: economic activities GHG emissions—> atmospheric
concentrations of GH® climate change> impacts on physical and ecological systems and]l§i >

impacts on economies and human welfare.
Climate Change Threatens Economic Development

Climate change matters to policy making only if fistential ultimate damages are expected to be
significant, i.e., only if the expectédaisser faireor business-as-usual scenawith climate change differs
markedly from the expectddisser fairescenariowithout climate change. A converging set of data and
projections suggest that such a significant difieeeis in fact likely (see the Intergovernmentahétan
Climate Change recent assessment, 2007a,b). Tineatdt damages of climate change encompass both
gradual changes in climatiaveragegmean precipitation, temperature, etc.) and irggedn thevariance,
frequency and/or magnitude of climatic shqoddath with potentially significant economic impigons.

The estimates of the economic costs associated aliittate change impacts focus mostly on

gradual changes. Early figures in the mid-‘90snested these costs at around 1.5-2.0% of World GDP i



2100 for temperature increases between 2-3°C b{ 24€e Pearce et al., 1996, for a summary). New
analysis in the early 2000s found generally lon@ste (Mendelsohn et al., 2000, Tol, 2002a,b, Nardha
and Boyer, 2000). But Stern (2007) has recentlgntepl costs ranging from 5% - 20% annual equivalent
loss of World GDP from now to 2200. The changintinestes reflect improvements in data and methods
over time (e.g., inclusion of adaptati@md catastrophes), evolution of scientific views aboattain
aspects of climate change (e.g., mean temperatgrease in 2100 for a given emissions path), and
differences in the choice of key parameters (¢&g.value of the pure rate of time preference) peshe
dispersion of the results, there is an emergingsensus that climate change will have a net negative
impact on developing countries, that the aggremapacts of climate change on economic growth can be
significant in individual countries (Lecocq and 8$£ia2007b), and that the impact on specific rasea

can be high, generating additional tensions whesources availability is already an issue (e.g.,
Kundzewicz et al., 2007, fdreshwatey.

The development literature shows that climatic &kdoot necessarily due to climate change) have
already had large impacts on economic growth inyr@untries, such as Madagascar, Bangladesh, or
Central American countries (IMF, 2003), and plaignificant role in explaining cross-country econom
differences (Easterly et al., 1993, Collier and De?001). This suggests that tomorrow’s climatengiea
induced climatic shocks, which are likely to begkar and more frequent than today's, may affect
economic growth further, within the same countrigagir neighbors, as well as in others with similar
characteristics (Martin and Bargawi, 2004). Thotiggre is no empirical or theoretical consensushen t
key mechanisms through which climate shocks haek farge impacts on growth, a number of factors,
such as the size of climate-sensitive sectors, (aggiculture or tourism), the indirect impacts rmon-
climate-sensitive sectors, rigidities in factoroalition and in price adjustments (Hallegatte et24107),
and the strength of institutions and cohesivenésodety (Rodrick, 1999) appear to play an impatrta
role.

An increase in the frequency and magnitude of shatle to climate change would also increase

the chance of countries falling into ‘poverty traps reduce their chances of getting out of thexs &



result of path dependent multiple equilibria congloirwith stochastic shocks, Azariadis and Stachurski
2004). Similarly, increasing returns to agglomenat{Fujita et al., 1999) can magnify the national o
global consequences for economic growth of locdlirepacts of climate change on key localities (such
as majot or coastal citi€sthat constitute national engines of growth) (Hugle 2007).

The analysis above thus suggests that climate ehsngn important enough risk to development
that it warrants a response at the national aratrigtional level. The rest of the paper aims avighog

some views on what that response should be.
The Optionsto Respond: Mitigation, Proactive Adaptation, Reactive Adaptation

To limit the impacts of climate change on economiesintries camitigateemissions oadaptto climate
change consequences. Mitigation (M) consists ofickd) emissions (or removing GHG out of the
atmosphere) at the beginning of the chain to mimémilimate change in the first place. By contrast,
adaptation (A) consists of responding to climatangje impacts at the end of the chain.

For example, shifting from coal- to gas-fired povptaints (thereby reducing GHG emissions per
kWh produced), developing renewable energy, or aedudeforestation and associated emissions of
carbon dioxide are mitigation actions. In the &tere, ‘mitigation’ also encompassesarbon
sequestration(either biological via photosynthesis, or physitialough carbon capture and storage),
though sequestration doest avoid emissions but removes carbon out of the spimere (i.e., it reduces
netemissions and ngrossemissions). Relocating people and capital awaw fnrew flood-prone areas,
shifting to crops that are more resistant to droughresponding to and rehabilitating areas pastinal
disasters are all examples of adaptation actions.

In addition, following Smit et al. (2000), we disgjuish two forms of adaptatiorReactive
adaptation (RA) focuses amping ex postvith the adverse impacts of climate change, whery bccur.
Proactive(or anticipative) adaptation (PA), on the othendhafocuses otowering the costs of coping ex
ante PA encompasses measures taken in advance tdHinititimate damages of climate change and/or

to reduce the extent of reactive adaptation reduishen climate change impacts materialize. For



example, evacuating people from a flood-hit areeeéstive adaptation, while modifying zoning laws o
coasts in anticipation of stronger sea surgesdaqtive adaptation. Even though proactive adaptatial
mitigation are botlex anteactions, proactive adaptation only reduces theafaesx postadaptation but not
the need for it, because it does not reduce emissie mitigation would.

As noted by Fankhauser et al. (1998), the distinchietween proactive and reactive adaptation is
intuitively clear, but difficult to delineate witprecision in a dynamic setting. For example, afterheat
wave of August 2003 in France, which is estimatecave caused in excess of 11,000 deaths over
historical averages, the French government prepatéteat Wave National Action Plaf'that includes
inter alia the creation of a national alert system, a streffigrt for prevention and information, and a
clearer division of tasks among public agenciess plan was adopted both in reaction to the 20G8 he
wave itself (i.e., RA) and in anticipation of fuéurepeat events (i.e., PA)—as such, it is a typgample
of co-evolutionof problems and responses in a dynamic setting.

However, the distinction between proactive andtrea@daptation is important from a policy point
of view because the rationale for the two actiams\veery different. Proactive adaptation (like rtign)
uses resourca®wto prevent possible crisis in the future, whilaative adaptation uses resources to cope
with eventsat the time they occulhe crux of the problem is that, in practice, bebe changes and
policy decisions are often easier to implement anceisis has occurred than in anticipation of ases.

But from an economic point of view, examples sughtha 2004 Indian Ocean Tsunami or the 2005
hurricane Katrina suggest that the costs of prewenaction, e.g., installing early warning systeors
fixing dikes, are often lower than the costs ofedtefl action} even when appropriately discounted,
thereby making proactive adaptation preferaff¢hukorala and Resosudarmo, 2005, Burby, 2006).

Finally, we use the term ‘ultimate damages’ (UD) tltose damages that would be incurirethe
absence of any policieseven if some private adaptation is implemented-r¢ aesidual ultimate
damages’ (RUD) for those damages that are tectyicedversible (e.g., lost species) or economicall
irreversible (i.e., that may be feasible technigaliut are considered too costly, for example, ftike

restoration of the Everglades ecosystem or the 8eal), and ‘likely to remain’ after all mitigati@nd



adaptation expenditures have been incurred.
There are thus three main options only to redueailtimate damages of climate change: mitigation

(ex antg, proactive adaptatiorex ant¢ and reactive adaptatioaX posy.

The Appropriate Counterfactual for Evaluating Climate Change Options: No

Action and Full Ultimate Damages

Before choosing among these options, an importasthodological point about the appropriate
counterfactual must be made. Most assessments tifation policies have used as the baseline for
ranking options a business-as-usual (BAUlisser fairegrowth (scenario S1 in Figure 1) in thksence
of climate change. Yet the uncertainty about tkelihood of human-induced global warming has been
essentially resolved by now. In fact, from manyediént directions scientific evidence suggests soate
degree of climate change is already occurring (IP@@7a). Thus, #aisser faire scenario without
climate change (S1) doemt describe any real-world situation anymore. Theraypate counterfactual
scenario (to determine theal opportunity cossis now one in which no action whatsoever is taken
against climate change; and in which, as a rethdtfull set of damages associated with climatengha

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



Figure 1. lllustrative growth over time in thiaisser fairecaseswithout climate change [S1] and
with climate change [S2], and the position of two poicenarios, one with reactive adaptation only [S3]

and the other with a combination of actions [Sdlative to these two counterfactuals
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Against the first counterfactual (S1), any poligfian against climate change, or any combination
thereof, has aet costIn other words, it looks as if any policy actiaere making the economy worse off.
(This is not the case, of course, because ewenction as in S2 leads to a net cost relative t9 S1
However, relative to thiaisser fairescenario in the presence of climate change (82jllibe seen that a
combination of policy actions (S3) or (S4) mighinigrnet benefits

Worrying about the appropriate counterfactual megns trivialif the ranking of policy options
doesn't change. However, the message conveyedbwiltlifferent depending on how the problem is
framed The net benefits of mitigation action will be cefed as gositivewith respect to a counterfactual
with climate change, and asnegativewith respect to counterfactualithout climate change (Mohr,
1995). At a more fundamental level, the set of gaiiion options available in the presence of climate

change is also likely to be more restricted tham gbt of options available in the absence of ckmat



change because the efficiency of mitigation actems the intensity of climate change are interddpen
This can affect the ranking of policy options (and targét§or example, if climate change were not
already occurring, investing in hydropower insteédsing fossil fuels to generate energy could berg
appropriate mitigation measure in countries withc@gl melt, such as Bolivia or Afghanistan. With
climate change, however, the glaciers will inifathelt faster than historic patterns—thereby geirega
potentially higher volumes of water and requiriagger or taller dams. But eventually, once gladierge
disappeared there will be insufficient water anthewr all the investments could be stranded oredast

especially if the time-line is compressed due taegeleration in climate chanfje.

An Integrated Portfolio of Actions is Needed to Minimize the

Climate Bill

The decision problem faced by the international maomity is to choose the best combination of options
(mitigation, proactive adaptation and reactive aakign)to minimize the global climate biile., the sum

of the costs of mitigation, proactive adaptaticenative adaptatiorand residual ultimate damages (the
latter depending on the levels of mitigation, pto&c adaptation and reactive adaptation) through
appropriate incentives and transfer mechanisms.

The decision problem is different at the natiomadel because individual countries, whether small
or large emitters, have little direct control ovetal World emissions. This has two critical impliions.
First, they have to set domestic proactive andtieaadaptation levelgiven other countries’ mitigation
decisions Second, their mitigation decisions, for the mpait, make sense primarily in the context of
global action. Here, however, large and small emsttiffer. For countries that are large emittetgh as,
China/ India, Brazil, Indonesia, Mexico, and a few othemmong developing countries), domestic
mitigation decisions can have direct measurabldidgaiions for domestic damages, not just indirdet v
global collective action. For countries that areaBnemitters, domestic mitigation decisions willllst
matter, but only in certain circumstances: For gxemif the use of cleaner fuels is also cheapehén

long-run, or if domestic commitment to mitigatioctian facilitates global collective action.



The present section discusses how options to aldhesate change might be balanced. We focus

mostly on the international level decision probldmt do refer to the national level problem as well

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

Since climate change emerged as a major interratissue some 20 years ago, the debate has fofarsed
the most part on mitigation. As a result, the majaces of international law that currently address
climate change—the UN Framework Convention on Glm@hange (1992), the Kyoto Protocol (1997)
and the EU Emissions Trading Scheme (2003)—all dgmimarily on mitigation, recognizing common
but differentiated responsibilitiés.

In this context, the debate over developing coastparticipation in the future climate regime
narrows down to two questions: When will developamyintries take on mitigation commitments? And
how stringent will these commitments be? Negotgtim this basis has proved very difficult, and the
controversy over how and when they should joinrttiggation effort is far from resolved to date. Som
countries, chief among them the U.S., have comglgtargued that large emitters among developing
countries should take on commitments rapidly. Mdsveloping countries, on the other hand, have
typically been reluctant to even discuss this foiltsi (Hourcade, 2003), and have called for more
attention to adaptation.

The poorest countries emphasized adaptation eaylgrothe grounds that they would not be able to
contribute much to mitigation, but would sufferrfrdhe costs of adapting to a changing climate twhvh
they had not contributed (and many would not cbotg) significantly’ In addition, most developing
countries (like many developed countries) were eamed that mitigationwould adversely affect
economic growth and ability to develop (e.g., Helled Shukla, 2003). In fact, although the IPCC
(2007c¢) reports relatively modest global costs d@fgation, the range of modeling results is largbe
impact on growth, in the case of developed cousitiseexpected to operate through increased capithl

operating costs in emitting sectors (for the sanmtpwt) and premature retirement of existing cagtatk.
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In the case of developing countries, the impacgmwth is expected to come through higher cost of
modernization, if it takes place in the contexegpensive rather than cheap energy—thus makingrié m
difficult to close the per capita income gap witkdustrial countries. Finally, competitiveness issagse

in both developed and developing countries, if vithlial countries try to take mitigation actions
unilaterally outside a collective action framework.

We argue that there are good reasons to treat adiwt as the primary rather than the secondary
concern when addressing the climate change chadlemighin countries, as well as globallffirst, as
noted above, some countries have essentially uaitet mitigation opportunities, bl face adaptation
needs. Second, in practice, we observe delaysnmngpto an effective agreement on mitigation, ared w
expect that these delays will contindé.globally no (or insufficient) action is being dertaken to
mitigate, then implicitly one is behaving as if ptition were cheapéf Third, we are beginning to
observe the early impacts of climate change (ih paonsequence of delayed action for the pastatsy
and there is already a need for adaptation towligalthese initial stages.

A response to climate change based solely on reactdaptation, however, is very unlikely to
minimize the total climate bifbr two key reasons. First, evért is technically and economically feasible
to cope with some impacts of climate change, ritoisnecessarily cheaper to do #@n to engage iax
ante actions (proactive adaptation or mitigation). Fomample, though it might be technically and
economically feasible to evacuate coastal citiegding dikesex antemight prove cheaper, and reducing
emissions to limit sea-surges even more so. Muckthe reluctance to move more effectively on
mitigation is predicated on the assumption thaptatan costs will either be low or occur farawaythe
future, when many countries are better off and &bleope with the consequences of climate change
(Schelling, 1995). Yet it is unclear whether intfdwe costs of adaptation will be lower than thetsmf
mitigation, and how they will be distributed ovgrase and time, because information on the costs of
adaptation is still limited (Adger et al., 200Qlosing this information gap is a critical challemdacing
analysts and modelers.

Second, and more importantipjtigation and adaptation are not perfect subsétufor each other

11



If some losses are irreversible, then proactivepdion (or reactive adaptation, for that mattemrot
restore them (for example, loss of polar speciks;iag ecosystems, or submerged coastal citiespe.a
residualdamages remain. Mitigation, on the other hand,asanid those irreversible losses, provided it is
undertaken early enough. In addition, mitigatiothis only game in town to avoid potentially catagtic
consequences of climate change (such as a shiifeimohaline circulation).

Thus, the likely inability to fully adapt at low sbrequires some degree of mitigation action. @n th
other handa policy response relying on mitigation only isaiery unlikely to minimize the total climate
bill—if only because some future changes in the cliraagealready locked-in, leaving no option but to

adapt to those consequences (see also the foll@eirtgn).

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

Portofolio of Actions

The previous discussion thus suggests that integrated portfolio of actions that encompass
simultaneously some mitigation actions, some preactdaptation actions, and some reactive adaptatio
actions will be superior to any individual type adtion alone in minimizing the total climate Bill
Working backwards from the ability to adapt to dite change we get the following priorities:

* Where the ultimate damages are likely to be lovinoonsequential, the whole problem can be
ignored—but we have argued above that this isikelylto be the case globally in the long run
(though it could be relevant in the short run fomg locations).

« Where ultimate damages are expected to be of aitudgror a type that one can cope with at low
cost, reactive adaptation will dominate. Howevererethen one has to identifsreversibilities
that might be incurred, and consciously make asitatithat the residual damages associated with
these irreversibilities are acceptable.

« Finally, where the ultimate damages associated glithate change will generate vulnerabilities
that cannot easily be coped with, or will generimteversibilities that cannot be accepted,

preventiveex anteaction—proactive adaptation or mitigation—is nesegg. The balance between

12



proactive adaptation and mitigation will dependtio@ structure of uncertainties and risks, which
we discuss in later sections.

Because of thertia in the climate system, there will always be abagveenex anteactions and
their effects, so one needs to schedx@nteactions (whether mitigation or proactive adaptatieell in
advance. This implies that a portfolio of actiomeededat any given moment in timEor example, all
three types of action to deal with climate changmages are needed simultaneousiy. some damages
are occurring already requiringactive adaptation nowothers are unavoidable in the near to medium
term, and the cost of coping with them can be redwgith proactive adaptation noywwhile others may
occur further in the future and cannot be copeth witst-effectively even with proactive adaptatitirus
requiring mitigation now Someex anteactions (such as proactive adaptation) can bentakéaterally,
but others (primarily mitigation) will require celitive action.

The balance between actions, however, will neealdfiptover time First, because of the time lag
between action and consequences, windows of opptiesi to avoid or reduce particular categories of
damages are closing continuously. In addition, atenchange is likely to be non-linear. The spedtl wi
which temperature will increase is not known, b fpresumption is that it could accelerate in the
absence of mitigation action due to positive fe&babetween emissions and temperature (e.g.,
Friedlingstein et al., 2003). We also don't know ¢ixtent of additional damages that will accompeeagh
supplementary degree above current levels, buhabai presumption is that tliamage increment will
be larger with each additional degrgdPCC, 2007b). Thus, minimizing the climate chanfujéin the
presence of uncertainty and non-linearities mudrémted within a portfolio of actions thatdapable of
adapting It should be negotiated and planned as such

In the discussion above we have tried to clarifgnt a practical point of view, why a portfolio of
action that combines proactive and reactive adaptatvith mitigation is desirable and possibly
unavoidable. Next, we propose to show that mitigetind adaptation are so tightly linked that thegch
to be thought through and addressed jointly andulsémeously. Since the need for adaptation usually

depends on the level of mitigation, and since éwvell of mitigation depends on the ability to adaygtat
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should be the balance between the two? Within theptation portfolio, what should be the balance
between proactive and reactive adaptation? Thiedfirastion is especially relevant for negotiatiahghe
global level, whereas the second is also releviattiteanational level, especially for countries wlithited

ability to contribute to mitigation.

The Interactions Between Mitigation and Adaptation Reinforce the Need for an

| ntegrated Portfolio of Actions

Building on Kane and Shogren (2000), Lecocq andi8h2007a) analyze the optimal balance between
mitigation, proactive adaptation, reactive adaptatiand residual ultimate damages in a partial
equilibrium, dynamic optimization model. The anadst resolution of the model confirms many standard
results in economic analysis of mitigation polieiasotably that the marginal costs of abatement rbast
equal to the discounted sum of the marginal damaf@esnissions in all sectors/regions over all fatur
periods. Also, adaptation—whether proactive, reactir a combination—in specific sectors, regi@ms]
periods should be financed up to the point wheeddht dollar spent is matched exactly by the disted
value of the avoided damages (in fbure for proactive adaptation, vsow for reactive adaptation).

The analytical resolution of the model also confirthhat the interactions between mitigation,
proactive adaptation, and reactive adaptation oeterthe optimal levels of these three componentke
model (Shibata and Winrich, 1983). If mitigationdaadaptation, whether proactive or reactive, are
independent, their optimal levels can be determinegarately. In particular, the optimal level of
adaptation wouldhot depend on the success or failure of mitigatioricped. So observed delays in
implementing mitigation measures would not have emgsequences for adaptation actions. If, on the
other hand, mitigation and adaptation arerdependenti.e., if the marginal benefits of mitigation in
terms of avoided damages depend on the level gitatilan—then the optimal level of mitigation and the
optimal level of adaptation cannot be determinetependently. Then, a commitment to more adaptation
would require less stringent mitigation targets. g same token observed delays in implementing

mitigation measures would require a different antooh (and probably more) proactive adaptation
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actions.

In fact, mitigation and adaptation are often inggr@hdent (Klein et al., 2007). First, some acHsiti
simultaneously influence both mitigation and adépta—sometimes reinforcing and sometimes
offsetting each other’s effects. For example, jhantrees can have a cooling effect on surroundnegs
by providing additional moisture (adaptation) whitanoving carbon dioxide from the atmosphere (here
adaptation reinforces mitigation). By contrast, eleping air conditioning to cope with warming, or
desalinization to cope with warming-induced wateess (both adaptation measures) may result irehigh
energy demand and GHG emissions if electricity esegated by fossil fuels (here adaptation offsets
mitigation).

Second, theefficiencyof adaptation measures often depends orethe of mitigation, and vice
versa. For example, in the absence of mitigatiea;level rise in some areas may be such that weafiea
can possibly protect the coastline. Neighborhoadbseven cities may have to be relocated, at vagly hi
cost, with limited possibility for reducing the rédsal damages because the submerged physical ldapita
lost. With sufficient mitigation on the other harska-level may not rise as much and seawalls could
become effective. It might then be more cost-eiffecto invest in proactive adaptation in the forfn o
seawalls than to relocate the city. In this exampigigation and proactive adaptation are compldsjen
but they can also be substitutes. For example, lbigdds of mitigation that limit temperature incseanay
allow some threatened ecosystems to survive angl itimke it unnecessary to adopt costly proactive
protection measures.

Similarly, proactive adaptation and reactive adiéqtaare often not independent, and their optimal
levels cannot be determined separately. For exampdelifying zoning plangx anteto account for
increased risks of floods reduces the need foycesaicuation and sheltering of victims in respottsa
flood ex post(substitution). On the other hand, investing ivaatte in upgrading emergency response
teams’ capabilities (PA), through better trainimgl @quipment, will enable them to react more edfitly
when a disaster occurs (RA) (complements).

The interdependence between mitigation and adaptdtas four implications. First, it reinforces
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the importance of improving our knowledge about ttusts and benefits of adaptationgtrently
underdeveloped relative to mitigatio®econd, it suggests that introducing adaptatiio humerical
models that assess the costs and benefits of elipwdicies is very importantret as an add-on, but as a
potentially important factor in shaping mitigatiatecisions Third, from a policy perspective, it suggests
that mitigation policies and adaptation policies should negotiated jointly and not separately as is
essentially the case today at the internationatleand that they should be developed and planoiedy

at the national levelFourth, the interdependence between mitigatioth ataptation is an additional

argument in favor of an integrated portfolio ofians.
Balancing the Portfolio of Actions under Uncertainty

In frameworks where only mitigation is discussém: shape of thaggregatedamage function—i.e., the
timing and size of the damage—is the most importamtertainty for setting the optimal level of
mitigation (Ambrosi et al., 2003). However, wherapthtion is introduced, uncertainty on thistribution
of damages across space/regi@aiso becomes an issue since the benefits of adaptre sector- and
site-specific.

This has implications for the optimal division @spurces between mitigation, proactive adaptation
and reactive adaptation. First, the more uncertiain location of an impact, the more cost-effective
mitigation becomes relative to proactive adaptafi@cocq and Shalizi, 2007a). Second, in cont@thé
mitigation vs. proactive adaptation balance whemeetainty favors earlier action, in the case & th
proactive vs. reactive balance, uncertainty favective adaptation over proactive adaptation—&o th
extent proactive adaptation and reactive adaptatiersubstitutes (but not if they are complemeiitisis
is because proactive adaptation measures, andyarty those that consist of building or strengiihg
fixed, long-lived capital sto¢kave a higher chance of beimgsdirectedwhen there is uncertainty on the
location of impacts. This uncertainty is resolvett® climate change events occur, hence the greater
efficiency of reactive adaptation. In other wordgth uncertainty on location, the costs of making

mistakes—i.e., of adapting in sectors/regions timatly will suffer less than expected—begins tods
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the expected benefits of proactive adaptatiblitigation, on the other hand, reduces all damages
regardless of the region/sector, and is thus uwédf by uncertainty over the distribution of imgact
(However, it remains affected by the uncertaintgrahe timing and magnitude of impacts.)

Lecocq and Shalizi (2007a) draw from this analyasigypology of situations with different
implications for the balance of the portfolio otiaas under uncertainty:

e If uncertain impacts will occur with high confidemdén known locations, then targeted (site-
specific) proactive adaptation has the highest @hasf remaining cost-effectivé (even if it
involves producing fixed long-lived capital stocklecause the risk of misdirecting investment
towards the wrong region/sector is low. For examplee might invest in water management
infrastructure to reduce tensions on water resauticat are likely to emerge in regions already
under high water stress.

e If uncertain impacts will occur with high confidencbut whose precise location remains
uncertain, then non-targeted (i.e., non site-sjpcffroactive adaptation measures may still
remain cost-effective if they cover enough sectorsegions. Examples of non-targeted proactive
adaptation measures include setting up country-wiligaster response and management
capabilities, or developing appropriate insuraneekets.

e If uncertain impacts will occur with low confidencand locations remain uncertain, then
depending on the scale of the impact, mitigatiomeaictive adaptation is more likely to be cost-

effective relative to proactive adaptation.
An Integrated Portfolio Makes Sense Even Within a Broader
Per spective

The discussion above is framed in a partial eqiilib approach focused primarily on climate change.
However, given the magnitude of the problem, amdftitt that resources are limited, it is necessary

look at climate change in the broader context béothallenges 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 perspecthe idea that early anticipative action (be it
mitigation or proactive adaptation) is necessay @en challenged by a number of authors. Thres lin
of criticism stand out.

The first line of criticism is associated with ThasnSchelling (1995, 2006). He argues that the
main beneficiaries of mitigation will be developinguntries, since they account for the largest gfaitie
Earth's surface and the greatest proportion of latipn exposed to climate variability. They arecatke
most vulnerable—uwith limited ability to cope, givereir current level of development. He furtheruaag
that instead of industrialized countries puttindoa of funds into mitigating themselves, or putting
pressure on developing countries to mitigate, theyld be better off transferring equivalent resesrc
directly to developing countrieday—in order to facilitate more rapid growth in devgilog countries
and increase their ability to cope with climate mdg consequences when they arrive—, rather than
indirectly through avoided costs in thiiture The argument rests on the assumption that future
generations will be wealthier and technologicallgren capable than today's (i.e., there is less rieed
inter-generational transfers), so that there is a prentin helping the poor today (i.e., there is moredne
for intra-generational transfers now). This is an importand valid point, but, as noted above, it is
predicated on the assumption that adaptation wiltheap relative to mitigation, which has not yetrb
demonstrated. In addition, the core weakness sfgtbsgition is that itnderstates potential economic and
technicalirreversibilities Mainly encouraging growth and development in tlope that it will increase
adaptation capabilities in the future does not @sllthe fact that adaptation and mitigationnaxteperfect
substitutes (see pages 11-12), since adaptatiomotameaningfully and cost-effectively address many
types of species extinction, ecological destrutar other catastrophic risks.

The second line of criticism is associated with @®epenhagen consensus (Lomborg, 2084),

which notes that there are many immediate and itapbrisks and challenges facing developing coestri
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that dominate actions to address climate changethier words, policies that address many of théisero
problems have a higher cost-benefit ratio thancpesdi that address climate change. This is also an
important and valid argument. But it does not edeldhe need for mitigation as even the analysis of
climate policies on which the Copenhagen Conseisibased (Yohe et al., 2008) has a positive cost-
benefit ratio, despite the fact that it does ndiyfinclude uncertainty or catastrophes. In additithis
analysis does not take into account the fact thatirse of the decade-long lag structures betwegm ac
and consequences in the climate change arenaresations that avoid bad lock-ins and favor gamdkd

ins can dominate later actions.

A third line of criticism comes from technologicalptimists who argue that exogenous
technological change will allow us to reduce enoissi drastically (see e.g., the lowest-emissions
business-as-usual scenarios reported in IPCC, 200Fdo find a geo-engineering solution to climate
change (even if the latter are still recognizedbéocostly financially). As a result, there is leeed for
costly anticipative actions now. While there is #an@vidence that exogenous technological change is
major driver of growth and development, there iximless certainty that the necessary technologiiks w
automaticallyemergen timeto forestall the negative consequences of climh#age (i.e., without early
changes in incentives and institutions to stimulasearch into and diffusion of desired technolggie
Since insurance markets cannot address globalnsigstisk, there is a need for a global insurandicpo
in the form of actions now on incentives and ingiiins to stimulate R&D into desired technologimsd
ensure that thegre brought on line in timeDtherwise the World, and particularly developoayntries,
could be confronted with the need for draconiamustdjents and potentially serious social conflich#é
necessary technologies dot automatically emerge in time. The geo-engineedptjons also carry the
risk of uncertain consequences associated with rrégaventions in a web of relations we do not yet
fully understand.

A key issue ignored in the lines of criticism abdv¢he role ofearning by doing—both in terms of
speeding up the generation of information thatlesouncertainty, and in terms of speeding up #te at

which the cost of action (e.g., developing viabiteraative technologies) is lowered over time. Avrand
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Fischer (1974) and Henry (1974) have noted thahénpresence of uncertainty and inertia, increasing
information that might resolve uncertainty in theture (at least partially) increases the cost-éffeness

of courses of action that leave options open (ilgere is an option value to retaining flexibility)
Translating this approach to climate change, Hariguet al. (1997) show that risk-averse actionsh@ir
model, more mitigation action now, which can beise# upward or downward as new information on
climate change materializes) often dominate risktirad approaches. The mitigation actions contereglat
here would be separate from, and in addition tmastthat generate information to resolve uncetyain
(i.e., more research on climate change mechaniathén@acts). Several authors have also arguedrthat
the presence of ‘learning by doing’ early action eapedite the move along the technology cost ctove
lower the cost side of the cost-benefit calculaifag., Grubb et al., 2006).

Another fundamental problem not taken into accdunthe three lines of criticism above is the
limited ability of cost-benefit analysis and staraliscounting to handle the large uncertainty on
catastrophic events with low probability or unpoddble systemic effects. In the presence of
“unreackonable risks” (Chomitz 2007), or uncertgiint the Knightian sense (i.e., uncertainty abdt t
extent of uncertainty, as opposed to uncertainthéform of identifiable and calculable risks), X¢man
(2007) argues that one must act as if the chanaa ektreme event is significant. He even arguaistttis
issue can dominate discount rate debates. Sucimards will favor larger investments on mitigatian t
avoid crossing ‘catastrophe generating’ threshtlids.

To sum up, the three lines of criticism of mitigetiaction (in both developed and developing
countries) raise important and legitimate pointewiver, they do not address the whole gamut okgssu
associated with climate change, nor do they usehadetogies fully adequate to the nature of the
problem. We thus conclude that even when lookddoat a broader perspective, mitigation will remain
an important component of any integrated portfalfoactions to address climate change—whether in

developed or developing countries.
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Sharing responsibilities: The Role of Adaptation in the Public Sector Response

Though a portfolio of action between mitigationpactive adaptation and reactive adaptation might be
necessary for society, a question remains as tthehadaptation should be part of the portfolipoblic
actions. Since mitigation reduces all climate-edatisks—both known and unknown—everywhere, it is a
global public good requiring collective action (by all immis at the international level, and by all
subnational actors at the national level). By aastiras already noted above, adaptation reducegispe
classes of risks, often in specific locations. Thadaptation can be site-specific (e.g., land-laening),
risk-specific (e.g., R&D on heat-tolerant crops), mth (e.g., hardening of infrastructure). As such
adaptation provides a private good (e.g., a masisteat building benefiting its inhabitants onlg)club
good (e.g., a mutual insurance fund), or a lochlipyood (e.g., a dyke).

Economic theory suggests that such goods shousglbsupplied by the individuals, firms or local
communities that benefit from them at the subnalidevel and not by national governments or public
agencies. Similarly, from an international point \@iéw, economic theory suggests that adaptation
measures that benefit individual countries sho@aélf-financed by the countries themselves andpot
the international community.

The rationale for public provision of resources ddaptation at the national or international leésel
thus less obvious than the rationale for public/j@ion of mitigation. However, public interventionay
still be justified, at the national level vis-a-wsibnational level and/or non-public entities, atdhe
international level vis-a-vis national level andfgiobal civil society entities, for standard wetldewn
economic reasons such as imperfect informatioriidrarto collective action (at the subnational leve
within a country, or at the national level relatigethe international community), moral hazard/frigker
problems, externalities within and across countriestwork/public good aspects of high fixed cost
national and international assets, or budget caimssrand the ability to pay of the poor (see Lecand
Shalizi, 2007a for a discussion).

Thus, despite the fact that adaptation yields mastl/ate or local public benefits, economic theory
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suggests that there are many circumstances wargaintiervention by national governments (whether in
developed or developing countries) with regarddapaation, and a wide range of instruments thatbean
used, ranging from indirect actions such as infdimnaprovision, standard setting to taxes and slibsj

to direct actions such as financing and direct isiom of adaptation resources and institutions.ré teee
also multiple ways in which the international conmity may support adaptation at the country level on
top of what individual countries are doing.

Further empirical work is required to determine howch adaptation is required, how much private
agents, developing country governments, and thegriational community can afford, amchether the
existing framework and level of international furfds adaptation is capable of meeting the neds
However, the cost-benefit criterion applies to gameent action, as well as private actions. Thus, th
government should only suppgtoactive adaptation measures to the extent that the bertefisociety
outweigh the public costs of implementation.

One advantage of anticipative action, includingagtive adaptation, is that if properly planned,
expenditures can bspread outmore easily over time, whereas reactive adaptatiay require large
expenditures in short periods of time. In the words Chomitz (2007), “smoothly adaptive”
expenditure/investment strategies may be preferabtumpy” expenditure/investment strategies ie th
face of “inexorable calamities” when timing unceantg is taken into consideration.

Relying onreactive adaptationruns another risk. Public resources are rarelplestaver long
periods of time, especially in developing countrigeth sudden and prolonged climatic shocks cadeero
the country’s fiscal base: Thus, the risks of clienempacts and the risks of low availability of fiab
resources are at least partly correlated and meisdaressed in advance. Setting up rainy-day funds
(Sobel and Holcombe, 1996, Lecocq and Shalizi, @p@vay be an appropriate solution. Such funds could
still be cost-effective even with low returns, smg as the risk of not being able to react adetpuae
high because of budget constraints. At the globatll the rainy-day fund is a form of self-insuranc
whose usefulness is highest when contributions ¢tateuin the medium-term. At the national level,

however, resources might be insufficient relativethe size of the impacts. Therefore, financing of

22



reactive adaptation may have to be split betwematianal rainy-day fund and transfers from abroad.
However, even when there is uncertainty on thetimgaof damages, the rainy-day fund may
complement, but not necessarily replace, proactdaptation. More research is required to fully
determine the conditions under which rainy-day &iade effective, notably taking into account thweg t
uncertainty on when damages might occur, and tteatgtive adaptation typically reduces damages durin
more than one period. More empirical research enréturns to these funds and their contingency to

institutional structures in developing country @is is also necessary.
The Need for a Broad Review of Development Strategies

The emerging risks associated with climate changkenit necessary that all actors, public and peivat
least review their development strategies, policies, and prejedthe discussion above provides a
qualitative framework for such a review.

This review should be conducted for all investmemjects that take place within the country, be
they funded by corporations, communities, househiadd individuals—not only for investment programs
and projects funded by the government. Similathg tlesign of long-lasting institutional arrangersent
may have to be revised to take climate changediotount. For example, when water runoffs are ergect
to diminish, it is all the more important for lotgrm water rights arrangements to include strong
provisions for resolving tensions (Miller et alQar7).

The review should also encompass all sectors,usbtg¢limate-sensitive’ or ‘GHG-emitting’ ones.
In fact, currentadaptationliterature focuses mostly on a limited number @ftsrs (notably agriculture)
(Adger et al., 2007), and on developing countrMer{delsohn et al., 2007, Dasgupta et al., 2007 iBh
understandable given the large share of agricultuthe GDP of many developing countries, and the
sensitivity of this sector to the vagaries of tHenate. However, because gfowing inter-industry
linkagesas development progresses many more sectors xhilbie sensitivity to climate, and attention
will have to expand to these other sectors as walieh as various infrastructure sectors (roadsuia r

markets and global trade, changing the engineatexign of infrastructure in areas where glaciees ar
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disappearing, hardening buildings and infrastriciar coastal areas prone to storms and storm surges
etc.), and emerging alternatives to agricultureshsas tourism. Finally, the indirect effects ofnwdite
change on non-climate sensitive sectors, via éagtor mobility or markets, may also require that
adaptation measures be taken there.

The mitigation literature, though much larger, also tends to eatrate on a narrow range of
sectors, namely energy supply (volume and mix ef)fuYet there is a need t@view development
strategies in other sectors as well (Sathaye gp@07). For example, demand management policies in
energy-intensive sectors can be very effectiveeducing the long term trajectory of energy consiimmpt
and emissions. In fact, it may be easier to builrancompact cities with more balanced multi-modal
transport systems (lower inefficient use of eneirgytransportation), or to build buildings with beatt
insulation and energy efficiency (lower energy dadchthrough better construction), than risk lock-amsl
be left with ‘retrofitting’ long-lasting capital athe only mitigation optionThis is especially important
since developing countries are undergoing massibanization and will be installing a large part of
their long-lived capital stock in the next 15 to\afars: Addressing mitigation opportunities in thesher
sectors is critical to avoid potential lock-ins

One might object to the need for such a reviewhengrounds that in many countries, adaptation to
current climate variability is already part of developmestitategies. Yet this does not mean that these
strategies are also adapted ftdure climate variability associated with climate change/in-win’
opportunities in which improving adaptation to @nt climate variability is aligned with adaptatitm
future climate variability may well exist (Smit at., 2000), but careful examination remains waednt
For example, a key development goal for a smalty y@or country with a high share of GDP in
agriculture might be to improve smallholders’ agtiaral productivity and their integration into agr
processing. To meet this goal, the high vulnergbitif smallholders to currently observed range of
weather-related shocks must be reduced througfaiioin projects, improved management of key
watersheds, and other agriculture development progrthat include weather risk mitigation. It would

seem at first glance that the country’s currentettgsment strategy already targets vulnerable rural
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communities with the objective of reducing the imigeof weather-related risks. However, these ptgjec
and programs mampot be sufficient to cope witlincreased variabilityin climate, or withsustained
patterns in climate for which there is no precedestich as hundred-year floods or multiyear droughts
occurring much more frequently. And they might eumn a waste of resources if climate variability
increases so much in the future that outmigraliai local population and/or shifting the domestic
economy towards other, less climate-sensitive settecomes the only viable solution.

Finally, though we have focussed on developing t@s) it must be clear that the challenge of
adapting development strategies to climate chamgéobal. And unlike other challenges, it is newdt
countries involved, not just developing ones. Untilv, development experts could propose development
strategies drawing on the rich experience of ingalstountries in transforming their institutionsda
policies to facilitate industrialization and grow(ite., going from a low to a high asset base).dbaping
countries could also benefit from many new techgiel® to lower the cost of their development refatiy
what industrial countries incurred at the sameestafgdevelopment—a learning process facilitated by
freer trade and direct transfer of ideas, knowledge capital flows. However, climate change addewa
dimension to the problem for which even industrigluntries do not always have the necessary

institutions, experience, or technology to shake learning process has now become truly global.

Conclusions and Recommendations

Improving people's quality of life, and not justustiard of living, is a major goal of most societies
globally. This involves transforming institutions tnanage a broad portfolio of assets: not justiphys
and human capital, but also social and environnhesteets as well as knowledge and technology (World
Bank, 2002). Development strategies that transfovstitutions and policies to move from a low and
narrow asset base to a high and broad asset lasipport a higher quality of life — operate witlai set

of constraints includingnter alia, geography, endowments in natural resources, t@inméstory, culture,
and economic environment. Climate change is a fealNenge creating headwinds for development.

We have provided a roadmap for assessing the coeseegs of climate change for development
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strategies. We find thahe presence of climate change makes it neceseaay keast broadly review
development strategiesegardless of the sources of funding (foreign/@ndomestic). Though the
mitigation debate focuses primarily on the energgtar, and though the adaptation debate focuses
primarily on climate-sensitive sectors such ascadftire, input-output relations in multi-sector netsl
highlight the importance of indirect effects ofnalite change on the rest of the econohsnce the
importance of reviewing development strategies @éveapparently non climate-sensitive and non GHG-
emitting sectorsin particular, it is critical to review projecésd programs that involve long-lived, fixed
capital stock, and to adjust investment strategiemtably in countries undergoing major urbanizatio
Similarly, the design of long-lasting institutionatrangements will have to be revised to take d¢kma
change risk into account.

Next, we argue that because we face both immineshi@ng-run impacts, and because the policy
responses to climate change risks are interdepgntere is a need for an integrated portfolio of aos
spanning a spectrum from avoidance of climate chdagoping with the damages generated by climate
change. In this portfoligproactive (ex ante) adaptation is criticddut also subject to risks of regrets in
cases of uncertainty about the location of damdgegsarticular,uncertainty on location, favors non site-
specific actiongsuch as strengthening the ability to react andagardisastersyr reactive (ex post)
adaptation Although adaptation often provides private besefit should not be left entirely to private
agents:There are strong rationales for public interventiéor adaptation both at the national and
international levels—for example when there are spillovers, such adlictsx To limit the risks that
budget constraints might prevent developing coestfrom financing reactive adaptation—especially
since climate shocks often erode the fiscal bas@ry-day funds may have to be developethin
countries, and at the global level for transfeiposes.

However, the effectiveness of proactive or reactive adaptatis limited as some losses are
technically or economically irreversihlesuch as for biodiversity or culturally valued esit and
monuments. As a resulsome level ofnitigation might be, in many cases, the cheapesibrogdor

addressing long-term climate chande is also the only option to avoid thresholdattigenerate truly
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catastrophic consequences. In facis highly unlikely that the effort on any ongayof action in the
portfolio of action types will be zero in any caynbver the next few decades.

Finally since mitigation and adaptation are interdependenttigation policies and adaptation
policies should be negotiated jointly at the intgranal level and not separatelgs is essentially the case
today, and should be designed and implementedyjaintthe national level. Adopting such a package
could in turn increase the probability that a gldbeaty can be devised that fairly addresses #egls and
capabilities of the diverse constituencies.

A caveat must be noted here on the methodology mstds analysis. Optimization tools are very
powerful conceptually to determine an optimal pitf of actions. In practice however, it may beyer
difficult to operationally define such a portfolwithout additional information and data. It may eJse
irrelevant in some cases to worry about trade-offs at thegmaif current actions arsub-optimalin
aggregate, and if one needs to move forward onipteifironts simultaneously (because we are fadmsi
the production frontier, rather than being on thenfier). Weitzman'’s criticism (2007) of consumytio
smoothing cost-benefit analysis in the presencepaiEntial catastrophic events also applies to our
framework. However, the key message remains: reeswan be misallocated if one just funds activitie
because they might hypothetically address climatnge. Some effort has to be made to construct a
portfolio of actions that recognizes tradeoffs ainel fact that we face simultaneously different dgesa
with different lag structures between actions drairtbenefits.

The paper also identifies big gaps in the litematlfirst, moredisaggregatednformation about
likely damages—in terms of magnitude, location, #éining—is necessary to get a better quantitative
sense of the optimal balance between mitigatioactiee adaptation, proactive adaptation, and residu
ultimate damages. In particular, more researchedgiired on path dependency (lock-ins) and poverty
traps. But as noted above, there is already & letape for action with the information we currgritawve.
Second, more work is required twow to separate the costs of adaptation from nordelelopment
expendituresin order to determine the extra resources redquidn that basis, further empirical work is

required to determine how much adaptation is reguihow much private agents, developing country
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governments, and the international community cdoréf andwhether the existing framework and level
of international funds for adaptation is capableméeting the needsMore research is also needed to
determine the conditions under which rainy-day &rsdle effective. Third, introducing adaptation in
numerical models that assess the costs and beakfitsnate policies is very importantret as an add-
on, but as a potentially important factorshaping mitigation decisions

Finally, a priority for future research should be lsow tooperationalizethis framework—i.e.,
determining how development strategies should béified and what should be the balance of actions in
an integrated portfolio of actions—at the countryregional level. This requires in particular fieth
analysis of the relationships between the natiamad international levels. If, in the presence of
uncertainty, mitigation is indeed more cost-effeetthan adaptation, then one needs to understand ho
the need for collective action on mitigation candteengthened at the international negotiation ljeve
including by developing country negotiators. Secasidce the extent of mitigation is for the mosttpa
exogenous for individual country policy makers, oeeds to explore to what extent optimal countwglle
adaptation strategies depend on this exogenoumptea We note in conclusion that despite focusimg
how climate change affects development strategfiesdiscussion in this paper shows the centrafity o

addressing development issues in climate changatinigns as well.
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Endnotes

! Large water-stressed inland cities such as Bei[raghi, Kabul, Tehran,, etc,

%2 Cheap sea transportation favors export indusiniemastal cities. Yet the latter are more vulnkrab climate-
change induced sea-level rise, hurricanes, anciased sea surges.

? http://www.sante-jeunesse-sports.gouv.fr/IMG//P{C-2008.pdf, last accessed 15-08-2008.

“ Lump sum transfers of resources to victims of aliechange are not included in RA, because theyotlaffect
the size or efficiency of the economy.

® Currently most studies rank competing concentnatiwgets by adding the costs of mitigation andullienate
damages associated with each target, the formetharldtter established independently.

® Hydropower potential may increase in northerrtuaes as a result of climate change, but may dseriea
temperate/Mediterranean regions (Lehner et al.5p86Ad in tropical areas such as the Andes (Braztley., 2006).
" Now estimated to be the largest in the World.

8 In fact, a Least Developed Countries Fund undettNFCCC supportsnter alia, the preparation of National
Adaptation Plans of Actions. The Kyoto Protocobatstablishes an Adaptation Fund supported by sitdride
proceeds of the sales of Certified Emission Redustunder the Clean Development Mechanism. Butatiyer
resources available for adaptation remains lim{fempkins and Hultman, 2007). Another reason faufsing on
mitigation is the availability of a common metrar fmost actions. A comparable metric is not yeilalte to
evaluate and compare the efficacy of adaptaticiorzst

° For a history of climate negotiations, see Gruibal.g1999).

10 0r cynically as if the costs were to fall convenig on the weakest members of the society witliuntries or
globally. (Although failure to take action couldsalbe explained by the difficulty of collective iact between
Sovereign Nations without an external enforcemesthmnism.)

' Few studies attempt to estimate numerically thevap balance between mitigation and adaptatiorsefio
(2004) and de Bruin et al. (2007) both find thataducing RA in global optimization models signditly reduces
the total climate bill, and that the optimal politicof actions include both mitigation and adamatiHowever, as of
Spring 2008, their models include neither PA nacartainty.

12 Callaway (2004) makes a similar point that irreugle investment for adaptation will be undertakdren it

becomes clear that the climatic events they areaiab adapting to are not random, but part of ¢inchange.
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13 See also http://www.copenhagenconsensus.congdasssed 24-09-2008.
14 Heal (2008) shows that neither low values forihee rate of time preference nor catastrophiesecessary to
generate the need for high levels of mitigationoacearly.
15 o
Cf. end note n°8.
16 Historically, outmigration was a natural adaptiesponse to climate events such as prolonged dimugbwever,

it often led to conflicts with settled or nomadiegulations in the regions to which the eco-refugaesed.
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