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Abstract

Deforestation is one of the major sources of greasé gases (GHG) emissions, accounting for
around 17% of total global GHG discharges. As tile forests play in the global carbon cycle has
been widely recognized, several studies analysing potential contribution of avoided
deforestation credits in a carbon market have djréseen performed, showing that these credits
should play a substantial role in an overall pdidf@f mitigation strategies. Using a dynamic,
multiregional Computable General Equilibrium (CGipdel, the ICES model (Intertemporal
Computable Equilibrium System), this paper follaavsovel approach, since deforestation emission
reductions are not linked to a global carbon mar&stcommonly used. Instead, we use a global
warming approach which provides an additional viadwacriteria: the market general equilibrium
value of halting/reducing deforestation, basedlonate change impacts. This exercise consists on
the formulation of a scenario where carbon emissifoom deforestation are reduced by 50% and
100%, thereby producing a different CO2 concerdmatievels in the atmosphere and a
corresponding variation in temperature. Those chsig temperature in turn impact the economy
at various levels, and the corresponding indirdftdces are then assessed. Moreover, such an
exercise may provide additional information to pglmakers considering the creation/participation
of an international fund to protect tropical fosestin fact, market valuation for avoided
deforestation can be provided not only for a coneplelt of deforestation but also for different
reduction targets. Finally, and taking advantagthefdynamic feature of the model, different paths
for a same global level of reduced deforestatiensamulated, shedding new lights on the temporal

value of reduced deforestation.
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1 Introduction

Forests are one of the richest biological systemsearth. Almost 90% of the total terrestrial
biodiversity is found in these ecosystems encomipgss major plant and animal genetic bank.
Moreover, forests play a major role on world carlegole, regulating climate by sequestering and
releasing CQ@ into the atmosphere. A recent study estimated dhatind 1 trillion metric tons of
CQO; are currently stocked in wood biomass. This numbereases to three or four times if also
taken into account below ground carbon (UN FAO,800n the other hand, deforestation is the
second main cause of global anthropogenic greeeh@idG’s) emissions, accounting for around

17% of total annual atmospheric carbon releaseGIRQ07).

A wide literature on forest ecosystem valuatiorali®ady available. Lindhjem (2007), through a
meta-analysis approach, analyzed 20 years of gpagderence research valuing non-timber benefits
in Norway, Finland and Sweden. Using a hedonicepnmdel, Chomitz et al. (2005) assessed the
land use opportunity costs for land owners in sewthcoastal Bahia, an important part of the
Atlantic Forest hotspot along the Brazilian codstey found that remaining land under forest has a
market value 70 per cent below comparable cleamed. IAnother line of research has analyzed how
ecosystem services impact economic activity. Castapt al. 2007, found strong positive
relationship between biodiversity and Net Primampdection —NPP- under some temperature
regimes, meaning that a biodiversity changes ceslwith a change in NPP. Finally, Costanza et
al. 1997 estimated that ecosystem services cotgribpproximately $42 Trillion /yr globally to
human welfare in 2004US$.

While the valuation of forest ecosystems is oncaira@t the centre of environmental economics
literature, the prominence of the climate changbatke on the international policy arena has
triggered studies focusing on a very specific tgpservice — carbon sequestration. Several studies
have estimated the costs of reducing carbon emisdimugh deforestation. Kindermann et al.
(2008) has compared these estimates from threereliff global forestry and land-use models.
According to their analysis, lowest-cost avoidefbdestation regions could provide 2.8-4.7 of Gt
of CO, during the 2005-2030 period at a 100$ per ton ©f. @ther analysis using integrated
assessment models assessed the potential of dafmmesand other forest/land use change
mitigations in an overall portfolio of climate clgaoptions. Sohngen and Mendelsohn, 2003 and
Tavoni et al.,, 2007 concluded that forestry coudsstceffectively account for 30% of overall
abatement across the century. More recently, Bosetal. (2009), considering only avoided
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deforestation opportunities, found that the totadts of a program for stabilizing greenhouse gas
concentrations at 550 ppmv of g@quivalent are lowered by a 10-23%, depending hen t

considered set of avoided deforestation supply esirnMoreover, reduced emissions from
deforestation and forest degradation could enabledaction of 20ppmv of COequivalent

concentration without policy costs increase.

In this study we also focus on carbon sequestra@mices but we follow a different approach,

taking into account a global warming approach tizat be translated into climate change impacts
affecting our economic system. This paper is a fatsempt to measure the value of reducing
deforestation by considering the final indirecteets of climate change on regional economies. The
following section explains first the valuation metlology based on an integrated climate change
impact assessment within a computable generalilequih framework. Section 3 describes the

introduction of deforestation activities in ICESetCGE model used for this exercise, while section

4 presents a summary of the values obtain withnii@ghod. Finally section 5 concludes.

2 Carbon sequestration service valuation in a climatechange scope: The temperature
equivalent methodology

For the valuation of the carbon sequestration serprovided by forests, this paper follows a novel
approach, since deforestation emission reductioasnat linked to a global carbon market, as
commonly used nowadays. Instead, we consider aablearming approach which, to the best of
our knowledge, has never been performed under a @@HEelling framework. With this
methodology it is possible to provide an additiomaluation criteria based on the climate change
impact assessment methodology. Furthermore, wedcoall this criteria the market general
equilibrium value of halting/reducing deforestatiemce the evolution of that activity will have an

influence on future global warming.

Changes in deforestation alter the GHG’s balanetsd®en land sinks and the atmosphere, thereby
producing a different CO2 concentration level ie e#tmosphere and a corresponding variation in
temperature that can be defined over a periochwd.tiThat change in temperature in its turn impacts
the economy at various levels that can then besssdethrough the use of the methodology
developed for climate change impact assessmeninvat@GE framework described in detail in the
next section. Accordingly, that assessment metloggotakes advantage of the hypothesis about
changes in temperature to formulate possible ecanaffects. Moreover, the evolution of

deforestation will provoke variations in temperataiccording to the GHG release of that activity.
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With these facts in mind it is possible to estimdte expected impacts according to different
deforestation paths and consequently compute theesponding effects on the economy. To
compute the different temperature changes accordintje deforestations rates we use a reduced
climate module such as the one present in the Q& model Nordhaus, 2008 This climate
module allows changing the emissions related td lase and deforestation and then compute what
would be the variations in temperature taking iatzount the carbon cycle and anthropogenic
GHG emissions.

Then we use a dynamic, multiregional CGE model 8L first build a scenario where all climate
change impacts are assessed assuming businessaaslef®restation rates. We then proceed to a
second one, where emissions from deforestationrexteced and consequently there is a lower
increase in temperature. On the basis of this méovmation, we then re-estimate all of the impacts
considered within the new deforestation scenanmbsracalculate new macro-regional GDP effects.
The differences between climate-change impacts DI? @onsidering the original and the new
carbon sequestration levels and temperatures agd as an approximation of the general

equilibrium value of the changes in forest’s carkequestration service.

2.1 Climate change impact assessment

There are some studies that assess the economitsedff different climate change impacts using a
static computable general equilibrium (CGE) moder(itella et al., 2006; Bosello et al., 2006;
Bosello et al.,, 2007; Bosello and Zhang, 2006) alsd a recursive dynamic one (Eboli et.al.,
2009). This paper builds over that experiences rtavige a more comprehensive valuation of
impacts in a more detailed regional economic systeot just restricted to direct costs but
considering in addition, the economic reactionggered within economic systems by those

impacts.

The peculiar feature of CGE models is market irdpethdence. All markets are linked, as factors of
production are mobile between sectors and intemally, each change in relative prices induces a
cost-minimizing input reallocation in the entireoeomic system. This is also true for the demand
side: responding to a scarcity signal in one markédity-maximizing consumers readjust their emtir

consumption mix. As a consequence, CGE models emture and describe the propagation
mechanism induced by a localized shock onto theafjlcontext via price and quantity changes, and

vice versa. Moreover, they are able to assess skstemic” effect of these shocks, or more
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specifically, the final welfare or general equiitbn outcome which is determined after all the
adjustment mechanisms at play in the economicsysteve taken place. The final impact on national
GDPs summarizes these “higher order” effects wlaoh usually very different from the initial

impacts; this last difference quantifies market«eini adaptation.

In this approach we quantify market-driven adaptatiapplying aCGE model developed for this
purpose: ICES which is a recursive dynamic modelning from 2001 to 2050. It has been calibrated
to replicate regional GDP growth paths consistdtit the A2 IPCC scenario and has then been used
to assess climate change economic impacts for @€la®d a 3.2 °C increase in 2050 wrt 2000, which
is the likely temperature range associated to gshahario. The average world temperature data has
been downscaled to ICES regions through data elaborfrom Giorgi and Mearns (2002). The

regional and sectoral detail of ICES adopted fr ¢ixercise are reported in annex 1.

It is evident that economics is not independennfiather disciplines; it comes into play only after
climatic changes have been translated into physmasequences (impacts) which are then able to
induce a change in human activities. This studiaiy assessed the physical implications of an
extended set of climate change impacts throughngoehensive survey and meta analysis of the
available literature. It then proceeded to transftihem into appropriate changes in key economic
variables, suitable to be used as an input to @Sl model. This was done representing climatic
impacts as changes in productivity, supply or deimfmm different inputs and/or outputs of the

model, as reported in Table 1.

Table 1: Climate-change impact analyzed within Hisessment

Supply- side impacts
Impact on labour quantity (change in mortality -altie effect of climate change)
Impacts on labour productivity (change in morbidithealth effect of climate change)
Impacts on land quantity (land loss due to sed lés&)
Impacts on land productivity (Yield changes du¢stmperature and CO2 concentration changes)
Demand-side impacts
Impacts on energy demand (change in householdgyenensumption patterns for heating and coolingppses)
Impacts on recreational services demand (changriitsm flows induced by changes in climatic coioais)
Impacts on health care expenditure

To determine the economic consequences of thereliffémpacts considered with the ICES model,
these need first to be translated into changesconamic variables existing in the model.

Accordingly, land losses due to sea level rise Hman modelled as percent decreases in the stock



of productive land by region (Bosellet al, 2007); changes in mortality/morbidity have been
modelled as changes in regional labour productiyBpsello et al., 2006); changes in land

productivity by crop is already in the format ofitable input as ICES includes factor specific
productivity as an exogenous parameter (followirm, 002). In these three cases, variables

exogenous to the model are involved and their neadibn is straightforward.

Changes in tourists expenditure are modelled asgasain demand addressing the “market services
sector” which includes recreational services (Bamast al, 2005); changes in health care
expenditures are translated into changes in thdéigpahd private demand for the “non market
services” sector which includes health servicess@lo et al.,2006); changes in regional demand
for oil, gas and electricity are modelled as changethe demand for the output of respective
industries (De Ciart al 2007). In these last cases, variables which adegenous to the model
are concerned. To model their changes we adoptedfdliowing procedure; the computed
percentage variations in the demands have beensegdpas exogenous shifts in the respective
demand equations. The implicit assumption is theg starting information refers to partial
equilibrium assessment thus wdh prices and income levels constamhe model is then left free

to determine théinal demand adjustments. Modification in demand stmechowever, imposes to
comply with the budget constraint, so we comperktte higher level of public consumption with

a lower lever of aggregate private consumption anthin the latter, we compensated the changed
consumption of healthcare and tourism servicesematgy with opposite changes in expenditure
shares for all other sectors. Table 2 summarizesa$ults of the direct impact assessment exercises
(we report only year 2050 for exemplification) orthey have been translated in suitable inputs for
the ICES model.

It is evident that impacts are highly differenttht@cross regions and by typology. First, except for
the case of land losses to sea level rise, theyatrall necessarily negative. For instance, labour
and land productivity could decrease in some regiavhilst increasing in others responding to
regionally differentiated climatic stimuli and tdfdrent health characteristics of the labour fooce
crop and land characteristics. Consistently wittoasolidated literature, land productivity tends to
increase in mid to high latitude countries and ease in low latitude countries. Labour
productivity decreases where vector borne disedsesnate (the developing world) and tend to
increase elsewhere where reduced cold related Impdaercompensates the increased heat related

mortality. Second, impacts concern both the supptythe demand side of the economic system. In



the first case they can be defined as “good” od"lmpuite unambiguously For instance a decrease
in labour productivity due to adverse health impamtin the availability of productive land due to
sea-level rise are sure initial losses for the enun system. In the second case, when agents’
preferences change, determining the “quality” @& thnpact is more difficult. Indeed, when the
demand for a given good or service (say e.g. endegiyand) decreases, consumer expenditure is
typically reallocated towards all the other goodsl gervices. Consequently, the final impact on
utility cannot be determined a priori, but onlythe end of a fully fledged general equilibrium

exercise.

Table 2: Climate change impacts as inputs for ES$ model (% change wrt baseline, reference year
2050 reference temperature +1.2, 3.1 °C wrt 2000)

Health Land Productivity
Region Labour Public Private Wheat Rice Other Cereal
Productivity Expenditure Expenditure Crops

1.2°C  3.1°C  1.2°C_ 3.1°C 1.2°C 3.1°¢ 1.2°C 3.1°C_ °€C.2 3.1°C 1.2°C 3.1°C
USA -0.06 -0.18 -0.15 -0.28 -0.02 -0.03 -5.66 -18.89 -6.19 -20.37 -8.18 -25.15
Med_Europe 0.01 0.01 -0.10 -0.18 0.00 -0.01 -1.14 -8.33 -4.62 -18.94 -2.00 -11.84
North_Europe 0.06 0.16 -0.35 -0.88 -0.01 -0.03 1.50 -1.74 -5.90 -26.01 50.00 107.82
East_Europe 0.09 0.23 -047 -1.18 -0.01 -0.02 -1.13  -10.50 -2.64 -13.57 -4.60 -18.35
FSU 0.16 040 -041 -1.03 -0.01 -0.03 -6.12  -21.92 -7.47 -24.64 -9.73  -30.10
KOSAU -0.43 -1.14 0.57 1.62 0.04 0.11 -7.78 -17.00 -2.90 -7.41 -3.11 -7.38
CAJANZ 0.09 0.22 0.03 0.24 0.00 0.00 -0.74 -12.33 -1.87 -14.31 -2.24  -15.17
NAF -0.28  -0.69 2.02 4.42 0.10 0.23| -12.81 -42.14 -10.78 -41.00 -12.62 -45.97
MDE -0.22  -0.34 1.34 1.82 0.10 0.14 -8.40 -32.40 -11.73 -38.52 -13.60 -43.12
SSA -0.31 -0.84 0.47 1.34 0.07 0.19 -9.89 -26.33 -7.17 -21.43 -8.81 -25.36
SASIA -0.11  -0.30 0.28 0.76 0.06 0.17 -2.96 -14.92 -4.89 -18.89 -6.61  -22.99
CHINA 0.14 0.37 0.65 1.80 0.06 0.17 0.93 -2.30 0.50 -3.61 -1.42 -8.25
EASIA -0.11  -0.32 1.05 2.96 0.06 0.17 2.45 -0.54 0.34 -4.98 -1.15 -8.50
LACA -0.14  -0.39 0.68 1.98 0.07 0.19 -6.69 -21.71 -6.61  -23.38 -8.25 -25.78

Sea-Level Rise Tourism Households' Energy Demand

Region Market . . _
Land Losses Services Expenditure Flows Natural Gas Oil Products Eletttric
Demand

1.2°C 3.1°C| 1.2°C_ 3.1°C 1.2°C 3.1°C 1.2°C 3.1°C .2°C 3.1°C 1.2°C 3.1°C
USA -0.03 -0.05| -0.68 -1.76 -0.04 -0.11 -13.67 335. -18.52 -47.84 0.76 1.96
Med_Europe -0.01 -0.01) -1.86 -4.82 -0.02 -0.07 682. -32.76 -15.84 -40.91 0.76 1.96
North_Europe -0.02 -0.04f 754 1947 0.18 0.48 H43.7-35.51  -15.52  -40.09 -2.20 -5.68
East_Europe -0.02 -0.03 -2.46 -6.37 -0.006 -0.02 293 -3341 -17.39 -44.92 0.76 1.97
FSU -0.01 -0.01| 0.00 -0.01 0.00001 0.00003 -13.023.656 -17.39 -44.92 0.75 1.94
KOSAU -0.01 -0.01| -1.31 -3.39 -0.007 -0.02 nss nss-13.03 -33.66 1231 3181
CAJANZ 0.00 -0.01| 554 14.30 0.13 0.35 -5.05 -13.0412.63  -32.63 -4.80 -12.40
NAF -0.02 -0.04 | -252 -6.52 -0.005 -0.01 -8.60 22, -13.25 -34.22 5.95 15.37
MDE 0.00 -0.01 | -4.67 -12.07 -0.50 -0.13 -13.12  83%3. -17.39 -44.92 0.74 1.92
SSA -0.07 -0.14| -4.43 -11.46 -0.008 -0.0p nss nss 6.51- -16.83 16.35 42.23
SASIA -0.20 -0.43| -1.21 -3.12 -0.007 -0.02 nss nss nss Nss 20.38 52.65
CHINA -0.05 -0.09 | -4.99 -1290 -0.076 -0.2(¢ nss nss nss Nss 20.38 52.65
EASIA -0.32 -0.66 | -4.69 -12.11  -0.03 -0.07 nss nss nss Nss 20.38 52.66
LACA -0.02 -0.05 | -2.68 -6.92 -0.06 -0.14 nss nss s ns Nss 21.37 55.20

Notes:
nss non statistically significant.
Expenditure flows in US$ trillions

1n this statement we disregard distributional iicgtions across income groups or classes withirsainee country.
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As said, demand-side impacts involve changes inademfor market services, changes in

households’ energy demand and changes in non makkeices demand. The first two are

somewhat larger than other impacts and affect sectothe economy which generate high value
added. Consistently with changes in tourism floth& demand for market services increases in
colder regions whose climatic attractiveness aisoeiases. The result of the CAJANZ aggregate is
dominated by the Canada effect. Market servicegiatel decreases elsewhere; note particularly
the negative impact on the “hotter” Mediterraneamdpe. The use of gas and oil products declines
everywhere as less products are necessary fomggairposes, while electricity demand increases

especially in hotter regions reflecting a highez o§air conditioning.

This general picture points out that negative intpagre clearly concentrated in developing
countries. This highlights their greater vulnerdypito climate change with respect to developed

economies which is a combination of a higher exppand sensitivity.

2.2 Indirect economic effects

The economic implications of the impacts calculatedable 2 are reported in Figures 1 and 2 (for
the +1.2°C and +3.1°C warming scenarios respegvahd summarized for 2050 in Figure 3,

which also shows the relevance of each single impaiegory. For the world as a whole, all the
impacts jointly considered, can impose an additimust ranging from 0.3% to 1% of GDP in

2050. However, these global figures hide importagional differences. While developed regions
lose slightly, or even gain, as in the case of Rerand especially its northern part, developing
regions can lose considerably more. For a temperamcrease of 3.1 °C wrt 2000 for instance,
South Asia, East Asia, Sub Saharan Africa and MontiAfrica can experience a GDP contraction
of 4%, 3%, 2.6%, 2.4%, respectively.

This final effect can be decomposed in its différéaterminants. For instance, it is interesting to
note that the bulk of losses in developing coustisedue to negative impacts on GDP driven by the
dynamics in agricultural and tourism markets, white developed countries climate change
impacts on tourism activity, affecting the servector, are of paramount importance. It is also
interesting to note the time pattern of GDP impadts the case of Mediterranean Europe,

eventually gaining from climate change, GDP perfamges with climate change are lower than



those of the benchmark until 2035. They are higimdy afterwards when positive terms of trade

effects and international capital inflows countéabae negative impacts.

It is worth commenting on the negligible impact@DP exerted by land losses due to sea-level rise
and those related to the health impact. This deparainly on the fact that GDP measures the flow-
value of goods and services produced within a regamd accordingly does not directly measure
endowment (stock) losses. These are recorded ardyréctly” in GDP as long as they change the
region’s ability to produce goods and services.

CC (1.2°C) vs baseline: Real GDP (% change)
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Figure 1. Final climate change impact +1.2°C wrtQ®0 GDP
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Figure 2. Final climate change impact +3.1°C wrtQ®0



Climate Change Impacts: Summary
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Figure 3. Final climate change impact:
% change in regional GDP wrt no climate change hiasgref. year 2050)

This is why, for instance, catastrophic events al@plh their effect on property values typically
determine negligible impacts if measured in GDPnges. In addition, our assessment cannot
capture other important cost determinants, falamse, displacement costs and not to mention the
value of human life and capital losses are onlyiglar considered. As said, these could, at least in
principle, be evaluated by a direct costing appnodus, the cost of climate induced sea level rise
can be measured by multiplying the quantity of l&add/or capital and/or population “dwelling”
that land) loss, times its “value”; health impadtcimate change can be economically assessed
multiplying disability adjusted life years (DALY)yba “value” of life. With a general equilibrium
assessment costs are instead quantified by therefitf performance that the economic system can
attain because of those initial losses.

However, a systemic assessment can capture th@rmamsystem’s ability to adapt to the initial
loss. Market-driven adaptation mechanisms are phdmeacial in determining the final cost of
climate change as shown in Figure 4 which compafeléect” with a “welfare” assessment.

2 Indeed the simulation does include also some effedved from capital losses. These however argplgi modelled

imposing the same percent of land stock lossdset@apital stock. This was meant to capture sompitataleterioration

due to sea-level rise. We restrained from estingatiore detailed capital losses from sea-levelassany calculation is
highly controversial involving often the evaluatioh damages to urban, highly populated areas afdaif cultural

values.
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B Direct economic cost

% 2050 GDF

B Final cost for the
economic system
(with market driven
adaptation)

-12

F PRI FEF ST TR
Of/éo&(\/wv Q{_o@?.o?)?* AR\ @94‘?0@ Q/?@\y‘ \$°k

Figure 4. Direct vs final climate change costs 3 wrt. 2000 ref. year 2050)

Note: Direct economic costs are expressed as a205ff GDP; final costs are expressed as % changes i
2050 GDP wrt the no climate change baseline value

Social economic systems show a substantial cap@cgsnooth out initial impacts. In general, when
a factor of production becomes scarcer and thusmoostly or less productive, it tends to be
substituted with others which are cheaper or mooglyctive. This also happens with goods and
services in consumers’ preferences. Thus, followngrket signals, market-driven adaptation
operates as a partial buffer of initial shocks.sTimechanisms is however “neutral” as it works
indifferently with positive and negative shocks @ be appreciated in Northern Europe and
CAJANZ.

In addition to factor and good substitution proesswhich always smooth out the initial impacts,
our exercise captures another two adaptive meamanhich can smooth or amplify the initial

impact: terms of trade effects and internationgitedmovements.

Compared to the benchmark, climate change impadisce higher food prices, driven by the net
decrease in agricultural productivity and lowersibguel prices, determined by the decrease in
world energy demand in consequence of lower praolicOn international markets, this tends to
favour developed regions which, can be definednasgy importers and sometimes food exporters

as well, and to penalize energy exporters and generally, developing countries. Indeed, terms of
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trade effects are particularly negative for the dfied east and North Africa, and positive for
CAJANZ, USA, the three European aggregates and KKDSA

The different penalization of economic activity aldetermines a different ability in attracting
foreign investment. In the model these flows omg@nfrom the equalization of returns to capital
which are higher in those regions where aggregassdand, and thus, prices increase (decrease),
more(less). This is again the case of Northern ggir&€ AJANZ and Mediterranean Europe which

experience a net capital inflow.

Thus, developed regions, which have already expesze lower direct negative impacts than
developing countries and as a result lower direstx(if not gains), can also benefit from improved
terms of trade and capital inflows showing a gneadetonomous adaptive capacity. The
implications of this can be grasped in the paréidyl enlightening case of Mediterranean Europe

where initial negative impacts (of around 4% of GDR050) are even turned into gains.

3 Including land use effects linked to deforestation

Like in every scheme where activities are intedidkand one action may have different
repercussions in the rest of the system, reduamigstons from deforestation will affect directly
and indirectly many economic activities. In theeca$ a CGE model as ICES it is more important
to identify the sector which will be directly afted by the deforestation activities and then rely o
its structure to elucidate the indirect effectslidwing this line of reasoning, direct effects of
REDD are related to i) Emission abatement thank®docing deforestation, ii) Land uses effects

on agriculture, and iii) Land use effects on fangst

Reducing emissions from deforestation brings albmaate offs not only with timber production but
also with agricultural output since deforested landld be used for agriculture. To model the effect
of competition in land use we take into account #ere of agricultural land coming from
deforestation, so we have two land endowment typlesed to: a) a new stock of agricultural land
coming from deforestation, and b) the stock of |gmeviously devoted to agriculture. With this
distinction it is possible to set exogenously tlehdviour of these two land types and, moreover,
correct the evolution of agricultural land comirrgrfi deforestation according to our assessment
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hypothesis. To do this we translate the tonnes ©R Giot emitted because of the reduced
deforestation into the land endowment not used usec@ would not be available any more for
agriculture, and calculate the net stock of detecktand freed for agriculture.

For the case of land use effect on forestry aatiwjtwe opt for a similar approach as agriculture.
Timber can be produced either in managed foresistagions or just by exploiting primary forests

through deforestation. For this reason we consider types of sources for timber and establish
their share for the initial year using IIASA dat@onsequently we can set exogenously the
behaviour of forest plantations and primary foresid then calculate the net contribution of
deforested primary forest for timber production.tued timber production is the result of timber

harvested in plantations and from the net prodaadiodeforestation.

4  The economic values of reducing deforestation atffierent rates

The assessment of climate change impacts perfooneskction 3 allows formulating a range of

temperature increase which will be the base oW#leation of reducing deforestation in the future.

Therefore we can count on a range with the lowemnbaelated to the increase of 1.2 °C while the
upper bound will be an increase of 3.1 °C, botthwéspect to 2000. These two initial estimations
represent a state of the world in which deforestatollows a Business as Usual path. Furthermore,
we have computed the correspondent variations mopéeature in the case of two hypothetic

deforestation scenarios. The first one represerggiaction of 50% of deforestation activities along

the assessment period (2002-2050) with a corregmrakecrease in temperature of 0.05 °C. The
second scenario assumes that all deforestationiteetihave been completely halted in the same
period, and correspondingly global temperatureOf(2decreases by 0.10 °C.

Curbing emissions through avoiding deforestaticiiéna reduction in global warming which in its
turn reduce the climate change impacts in everyonegf the world. The final indirect effect on
World’s gross output has been computed for thes@iadal scenarios and is illustrated as the net
present value for the whole period with a discaaté of 3% in panel a) of figure 5. Global losses
related to impacts for the lower bound of tempeamtocrease (1.2°C) are close to 1.5 US$ trillion,
while for the upper bound (3.1°C) are higher tha® 3S$ trillion, depending on the deforestation
rate hypothesized.
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Figure 5. Indirect effects of reducing deforestatfor the period 2002-2050

Those figures at the global level let us computeatwtould be the indirect market general
equilibrium value of halting or reducing deforegiat just by comparing the business as usual
deforestation with the other two scenarios. Paheff fiigure 5 illustrates these values for the lowe

and upper bounds of temperature variation along thie deforestation path. For the lower bound of
1.2 °C reducing deforestation to 50% of BaU repmesa positive value of 53 US$ billion while

completely halting it gives a benefit of 130 US8idm as net present value for 2002-2050. When
we consider the upper bound of 3.1°C those estimstiare about 105 and 258 US$ bhillion

respectively.

If we would like to compare these numbers with #éxéstent valuation of carbon sequestration
services we could use the value expressed as US8me of Carbon as shown in table 3. First it is
possible to see that discounting the indirect éffen GDP produces a unitary value of 2.2 to 5.4
USS$/TC that are about one third the undiscountéalega6.6 to 16.4 US$/TC. Notwithstanding, we
believe that the values that this exercise provslesuld be regarded as an additional source of

information for the carbon sequestration valuatiod for climate policy assessments.

Table 3: Indirect value of avoiding deforestati@®Q1 US$ per tonne of carbon)

Avoided Discounted Undiscounted
Deforestation| 1.2°C| 3.1°C| 1.2°C| 3.1 °C
100% 222 5.44 6.57| 16.44
50% 2.23 5.45 6.60| 16.46

While the figures discussed above refers to a ¢ledlae of reducing deforestation, it is possilde t
analyze the decomposition of that value since inglaave been estimated according to the regional
disaggregation of ICES and their effects will bedent depending on the geographic situation of
every region and also on their market adaptive @gpaFigure 6 illustrates such decomposition
showing that most regions in the world benefit freeducing deforestation through lower negative

14



impacts from a reduced climate change. This ighmtase of Northern Europe and CAJANZ since
they belong to the compact group of countries #uahally have more benefits than losses due to
climate change. Even though these last mentiorgidire register a loss, the order of magnitude is

small compared with the benefit accrued to theaségte world.

Indirect value of different deforestation rates

(Net present value 2002-2050)
upper temperature bound 3.1C
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Figure 6. Regional decomposition of the Indireéets of reducing deforestation

Apparently, developing regions are the most bes@firom the reduction or even halting
deforestation, but in order to analyse in detai$ tlesult and elucidate the final outcome it is
important to consider also the effect of reducingfodestation specially in regions where
deforestation is widely diffused such as SSA, EAGH LACA. Looking at figure 6 it is possible
to see that the benefit accrued to these region®tisas high as China or South Asia where

deforestation activities are not so important athase regions.

5 Conclusions

A wide number of studies have concluded that carbeguestration should take part of a cost
effective portfolio for climate change mitigatiorin addition, as emissions related to deforestation
account for about 17% of total annual atmospharban release due to anthropogenic causes, it is
not surprising that reducing this source of emissibas been in the centre of policy debate. While
there are several studies focusing on the costedafcing emissions trough avoided deforestation,
this paper offers a first attempt to capture thdiratt value of reducing or even halting
deforestation by using a different approach basedlobal warming and climate change impacts.
In doing so we compare a path of business as usfatestation with a reduction of 50% of that

activity and another one where deforestation ispdetely halted.
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Considering the net present value for changes os&orld Product (GWP) in the period 2002-
2050 within a range of future increase in tempeeatof about 1.2°C to 3.1°C, we found that
reducing deforestation to 50% of BaU representsositipe value of 53 US$ billion while
completely halting it gives a benefit of 130 US$itn for the lower bound of 1.2 °C. Estimations
for the upper bound of 3.1°C are about 105 and 2S8 billion respectively. Since these figures
represent the final indirect effect of regional agidbal GDP, they should be considered as
additional information to the carbon sequestratialuation and not as an alternative valuation. We
also found that the discounted the indirect effemisGDP produces a unitary value of 2.2-5.4
USS$/TC.

Moreover it is possible to decompose those valnesegional terms to elucidate which are the
regions that benefit the most of reducing defotestaRegions that benefit the most are developing
ones. Notwithstanding this fact, some regions witeferestation activities are more diffused like
East and South Asia along with Latin America, répmrreduced gain although their relative

opportunity cost of deforestation would be higher.
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Annex 1: Economic model and benchmark

The economic implications of climate change havenbégetermined using a multi-country world
CGE model: ICES. Based on the Global Trade Analipsgect (GTAP) database version 6 and
core model (Hertel, 1996), ICES develops a recardiygnamic growth engine where a sequence of
static equilibria are linked by the process of talpaccumulation driven by endogenous investment
decisions. The specification of the supply sidehaf model follows Burniaux and Truong (2002),
which increase the detail in the description ofrgpeproduction. The model runs from 2001 to

2050 in one year time steps.

As a first step, the benchmark for the period 200%0 has been built. Investment choices and thus
capital stock are determined endogenously and dtegreconomic variables in the calibration
dataset of the model have been exogenously updatetentify a hypothetical general equilibrium

state in the future (this methodology is descriimeBixon and Rimmer (2002)).
Our chosen reference is the social economic saeA2rof the IPCC.

Since we are working on the medium to long term, fagused primarily on the supply side
variables projecting changes in the national endemisn of population/labour, land, natural

resources, as well as variations in factor-speaifid multi-factor productivity.

We obtained estimates of future regional laboucktdrom UNDP (2008) whereas estimates of
land endowments and agricultural land productiiwe been obtained from the IMAGE model

version 2.2 (IMAGE, 2001). A rather specific metbtmy was adopted to get estimates for the
natural resources stock variables. Due to the teiogy in the determination of their “true” amount

we preferred to exogenously fix the price of thtura resources, making it a variable over time, in
line with the GDP deflator, while allowing the mdde endogenously compute the stock levels. In
the specific case of oil, coal and gas we set §ieoe evolution to mimic what was forecasted by
EIA (2009).

By changing the calibration values for these vadesbthe CGE model has been used to simulate a
general equilibrium state for the future world emmy. This is the benchmark for all subsequent
exercises. Therefore, this benchmark correspondbecacase in which no economic impacts of
climate change have taken place, whereas the atactiteal scenarios consider the effects
generated by one or more impacts. The regional ssutioral detail of ICES adopted for this
exercise are in table Al.
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Table Al. Regional and sectoral disaggregatiorheflCES model

REGIONAL DISAGGREGATION

USA: United States
Med_Europe: Mediterranean Europe
North_Europe: Northern Europe
East _Europe: Eastern Europe
FSU: Former Soviet Union
KOSAU: Korea, S. Africa, Australia
CAJANZ: Canada, Japan, New Zealand
NAF: North Africa
MDE: Middle East
SSA: Sub Saharan Africa
SASIA: India and South Asia
CHINA: China
EASIA: East Asia
LACA: Latin and Central America
SECTORAL DISAGGREGATION
Rice Gas
Wheat Oil Products
Other Cereal Crops Electricity
Vegetable Fruits Water
Animals Energy Intensive industries
Forestry Other industries
Fishing Market Services
Coal Non-Market Services
Oil
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