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Abstract

Agricultural sectors have a vital role in undersliag the economic aspects of climate
change. Land as an input to the agricultural prodocis one of the most important links of
economy and biosphere, representing a direct grojecof human action on the natural
environment. On the one hand, agricultural managéprctices and cropping patterns have a vast
effect on biogeochemical cycles, freshwater avditgband soil quality; on the other hand, the
same factors govern the suitability and produgtiwit land for agricultural production. Changes in
agricultural production directly determine the depenent of the world food situation. Agriculture
also plays an important role in emitting and stgrgreenhouse gases. Agricultural sectors can
contribute significantly to the portfolio of policpweasures to combat global warming. Thus, to
consistently investigate climate policy and theufat pathway of economic and natural
environment, a realistic representation of agricalt land-use dynamics on the global perspective
is essential.

The aim of this study is to overview modeling stgaés to improve the representation of the
agricultural sector in general equilibrium modeldien, for an illustration, we present some
preliminary results obtained from introducing a nficdtion in land supply structure of the
dynamic general equilibrium model ICES.
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1. Introduction

Relationships between the greenhouse effect andu#tgral activity are usually and firstly
considered in terms of the impact of climate chaongeagriculture. Food production will be
particularly sensitive to climate change, becausp gields depend in large part on prevailing
climate conditions (temperature and rainfall pa$¢r Agriculture currently accounts for 24% of
world output, employs 22% of the global populatiang occupies 40% of the land area. 75% of the
poorest people in the world (the one billion peaphl® live on less than $1 a day) live in rural area
and rely on agriculture for their livelihood (Brgima 2003 ed.). Forecasts predict that agriculture i
higher-latitude developed countries is likely toneft from moderate warming (2 —3°C), however
even small amounts of climate change in tropicgiioms will lead to declines in yield. The
agricultural sector is one of the most at risk be tdamaging impacts of climate change in
developing countries (Stern 2006 ed.).

Agricultural emissions mainly come from a large m@mof small emitters (farms), over three
quarters of which are in developing and transitemonomies. In its climate change report on
Mitigation, the Intergovernmental Panel on Clim@igange (IPCC, 2001) clearly assesses that the
transport and the energy production sectors comestthe main anthropogenic GHG sources, and
states that "agriculture contributes only aboutafglobal [i.e. world-wide] carbon emissions from
energy use, but over 20% of anthropogenic GHG éamissn terms of MtC-eqg/yr mainly from
methane (55-60% of total GHemissions) and nitrous oxide (65-80% of totaDNemissions) as
well as carbon from land clearing”. The IPCC (20@fort states that “the largest growth in global
GHG emissions between 1970 and 2004 has come fieneriergy supply sector (an increase of
145%). The growth in direct emissions in this perfrom transport was 120%, industry 65% and
land use, land use change, and forestry (LULUCBE% 4Between 1970 and 1990 direct emissions
from agriculture grew by 27%".

Emissions from agriculture and land use occurughodifferent processes (IPCC, 1996a,
Alcamo et al., 1998): enteric fermentation and atimaste disposal and fermentation, anaerobic
process when growing rice, nitrification and deihdation linked with fertilisation, and also land
clearing, the burning of biomass, of fuel wood,agficultural waste, and of savannah. Non,CO
emissions from agriculture amount to 14% of totdl@& emissions. Of this, fertiliser use and
livestock each account for one third of emissi@er half of GHG emissions are from developing
countries. Agriculture is also indirectly resporsifior emissions from land-use change (agriculture
is a key driver of deforestation), industry (in theoduction of fertiliser), and transport (in the

! MtC-eq/yr are millions of tons of carbon equival&HG per year, with global warming potentials adtirane, nitrous
oxide and other GHG other than carbon dioxide, @seconversion coefficients for non-CO2 gases.



movement of goods). Increasing demand for agricalltproducts, due to rising population and
incomes per head, is expected to lead to continged in emissions from this source. Total non-
CO, emissions are expected to double in the peri@Ds® (Stern 2006 ed.).

Nevertheless, agriculture can contribute to climebenge sequestration and abatement
efforts, mainly through reforestation, forest magragnt, bio-fuels and soil carbon stocking,
changes in practices and land uses. In additiomeies and herders may react to a climate policy
which impose a carbon price to GHG-emitting adtgt and possibly contribute to the emissions
mitigation as well as to carbon sequestration. dgree of efficiency of the reactions will vary
across regions of the world and across activities.

The potentials of emitting sectors for mitigatiamdathe costs of abatement or sequestration
options are currently debated. Could and shouldtagure modify its present land-use patterns and
agricultural practices for the explicit purposerefiucing emissions while satisfying demand? This
study overviews modelling approaches in order twigle a comprehensive answer to this question.

The appraisal of various climate change aspectdoging computable general equilibrium
(CGE) “top-down” modelling has had many advantagesr partial equilibrium “bottom-up”
models, including: (a) greater theoretical consisye (b) improved welfare analysis, (c) exhaustive
coverage of the farm and food complex, and (d)giateed treatment of agriculture and non-
agriculture liberalization. Research on GHG abatdnm@ sequestration options in agriculture
employing CGE models stems from a need to evalaatecompare net abatement options of all
emitting sectors. However, there have also beeaddantages associated with this general
equilibrium approach to modelling of agriculturaade. One of these has been the tendency to
abstract from specific structural features thatrati@rize global food and agricultural markets.
Critics argue that the CGE models are overly sistigliand do not capture many important
characteristics of the agricultural economy. Thésp argue that the CGE parameters need more
solid econometric foundations.

The aim of this paper is to overview modeling gig&s to improve the representation of the
agricultural sector in general equilibrium modefs.CGE modeler normally needs to choose
between two main alternatives: whether to develongegrated assessment model (IAM), i. e. to
couple a top-down CGE model with a bottom-up adiucal land-use modedr to improve the
relevant functional structure inside the CGE matalf. Each possibility has its own advantages
and drawbacks in the sense of data requirementsputational practices and accuracy of
representation. This paper stands on the diffaspécts involved in each procedure and illustrates

a brief comparison between the approaches. Themnfalustration, we present some preliminary
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results obtained from introducing a modificationlamd supply structure of the dynamic global
general equilibrium model ICES (Inter-temporal Cartgble Equilibrium System).

The paper is organized as follows. Section 2 resiemodeling approaches to refine the
presentation of agricultural and other land-usiagt@rs in a CGE model. Section 3 presents the
ICES model structure and explains how a baselieaa® is built. Climate change impacts are
analyzed in Section 4. The last section draws sameaclusions and directions for future
development.

2. Overview of Existing Agriculture and Land Use Modeing Approaches

This survey focuses on CGE modeling applicatiotested to agricultural and climate change
assessment. There are several important advantdfgred by the CGE approach over partial
equilibrium models, even though partial equilibriumodels are capable to include detailed
biophysical land use characteristics, to simulaimmrehensive policy proposals and to capture
local or regional environmental and economic effecthis traditional agricultural economic
analysis has tended to focus on commodities, aswtcaged factor returns. In contrast, welfare in a
CGE model is computed directly in terms of houséhdillity and not by some abstract summation
of producer, consumer and taxpayer surpluses. ibddily, a CGE model insures for finite
resources and accounting consistency by relyingasial Accounting Matrices (SAM). It allows
capturing the inter-industry linkages between agtical and non- agricultural sectors of economy
and provides economy-wide perspective of analythed,are particularly important when tackling
cost-effective climate policy or adaptation stragsg

In the past decade, different attempts have beele nmaextend top-down computable general
equilibrium models to allow for detailed analyzéghe agricultural sector. Two broad approaches
have been used. The first approach is to advamced¢atment of land within the CGE framework.
The initial step in this respect is to better maithe transition of land between different uses — in
particular crop production, livestock and forestrysection 2.1 we present several researches that
follow this direction. An other step is to distingln between various land classes that have differen
characteristics and productivities and are onlyatle for some uses. A few models that take this
approach, which requires a high level of detail Ardce has a considerable demand for data, are
discussed in section 2.2. The second approacht¢o@XGE models to be better capable to answer
guestions related to agriculture and land use ismkban economic model with a detailed sectoral
model of land use. Several appropriate examplesde®issed in section 2.3. We draw some
conclusions on agricultural modeling for climateasbe in general and on discussed notions in

particular in section 2.4. Table 1 lists the stagieesented in following sub-sections of this revie



Table 1: CGE models covered in the review

Modeling Reference Temporal Spatial resolution Motivation
Framework resolution and coverage
and coverage
1. CGE Models Extended for Land-Use Analyses
CGE for USA Hertel and Tsigas | Comparative USA, 7 agricultural Analyze effects of eliminating farm and food
(1988a). static; base-year sectors tax preferences in 1997.
1977
GTAP Hertel (1997) Comparative Latest available versionEvaluate effects of agricultural policies on
static; base-year GTAP6 allows for 89 commodity markets and trade.
2001 regional and 57 sectoral
disaggregation, Global
GTAPE-L Burniaux and Lee | Comparative 5 regions; Global Exemplify the incorporation afiddland use in
(2003) static; base-year GTAP; assessing GHG mitigation
1997 policies with focus on land-use impacts
GTAP-AGR Keeney and Hertel | Comparative 23 regions, global; 5Assess the Implications of Multilateral

(2005) static; base-year agricultural sectors Changes in Agricultural Policies
1997
G-Cubed (Agriculture) | McKibbin & Dynamic, 1-year 12 regions, Global; 4Explore the impact of international
Wang (1998) step; 1993- agricultural out of 12 and domestic stocks like trade liberalization
2070 total sectors US agriculture
CGE for Canada Robidoux et al. Comparative Canada Analyze Canadian farm policies
(1989) static;
CGE for Philippines Abdula (2005) static CGE mlode| Small open economyStudy the conflict between food and bio-fuel
Philippines production
GTAP-based CGE forlgnaciuk (2006, Comparative static | Small open economyExplore the potential of biomass as a source
Poland chapter 5) 1997 (Poland) energy
GTAPEM Hsin et al. Comparative 7 regions, global; 8 Analyze the impact of agriculture and non-
(2004), Brooks and static; 2001-2020 | agricultural sectors agriculture reform, with a particular focus on
Dewbre (2006) the effects of OECD agricultural policy on
developing countries.
FARM Darwin et al. Comparative Multi-scale: 8 rexgo Integrate explicit land and water assessmen

of
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(1996) static; world 0.5 lon/lat ; into CGE, environmental focus on climate
1990-2090 change
D-FARM lanchovichinaet al. | Recursive dynamic | Multi-scale: 12 world Analyze resource use and technological
(2001), Wong et al., 1997-2007/2020 regions progress in agriculture
(2003).
GTAP-AEZ Lee (2004), Hertel etstatic 8 agricultural sectors |[Hinvestigate the role of global land use |in
al. (2006) forestry, 3 world regiong determining greenhouse gases mitigation casts
GTAP-Dyn/AEZ Golub et al. (2006) | Recursive dynamitl regions, global Analyze the GHG emissions drivgtand use
modified for land use 1997-2025 and land-use changes at the global scale.
analyzes
GTAP-Dyn and Global Golub et al. (2007) | Recursive dynamitl regions, global Enhance the understanding af-lese related
Timber Model 1997-2025 GHG emissions
2. Integrated Assessment Models
GTAP-LEI/IMAGE Klijn et al. 10-year Multi-scale: national Integrated assessment to evaluate impacts of
coupling within (2005) steps; level, sub-national different policies on land use in Europe
EURURALIS 2001-2030 level (NUTS?2), grid
level; Global with
focus on EU15
IIASA LUC China Fischer & Sun guasi Multi-scale: 8 economic| Evaluate alternative policy
(2001); Hubacek static; regions, 5x5 scenarios
& Sun (2001) 1992-2025 km grid; National
(China)
GCM-GTAP Bosello and Zhang | comparative 8 regions, Global; 4 Estimate the economy-wide implications of
(2005) static; agricultural out of total climate change on agricultural sectors.
1997-2010-2030- | 17 sectors.
2050
KLUM@GTAP Ronneberger et al. | comparative 16 regions, Global; 4Assess the integrated impacts of climate
(2006) static; agricultural out of total change on global cropland allocation and its
1997-2050 17 sectors. implication for economic development




2.1 Refined CGE models

Perhaps the simplest method of introducing landteel economic behavior in a AGE model
IS constraining acreage response as employed bielHand Tsigas (1988). They specify a
transformation function which takes aggregate fdamd as an input and distributes it among
various uses in response to relative rental r&@gen a finite elasticity of transformation, rental
rates differ across uses and acreage responsear@ilrated to econometrically estimated values.
The Global Trade Analysis Project (GTAP) (Hert€9T) follows this approach defining the land
input as exogenously fixed at the regional lewdl imperfectly substitutable among different gop
or land uses. This fundamental project though eggplbe naive assumption that land is like labour
and capital inputs — homogeneous and perfectly matithe medium run and therefore overstates
the potential for heterogeneous land to move aarsss.

The Global Trade Analysis Project, Energy - Landdeio(GTAPE-L) (Burniaux, 2002;
Burniaux & Lee, 2003) is the first attempt to exddhe standard static GTAP model to track inter-
sectoral land transitions and to estimate sectoetlemissions of methane, €@nd NO, due to
land-use changes. On the supply side of the landetdand owners rent out land (which is a
homogenous input) to uses that give the highestnmetuinder a land transformation restriction: a
Constant Elasticity of Transformation Function (GEJetermines the degree of land mobility
between different crops, livestock and forestrytféd competition on input and output markets
assures that all markets, including that of lahegrc

The value added of the paper is that it tracks Gifiissions from changes in land use. To
obtain land transition emission rates, a land ttemsmatrix is derived for 1995 from the IMAGE
2.2. model (IMAGE team 2001), and so are the 1966 aarbon emissions (tons of carbon
equivalents). After applying a policy shock to thedel, a new land transition matrix occurs. When
multiplying the land transition emission rates witle land use changes that occur after the policy
shock, one can calculate the corresponding chan@#liG emissions due to changes in land use.

Keeney and Hertel (2005) offer another speciappse version of the GTAP model for
agriculture nicknamed GTAP-AGR. The study focusgmdicular attention on the factor markets,
which play a critical role in determining the inemte of producer subsidies. This includes
modifying both the factor supply and derived demaagiations. The authors also modify the
specification of consumer demand, assuming sepigdyabf food from non-food commodities.
Finally, they introduce substitution possibilit@songst feedstuffs used in the livestock sector.

The G-CUBED (Agriculture) model (McKibbin and Wan§998; van Tongeren and van
Meijl, 1999) is an extension and a variation of G&CUBED model developed by McKibbin and

Wilcoxen (1995) to include relatively detailed agiiural sectors and a country disaggregation



relevant for key U.S. agricultural markets. Thegmal G-CUBED model combines the
disaggregated, econometrically-estimated, interegalpGE model of the U.S. economy by
Jorgenson and Wilcoxen (1990) with the macroeconomodeling approach of McKibbin and
Sachs (1991). The G-CUBED (Agriculture) model fasisn impacts of international and domestic
economic shocks on U.S. agriculture. Main applaai have been the impact analysis of APEC
trade liberalization and the Asian economic crigispecific feature of the model is the imposition
of intertemporal budget constraints on househaldsernments and nations. To accommodate
these constraints, forward looking behavior is ipooated in consumption and investment
decisions. The model treats land as homogeneous.

The studies abovexemplify foremost attempts to deal with agricuuspecification in the
CGE framework. Their limitation mainly manifeststime representation of land. Land is treated as
homogeneous and space-less, ignoring biophysieahcteristics and spatial interactions.

The next level of complexity in modeling the hetgoeous nature of agricultural land
involves drawing a distinction between land typed &nd uses. In their AGE model for Canada,
Robidoux et al. (1989) specify CES aggregator fionst that combine three land types, each of
which is used - to some degree - in the produabibrix different farm products. An interesting
wrinkle in their approach is the way in which thestimate benchmark equilibrium rental rates, by
land type. These are obtained by regressing tatal fents in each sector on the observed quantity
of each land type used in that sector. In equuitrithe land-specific rental rate (i.e., the caetft
on acreage) must be equal across uses.

Abdula (2005) and Ignaciuk (2006, chapter 5) purig approach. Abdula (2005) uses a
static CGE model for the Philippines and extendsiih a bio-fuels sector, to study the conflict
between food and bio-fuels production. Since batividies use scarce land, subsidizing biofuels
may induce farmers to move away from food productmwvards the production of inputs for the
bio-fuel industry. Land is treated as a heterogsrioput as Abdula distinguishes three land types
(cropland, pasture and forest, all in fixed suppsgme of which are only suitable for particular
uses. Ignaciuk (2006, chapter 5) introduces laatl las been contaminated by heavy metals, e.g.
through mining and industrial activities in the paa a GTAP-based CGE model for the Polish
economy. Contaminated land can only be used fduéi® production, hence it is excluded from
producing food. The main modeling improvement iest papers is that land is explicitly treated as
a heterogeneous input been unsuitable for certapsc

It seems that the most extended version of globatptitable general equilibrium model
developed for analyses of agriculture until nowGiIEBAPEM (e. g. Hsin et al., 2004; Brooks and

Dewbre, 2006)- a specially tailored version of GT#Rt inherits some of the features of GTAP-



AGR and fully utilizes the domestic support dat&Ep available at the OECD. The important value
added of GTAPEM to GTAP-AGR is distinguishing lamd the production structure of the
agricultural sector into miscellaneous agricultdaad, rice and the group field crops and pastures.
For these land types, three different elasticibiesansformation are defined, reflecting that aert
transformations are more inert than others. Add#iomodifications include factor substitution
between purchased farm input intermediates, anddast the aggregate intermediates and farm-
owned inputs. GTAPEM is being further developedatign the representation of policy more
closely with the way support measures are classiiethe OECD’s PSE.
2.2.Modeling agro-ecological zones (AEZS)

The approach of Robidoux et al., as well as of Abdignaciukand even GTAPEM deals
with land type variations, but not with regionalaimatic differences. However, the capacity of a
given acre of land to produce a particular farmdpat varies with a soil type, location in the
watershed, and climatic conditions. Models desigiwedssess the effects of climate change, must
therefore disaggregate land endowments still furthe

The Future Agricultural Resources Model (FARM) wadesveloped in the mid 1990s to
evaluate impacts of global climate change on thddigagricultural system (Darwin et al., 1995;
Darwin et al., 1996). The authors disaggregate @askes into six types characterized by length of
the growing season. These land classes are empltiffedentially across farming and forestry
sectors, according to observed patterns of prooluctn addition, the authors explicitly identify
water as an input into the production function a€le crop. The authors then turn to the results of
the global climate simulation models in order tgess the impact of alternative climate change
scenarios on the temperature and precipitationegion. This causes a shift in each region’s land
endowment across land classes and therefore cpatiesns of agricultural production to change.
Darwin et al, are then able to assess the consequences of clamatge for patterns of trade,
consumption and welfare.

While FARM was originally a static model, a dynam&rsion denoted D-FARM is available
now too. It enriches the original model with assetnership and investment theory to create a
recursive dynamic model based on estimates of angneavth rates of regional GDP, gross
domestic investment, population, skilled and uts#filabor. D-FARM has a time horizon that goes
until the year 2007 (lanchovichina et al., 2001)esen 2020 (Wong et al., 2003) aggregated to
twelve world regions.

Another possibility to account for heterogeneitylahd is to severalize land according to
Agro-Ecological Zones (AEZ) (see e.g. Lee, 2004 this case there are different land inputs which

are imperfectly substitutable in the production diion within, but not across, climatic zones.



Accordingly the reaction of the economic systenptmes and quantity is exposed to one more
rigidity.

In the first version of GTAP-AEZ (Lee, 2004) it assumed that each of the land-using
sectors in a specific AEZ has its unique producfiorction. For example, the wheat sector located
in AEZ 1 has a different production function frohretwheat sector located in AEZ 6, which allows
to identify differences in the productivity of lamd different climatic characteristics. All six wéie
sectors in various AEZs though produce the sameobenous output. For this approach it is
necessary to have information on cost shares, cégpenput shares, in the AEZs, which are not
yet provided in the GTAP-AEZ data-base.

In the extended version of GTAP-AEZ (Hertel et 2DQ6b) it is assumed instead, that there
is a single, national production function for edelgricultural) commodity: rather than having for
the same crop a different production function facke AEZ, various AEZs are now inputs to the
national production function for this crop charaizted by a sufficiently high elasticity of
substitution. Generally, the model facilitates sitedy of the role of non-COGHG reductions and
land use change in national and international ¢enplicy and assess the implications of different
climate policy strategies on land-use decisions.

The GTAP-AEZ project (see e.g. Lee et al. 2005wetlts an integrated land-use data base
including data on land use and land cover, foresban stock, and both GCGand non-CQ
emissions that can be used together with the GT#éR-base. GTAP-AEZ is based on the static
GTAP model and has been used for analysis of caréxetion using three world regions only:
USA, China and the rest of the world (Hertel et28l06a). The results show that forest carbon
sequestration is the dominant mean for global GH@&gons reduction in the land using sectors.

Golub et al. (2006) move one step further and edphie GTAP-Dyn (lanchovichina and
McDougall, 2001) dynamic general equilibrium modélthe global economy to investigate long-
run land-use changes at the global scale. They fynbdth the supply and the demand of land.
Consumer demand is translated into derived demi@mmdand through a set of sectoral production
functions that differentiate the demand for landA®Z. On the supply side, land mobility across
uses is addressed via sequence of successivelysmohnesticated models of land supply, beginning
with a model in which land is perfectly mobile amadifferentiated, and ending with one in which
land mobility across uses is governed by a nestustant Elasticity of Transformation function
which also accounts for the heterogeneity of lanithiv AEZs. In the final modification
landowners solve a sequential revenue maximizagoercise in which land is first allocated

between forestry and agriculture, then betweenimggaand crops, and finally, amongst competing
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crops. Although this ultimate version offers thesmneensible representation of land supply, the
resulting baseline land rental changes in forestiy grazing seem (to authors) unrealistically high.

To resolve this problem the subsequent study byleet al. (2007) iterate between GTAP-
Dyn and Global Timber Model of Sohngen and Mendelé2006) to determine forestry input-
augmenting productivity growth of forestry processisectors in GTAP-Dyn. Using the rate of
unmanaged forest access predicted by the Globabd&rinModel, Golub et al. introduce the
possibility of conversion of unmanaged forest-landand used in production when demand for
cropland and pasture is high, and land rents ajie émough to cover costs of access to unmanaged
land.

2.3.Integrated Assessment

Finally, an alternative methodology interlinks beem top-down general equilibrium model,
which consistently address demand, supply and tvéalgrice mechanisms, and the bottom-up
model enabled in capturing the spatial determimatb land use and in quantifying supply side
constraints based on land resources. That is,aitisté modeling the economics of land use as an
integrated part of the top-down model, as was donpehe models presented in previous sub-
sections, a detailed bottom-up land allocation rhadénked to a standard top-down CGE model.
These coupling frameworks, starting from pricegdpt how land is allocated among competing
uses. Land uses are not always limited to diffecertivation types, but may include also urban
development. In this way the additional feedbadknfland/crop prices to land allocation is added.
Generally the process should be iterated untibaaeable convergence can be found.

Within the EURURALIS project the IMAGE model is qued to GTAPEM (Hsin et al.,
2004). Crop yields and a feed conversion factoterde@ned by IMAGE are exchanged with
production of food and animal products and a mamage factor (describing the management
induced vyield changes) as calculated by GTAPEM (Mijl et al., 2006). The advantage of
coupling the two comprehensive models lies in tedaand exhaustive process representation.
Moreover, this is one of the few approaches, wheieedback between economy and vegetation is
at least partly realized. However, the land allmratool of the coupled framework is still based on
empirically estimated rules according to land poédnlargely ignoring economic motivations of
allocation decisions.

The IIASA LUC model for China (Fischer & Sun, 20(Hubacek & Sun, 2001) aims at a
similar degree of integration, proposing a combaratof an AEZ assessment, an input-output
analysis and a CGE. The depth of the integratiothis approach is remarkable - but it may also
hamper its implementation which is still pendindneTresulting CGE would not only exchange

exogenous parameters with an environmental mode, dctually synthesize economic and
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geographic thinking within its theoretical foundeti Future land-use scenarios have been
developed by using an extended input-output (I-@peh and spatially explicit measures of land
productivity and land availability. An enhanced ABZsessment model is utilized to provide these
measures. By means of empirical estimation the-aguironmental characterization of a spatially
explicit production function can be gained from pgreduced scenarios. This function as well as the
projected I-O tables are proposed as the basisiof get developed CGE model.

Bosello and Zhang (2005) offer another integratesessment exercise to evaluate climate
change impact on agriculture. They couple a glabaulation model GCM containing a crop-
growth model, with a global CGE model based on G'EAH he climatic scenario is endogenously
produced by the economic model, which is benchnthrle reproduce a hypothetical world
economic system in 2010, 2030 and 2050. Their tesoinfirm both the limited impact of climate
change on agricultural sectors, largely determimgthe smoothing effect of economic adaptation,
but also the relative higher penalization of theved@ping world. The authors admit that this
exercise suffers from some major limitations sush samplifications and generalizations of both
climatic conditions and crop responses in additma narrow number of observations.

Alternatively, KLUM@GTAP (Ronneberger et al., 2006)a coupling experiment in which
the static global GTAP-based CGE model is linkethtnland use model KLUM (Ronneberger et
al., 2005). KLUM is a land allocation model, in whj for each hectare of land, a representative
farmer maximizes her expected profits. Risk-aversasures that she prefers multi-product land
uses over monoculture. The biophysical aspectamd lare included indirectly, as area specific
yields differ for each unit of land. In the cougiexperiment, yield changes due to climate change
in 2050 (as reported by Tan and Shibasaki, 2008) applied to KLUM, which calculates
corresponding changes in land uses. These in tarfed into GTAP-based model (which has been
scaled up to represent the economy in 2050) tdrobtanagement induced yield and price changes
(through changes in input combinations), which egpently are fed back into KLUM.

Although the experiment shows that the resulthefdoupled and uncoupled simulations can
differ by several hundred percents, it also shola finking the models comes with serious
difficulties. In this case, one of the problems Wt GTAP has its land data in value terms wah it
price normalized to unity, while KLUM database uspsantity format. This makes land data
incomparable between the models. To overcome timgation, a key parameter in GTAP (the
elasticity of substitution between land, capitadl dsbour) had to be tripled, to make the model less
sensitive to the input that comes from the KLUM mlodVithout this intervention, the results of
the two models would not converge, and hence cogptif the two models would not give

meaningful results.
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2.4. Major achievements, deficits and potentials

The reviewed literature demonstrates two major @ggres to overcome limitations of CGE
models in accounting for land supply constraing$lecting the impact of demand on actual land-
use change processes and representing other ticarrgdated behaviors. Introducing heterogeneity
in available land, as was outlined in sectionsahd 2.2, increases the credibility of CGE analyzes
regarding changes in agricultural production. Téeosd technique presented in section 2.3, links a
CGE to a land use model and aims to benefit froenstinength of both notions, although it may
come at a cost due to technical problems with éshabg the link.

Even though the quintessential aspects in modelgrgculture for climate change analyzes
are global-type approach; dynamic and long termzbo; accounting for multi GHG emissions;
implementing land heterogeneity; esteeming watsuds; and considering trade-off between
different land uses and forest types, the surve€yemresentative) studies are still not sufficiemt t
provide an all-inclusive analytical framework, atbo&TAP-Dyn/AEZ and D-FARM models do
contain many. Both models have a detailed and tgéereous representation of land, based on
length of growth periods. An important advantagehaf current version of GTAP-Dyn/AEZ is its
multi-gas and dynamic approach, while the advastagd>-FARM are the inclusion of water, the
fact that it is a dynamic model, and a more dedaiégyional dissaggregation. However, both models
(thus far) only have a single forest type, while thsue of carbon sequestration through forestry is
best studied with a dynamic model, using data eersé forest types, with each forest type divided
into several age classes. In addition, neither GDYR/AEZ nor D-FARM contains a biofuels
sector. Here, both models face some scope for wepment. Finally, both models currently only
have a limited regional disaggregation. GTAP-DynZA&urrently only has three regions, while D-
FARM contains not more than 12 regions. Moreoverenethough D-FARM improves the
representation of environmental impacts on the ee still the location of changes and reverse
effects on the environment are not simulated. Aoldiiti disadvantage common to CGE models is
due to a non-linear treatment of land in the prd¢idacfunctions, for which land cannot be
measured in physical units of area, but insteaguentified in the value added to the production.
This complicates the interpretation of the resgltolhanges in land allocation. The final weakness
of the most developed CGEs for agricultural anchate change analysis (GTAPEM and GTAP-
Dyn/AEZ) is an absence of empirical evidences lh@r land transformation structure and arbitrary
set of the transformation elasticities, which maywén a crucial effect on the outcomes of the
models.

Current integrated land-use modeling approachegigecevidence that some of the intrinsic

deficits of partial and general equilibrium approes can be overcome to a certain extent. The
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coupling of IMAGE and GTAP-LEI (EURURALIS), as wedk linking between KLUM and GTAP,
aim to improve on the weakness of economic demamdiule within IMAGE / KLUM
respectively, and to advance the representatidamnof supply in the corresponding GTAP version.

On the other hand, despite certain achievemengsfulh potential of integrating CGE and
partial equilibrium models seems not to be fullylexed, yet. For the coupling of different
modeling approaches as in the EURURALIS and KLUM@BTirameworks, the advantages of
process detail stands against the risk of incamstses and redundancies. EURURALIS lack
endogenous approaches to determine whether foodraemill be satisfied rather by expansion of
agricultural area than by the intensification. Bey@a more detailed representation of agricultural
management, including the feedback with soil antewis also needed. Irreversibly degraded soil
or the exhaustion of freshwater resources are necajostraints on future land use, that have not yet
been tackled sufficiently by any land-use or CGHElealo

To summarize, regardless of accomplishments andvichihl strengths of the selected
modeling approaches, core problems of global aljuial and land-use modeling have not yet been
resolved. Up to date, the main advantage of thegrated assessment (coupling) approach is the
ability to benefit from from the strength of paltemuilibrium, which represents in detail agricuéu
and land use aspects, in the economy-wide compseteeframework of the CGE model. Yet
coupling approach tackles major difficulties in thense of data incomparability, computational
limitations and sophisticated programming. In addition, establighithe link may demand
theoretically or empirically inconsistent comproess On contrary, internal extension of a CGE
involves in introducing new structural relationglaiorresponding parameters, which ideally should
have an empirical evidence. Recalibrating the maaght follow. This method is certainly more
feasible, but, in spite of the reviewed recent ttgsaent, still incomparable with IAM for accuracy
of mirroring the decision making of agriculturaldaother land-using units.

Our research in progress aims to contribute tceffat of agricultural modeling for climate
change assessment. First, we attempt to overcoeeldhcit of empirical foundation for land
transformation function between different uses. thes purpose we use the output of regional land
use model VALUE (Kan et al., 2007) and estimate st suitable functional structure and the
accompanying elasticities of substitution. Accogdio the obtained results we modify the land
supply equation in ICES (Inter-temporal Computdbigiilibrium System) (Eboli et al., 2008). We
proceed with creating baseline projection of watdnomic development without climate change.
Assessment of climate change impacts on regiomaianic growth in the world follows.
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3. The Methodology
3.1.ICES: The Point of Departure

In order to assess the systemic general equilibetfects of climate change on agriculture
and land use, we employ a dynamic multi-regionaEG@odel of the world economy called ICES.
ICES is derived from a static CGE model named GE&P(Roson, 2003; Bigano et al., 2006)
The latter is a modified version of the GTAP-E miod@rniaux and Troung, 2002), which in turn
is an extension of the basic GTAP model (Herte§7)9

ICES is a recursive model, generating a sequencestatic equilibria under myopic
expectations, linked by capital and internationabtdaccumulation. Although its regional and
industrial disaggregation may vary, the resultsspn¢ed here refer to 8 macro-regions and 17
industries, listed in Table 2.

Table 2: ICES Sectoral and Regional Disaggregation

Sectors

Other Food
Land-Using Industries Industries Heavy Industries Light Industries

Rice Forestry Coal Energy intensive industries
Wheat Fishing Oil Water
Cereal Crops Gas Other industries
Vegetables & Fruits Oil Products Market Services
Animals (livestock) Electricity Non-Market Services
Regions
Code Description
USA United States
EU European Union-15
EEFSU Eastern Europe and Former Soviet Union
JPN Japan
RoAl Other Annex 1 countries
EEx Net Energy Exporters
Chind China & India
ROW Rest of the World

Growth is driven by exogenous changes in labourd land natural resources from 2001
(calibration year of GTAP6 database) onward. Initamld endogenous dynamics is applied for
capital (for detail description of the model se®lbt al., 2008).

® Detailed information on the model can be founthatlCES web sitenttp://www.feem-web.it/ices
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3.2. Modification

ICES follows the standard assumption of GTAP-basedels on equal transform-ability of
land among different uses. We modify the structfriand allocation in the model to better capture
the role of heterogeneous land endowments. Whessile we support these new behavioral
relationships with land-use model -based estimafeloth the mean and standard deviation of
behavioral parameters. Currently, the heterogeméiagricultural land is modeled using a structure
similar to that found in the OECD (2001) Policy kation Model (PEM). In the future analyses
we intend to evaluate the most applicable nestedtsre of land transformation between uses. This
is a necessary requirement if we are to analyzeaté change impacts on agriculture that may

affect farmer’s land allocation decisions.

The revised model (which we will refer to as ICEBdovers several types of land more or
less suited to various crops and livestock. Thesioclude wheat, cereal crops, rice and vegetables
and fruits. The transformability of land betweerifetient uses is an empirical question. The
parameters to be used in the ICES-L model will leeivéd from the VALUE (Vegetative
Agricultural Land Use Economic) model (Kan et &Q07). The output of this regional land
allocation model, which accounts also for waterligppon and water salinity, will be analyzed to
evaluate the elasticity of land transformation agagricultural uses following Shumway and
Powell (1984) approach. Figure 1 mirrors the ddfere in land allocation tree in ICES and in
ICES-L.

Figure 1: land allocation tree in ICES and ICES-L

Ruminants ’Wheat Rice Vegetables Cereal
P B and fruits ' Crops

Figure 1a: ICES Land Structure
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Figure 1b: ICES-L Land Structure

ICES-L introduces a nested structure to betteecefthe transformation possibilities across
uses. Here, land owners first decide on whethelatte will be in ruminant livestock production or
agriculture to maximize the total returns from laite transformation is governed by the elasticity
of transformation CEJ Then, based on composite return to land in rice \agetables & fruits,
relative to other crops (namely, wheat and ceregbs) the land owner decides on the allocation
between these two broad types of activities. Heeeelasticity of transformation is CETFinally,
the transformation of land within the upper nestween wheat and cereal crops, is modelled with
an elasticity CET. In this way the degree of substitutability of égpof land can be varied between
the nests. It captures to some extent agronomitirea At each stage in the decision making
process, the CET parameter increases, reflectegtbater sensitivity to relative returns amongst
crops. This means that it is relatively easierttange the allocation of land within the Wheat and
Cereal Crops group, while it is more difficult taowe land out of this group into a lower nest, such
as into Vegetables & Fruits and Rice. Transfornmatpmssibilities of land between livestock

production and agriculture are even more rigid.
3.3.Climate Change Impacts on Agriculture

We run the model at yearly time steps from 2002080. In each period, the model solves for
a general equilibrium state, in which capital arebtdstocks are “inherited” from the previous
period, and exogenous dynamics is introduced throaganges in primary resources and
population. In addition, impacts are simulated bpréading” the climate change effects over the
whole interval 2001-2050. For example, changesrap @roductivity are related to changes in
temperatures and precipitation. As temperaturegrpssively rise over time, wider variations are

imposed to the model productivity parameters.
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In this way, the model generate two sets of resaltbaseline growth path for the world

economy, in which climate change impacts are igh@Fégure 2), and a counterfactual scenario, in

which climate change impacts are simulated. Therlatenario differs from the basic one, not only

because of the climate shocks, but also becauggergas and endogenous dynamics interact, and

climate change ultimately affect capital and fonetfgbt accumulation.

Figure 2: Baseline Projection of Real Regional GDBrowth Path
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increase of 1.5°C in the year 2050 comparing to019%ble 3 depicts the exogenous shocks

introduced in the model to simulate the climatengfgimpacts on agriculture.
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Table 3: 2001-2050 Percentage change in parameteksriation due to climate change impact
on land productivity

Land Productivity

Regions\Sectors Wheat Rice Cereal Crops | Vegetables & Fruits Animals
USA -5.655% -6.177% -8.168% -6.667% -6.667%
EU -5.195% -5.047% -7.035% -5.759% -5.759%
EEFSU -5.909% -7.266% -9.505% -7.560% -7.560%
JPN -5.649% -5.532% -7.448% -6.230% -6.230%
RoAl 1.945% -0.032% -1.926% -0.004% -0.004%
EEX -1.948% -2.677% -4.937% -3.187% -3.187%
CHIND -2.024% -3.121% -4.956% -3.367% -3.367%
RowW -6.728% -7.033% -8.714% -7.492% -7.492%

4. Results

Figure 3 presents differences in GDP in the pe@661-2050, obtained by simulating a
progressive change in land productivity, as rembiite Table 3 above. Land productivity is
generally reduced. This hits more severely somew@ture-based, relatively poorer economies:
Chind; EEFSU; EEx and RoW. Other regions are nfeicegd (USA) or even get benefits (JPN,
RoA1l and EU), primarily because of positive charigabe terms of trade.

Figure 3: % Change in Regional Real GDP Due to Cliste Change Impact on Land
Productivity
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Using a dynamic model allows us to investigateitizeeasing influence of climate change on
the global economic growth in general and on sacti@tgricultural) production specifically. This
influence is twofold: on one hand, the magnitudeloysical and economic impacts will rise over
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time and, on the other hand, endogenous growthrdipsais affected by changes in income levels,
savings, actual and expected returns on cajval concentrate on the

The impact of a changing climate on the sectordapwuand land allocation are shown in
Figures 4 and 5 respectively. We observe incresséise area share and price for cereal crops
production in nearly all countries and regions;duation instead is decreasing in USA, EU,
China&lndia and Rest of the World. Obviously thedes in land productivity are counteracted by
an increase of the area share, increasing thespridso for several other regions and land using
industries, such as livestock in USA and EU yielgskes are compensated by area gains and prices
rise. For vegetables & fruits and rice this pattisrnot observable: land allocation and output move
in parallel paths. The cropland changes of whedtcaneal crops as well as rice and vegetables &
fruits reveal the expected scheme: they are of sggbsigns in nearly all countries. This can be
interpreted as direct competition for land betwdbase crops which is driven from the land supply
modification. The nested land allocation structomakes relative land allocation changes for crops
in the same nest sensitive to small perturbatiaosording to minor price changes either one or the
other is preferred in production.
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Figure 4: Climate Change Impact on Industrial Outpu
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Figure 5: Climate Change Impact on Land Allocation
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5. Conclusions and Directions for Future Work

In this paper we offered a survey of the variouprapches used to describe, model and
measure the complex relationships between climaéage, agriculture and land-use. Two major
strategies were outlined: internal model extensamal soft-link coupling of CGE and partial
equilibrium land-use model. The main message taathe grasped from the relevant literature is
that climatic, agricultural and economic informatioeed to be consistently melted in order to
provide a reliable and sound impact assessmenysasah this field. This is witnessed by the
constant effort to expand the comprehensivenetizeahvestigation. But despite the achievements
and individual strengths of the selected modelipgreaches, core problems of global land-use
modeling have not yet been resolved.

Our study in progress relies on previous effortsl attempts to provide an elaborated
framework to fully cover the related aspects. Ting step is refining the dynamic global CGE
model to allow for land heterogeneity. Preliminagsults reflect the significance of structural
features specific to agriculture for consistentlyses of climate change impacts on land use, éutur
crop patterns and economic development.

Further model developments will focus on improvitige representation of agricultural
features and obtaining econometrically estimatedctiral parameters. Other methodological
challenges are still ahead. For comprehensive seslgf climate change impacts it is important to
include water demand and supply and distinguisim fand by its access to water.

Beyond, the inclusion of feedbacks between so@aty environment are needed and call for
further efforts in integrated land-use modelingt &mew generation of integrated large-scale land-
use models, a transparent structure is needed vdehly employs the discussed advantages of
both general and partial equilibrium modeling cgotsavithin one consistent framework and avoids

redundancies.

23



References

Abdula, R. (2005)Climate Change Policy of Bio-Energy: A Computable General Equilibrium
Analysis, paper presented at the International ConferenteEwergy, Environment and
Disasters (INCEED 2005), July 24-30, 2005, ChaeldiC, USA.

Alcamo, J., Leemans, R., Kreileman, E. (eds.), 8@ obal Change Scenarios of the 21% century:
results from the Image 2.1 Model, Pergamon Elsevier.

Bosello F., and J. Zhang (2005). Assessing Clintdtange Impacts: Agriculture. FEEM Working
Paper 94.2005

Brooks, J. and J, Dewbre (2006). Global trade refoand income distribution in developing
countries. Vol. 3, No. 1, 2006, pp. 86-111

Bruinsma, J. (ed.) (2003): 'World agriculture: todsa2015/2030', FAO, London: Earthscan

Burniaux, J.-M. 2002. Incorporating carbon sequisin into CGE models: a prototype GTAP
model with land uses. GTAP Resource 1144. CenteGfobal Trade Analysis, Department
of Agricultural Economics, Purdue University, Indépolis, USA. Electronic version at
http://www.gtap.agecon.purdue.edu/resources/reglagigsp?RecordID=1144 [Accessed
February 2008].

Burniaux, J.-M., & Lee, Huey-Lin. 2003. Modellingahd Use Changes in GTAP. Conference
Paper. Sixth Annual Conference on Global Econonmialysis, The Hague, The Netherlands.

Electronic version at
http://www.gtap.agecon.purdue.edu/resources/reglagigsp?RecordID=1297 [Accessed
February 2008].

Darwin, R., Tsigas, M., Lewandrowski, J., & Ranes&s1995. World Agriculture and Climate
Change: Economic Adaptations. Agricultural Economeport 703. Natural Resources and
Environment Division, Economic Research ServiceS.UDepartment of Agriculture,
Washington, D.C., USA.

Darwin, R., Tsigas, M., Lewandrowski, J., & Ranes®s1996. Land use and cover in ecological
economics. Ecological Economics, 17, 157-181.

Deybe, D., Fallot, A., (2003). Non-GAsreenhouse Gas Emissions from Agriculture: Analysi
the room for manoeuvre for mitigation, in case aflion pricing. In Proceeding of the 25th
International Conference of Agricultural Economisi&eshaping Agriculture's Contribution
to Society. South-Africa, pp. 662-667.

Eboli Fabio, Parrado, Ramiro and Roson, Robert0gp0'Climate Change Feedback on Economic
Growth: Explorations with a Dynamic General Equiliion Model”. Conference Paper.
Eleventh Annual Conference "Future of Global Ecopignielsinki, Finland, June 12-14,
2008. Electronic version attps://www.gtap.agecon.purdue.edu/resources/d@u®d 55. pdf

Fischer, G., & Sun, L. 2001. Model based anlysisfudfire land-use development in China.
Agriculture Ecosystems and Environment, 85, 163-176

Geist, H.J., & Lambin, E.F. 2002. Proximate cauaed underlying driving forces of tropical
deforestation. Bioscience, 52(2), 143-150.

Gollub A., Hertel T.W., B. Sohngen, 200rrojecting Land-Use Change in the Dynamic GTAP
Framework, prepared for the tenth annual conference on glebanomic analysis, West
Lafayette, IN, USA, June 7-9, 2007. Electronic @mrs  at
https://www.gtap.agecon.purdue.edu/resources/d@B300.pd{Accessed March 2008].

Gollub A., Hertel T.W., Lee H.-L., Ramankutty N.Q@. Modeling Land Supply and Demand in
the Long Run, prepared for the ninth annual conference on glebanomic analysis, Addis
Ababa, Ethiopia, June 15 -17, 2006. Electronic vars  at
https://www.gtap.agecon.purdue.edu/resources/d@i?d45.pd{Accessed March 2008].

Hertel, T. W., H.-L. Lee, S. Rose and B. Sohngdi0@2 June). Land heterogeneity in determining
climate change mitigation costs. (Paper presentetthea 9th annual conference on global
economic analysis, Addis Ababa)

Hertel, T. W., H.-L. Lee, S. Rose and B. Sohngéi0@2 June)Land heterogeneity in determining

24



climate change mitigation costs. Paper presented at the 9th annual conferemcelobal
economic analysis, Addis Ababa

Hertel, T.W. 1997. Global trade analysis. CambridGambridge University Press.

Hertel, T.W. and M.E. Tsigas, 1988, Tax Policy dnd. Agriculture: A General Equilibrium
Approach, American Journal of Agricultural Economit9(2):289-302.

Hsin, H., van Tongeren, F., Dewbre, J., & van Meljl. 2004. A New Representation of
Agricultural Production Technology in GTAP. Confece Paper. 7th Annual Conference on
Global Economic Analysis, Washington DC, United t&a Electronic version at
http://www.gtap.agecon.purdue.edu/resources/reglagigsp?RecordID=1504 [Accessed
March 2008].

Hubacek, K., & Sun, L. 2001. A scenario analysisG#fina’s land use and land cover change:
incorporating biophysical information into input{put modeling. Structural Change and
Economic Dynamics, 12(4), 367-397.

lanchovichina, E. and R. McDougall, 2001. Structofddynamic GTAP. GTAP Technical Paper
17, Center for Global Trade Analysis, availabldioa atwww.gtap.org

lanchovichina, E., R. Darwin and R. Shoemaker (20B&source use and technological progress in
agriculture: a dynamic general equilibrium analy&sological Economics, 38, 275-291

Ignaciuk, A.M. (2006). Economics of multifunctionlalomass systems. Dissertation, Wageningen
University, the Netherlands

IMAGE team (2001). The IMAGE 2.2 implementationtbé SRES scenarios — A comprehensive
analysis of emissions, climate change and impactthe 21st century. (RIVM CD-ROM
publication 481508018, National Institute for Paliealth and the Environment, Bilthoven,
the Netherlands)

IPCC (1996a) Guidelines for National Inventorieference manual for Agriculture.

IPCC (1996b)Climate Change 1995. Second Assessment Report of the IPCC, Cambridge
University Press.

IPCC (2001)Climate Change 2001. Third Assessment Report of the IPCC, Cambridgevésaity
Press.

IPCC (2007)Climate Change 2007: Mitigation of Climate Change. Fourth Assessment Report of
the IPCC, Cambridge University Prebp://www.ipcc.chRetrieved November 2007.

Kan, lddo, Rapaport-Rom, Mickey and Shechter, Mondg (October 2007). "Assessing Climate
Change Impacts on Water, Land-Use and EconomicriRetu Agriculture” Available at
SSRN:http://ssrn.com/abstract=1020562

Keeney R. and T. W. Hertel (20083TAP-AGR: A Framework for Assessing the Implications of
Multilateral Changesin Agricultural Policies. GTAP Technical Paper No.24

Krausmann, F. 2004. Milk, manure and muscle powefestock and the transformation of pre-
industrial agriculture in Central Europe. Human légg, 32, 735-772.

Kuhn, A. 2003. From World Market to Trade Flow Mdoey - The Re-Designed WATSIM
Model. Final Report. Institute of Agricultural Po)yi, Market Research and Economic
Sociology, Bonn, Germany.

Lambin, E.F., & Geist, H.J. 2003. Regional diffezes in tropical deforestation. Environment,
45(6), 22—-36.

Lee, H.-C., B.A. McCarl and D. Gillig (2005a). Thgnamic competitiveness of U.S. agricultural
and forest carbon sequestration. Canadian Joutrdajrecultural Economics, 53, 343-357

Lee, H.-L. (2004).Incorporating Agro-ecological Zoned Data into the GTAP Framework. Paper
presented at the Seventh Annual Conference on Gialmamomic Analysis, Th&Vorld Bank,
Washington, D.C.

Lee, H.-L., T.W. Hertel, B. Sohngen and N. Ramank(2005b), Towards an integrated land use
data base for assessing the potential for greeehgas mitigation. GTAP Technical Paper
No. 25

McKibbin W. and P. Wilcoxen (1995) “The Theoreti@d Empirical Structure of the GCUBED

25



Model", Brookings Discussion Paper in InternatioBabnomics #119, Brookings Institution.

McKibbin, W.J., & Wilcoxen, P.J. 1998. The Theocatiand Empirical Structure of the GCubed
Model. Economic Modelling, 16(1), 123-148.

OECD (2001), “Market Effects of Crop Support Mea&slir Paris.

Robidoux, B., M. Smatrt, J. Lester, and L. Beausgjb989, The Agriculture Expanded GETModel:
Overview of Model Structure, unpublished manuscripepartment of Finance, Ottawa,
Canada.

Ronneberger, K., (2006). “The global agriculturahd-use model KLUM”. PhD dissertation,
Department of GeoSciences, Hamburg University, J@086. Electronic version at
http://www.fnu.zmaw.de/PhD-Theses.5673.0.hidcessed December 2007].

Ronneberger, K., M. Berrittella, F. Bosello and R.STol (2006), KLUM@GTAP: introducing
biophysical aspects of land-use decisions into megeg equilibrium model — A coupling
experiment. FEEM Working Paper 102.2006

Rosengrant, M.W., Meijer, S., & Cline, S. 2002.elmational Model for Policy Analysis of
Agricultural Commodities and Trade (IMPACT): Mod&éscription. Tech. rept. International
Food Policy Research Institute, Washington, DC. ctbmic version at
http://www.ifpri.org/themes/impact/impactmodel.pficcessed February 2008].

Shumway, C. R. and A. A. Chang. "Supply Responséeafas Field Crops: An Evaluation of the
CET Linear Supply Model." Western Journal of Aghiaual Economics, 5(1980):2 149-64.

Shumway, C. R. and Alan A. Powell (1984). A Criggwf the Constant Elasticity of
Transformation (CET) Linear Supply System Westesnrdal of Agricultural Economics,
9(2): 314-321 © 1984 by the Western AgriculturabBemics Association

Sohngen B., and Sedjo R. 2000. “Potential Carbor fFom Timber Harvests and Management in
the Context of a Global Timber Market.” Climatic &fge, 44: 151- 172.

Sohngen, B. and R. Mendelsohn, 2006. “A Sensitidtyalysis of Carbon Sequestration”. In
Human-Induced Climate Change: An Interdisciplinary Assessment. Edited by M. Schlezinger.
Cambridge University Press.

Stern, Nicholas (eds.) (2006). The Economics oim@te Change: The Stern Review. H.M.
Treasury, U.K.

Tol, R.S.J.(2002), “New estimates of the damage cdsclimate change, Part I. Benchmark
Estimates” Environmental and Resource Economics, 21(1), 47-73.

van der Werf, E. and S., Peterson (2007) Modeliimfages Between Climate Policy and Land
Use: An Overview. NOTA DI LAVORO 56.2007. The Fordmme Eni Enrico Mattei Note di
Lavoro Series Indexattp://www.feem.it/Feem/Pub/Publications/WPaper&die.htm

van Meijl, H., van Rheenen, T, Tabeau, A., & Eickbhd. 2006. The impact of different policy
environments on agricultural land use in Europeriddture Ecosystems and Environment,
114(1), 21-38.

Wong, G.Y., and J.R.R. Alavalapati (2003). The kaisé effects of a forest carbon policy in the
US. Forest Policy and Economics, 5, 249-263.

26



