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Abstract
Many current research questions in economics sgsaes from the very small and detailed to
the very large and abstract, or require the inserdiinary study of relations between fields
that are causally widely separated and generatlgtuolied together: Such questions stress, in
the absence of “The Great Model For Everythingg, titade-off between generality and depth,
i.e. between covering many aspects of the systediest and details of certain interesting
components. This dilemma may be resolved by linkipgcialized models to exploit their
different strengths. This paper develops a linkveen the general equilibrium model GTAP
(offering an economywide perspective) and the abatjricultural model CAPRI (offering a

detailed model of the agricultural production adigies).
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1 Introduction

Many of the most interesting current research gomestin economics span issues from the
very small and detailed to the very large and abstor require the interdisciplinary study of
relations between fields that are causally widesspd and generally not studied together:
What are the implications of general trade libeatlon on the physical environment in
certain rural regions? Or what do regional diffeesin policy implementation imply at the
global level? Such questions stress, in the absefiidéne Great Model For Everything”, the
trade-off between generality and depth, i.e. betwsmering many aspects of the system
studied and details of certain interesting comptserhis dilemma may be resolved by
linking specialized models to exploit their diffatestrengths. This paper develops a link
between the general equilibrium model GTAP (offgram economywide perspective) and the
partial agricultural model CAPRI (offering a detllmodel of the agricultural production and
policies).!

Theultimatelink would be tanclude CAPRI inside GTAP and solve them simultaneously.
This is practically impossible: the two models mnplemented in different software
packages, in different forms (dual vs. primal) at&b require advanced numerical techniques
to solve already as stand-alone applications. &wlsté a simultaneous solution, an iterative
recalibration solution for the linked system wasealfor, similar to that which links the
CAPRI supply and demand modules (Britz, ed. 20G5ant, Hertel and Rutherford (GHR)
(2006) follow that approach to link a special trawledel that includes tariff rate quotas to
GTAP, and Bohringer and Rutherford (2006) iterdyivimk a partial energy model to a CGE

model.

1 We gratefully acknowledge the funding of the wpriesented in this paper by the SEAMLESS integrateject, EU 6th
Framework Programme for Research Technological Dpweent and Demonstration, Priority 1.1.6.3. GloBalange and
Ecosystems (European Commission, DG Research, &bip. 010036-2).



In the case of CAPRI-GTAP, the situation is comgiiel by the complexity of the partial
model, which has not been tailored for this link tather has a long development history of
its own (the development of CAPRI started in 1984 has continued since). There is also a
considerable overlap in terms of results, espgciatharding world trade and demand.
Jansson et al. (2008) linked CAPRI to an economatacro model, but failed to obtain a
fully consistent solution for all variables. We impge on their approach in terms of
consistency.

Our linking approach relies on using the varialaled equations of the models as they are,
introducing the link by shocking parameters alrepdgsent in the models. This is similar to
Jansson et al. (2008) but contrasts with for exar@iR, which replace the original GTAP
equations by iso-elastic approximations in the fofraupply functions. By maintaining the
original model equations, maintenance of the cavdets is greatly facilitated, and the links
can be adopted for other versions of CAPRI and GWAR less effort. In addition, auxiliary
facilities like data exploration tools and the vaed computations in GTAP will keep
functioning as in the stand alone applications.

We aim to illustrate the potential of the linked®m by analysing a multilateral trade
reform, where results are computed for regionaatetsurpluses and agricultural incomes in
the EU as well as welfare effects for the worlde Tasults will indicate the interdependence
between regional and global economies and regjumadical impacts. This level of analysis
Is not possible with either model by itself. Wenfly believe that this kind of analysis will be
increasingly important to address future reseatsstons.

The remainder of this paper is organized as follofws first describe the theoretical
background of our linking procedure. Section 3 dbss the linked system and the
modifications made to CAPRI and GTAP in order t@lement the linking. Section 4 shortly

describes the database and aggregations useceflimking. (To illustrate the potential of the



linked system of models Section 5 describes thdteesf a simple trade liberalization

scenario in terms of both economic and environmaémdécators). The last section concludes.

2 A formal treatment of the linking of models

There are many research projects that attemptkariodels in different manners. The subject
of the current study is the link from low to higével of disaggregation in terms of spatial and
product resolution. It is thus conceptually similae.g. Jensen et al. (2002) and Helming et
al. (2006) that link a partial to a general equilim model. Other possibilities include the
linking of physical to economic models, or the korital linking of models of similar level of
aggregation (e.g. in Fischer et al. 1988, Charltegw#l 2005). The work by Fischer et al.
comprises a proof that the linked system has aisaluTo their aid, the authors make use of a
fixed-point theorem. The other publications refdrte@ above contain no or little general and
formal treatment of the linking problem. The purpad this section is to describe the linking
problem in general terms, in order to identify gements involved and the conditions for

obtaining a consistent solution.

2.1 Ageneral approach to linking GE and PE models

In principle, the ideal case of a joint solutioneo&E and PE is no different from the solution
of a single extended GE. Assuming that the origi&lis given in reduced form and the PE
as a constrained optimization problem, the exter@eds constructed by merging the
original GE equations with the Kuhn-Tucker condigof the PE. Some of the previously
exogenous items (the parameters) of the GE anBEneecome endogenous in the new
equation system, and new functions are added thpt®ft variables to PE parameters and
vice versa. The problem is thus similar to e.g.dbestruction of a price equilibrium model
by merging microeconomic supply and demand moaéisye the parameters that are fixed

in the individual models (e.g. consumer budgehadconsumer model) become endogenous



in the linked system, and new equations (e.g. ircantounting) are added to the linked
system. In practice, it may be difficult to obtaiperfect integration of the models, due to
technical as well as theoretical reasons, and apgaiution methods may be required in order
to find an equilibrium solution.

Consider the following simplified case, with one @&iked with one PE model. Lgtand
a denote the vector of variables (endogenous) arahpeters (exogenous) respectively in the
GE, and denote an optimal solution to the GE byetingation systerffy;a) = 0, wherd is a
vector of functions of the same lengthyaSimilarly for the PE, denote the vector of valesb
by z, the parameters b§ and the vector of equilibrium conditidrisy g(z,4) = 0.

Endogenous results of the GE are mapped to paresradtthe PE by the vector valued
function/, or, with B the set of all possible parameter sexof the PE and Y the set of all
possible solutions (the solution space) to the GE, — B. The endogenous results of the
PE, which was assumed to be more disaggregatedhbdBE, are aggregated to the level of
the GE by the functioh. If the sub-vector of the variablg®of the GE that correspond to
aggregated results of the partial model is denbyesuibscripp (for "partial”) and the rest of
y is subscripted by (for "not partial™), we have that= (ynyp). With Z denoting the solution
space of the PE, we write Z - Y,,.

If the model chain is solved optimally, then thef@kirns exactly the same solution as the
GE model when aggregated to the appropriate lavel we may write the following

optimality condition for the linked system:

Yo = h(2). (1)

Consider a "partial closure" of the GE that is oi#d by fixingy, and dropping a

corresponding number of equations, so that gnlg endogenous in the sub-vector of

2 For the moment, we ignore explicit representatibmequality constraints and complementary slaskrenditions.



functionsf, (and denote the dropped equationg,bgof = (fn,f;)). Then the smaller model

defined by

fo(yoryn,@) = 0 (2)

IS an approximation to the partial modeln order for the condition (1) to hold, the
parameters of (2) generally need to be changed.pdrameter change is at the core of the
iterative recalibration algorithm, and we refeittbere as "to shift the functions".

In shifting the functions, it is not desirable twange the fixed sectors (the values of
elements o¥,), since the partial model does not (by definitdripartial”) deliver any
information about the behaviour of those sectohsis] we want to split also the parameter
vectora in two parts, where one part is specific to thie-gector of functions$, (the partial
closure of the macro model). This is always teddhigossible (but potentially economically
meaningless or worde by introducing an additional parameter ve@aof the same
dimension ag, such that the new system of equatiorfg(is — Syn,a) = 0. Note that
assigning t@ any other value than the null vector is likelwtolate the equations of the full
GE, and thus constitute a shock to it. Denote feneled parameter vecta@y,g) byy, and

denote the shifting operation that mapy, anda into 6 by

AYn,Yp; a) = {3 fp(Yp — Oyn, @) = O}, 3)

When the models are linked, the parameter veétarsl3 become endogenous to the
model system, and we then seek a joint optimaltismiun terms ofy,z,6,) to both models

characterized by

f(ynyp,5a) = 0
HAyn,Yp: @) = 0

3 Take for example a general equilibrium (GE) mditeded to a partial model of demand for a spedifind of goods. If the
parameters of the demand system of the GE modéhiosrfixed budget shares, those share parameatemegemeaningless,
or at least not shares anymore, by the introduaifandemand shift terdas shown above.



h(2) =Y, (4)
9zp =0
y) =p.

By shifting the equationfs, the macro model is adjusted to approximate thegbanodel
in the pointy,. There are several alternative methods of makiagapproximation. For
example, the equatiofiscan be removed and replaced by a new set of eggatat are
simpler to shift and provide a better approximatiothe partial model. Examples include
point approximations by constants, first and secmader approximations. Almost trivial is
the point approximation obtained by replacfply a vector of constants, i.€-y, = 0,
whered is given by the solution of the partial motéd), i.e. Ay, z;a) = {d d=h(2)}. In
other words, droppinfy from the systeniand fixingy, to h(z). Such a simple approximation
may, however, lead to convergence problems inténative solution algorithm, as we will
show below. Usind, that is a first or second order approximationi PE can improve

convergence tremendously, but is not further dsed$ere.

2.2 Baseline calibration

Another challenge in linking models is to obtaijpiat baseline. The models may rely on
different data sources, use different units of mesment and contain slightly different
assumptions (e.g. functional forms). The task efjtlint baseline calibration is essentially to
choose parametérsf the mapping™and the aggregation functitrso that if no exogenous
shock is introduced, the stand-alone models gieeipely the same result as the linked
system. We distinguish two approaches, which wa telifferential” and “harmonizing”.

The differential baseline calibration approach igkalibrating the function and the

mapping/” so that for the "standard" parameter setand*, it holds that

“In the exposition here, the parameterg @indh are omitted in order to reduce the number of symibiouse, and because
they are not our primary concern.



ny*) =p

h(z*) = yp*
where ¥ is the solution of the macro model parameterizedH i.e. the vector that solves
fly*;0*) = 0, and 2 similarly solves f(2;3*) = 0. In ordinary language, this implies freezing
any differences between overlapping variables eitlodels in the baseline, and keeping
them constant in consequent simulations.

The harmonizing baseline calibration approach iegpéidjusting one or both models so
that they give fully consistent results in the biage both as stand-alone applications and as a
linked system. Example: Given that the PE resatltgre to be respected by the GE in the
baseline, we may computg.(@,d) such thaf(y,h(z*),0,a) = 0, while keeping the variables
ynthat are still free "close" to the original forsta.e., for some metric F that measures the

deviation ofy, fromy,*, solving

min .
Ynalyp F( n,yn)

subject to f(yn,yp,a) =0

Yo = h(z*)

2.3 Iterative solution and some potential problems

For technical reasons, the system (4) generallpatape solved simultaneously. The models
andg are potentially implemented in different softwaaiad the parametets a andf are
exogenous each time a model is solved. Insteadsimhaltaneous solution, the system can be
solved iteratively. In its simplest form, an itevatsolution algorithm involves the following
steps:

Step 0:  Seit:= 1,y° = y*, 22 = z* (stars indicating calibrated baseline values)

Step1l:  Computd = &y, h(Z-1),0)

Step 2: Solvé(y',d,a) = 0 with respect t¢ given @,a)



Step3:  Comput@=/1y)

Step 4: Solve(Z; ) = 0 with respect ta givens

Step5:  Using some metrit; compute DEV =(Z,7-1). IF DEV < tolerance, THEN

terminate, ELSE set:=i + 1 and go to step 1.
This simple algorithm need not converge even thaughblution exists (which is assumed to
be the case).

One case when it may diverge is whgare dropped and,¥ixed toh(z) as discussed
above. In that case, the familiar divergent cobweldlel can result, as illustrated in figure 1.
The simple macro model in the figure contains dhydemand schedul2and a market
balance, and is solved for market clearing pricanaéxogenous supply quantifyor D(p) =
g- The supply quantity is the result of the iteratively linked partial d&, represented in the
figure by the supply schedu®& Letp® be an initial price that enters the partial model,
resulting in quantity’. That quantity in turns enters as fixed supply itite macro model,
which is solved for pricg’, and so on. In the case shown by the figure, theemsystem will
not converge, even though a unique equilibrium obsly exists. The black dots show the
sequence of solutions to the macro model, anddbbetl line shows the iterative solution
path. One can see that the system will convergeibtiie slope of the supply schedule is

greater than the (negative of the) slope of theatehschedule.



Figure 1. Cobweb with diversion. Demand schedwdgrdbolizes the macro model,
supply schedule s the partial model, and the dashedhe iterative solution path.

In figure 1, the partial model was approximateddaghe macro model by a constant
supply, iteratively adjusted to the result of theetpartial model. Those implicit vertical
supply schedules were left out in the figure farity. There are better approximations than
vertical lines. In figure 2, the partial model teratively approximated by a lirewith finite
positive slopgdotted line) and this line is iteratively shifted to account the last outcome
of the partial model. The macro model now con$B(p), R(p) and the market clearing
conditionD(p) = R(p). Solid dots denote solutions to the macro moddlempty dots
solutions of the partial model.

Again, letp® be the initial price, inserted into the partialdebSand resulting in the
quantityg’ = Sp°). The linear approximation R is shifted to rurotingh the pointd’,p®) by
re-computing the intercept of R. The operationestomputing the intercept is the
implementation of the functio® previously mentioned. The macro mo@¥p) = R(p) is
solved, and the resulting equilibrium prigkis submitted to the partial model to start a new
iteration. The reader can verify that the algorithith converge under a wider range of slopes
for R, i.e. in the figure the sequences of filled angpgnaots will approach a common

equilibrium.
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Figure 2. Cobweb model with iterative linear apgpiroations. Lower case s denotes

guantity in the partial model.

Under some circumstances, the iterating systemnwtlconverge even with the linear
approximation. That may happen if, in the exampleve, the demand schedule is close to
vertical and/or the slope of the approximati®is very big. In such cases, some another or an
additional mechanism is required in order to find eéquilibrium. One such mechanism is to
work with partial adjustmentslf partial adjustment is implemented in the gnthodel, then

the mapping™ computing the paramet@(= p) is not, as in the figures above, jpst p'-1
(as was the case in both the previous examplesj buzij;llaj p'~!, wherea; are weights

that sum to one. For example, choosang 0.5,a; = 0.5 and all othes; = 0 implies taking
the simple average of the last two iterations. fHagler may try this on the cobweb model in
figure 1, and will find that the system in thateasould converge very quickly.

Both convergence methods—the iterative approximatand the partial adjustments—
may be used simultaneously, and are then capabienafiing a great range of possible

situations.

5 Partial adjustments in the sense that only aifaabf the current solution of the macro model &ng into the new
parameters of the partial model. Alternativelystbould be expressed as a "lagged expectatiofieipartial model, though
that term is loaded with too much economic condéertt suggests a misleading interpretation of inatas "time".



3 Implementing a link between CAPRI and GTAP

Linking the models unfortunately requires as muahperhaps more) software development
as economic theory. Albeit the focus here is ort@rand not on form, some words have to
be spent on the technical realization. From a sofvpoint of view, the point of departure is
that the models are implemented in different sofen@ackages (GAMS and GEMPACK in
our case), so that they cannot communicate dir@gtlyone another. A prerequisite, though,
is that both models can be executed from a comrpesrdpt. This allows the design of a
program that steers the GE and PE models and datsmonvergence. We first provide a
general outline of the way in which we link CAPRICBGTAP. We then describe in more

detail the changes made to CAPRI and GTAP to imptdrthe link.

3.1 General description of the linked system

The linkage between CAPRI and GTAP is illustratedigure 3. In the figure, shaded boxes
denote computer programs (models), and rhomboidstdalata sets. Starting by solving
GTAP (bottom left), we particularly solve for thaqe vectoW containing prices of
agricultural intermediate inputs, capital and labh@und the vecto¥ of consumer
expenditures per country (aggregate). Those datavaiten to the datas&tG.

Next, CAPRI is solved, using W and M as exogenaugbles (parameters). CAPRI
computes for the aggregate agricultural sectoepndices of output P per region, total
supply S, demand D disaggregated into human consamprocessing consumption and
intermediate demand by agriculture itself, anddriidws T. This is written to the dataset DP.

Finally, the program SHIFT computes shocks for GTARve, as is common “GTAP
language” use lower case letters to denote peotamge relative to a baseline, then the
shocks computed by SHIFT are such that, given pifaep) the agricultural sector would
produce s, demand for agricultural goods would edw@and agricultural trade flows are t.

That is we shock the agricultural producers of GTS&Rhat they, in a partial setting, would



replicate the outcome of CAPRI, and similar for &mmption and trade of agricultural goods.
The program SHIFT essentially implements the eqoatystem (3) by solving a partial
closure of GTAP, but instead of simple shiftdrsve solve for shock parameters of the

standard GTAP (see details below).

Contents of DG:

W Input price vector for CAPRI

M Consumer expenditure
SHIFT <

Contents of DP:

P Ag. input- and output price indices

¢ CAPRI S Aggregate supply of agriculture

D Aggregate demand for agriculture

T Trade flows of agricultural goods
GTAP 4

SHIFT: Program to compute shock for GTAP.

DG:
(W,M)

Fig. 3. Flow of information in the linked system

The solution algorithm outlined above is an inseaat“sequential recalibration”, similar
to the implementations in GHR, Bohringer and Rutrelr(2006) and Britz (ed. 2005). It
works by iteratively recalibrating the behaviouraictions of the three agent’s agricultural
producers, consumers and traders, and obtainbyttsBocking the parameters of the standard
GTAP model. The approach thus on the on hand regjmio modification of GTAP, but on

the other hand requires the additional program SHIF

3.2 Adjustments to CAPRI

For CAPRI, the required modifications, though tret@ally simpler, implies more technical
overhead, since firstly they involve changes t@pwaaters that are otherwise not used as
scenario variables, and secondly because CAPREmmgaits all code for steering the model
chain, like conversions between data files of GEMIRAHAR-files) and GAMS (GDX-

files), and determines convergence.



A specific adaptation of CAPRI that was made fer lihk with GTAP was the
introduction ofquasi-input-coefficienttor labour (skilled and unskilled) and capital. BRI
works by maximisation of modified gross value ad@d&VA), which is revenues plus
subsidies minus variable costs, thus excluding meato labour and capital. CAPRI is
calibrated using a method related to positive nmatteal programming (Howitt 1995, see
Jansson 2007 for implementation in CAPRI), whebelaavioural term is added that covers
all economic and physical influences not explic@gptured in the model. For the link with
GTAP, an algorithm was added that designates eopénat behavioural term as costs for
labour and capital, and consequently shifts tha farproportion to price changes for labour
and capital in GTAP.

The coefficients for labour and capital use pedpation activity in CAPRI were obtained
from GTAP database version 6.2, with agricultusadgregated and for regions similar to
CAPRI member states, by multiplying the cost sh&etabour and capital in GTAP with the
marginal revenues in CAPRI. The resulting coeffitsewere treated as Leontief input
coefficients in CAPRI, and consequently. The renmgmpart of the behavioural term in
CAPRI can not be assigned to any specific prodadactor, and this poses a potential
consistency problem in the link with GTAP.

In addition to prices for labour and capital, tbédwing exogenous items in CAPRI were
shocked by the results of GTAP: Consumer experalitbonsumer price index of all non-
agricultural commodities, Prices of traded varidbfeuts not produced by agriculture and

price of service inputs.

3.3 Adjustments to GTAP

As stated earlier, our approach to linking focuses$ranslating the results from CAPRI into
shocks for GTAP without adjusting the structurésdfAP itself. This allows us to utilize the

welfare decomposition and other reporting toolS®AP straight away. A key benefit of this



approach is that we can easily track contributibtine link to CAPRI to the total (welfare)
changes in the GTAP model. Another benefit of #pproach is that the linking procedure
can be transferred to different versions of the @TAodel. We develop the link using the
standard GTAP model (Version 6.2a of May 2007) lalzée from the GTAP website. Apart
from the advantage of the using a less elaboratiehturing development, our research
interests focus on agriculture which is modelledemail through CAPRI and therefore does
not require more elaborate modelling in GTAP.

We maintain the GTAP model ‘as is’ in our modelliexgercise. The challenge regarding
the linking of GTAP is in developing the SHIFT prag in figure 3. Although we aim at
shocking consumption and trade for a consistektdtra later stage, for now we focus on
agricultural production. In our linked system CARRdbdels in detail the agricultural sector
while GTAP accounts for the rest of the econompijtedizing on the different strengths of
each model. In the GTAP model there is a singlecaljural sector which represents the
aggregate result of the CAPRI motdio incorporate the results from CAPRI we need to
shift the parameters in the production functiontfoes agricultural sector which is done by
SHIFT program.

The aim of the SHIFT program is to change the teahshifters in the GTAP model such
that the behaviour of CAPRI is replicated by the@dtural sector in GTAP. Figure 4
provides a schematic description of the producttoucture of GTAP (taken from the GTAP
TABLO code) and the production structure used lher $HIFT program. Since we focus on
the agricultural sector the SHIFT program is redutwea model of the agricultural sector. For
now we ignore the results on trade flows from CAPRle sector model in the SHIFT
program is thus limited to the use of endowmeagtg) through a value-added aggregated

and the use of intermediate inputi) to produce outpuQ).

5 In fact not all 20 agriculture-related sector$&SfAP are aggregated to a single agricultural se@loe actual aggregation is
based on a mapping of CAPRI to GTAP sectors. Faerdetail see section 4.



Since the GTAP model is formulated in linearizedridhe parameters of the different
CES functions that determine the productioni(the terminology section 2) are not explicit
in the equations but can be adjusted through titenteal shifters. The added benefit of the
use of the technical shifters is that we can ttheeshifts induced by the CAPRI model and
separate these from the parameters derived fro@T#Ad° database. The aim of the SHIFT
program is then to determine the technical shiftietermining the allocation between value-
added and intermediate inpug/&j,r)), among intermediate inputaf(i,j,r)) and among
endowmentsdfe(i,j,r)) such that the results of the CAPRI model ardicafed.

In order to determine these technical shifters eedrfive equations (figure 5). By
replacing the set of produced commaodities (prod_rodmith the agricultural sector
(agri_comm) we can directly copy these equatioosifthe GTAP model. The technical
shifters are then computed from changes in quast#nd price by a closure in which the
technical shifters are endogenous and the quandtid prices are exogenous (figure 6).

When implementing this closure a singularity probleccurs since the technical shifter for
the value-added nesaV&(j,r)) is dependent on the technical shifters in lomest of
endowmentsdfe(i,j,r)). It is indeed a property of all CES functionatthll the “share
parameters” can be multiplied by a uniform fadtand the parameter in front of the CES
function by another factor that is a functiont @ such a way that the resulting function is
identical to the original function. the case fdrGES function. In other words, a given shock
in the value of value-added can be generated lyfiaitely many combinations of shocks to
avaandafe and we need to swap one of the shifters withreerotariable in order to obtain a
specific solution. In the case of CAPRI we havatka information on changes in labour and
capital. We therefore solved the singularity byrfgcthe technical shifter of capital
(alternatively we could have used labour) and eed@ing the use of capital (capital is the

only element of the set flex_endw used in the cle$ile).



On the one hand, endogenising capital use in SHBSES a potential inconsistency, since
capital input is treated as fixed (coefficient)GAPRI in the current implementation. On the
other hand, we need to ensure satisfaction oféhe @rofit conditions, and since CAPRI
contains a behavioural term that does not add ieconany agent in GTAP, we chose to
adjust capital and interpret any change in capgalin GTAP as directly corresponding to the

change in the value of the behavioural term in CAPR



Production structure in GTAP 6. 2a
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Fig. 4. Structure of the production function in GT feft pane) and of agricultural production in t8&IFT program (right pane).
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| Determine ava(j,r) to replicate share of val ue-added and internedi at es!
Equati on ZEROPROFI TS
# industry zero pure profits condition (HT 6) #
(all,j,AGRI_COW) (al |, r, REG
ps(j,r) + ao(j,r)
= sun(i, ENDW COW, STC(i,j,r) * [pfe(i,j,r) - afe(i,j,r) - ava(j,r)])
+ sun(i, TRAD_COW STC(i,j,r) * [pf(i,j,r) - af(i,j,r)])
+ profitslack(j,r);

! Determ ne pval
Equati on VAPRI CE
# effective price of primary factor conposite in each sector/region (HT 33) #
(all,j,AGRI _COW) (al |, r, REG
pva(j,r) = sum(k, ENDW COW SVA(k,j,r) * [pfe(k,j,r) - afe(k,j,r)]);

! Determ ne qva!
Equat i on VADENMAND
# sector demands for primary factor conposite #
(all,j,AGRI _COW) (al |, r, REG
qva(j,r)
= -ava(j,r) + qo(j,r) - ao(j,r)
- ESUBT(j) * [pva(j,r) - ava(j,r) - ps(j,r) - ao(j,r)l;

| Determine shift in afe(i,j,r) to replicate use of primary factors!
Equat i on ENDWDENMAND
# demands for endownent commodities (HT 34) #
(all,i, ENDW.COW) (all,j,AGRI _COW) (all,r, REG
gfe(i,j,r)
= - afe(i,j,r) + qgva(j,r)
- ESUBVA(j) * [pfe(i,j,r) - afe(i,j,r) - pva(j,r)];

| Determine shift in af(i,j,r) to replicate use of internediate inputs!
Equat i on | NTDEMAND
# industry demands for intermediate inputs, including cgds #
(all,i, TRAD_COW) (all,j,AGRI _COW) (all,r, REG
af (i j.r)
=- af(i,j,r) +qo(j,r) - ao(j,r)
- ESUBT(j) * [pf(i,j,r) - af(i,j,r) - ps(j,r) - ao(j,r)l;

Fig. 5. Equations in the SHIFT program

! Initial run for SECTOR nodel :
! * shocks cone from GTAP nodel sinulation
! * ava, af and afe should be zero

! base data
file gtapsets ..\data\sets. har;

file gtapparm= ..\data\default.prm
file gtapdata ..\ dat a\ BaseDat a. har;

file extrasets = ..\data\ Xsets. har;

! Extra sets

I e

Xset flex_endw (capital);

Xsubset flex_endw is subset of ENDW COVM
Xset fix_endw = endw_comm - fl ex_endw,

! Cl osure
|
exogenous
qo
ps
gf e(fi x_endw, agri _conmr eq)
pfe
qgf
pf
ao
af e(fl ex_endw, ACRI _COW REG
profitslack

’
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endogenous

ava ! ZEROPROFI TS
gf e(fl ex_endw, agri _conm r egQ) I ZEROPROFI TS
pva ! VAPRI CE
gqva I VADEMAND
af e(fi x_endw, AGRI _COW REG I ENDWDENAND

I | NTDEMAND

af

shock gqo = file ..\ gtap\ TM5_10_shocks. har header "QOJO';

shock ps = file ..\gtap\ TM5_10_shocks. har header "PS";

shock qgf e(fix_endw, agri _conmm reg) = file ..\gtap\ TM5_10_shocks. har header "QFFX";
shock pfe = file ..\gtap\ TM5_10 shocks har header "PFE";

shock gf = file ..\gtap\ Tl\/S_lO_shocks. har header "QF";

shock pf = file ..\gtap\ TM5_10_shocks. har header "PF";

Fig. 6. Relevant parts of the initialization filéthe SHIFT program

The initial run of the sector model is done witlosks that area generated by GTAP. This
allows a consistency check on the code since @ihieal shifters should be zero when results
from GTAP are used. Six pieces of information ageded to run the model (all in percentage
changes compared to the GTAP data on which the GTiadel rund: agricultural output
(go) and price fs), inputs of endowmentg|fe) and their pricegfe) and intermediate inputs
(gf) and their pricedf). This information is obtained from the CAPRI rés@and summarizes

the aggregate behaviour of the agricultural sector.

4 Database and mapping between CAPRI and GTAP

We implement the GTAP model using the GTAP datah&ssion 7 (pre release 4) with

2004 as its base year. This database containsefggihs and 57 sectors, of which 20 are

related to agriculture. CAPRI offers a detailedidiépn of the agricultural sector on regional

level in the EU, with around 250 regions and arob@dgricultural primary and secondary

products. CAPRI also contains a world-wide tradelud®, where 18 regional blocks trade

bilaterally, using a two-stage Armington differexiton of imports similar to that in GTAP.
To capitalize on the strengths of each model CARRdlels the agricultural sectors

through around 50 agricultural products (both pryrend processed) in our linked system.

" In the initialization run this is the GTAP versi@ndatabase, subsequent runs are done on the dptitile from the
previous iteration.



Since CAPRI has been developed for the Europeaatsih it does not include some crops
which are part of GTAP. Using the HS classificateana common ground we assess to what
extent the CAPRI sectors cover the agriculturalasedn GTAP. We find that for the

majority of agricultural sectors there is a goodawrdance (for 12 sectors at least 84 percent
of trade is covered) or for processed goods tleeaegood concordance in terms of related
primary products (like the grains). Only in theeas$ beverages and tobacco CAPRI covers
only malt and none of the other lines. This islatieely large sector in terms of trade (10%)
and it is therefore kepe outside of the agricultaggregate. Finally, plant-based fibres
composes only a small part of international trdd8q percent), but cotton forms an
important part of the Doha round. Plant-based §lane therefore also kept outside the
aggregate agricultural sector.

The result in terms of concordance would then bedh CAPRI’s agricultural sectors map
into a single agricultural GTAP sector. Next tostagricultural sector the GTAP model
includes beverages and tobacco and plant-bases féls separate sectors. These sectors have
no direct concordance with CAPRI, but may be linkedugh the use of inputs from or
supply of outputs to the agricultural sector.

The discussion on sectors so far has focussedrautigre. Besides agriculture the GTAP
database also contains 37 manufacturing and sersexgors. Given our intent to include a
large number of regions to facilitate the mappm@APRI regions the number of sectors in
the GTAP model needs to be restricted as much sslpje. In addition there are very limited
possibilities for linking non-agricultural intermiadge inputs from CAPRI to GTAP sectors
due to incompatibilities of definitions. We therefdhave no reason for keeping specific non-
agricultural sectors separate. We use a groupifguinnon-agricultural sectors: natural
resource extraction, labour intensive manufactuyragital intensive manufacturing, and

services. This rather coarse grouping does cagayeharacteristics (reliance on natural



resources, factor intensity and tradability) impattfor the supply response. Table 1 presents

the sector aggregation used in the GTAP model.

Table 1: Sector aggregation in the GTAP model

No. Code Description Old sectors
1 Agri Primary & processed Paddy rice; Wheat; Cereal grains nec; Vegetahles, fiuts; Oil seeds; Sugar cane
agriculture sugar beet; Crops nec; Cattle,sheep,goats,horsgeahproducts nec; Raw milk;
Wool, silk-worm cocoons; Meat: cattle,sheep,goatsé; Meat products nec;
Vegetable oils and fats; Dairy products; Procesieq Sugar.
2 PFood Processed food and Food products nec; Beverages and tobacco products.
beverages
3  Fibers  Cotton and other fibre Plant-based fibers.
crops
4  Extract Natural resource Forestry; Fishing; Coal; Oil; Gas; Minerals nec.
extraction
5 LabMan Labor intensive Textiles; Wearing apparel; Leather products; Woodlpets; Paper products,
manufacturing publishing; Metal products; Motor vehicles and paftransport equipment nec.
6  CapMan Capital intensive Petroleum, coal products; Chemical,rubber,plasticlg; Mineral products nec;
manufacturing Ferrous metals; Metals nec; Electronic equipmeratgihihery and equipment nec;
Manufactures nec.
7  Svces Services and activities Electricity; Gas manufacture, distribution; WategrStruction; Trade; Transport n

NES

Sea transport; Air transport; Communication; Finalngervices nec; Insurance;
Business services nec; Recreation and other service
PubAdmin/Defence/Health/Educat; Dwellings.

The limited number of sectors allows more detateirms of regions and therefore a close

match between the GTAP and CAPRI regions. UsingABRI regions as a starting point

the closest possible approximation in GTAP regismaade resulting in a regional

aggregation with 55 regions (see table 2).

5

Analyzing trade liberalization with the linked system

To assess the value-added of the linked systenABIRT and GTAP we analyze a simplified

trade liberalization scenario consisting of a reiduncin tariffs according to a tiered formula

described in the Doha draft modalities for agriatdtreleased on February 8, 2008 by the

WTO. Comparison with the results from stand-aloeesions of the models provides a

benchmark to assess the value-added of linkingnibaels. We limit the scenario to

agricultural liberalization only to gauge the effe€ economywide results provided by GTAP.

Since CAPRI is an agricultural sector model it widit account for the impact of liberalization



of non-agricultural trade, which would be includeda more realistic Doha scenario. This
would however obscure the effects of the just tenemywide feedbacks to a change in the

agricultural sector.

[results to be inserted



Table 2: Regional aggregation in the GTAP model

No. Code Description Old regions No. Code Descriptionold regions
Rest of
1 DEOO0000 Germany Germany. 30 REU Europe Switzerland; Rest of Eastern Europe; Rest of |
Russia,
Belarus
and
2 SEO000000 Sweden Sweden. 31 RBU Ukraine Belarus; Russian Federation; Ukraine.
3 FR0O00000 France France. 32 USA USA United States of America.
4 |R000000 Ireland Ireland. 33 CAN Canada Canada.
5 DKO000000 Denmark Denmark. 34 MEX Mexico Mexico.
6 ES000000 Spain Spain. 35 VEN Venezuela Venezuela.
7 ELOOOO0O0 Greece Greece. 36 ARG Argentina Argentina.
8 ATO000000 Austria Austria. 37 BRA Brazil Brazil.
9 FIO00000 Finland Finland. 38 CHL Chile Chile.
10 ITOO0000 Italy Italy. 39 URU Uruguay Uruguay.
United United
11 UKO000000 Kingdom  Kingdom. 40 PAR Paraguay Paraguay.
Belgium;
12 BLOO00OOO Belgium  Luxembourg. 41 BOL Bolivia Bolivia.
Rest of
South
13 NLOOOO0O NetherlandsNetherlands. 42 RSA America  Colombia; Ecuador; Peru; Rest of Central Am
14 PT000000 Portugal Portugal. 43 IND India India.
15 CY000000 Cyprus Cyprus. 44 CHN China China; Hong Kong.
Czech Czech
16 CZ000000 Republic  Republic. 45 JAP Japan Japan.
Australia
and New
17 EEO000000 Estonia Estonia. 46 ANZ Zealand Australia; New Zealand.
18 HUOO0O0000 Hungary Hungary. 47 MOR Morocco Morocco.
19 LTO00000 Lithuania Lithuania. 48 TUN Tunesia Tunisia.
20 LVO00000 Latvia Latvia. 49 ALG Algeria Rest of North Africa.
21 MTO000000 Malta Malta. 50 EGY Egypt Egypt.
22 PLO00000 Poland Poland. 51 TUR Turkey Turkey.
23 SI000000 Slovenia Slovenia. 52 ISR Israel Rest of Western Asia.
Bangladesh; Rest of South Asia; Rest of West
Africa; Central Africa; South Central Africa;
Slovak Madagascar; Malawi; Mozambique; Tanzania;
24 SK000000 Republic  Slovakia. 53 LDC LDC Uganda; Zambia; Rest of Eastern Africa.
Rest of Oceania; Nigeria; Senegal; Mauritius;
Rest of ACP non Zimbabwe; Botswana; South Africa; Rest of S
25 NOOOO0OOOO Norway EFTA. 54 ACP LDC African Customs .
Korea; Taiwan; Rest of East Asia; Cambodia;
Indonesia; Malaysia; Philippines; Singapore;
Thailand; Viet Nam; Rest of Southeast Asia;
Pakistan; Sri Lanka; Rest of North America; R
South America; Nicaragua; Caribbean; Kazakl
Rest of Kyrgyztan; Rest of Former Soviet Union; Arme
26 BGO000000 Bulgaria Bulgaria. 55 ROW world Azerbaijan; Georgia; Iran Islamic Republic of.
27 RO000000 Romania Romania.
28 AL0O00000 Albania Albania.
29 HRO000000 Croatia Croatia.




6 Conclusions

This paper outlines a general approach to linkiagigl and general equilibrium models to
capitalize on the sectoral detail of the partiablelaand the economywide perspective of the
general equilibrium model. This approach is implated to a link CAPRI (with as its main
strength the detailed modelling of the Europeaicatjural sector) and GTAP (with at its
main strength its global economywide coverage). dpyroach outlined in this paper has as
its main strengths that it uses the CAPRI and GTi#déel as they are used in stand-alone
mode and the explicitly tracing the contributiortlodé link to CAPRI to the GTAP results.
Using the models as they are implies that the phaeefor linking can be transferred to other
(updated) versions of the model with minimal eff@y including the results from CAPRI
through technical shifters standard in the GTAP ehode can trace the impact of the CAPRI

results using the standard decomposition tooldatlaifor GTAP.
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