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Abstract

Economics has played an important role in the anabfspolicy alternatives for several hundred years. étidg project
analysts are often interested in comparing alternative policies on the basis of the society’s welfare. Economic valuation is a
process through which societal welfare is translatemlénonomic terms. The societal-welfare elemeniacoious policies in
economic terms can then be compared. It is not tleedsikermining factor in policy choice but is often intpat in the
ultimate decision. This paper reviews the literaturéh@neconomics of climate change adaptation in develamugtries,
and identifies three key points for consideration in fitstudies. One key point is that all development polioukhbe
formulated using forecasts from climate science assalibe. When this is not done, there is risk thatlgef status quo
without climate change is seen as an implicit basemether important aspect is that the allocationigtfits is crucial for
the results; if households have a right to maintairr therrent livelihoods, the costs of climate changedeveloping
countries are considerably greater than traditiondingihessto-pay studies would indicate. Thirdly to promote and discuss
the incorporation of the valuation results into the suppb policy making, including ecosystenbased climate change
mitigation policies as well as ecosystéimsed welfare rdistributional policies. Thus, costs and benefits ahalie change
adaptation cannot be analyzed using economic aspectschmigite science, behavioral science, and legal asrdlraspects
have crucial implications for the outcome of the asialy
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I ntroduction

The publication of The Economics of Climate Change: $tern Review in 2006 (Stern, 20066)has inspired an
unprecedented outpouring of high quality economics articlesliomate change ever since (Heal, 2608Neoclassical
economic theories have been extensively applied irestimation of the costs of climate change to our @rgnand have
led to a stably growing number of Integrated AssessmemedlAMs), which integrate the economic aspects ofatiém
change with the science and dynamics of the climgtters. However, the current literature has shownabywviery little

effort in the economic valuation of climate chang@auts on natural capital and ecosystem servites

Understanding climate change impacts on biodiversity, ecosystem services and human wellbeing The impact of climate

change is multidimensional and involves interactionsragnthree systems: the climate system, the ecologictensysnd
the socioeconomisystem. Figure 1 below shows how these systems ihteidceach other through four key components:
biodiversity, ecosystem services, GHG emissions amdaim wellbeing. Among all others, biodiversity playsiadamental
role in conjoining the three systems together. F tbason, we shall start our illustration from tleelegical system that

biodiversity underpins.
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Figure 1. Graphic illustration of interactions between climate change, biodiversity, ecosystem
services and human wellbeing

The ecological system biodiversity by definition encompasses the variety of life on ledirdm genes to species, through to

the broad scale of ecosystems across time and spaiseimiportant in terms of determining the health obsgstem,
ensuring the stability and productivity of ecosystemsyels as underpinning the supply of an array of ecosysenvices

that contribute directly and indirectly to human welttagi

The climate system The global climate system is connected with bothhilnman socieeconomic system and the biological

system through the change of chemical compositioneoftmosphere. There is new and stronger evidence tstafithe
warming over the last 50 years is attributable to huartivities, such as coal and oil based energy generatidtivation,
deforestation and other land use changes that haveygnedticed increases in atmospheric concentrations riiosa
dioxide, methane, and nitrous oxide (IPCC, 2007)

The socio economic system Mounting population, changing diets, urbanization, lasd changes and climate change are

the major sociabconomic pressures on biodiversity, causing speciesishvat an alarming rate all over the world. This in
turn can significantly affect the stability of ecasya functioning and their capacity to retain the provisdf ecosystem

services to humans.

The figure implies that climate is an integral part @aisystems and organisms have adapted to their regiamatelover
time. Climate change is already having an impact onystama and biodiversity in various world regions, in paittr on
the highaltitude and higHatitude ecosystems. Projections suggest if global mempdratures exceed°C within this
century, climate change will become a progressivelyemsignificant threat to ecosystem through changing specie
distribution, population sizes, the timing of reproductiommigration events as well as through increasing thguiency of

pest and disease outbredks
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Figure 2. An analytical framework to link biodiversity, ecosystem services and human
wellbeing (Source: MA (2005), adapted)

There is widespread recognition that climate change aodivbrsity are linked. Most obviously, by changing the
environmental conditions within which species exilimate change induces an adaptive response on the Fecés. An
extensive literature over the last two decades hasibegdhis effect on both species and ecosysteffisMuch of this is

summarized in the international biodiversity and climagsessments at various scafés:

Estimating the Value of Climate change and Biodiversity-Related Changes in Ecosystem Services

Evaluation of the impacts of climate change on biollgiesources and biodiversity requires estimation ottimsequential
changes in the production of ecosystem services. Tblades changes induced by alteration of environmentalittons
reflected, for example, in the changing costs of agriogftforestry and fisheries. It also includes changes setaf no
marketed ecosystem services. The current assessntaet@fonomics of ecosystems and biodiversity (TEEB)ddaressed
the problem of identifying the biodiversity-mediated inpafcclimate change by developing a database of valuatiaties,
and reporting the distribution of the estimated valuescéeted with the ecosystem services affected by tlirohange. It is
not the purpose of this paper to review this materiak #ufficient to note that the value estimates regbere marginal,
instrumental, anthropocentric, individual-based and suwgeatontext and state-dependéht Moreover, for the most part,
ecosystem services are valued through their impact emptbduction of commaodities or non-marketed effects #nat
directly valued by peopl&!**> and the value of ecosystems as natural assets dfedgueshe services they produt Its
interim conclusions on this system indicate that tymes of benefit are dominant: one being tourism, egime and
amenity, the other being coastal protection. The nmearginal value of ecosystem services in US$/ha/yaaergéed using
this method was $86,524 for tourism, recreation and amenity,$25,200 for moderation of storm events. By contrast, t
mean marginal value of food production (fisheries) was $4K0*"*% While this disparity is almost certainly an artéfaic
the approach adopted (it averages over studies rather yems) it does illustrate an important feature of thkies
estimates atthing to all ecosystem services: that measures of people’s marginal willingness to pay to acquire an ecosystem
service reflect both their preferences for thatiserxelative to others, and their income level. Wghess to pay is as much
a measure of ability to pay as it is a measure of meée. The people who depend on coral reefs for fishare not the
same as the people who access coral reefs for pled$ee.come from different countries, they have feagsets and they
have lower income. An additional qualification notedTBEB is that there may be discontinuities (threshdiectd) in the

impact of climate on systems like coral reefs.
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Re-evaluating Biodiversity and Climate Change

To estimate the value of climate-related biodivershgnge, we need to understand (a) the impact of land usgecban
climate and the other structural characteristics efsystem that affect biodiversity, (b) the effect thas on the functional
diversity of species, and (c) the consequences of chartpe fiunctional diversity of species for the ecosyssenvices that
people care directly aboutsuch as the supply of foods, fuels and fibers, pharmackytgmentific information, genetic
resources, recreation, tourism, amenity and spiritutiéfaetion. The greater the diversity of species witfinctional
groups, the greater will be the capacity of the systemontinue to produce valuable services under climategehadne
challenge in estimating the value of climate-relatedliversity change is that we do not have general modéderactions

between the biosphere, the hydrosphere and the atmespherthe social system.

The models developed by environmental economist alisfan individual components of the general system, arddiac
only a limited set of feedbacks. The models used to astitihe economic impacts of climate change are simitaghly
simplified, but they do attempt to capture at least soimkeobiodiversity-mediated costs of climate change.ndétsohn
,1998)*° estimated impacts for agriculture, forestry, energyewand coastal zones. (Tol 2002ktended this to include
impacts on other ecosystems, as well as mortality fvector-borne disease, and (Nordhaus and Boyer 2Gafjed, in
addition, impacts of pollution and effects on recreatigstimates of the long-term global damage cost agedciaith
climate change vary significantly, lying anywhere letw zero to 11 percent of global GDP. The damage estirdative
from the IPCC’s integrated assessment models, which are unable to incorporate activity changes indumeéeedbacks
within the socio-economic system. Stern argued thahadlels omitted potentially important impacts, and thking these
into account would likely increase cost estimates sobiatly. In particular, he estimated that inclusion @hrmarket
impacts on the environment and human health would iserd@e total cost of business as usual climate chaonge5
percent to 11 percent of GDP, excluding ‘socially contingent” impacts such as social and political instability. The Fourth
Assessment Report of the IPCC reported significant impremésnin the capacity to predict changes in land covdr an
species richness associated with climate change, appedaliresults from climate envelope modelling (niche-thase
bioclimatic modeling) and dynamic global vegetation modglf. However, the same limitations on the capacity taleh
interactions between the social and bio geophysictkesy apply. It is not yet possible to use the integrasésament
modeling approaches of the IPCC to project, with confidaihgemagnitude of the global effects of biodiversityrdas it
impacts climate change, or of the effects of clineteange on biodiversity. Current models of the global @tda impacts
of climate change are useful in identifying areas whemgacts may be significant, but we are not able tothee to

estimate the value of climate-related biodiversityngea

The general implication of their result is that in ffworest countries, income growth is strongly correlatith increasing
levels of threat to biodiversity. This reflects tlaet that the poorest countries are also strongly &gram such countries,
income growth depends both on the extensive growth otwdtine (the expansion of agricultural lands into more
‘marginal’ areas that are otherwise habitat for wild species) and on agricultural intensification (the progressive
simplification of the agro ecosystem as pests, predators and competitors are ‘weeded out’ of the system). While there is the
potential to design agro ecosystems in ways that retieckiodiversity/ agricultural output trade-off, the empiradence

is that in low-income countries increasing agricultwalput has the highest priority, and that consequential dtapm

wild species is regarded as a reasonable cost of ttintyac
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Discussion and Conclusion

The point was made in the introduction to this paperdliaate change is both a cause and an effect of laity change.
It is one of the main drivers of change in the distrdubf both beneficial and harmful species. It is @smnsequence of
the way that people use biological resources, and struetmsystems. The production and use of biological resodce
foods, fuels and fibers and the way in which the lanms@astructured have direct impacts on carbon sourcesirskgland,
at the same time, indirect impacts on the capacigcosystems to adapt to changes in climate. We do hbiaye good
measures of the value of biodiversity as either a cauaa effect of climate change.

The point here is that however the economic losEetmate change are calculated, a very substantialgbdhtose losses
are biodiversity related. The point has also been rtzatebiodiversity is much more than the macro faurchraacro flora
that attract the attention of the conservation comity. Every ecosystem service depends on some conuinaftspecies.
The number and diversity of species associated withcpéati services varies widely, but in almost all cagesiter species
diversity means that the supply of ecosystem servieasba maintained over a wider range of conditions. Elethe value
of functional diversity under climate change is the cap#agives to adapt successfully.

Finally, it is worth underlining the fact that therokte and adaptive capacity externalities of biodiversignge are a very
significant part of the climate change problem. Desflite growing attention to adaptation, this has not Hedg
appreciated. Although it may not currently be possiblpuba reliable value on the impact of functional diwgriir the

adaptive capacity of the system, it is certainly largeveral percentage points of global GDP
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