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ABSTRACT

This thesis is concerned with computable general equilibrium modelling and evauation of
agricultural policy in a globa context. Particular emphasis has been given to the EU's
Common Agricultura Policy, reform of which was an important eement in the successtul
conclusion of the Uruguay Round (UR), and which is to be subject to further reforms under
Agenda 2000. Nevertheless, attention has also been given to modelling the effects of other
Uruguay Round outcomes in manufactures and services, so that the reform of the CAP can
be assessad within the liberadised globa setting.

Chapter 1 describes the UR agreement in generd, and the Agriculturd Agreement in
detail. Chapter 2 discusses the construction of computable genera equilibrium models.
This informs the congderation given in Chapter 3 to the Globa Trade Andysis Project
(GTAP) modd and to results from severd papers that use the modd for the analysis of the
UR, as wdl as other UR CGE modds The GTAP verson 2 database is examined in
Chapter 4 (the latest version, reeased in June 1998, is covered in Chapter 7). Chapter 5
gives atention to the finer detall of the standard GTAP modd, and describes the
modifications and extensons made to this modd, such as the modelling of partialy-
specific-factors and endogenous subsdy rates and a means of decomposing welfare
changes in the GTAP modd. Chapter 6 presents the resuUs from modelling the Uruguay
Round with the aggregation and modd developed in Chapters 4 and 5. The main results for
these smulations show that the globd welfare gain and regiona gains to the EU, the USA
and Japan are comparable to studies discussed in Chapter 3.

Chapters 7 and 8 use the most recent GTAP database, which gives wider coverage of
regions, sectors and factors than the version used in earlier chapters. Chapter 7 augments
the modd of Chapter 5 with production quotas for milk and sugar, explicit moddling of
compensation and headage payment, intervention prices and support buying, and detailed
representation of the EU export subsdy commitments. Chapter 8 reports the resuUs of
smulations using this in a modd 'projected’ to 2005. The main resuUs are that the UR
leads to welfare losses in the EU, which are partialy reduced through Agenda 2000, and
that in al scenarios, the redistributiona impacts of reforms are far greater than the overdl
wdfare changes. Findly, Chapter 9 offers some conclusions and suggestions for future

research.
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CHAPTER1

THE URUGUAY ROUND AND AGRI CULTURAL
PCLI CY

11 INTRODUCTION
The Uruguay Round (UR) multilateral trade negotiations are the most comprehensive

and far-reaching negotiations in GATT history, with the final agreement of the
Uruguay Round encompassing not only market access provisions for industrial goods,
but also agreements on agriculture. textiles and clothing, services, investment, and
intellectual property rights. In addition, the Uruguay Round provided for the
formation of the World Trade Organisation (WTO), a permanent international body to
regulate the enforcement of Uruguay Round provisions, provide a dispute settlement

mechanism, and to oversee future trade negotiations.

This study examines the effects of the Uruguay Round on agriculture, with special
emphasis on the consequences for agriculture in the EU. To this end, a computable
genera equilibrium (CGE) model will be developed to examine not only the effects of
the agricultural reforms of the Uruguay Round, but additionally of liberalisation in
manufacturing sectors, to assess the general equilibrium impact of the total impact of

these reforms for each sector.

The background to the model is covered in the first three chapters of this thesis. This
chapter discusses the Uruguay Round reforms, and concludes with points of interest to
the modelling of tUe effects of the reforms on agriculture. Chapter 2 discusses the use
of CGE models, and chapter 3 examines the main CGE models that have been used to
simulate the effects of the Uruguay Round and discusses the results of studies that

use these and other models.

Chapter 4 examines the Globa Trade Analysis Project (GTAP) database, in particular

looking at how the structure of agriculture and tUe structure of agricultural protection
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are represented in that database. Chapter 5 discusses the standard GTAP model, and
makes additions to this model for the present study. Chapter 6 presents tUe main
results of the simulations, and includes decompositions of these results to try to
ascertain the impact of each magor cause of the results, and the interaction between

different reforms.

Chapter 7 presents a different model to chapter 5, based on the recent version 4 of the
GTAP database, and models the Common Agricultural Policy more accurately. The
focus of this study, and the results in chapter 8, is the forthcoming Agenda 2000
reform of the CAP.

Chapter 9 concludes, drawing comparisons between the two models presented hare

and with other studies.

12 GATT HISTORY

In the 1940s, the International Trade Organisation was proposed as the third Bretton
Woods body alongside the International Monetary Fund and the World Bank. The
negotiations for the creation of the ITO took place between the Bretton Woods
conference in 1944 and the Geneva conference in 1947, with discussions in three
areas. the constitution of the ITO charter, multilateral tariff reductions, and genera
rules relating to tariff commitments. The agreement on the ITO charter was never
ratified by the US Congress, so the ITO never came into operation. but the Havana
Treaty on rules relating to tariff commitments became known as the General
Agreement on Tariffs and Trade (the GATT)' with the multilateral tariff reductions
coming into force as the first (Geneva) "Round" of the GATT. Subsequently, ftirther
GATT Rounds were arranged, as shown in Table 1-1. Initially these Rounds were
mainly concerned with the accession of new GATT members. The 1955-56 Geneva
Round was for example, held to discuss the accession of Japan. and the 1960-62

Dillon Round included negotiations for the inclusion of the EEC in GATT.

' The GATT treaty itself was never presented tor ratification to the US Congress. for fear that it would not receive
the nceessary two-thirds majority in the Senate. The GATT therefore only exists provisionally.
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Table 1-1: GATT Rounds

Number Value of trade Average

of covered tariff cut
Countries ($bn) (%)
Geneva 1947 23 10 35
Annecy 1949 33 n/a n/a
Torquay 1950 34 n/a n/a
Geneva 1955-56 22 25 n/a
Dillon 1960-62 45 4.9 n/a
Kennedy 1964-67 48 40 35
Tokyo 1973-79 99 155 34
Uruguay 1986-93 117 38

n/a = no genera tariff reduction negotiations.

Successive Rounds have usualy included more members, with LDCs participating in
the Tokyo and Uruguay Rounds, and have taken notably longer to conclude. The
Kennedy. Tokyo. and Uruguay Rounds centred around multilateral tariff reductions
based on negotiated tariff-cutting formulae.

GATT Principles

The GATT rules, initially embodied in the Havana treaty but modified at later GATT

Rounds. commits the Contracting Parties. or GATT members. to obey certain

principles in their trade policies.

The principle of National Treatment means that governments have a generd

obligation to treat domestic and foreign suppliers equally.

Most Favoured Nation (MFN) treatment means that each GATT member must
treat every other member on the same terms that it treats its most favoured trading
partner. This means that any bilaterally agreed tariff reduction between two
contracting parties must be applied to imports to those countries from ail other

GATT members.

Open Markets is a principle lad down in the GATT, meaning that al forms of
trade protection other than import tariffs are prohibited, and that import tariffs

sUould be reduced.

The principle of Fair Trade involves the GATT's prohibition on the use of export
subsidies.
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* Reciprocity means that whenever a country lowers its tariff on imports from a
second country. that second country must reciprocate by making an equal tariff

reduction.

» Tariff Bindings are the key principle by which negotiated tariff reductions work,
while allowing unilateral tariff reductions in excess of negotiated commitments.
A tariff binding exists for each tariff line, and sets an upper limit on the applied
tariff. Tariff bindings are reduced in each Round of negotiations, but where the
applied tariff is much lower than the tariff binding, the former need not actually
be reduced. Countries can apply lower tariffs than the binding, and if they do so
they are then free to increase the applied tariff up to but not over the bound tariff.

Tariff bindings can never be increased.

Exceptions to the GATT Principles
A number of exceptions have been made to these principles. The MFN principle has

two exceptions: specia and differential treatment for LDCs, and regional integration.

Soecial and Differential Treatment for LDCs has been a principle of the GATT since
developing countries began to join the GATT negotiations at the start of the Tokyo
Round in 1973. This treatment centres on two issues. a right to protect (because of
infant industries, and the revenue implications of tariff reform), and a right to access.
The right to access to developed country markets has been enshrined in the
Generalised System of Preferences (GSP) by which, under the Tokyo Round
agreement. developed countries may apply lower tariffs on imports from developing
countries than the MFN tariffs applied to imports from developed countries. All

developed GATT members have since given GSP preferences.

The right to protect is a mildly contentious issue, because proponents of free-trade
argue that developing countries would be better off if the GATT forced them to make
large tariff reductions. Partly because developing countries have been slow to join the
GATT, specia and differential treatment led in both the Tokyo and Uruguay Rounds
to lower obligations for developing countries than for developed members.
Specifically, the Uruguay Round commits LDCs to two-thirds of the reductions to

which developed countries are committed. For reforms that developed countries are
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adlowed a six-year implementation period, LDCs have a ten-year implementation

period.

Regionul Integration has been a permitted exception to the MFN principle since the
accession to the GATT of the EEC as a group in the Dillon Round. Article XXIV
permits free trade areas and customs unions so long as the trade barriers following
integration are not higher than they were before integration”, and so long as the
regional ‘trade agreement covers trade in al goods. The rules set out to include the
EEC have been used more recently for the US-Canada Free Trade Area, the North

American Free Trade Area (NAFTA) and other free trade areas.

Agriculture has prior to the Uruguay Round been essentially exempt from al the
GATT rules and principles. The US negotiated an exemption under article X1 of the
original General Agreement for agricultural import barriers, which are permitted
under certain circumstances, such as if imports threaten the workings of domestic
fam income support programmes. Export subsidies are exempt where they do not
lead to the exporting country gaining more than an “‘equitable share" of world trade in
that product. These rules have been used by the US and EEC, and other countries. to

maintain agricultural protection.

Emergency Action is an exception to the open markets principle. whereby a GATT
member is allowed to temporarily increase import barriers if tariff commitments

undertaken under the GATT have caused serious injury to domestic producers.

Balunce-of-Payments reasons can be used to increase import barriers. Where a country
is experiencing balance-of-payments difficulties, quantitative import restrictions can
be used so long as they are temporary in nature and are relaxed when the balance-of-

payments problems diminish.

2 If. for some commodities, tariffs after the formation of the customs union are higher than those applied
previously. there must be compensation in terms of reductions in tariffs applied to other commadities. [t should be
noted that the regional integration provisions do not exclude integration where trade diversion 1s high. so a free
trade area or customs union which lowers world welfare can be perfectly legal under the (IA'TT.
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Anti-Dumping Duties are permitted under the GATT where an exporting firm is
sdling goods at below cost-price in the importing country. The importer may then

apply a duty that is equal to the price difference in addition to normal tariffs.

Countervailing Duties are permitted under the GATT where an exporting country is
subsidising its exports to another country in violation of GATT rules on export
subsidies. Such countervailing duties must only offset the export subsidy, so that the
price of imports is the same with both the export subsidy and countervailing duty as it

would have been without either instrument.

Export Duties and Export Quotas have never (prior to the Uruguay Round) been
subject to GATT rules, primarily because they are rarely used in developed countries.
The profusion of bilateral Voluntary Export Restraints in textiles and clothing during
the 1960s and 1970s was instigated by developed countries to “persuade™ developing
countries to restrict the volume of their exports of textiles and clothing on a bilateral

and product-specific basis.

13 THE TIMING AND POLITICS OF THE URUGUAY
ROUND AGRICULTURAL AGREEMENT

The Uruguay Round began in September 1986 in Uruguay with the Punta del Este
Ministerial Declaration., and concluded in December 1993. three years behind
schedule. While other areas of negotiation. particularly services and intellectual
property, were subject to disputes in the negotiation process, disagreements in the
agricultural negotiations were primarily responsible for the delay in the conclusion of
the Uruguay Round. For this reason, and to detail the background of the contentious

areas, this chapter gives a commentary on the agriculura negotiations.

The Initial Negotiating Positions
Table 12 shows the main points of the initial negotiating positions of the main

participants in the agricultural negotiations, and these positions dominated the course

of negotiations. The initial positions were submitted to the GATT in 1988.



Table 1-2. Main positions at the start of the agricultural negotiations

United States Cairns Group European Japan
Community
Export Subsidies Elimination Elimination Reductions where  Elimination
over ten years the EC is in
surplus ¢
Domestic Elimination, Freeze, then Aggregate No need for
Subsidies except for reduce over 10- reductions reductions
decoupled year period, with
payments subsequent
elimination
Import Barriers Elimination Elimination Reductions, but
retain import
quotas

The US and the Cairns Group' both proposed dramatic reductions in agricultural
protection. The US position was for the elimination of export subsidies and import
barriers. embodying commodity-specific reductions in domestic support. with an
aggregate measure of support. such as the producer subsidy equivalent (PSE), to
monitor progress towards the eventual elimination of trade-distorting subsidies. Non
trade-distorting subsidies (i.e. decoupled policies) could be retained. The Cairns
Group had a similar agenda for the elimi nation of dl trade-distorti ng domestic support
and border protection, but with a ten-year phase-out period. The Cairns Group
proposed the use of the aggregate measure of support (AMS) to monitor the

reductions of domestic subsidies.

The EC position was largely a defensive effort to retain as much of the Common
Agricultural Policy as it could. The EC proposed to use the AMS to make small
reductions to domestic support, without any change in border protection. It proposed
that because of the EC's system of variable import levies and variable export refunds,
the reduction in domestic support would itself entail reductions in border protection,

so no further reduction was necessary.

3 The Cairns Group is an independent negotiating group of agricultural exporting countries that tabled its
proposals and offers in the agricultura negotiations collectively. Its members are: Argentina. Audtralia, Brazil,
Canada. Chile. Colombia. Fiji. Hungary, Indonesa, Maaysa, New Zedand, the Philippines. Thaland and

Uruguay.



The Japanese position was aso defensive, in that Japan's main concern was to retain
import quotas for rice. Japan therefore tabled offers to eliminate export subsidies and

reduce taritfs. but to retain import quotas and make no reductions to domestic SUpport.

The Main Negotiating Areas
In the area of export subsidies. the US, the Cairns Group and Japan dl proposed

elimination of export subsidies, but the EC, as the main user of export subsidies,

proposed to keep them.

Import tariff elimination was tabled by both the US and the Cairns Group, with Japan
proposing partial tariff reduction using traditional GATT procedures. The EC
proposed that there be no changes to border protection.

Domestic support proved to be the key area of disagreement between the initial
negotiating positions of the US and Cairns Group and the EC. While the US and
Cairns Group envisaged total elimination of trade-distorting domestic support, the EC
proposed partid liberalisation. The EC's domestic support proposas \;vere aso the
kevstone of its zero-reduction proposals on border protection, because of the way that
doinestic reform would reduce the EC's variable border measures without any need

for additional reform.

\ further point of disagreement on domestic support reform was whether the PSE or
AMS measures should be used to monitor reductions. PSE is defined as the net
assistance provided to agricultural producers through market price supports and
government expenditures, and is calculated on a commodity-specific basis. AMS is
the aggregate PSE support over dl agricultural commodities. Reductions in PSEs
therefore imply liberalisation in every sector, while reductions in AMS mean
liberalisation of support to agriculture as a whole, giving leeway as to the sectors in
which the reforms take place. Canada tabled a proposal separately from other Cairns
Group members that the AMS should exclude sectors where subsidies account for less

than five percent of output.

The base year for reform aso proved to be a source of disagreement. The period 1986-

88 was one of historically low worid prices for agricultural products, with high levels
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of agricultural protection. Any reductions from this base would imply lower actual
changes in protection than a reduction from a base such as 1990 that had higher world
prices, and lower levels of protection. While protection levels vary inversely to world
prices in al protecting countries, the EC's system of variable import levies and
variable export refunds makes EC protection more sensitive to the choice of base year

than that in countries that use fixed tariffs.

The Mid-Term Review, December 1988
At the Montreal mid-term review of progress, it became evident that a key stumbling

block to the successful completion of the Uruguay Round negotiations was the US
insistence on the one hand to eliminate trade-distorting protection, and the European
Community's determination on the other hand to keep the Common Agricultural

Policy intact.

The Geneva Accord, April 1989
The Geneva Accord marked a minor breakthrough in the agricultural negotiations, and

was in part initiated because neither the US or EC wanted to see the breakdown of
talks in other areas because of the impasse over agricultural reform. The Geneva
Accord had no reference either to the elimination of trade-distorting support. nor to
continuation of it, but rather contained the general objective of "substantia
progressive reductions in agricultural support and protection sustained over an agreed
period of time'. The Geneva Accord, partly in realisation of how far away agreement
might be, included a freeze on all forms of farm support from April 1989 to December

1990.

The Framework Agreement, 1990
With the end of Uruguay Round negotiations timetabled for December 1990, the

GATT negotiating group on agriculture released the framework agreement as a means
of providing a basis for the final rounds of negotiations. The framework agreement
itself tended more to the US and Cairns Group position than that of the EC in terms of
border protection and export subsidies, but followed the EC proposals for gradual

reductions of domestic support.



Breakdown of negotiations, December 1990
The US and EC were unable to come to agreement in the agricultural negotiations in

1990. and in December, at the scheduled conclusion of the Round. the US and other

agricultural exporting countries withdrew from the Uruguay Round negotiations.

Some progress had been made in 1990 on domestic support, with the US and the
Cairns Group tabling offers for 75% reductions in internal support and border
protection, and 90% reductions in export subsidies over ten years. The EC had in turn

made a specific offer to cut AMS by 30% over ten years from a 1986 base.

The main stumbling block for negotiations at this point was, however, the EC's
insistence that reform of border protection was unnecessary if domestic support
reductions were aready to take place. The US and Cairns Group also wanted much
greater cuts in export subsidies than the EC was prepared to accept, and insisted that
domestic reforms should use the commodity-specific PSE calculation, whereas the EC

insisted on using the AMS.

The MacSharry Reforms, January 1991 (revised July 1991)
With negotiations in the Uruguay Round suspended, EC Agricultural Commissioner

MacSharry announced widespread reforms of the Common Agricultural Policy that
would prove to be the crucial move in reaching agreement in the Round. The
MacSharry Plan lowered support prices in the EC while supplementing farmers
incomes with compensating payments. Cereals producers were to set-aside a
proportion of their arable land, for which they would receive additional compensatory

ad.

The reductions of internal support prices were to bring internal prices closer to world
price levels, reducing both import levies and export subsidies. While total domestic
agricultural support was to increase. compensation payments and compensatory aid
were eventually to be excluded from AMS calculations as non-trade-distorting
policies. The MacSharry reforms therefore enabled the possible conclusion of the
agricultural negotiations. and were to provide the means to complete the Uruguay

Round.



The Dunkel draft agreement, December 1991
G\TT secretary-general Arthur Dunkd tabled a draft agreement in December 1991,

the man points of which became the foundation of the eventua agricultural

agreement.

The Dunkel draft set out the principle of conversion of al non-tariff barriers to tariffs,
and a 36% reduction in average tariffs, including those resulting from NTB
conversion. Each tariff line would be subject to a minimum 15% cut, with additional
tariff reductions where imports failled to meet a minimum market access commitment
of 3% rising to 5% at the end of the implementation period. The implementation
period for al market access provisions would be six years (1993-9), and the base

period for minimum market access provisions would be 1986-8.

Domestic support reductions of 20% were envisaged by the Dunkel draft, on a
uniform commodity-specific basis. "Green-box" policies that were not trade-distorting
were exempted from reductions, and these included publicly financed R&D, early
retirement schemes and land set-aside schemes (so long as land was withdrawn from
production for at least three years). Additionally, "Amber-box" policies were exempt
from reductions where subsidies were based on base period criteria rather than current
prices and volumes. The "Amber-box" proposal was dropped by the time that the
Agricultural Agreement was finalised, in part because they would enable support to
farmers that had produced a certain commodity in a base period even if farmers no

longer produced that commodity.

The Dunkel draft proposed reductions of 36% on export subsidy expenditures by
commodity, with a minimum reduction of subsidised export quantities (also

commaodity-specific) of 24%.

While the Dunkel draft introduced many changes that would be included in the fina
Agricultural Agreement, there were several areas that still lead to disputes between
negotiating countries. The EC was opposed to restrictions on the volume of subsidised
exports and was unable to accept the domestic support proposals. which did not
exempt compensatory payments from reduction and therefore were at odds with the

recent MacSharry reforms. The US aso wanted deficiency payments to be excluded
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from domestic reductions. The EC, Japan and Canada al wanted to retain the ability

to impose quantitative restrictions on imports.

The Blair House Agreement, November 1992
The Blair House agreement was a bilateral agreement between the US and EC. The

most crucial agreement at Blair House was the creation of a "Blue-Box" category for
exemption from AMS support reduction, to include al direct payments under
production-limiting programmes. This exempted both US deficiency payments and
EC compensatory payments. Additionally the commodity-specific PSE reductions
entailed in the Dunkel draft were changed to a 20% reduction in the aggregate
measure of support. These two issues effectively enabled EC agreement by making an
Agricultural Agreement that could be fulfilled by the MacSharry reforms. because (a)
although the MacSharry reforms increased the overall AMS. they reduced the AMS if
compensatory payments were excluded. and (b) the MacSharry reforms did not reform
some sectors (such as sugar and dairy), so that the specification of aggregate

reductions was necessary.

A Peace Clause was also agreed at Blair House. whereby countervailing actions were
ruled out for agricultura commodities during the implementation period. This gave
the EC even more leeway in how it implemented the Agricultural Agreement, as no

action could be taken against them for non-compliance for a period of six years.

The Final Agreement on Agriculture, December 1993
While the Blair House agreement cleared up most of the remaining areas that were

blocking negotiations after the Dunkel draft. there were also severa other country-
gpecific concessions before the final agreement was reached. the most important of

which was the allowance for Japan and South Korea to retain quotas on rice imports.

1.4  COMPONENTS OF THE FINAL URUGUAY ROUND
AGREEMENT

The components of the fina agreement are examined individually in this section.
Section 141 examines Uruguay Round market access provisions for manufactured
goods. Section 14.2 examines the Agricultural Agreement, secfion 143 the textiles

and clothing component of the Uruguay Round agreement, and section 1.4.4 other
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issues. The grouping of services. investment, intellectual property, and other issues
into the same group does not reflect the fact that these issues are less important than
those examined individually, but rather that because market access, agriculture, and
textiles and clothing reforms rely predominantly on reductions in tariffs, subsidies and
export taxes, they lend themselves to quantitative modelling. This study, and most of
the studies discussed in chapter 3, will simulate the effects of these reforms and ignore

those that are in the “other” issues of section 1.4.4

141 Uruguay Round Market Access Provisions For Manufactures
Market access provisions can be considered to be the basis of GATT Rounds; in all

Rounds before the Uruguay Round, market access provisions were the only major
reforms initiated. Uruguay Round market access provisions are based on the
elimination of non-tariff barriers (replaced by equivalent tariffs), and average tariff
reductions of 38% (including the reduction of tariffs that were converted from non-
tariff barriers), with LDCs being allowed smaller reductions of 24%. A small number
of products were excluded (‘zero-rated) so the average reduction will be dlightly
lower than these rates. GATT signatory countries submitted new tariff schedules that
complied with the provisions. and had some leeway in how the individua tariff cuts
were implemented. The tariff schedule submissions total 22,000 pages. The tariff
reductions must occur during a six year implementation period from 1994 (ten years

for LDCs).

Tariff Bindings and Applied Tariffs
Tariff bindings are commitments that a country makes to not increase a tariff above

the bound level, and these are administered under GATT/WTO as countries submit
the tariff bindings in each successive GATT round; countries cannot of course
increase the bindings "in between" Rounds - the pre-UR binding must be equal to or
lower than the binding after the Tokyo Round reductions. While tariff bindings were
reduced as a resuU of the Uruguay Round, applied tariffs would not necessarily fall
where the previously applied rate was lower than the pre-UR binding. While in
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industrial economies 94%* of imports were subject to tariffs that were binding (i.e. the
applied tariff was equal to the bound tariff) before the Uruguay Round, only \3% of
tariffs were bound in developing countries. and 74% in transition economies. As a
result of the Round, the percentage of imports that are subject to bound tariffs
increased to 99% (developed), 61% (developing) and 96% (transition). For developing
countries in particular a large part of the negotiated tariff binding reduction will lead
to no reduction in applied rates as the "slack" between bound and applied rates is

reduced.

Safeguards and exceptions
The Uruguay Round Agreements included numerous exceptions, many of which were

included in previous Rounds. Custom surcharges and fees (which are redly tariffs, but
often with different justification and implementation) are exempt from any reductions
- and are substantial in LDCs - they are sometimes more than 50% of the tariff rate.’
LDCs can aso apply non-tariff barriers under certain circumstances to avoid balance-
of-payments problems. but must provide justification as to why pricebaéed measures
ae not an adequate instrument to deal with the balance of payments problem.
Safeguards alowing the application of non-tariff barriers to protect a domestic
industry from injury caused by a sudden increase in imports have been discontinued.
Any currently operating safeguards under this clause must be terminated within five
years, or within eight years of the date the safeguard action was originally taken,

whichever is the sooner.

Anti-Dumping and Countervailing Duties
Contingent protection in the form of anti-dumping duties and countervailing duties is

permitted after the Uruguay Round, but only if a cause for the protection can be
proved to the WTO. Anti-dumping duties entail countries imposing specific tariffs on
products produced by a specific firm where it can be proved that that firm is
deliberately attempting to undercut prices in the importing country. Historicaly it has

4 Taiff bindi ng data from de Paiva Abreu (1993) and Francois et. al. (1995a). both taken from GATT sources.

SFrancois et. al. (1995a) give this figure, referring to individual GATT Trade Policy Reviews. No comprehensive
data exist on surcharges and fees.
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been relatively easy to 'prove’ that a country is being harmed by dumping actions
because of the absence of any international standards. The creation of the WTO as an
overseer of anti-dumping must therefore be seen as an improvement in the regulation

of these actions. However. anti-dumping activities are predicted to increase.

Countervailing duties are additional tariffs that can be applied to a product where the
exporter of that product is providing an export subsidy higher than that permitted by
the Uruguay Round Agreements. As such, countervailing duties are not only
permitted by the Uruguay Round, but are included as a means of punishing export
subsidisers who break Uruguay Round subsidy rules. The application of these duties

is overseen by the WTO dispute mechanism.

142 The Agricultural Agreement
The Agricultural Agreement is based on the same principles of liberalisation as the

market access agreement. but is particularly notable because agriculture was never
included in GATT negotiations prior to the Uruguay Round., except for limited
agreements on dairy products and bovine meat. The reason for the exclusion of
agriculture in previous Rounds is mainly political: most of the developed countries
that set up the GATT. and were the main participants of previous Rounds, had high
levels of agricultural protection that they intended to keep. The inclusion of
agricultural liberalisation in the Uruguay Round was the result of three main factors.
Firstly, the USA. which had tended to be a proponent of agricultural protection in the
pre-war period, has been in favour of liberalisation in the 1980s and 1990s. Secondly.
the European Union (then the European Economic Community), while still being in
favour of agricultural protection. came under pressure for reform to prevent large
visible surpluses and to make the CAP budget more controllable. The main reason for

CAP reform, though was the need to make GATT agreement possible:

"There were good internal reasons for reforming the CAP in the early
1990s, and some elements of the MacSharry reform ... have responded to
these internal reasons. However, the major political force behind the
MacSharry reform, as far as | can see, was the need to prepare the CAP

for a GATT agreement on agriculture. " Tangermann (1998 p. 25)
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Table 1-3: UR-AA Reductions in Agricultural Support and Protection (1995-

Qualifications/Exemptions

2000)
Commitments
Domestic 20 per cent reduction in total
Support Aggregate Measurement of Support

(AMS) over 6 years from 1986-88
base (price support measured against
Fixed External Reference Prices
(FERPS)

Credit for reductions since 1986

Green Box Instruments exempt
(eg. R&D)

Direct Payments under
production limitation
programmes (blue box
instruments) exempt (e.g. EU
compensation payments, US
deficiency payments)

Special provisions for
developing countries

All NTBs converted to tariffs.

Market No new NTBs to be created

Access All base period tariffs including NTB
equivalents to be reduced by an
unweighted average of 36 per cent over
6 years from 1986-88 base (tariffs
measured against FERPS)

Minimum 15 per cent reduction in each
tariff line

All tariffs bound at end of
implementation period

Minimum access provision of 3 per
cent rising to 5 per cent of base period
consumption. Base period imports
count toward access requirement.
Minimum access provision cannot be
cut below actual base period import
level.

Country specific derogations
(e.g. Japan and Korea to
postpone tariffication of rice
imports until 2000)

EU 10 per cent Community
Preference Margin

Specia safeguards

Specid provisions for
developing countries

Source : Ingersent. Rayner and Hine (1995)
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The third reason for the inclusion of the Agricultural Agreement in the Round is that
agricultural exporting countries were more prominent in the negotiations than in
previous Rounds. This is partly due to increased numbers of LDC participants in the
GATT. and partly because small agricultural exporting countries applied greater
pressure on the agricultural protectionist countries by negotiating under the banner of

the Cairns Group.

The Agricultural Agreement included agreements on liberalisation in three main
areas. market access for agricultural goods, agricultural export subsidies. and

domestic producer subsidies of agriculture. Each area has its own set of exceptions.

Agricultural Market Access
Like market access in industrial products, agricultural market access was founded on

the principles of tariffication. national treatment and tariff reduction. Tariffication is
the elimination of non-tariff barriers and their replacement with equivaent tariffs.
Tariff reductions require average 36% (24% for LDCs) tariff cuts (incl udi ng reduction
of converted non-tariff barrier tariffs) for agricultural goods over a Sx year (ten years
for LDCs) implementation period. Least developed LDCs are exempt from these
requirements. Each individual tariff line must have a 13%) (10% for LDCs) reducfion
in tariff binding.

In addition, a minimum market access commitment of 5% (rising from 3% from the
gart of the implementation period) is applied to products that were previously subject
to non-tariff barriers. If imports are below this level of total demand, further tariff cuts
must be made to ensure the minimum market access commitment is met. No
commitment exists for products where no non-tariff barriers existed prior to tUe

Uruguay Round implementation period, however high tariff levels were.

Dirty Tariffication

Agricultural tariff reductions, like industrial tariff reductions, are reductions of tariff
bindings, so that where an applied tariff is below Us tariff binding, the applied tariff
reducfion may be lower than 36% (indeed, the applied tariff may not necessarily be

reduced at all). Agricultural tariff reductions have been to some extent watered down
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by "dirty tariffication”. Because agriculture was never before subject to GATT
disciplines, there was no necessity for countries to have tariff bindings for agricultural
products prior to the Uruguay Round agreement (although a few countries did bind
some products voluntarily). Indeed. many agricultural products were subject to
protection through non-tariff barriers. so tariff bindings would not have been enforced
anyway. As pat of the Agricultura Agreement, signatory countries therefore
submitted their own tariff bindings, which were based on tariff levels (or in the case of
NTBs, the estimated difference between interna and world prices) in the base period
1986-88. Because this period was one of low world prices for agricultural products,
the resulting tariff bindings were in many cases very high. For most agricultural
products. the tariff binding after the 36% reduction is still much higher than applied
tariffs after tariffication of non-tariff barriers. Hathaway and Ingco (1995) estimate
that. for most countries. the Uruguay Round agricultural tariff reductions will lead to
reductions in applied tariffs for only a few products (for the EU, wheat, rice, coarse
grains, sugar. most meats, oilseeds. dairy and wool will have no reduction in applied

tariffs)."

Given the limitations imposed by dirty tariffication, it is unlikely that the agricultural
tariff reforms in themselves will lead to much liberalisation. In the long run, the
elimination of non-tariff barriers and the setting of bound rates to be reduced in future
Rounds may prove to have a greater liberalising impact. The minimum market access
commitments may aso lead to greater tariff reduction than the tariff binding

reductions.

Exceptions to the Market Access Provisions
A specid safeguard of the Agricultural Agreement allows countries that previously

applied non-tariff barriers to levy additional tariffs above the scheduled levels where a
surge in imports or a dramatic fall in border prices threatens to undermine the position

of domestic producers.

fl’ For import of cereals into the EU. the duty paid import price has got to be less than to or equal to the effective
intervention price multiplied by 1.55. The system is essentially similar to the traditional VEL/threshold price
svstem.
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An additional exception to the tariffication provisions is designed specifically for
Japanese rice imports, but may be used by any country on a product that meets the
criteria for 'special treatment’. Such products must have had non-tariff barriers before
the implementation period, imports must have been less than three per cent of
domestic consumption in the 1986-88 base period, the product must not have had
export subsidies since 1986, and measures to restrict domestic production must be
applied to the product. Where these conditions are met (this will probably only be for
rice imports in Japan. and possibly Taiwan and South Korea), non-tariff barriers can
be maintained (during and after the implementation period) subject to a minimum
market access provision of 4%, rising to 8% by the end of the period. Although this
'special treatment’ contravenes the GATT principle of tariffication, it does ensure that
liberalisation occurs in these products, as market access must be below 3% for special
treatment to be alowed, and this must rise to a least 8% by the end of the

implementation period.

Agricultural Export Subsidies
Agreement on the treatment of agricultural export subsidies was one of the most

difficul issues of the Uruguay Round negotiations. While the USA originally wanted
the complete elimination of export subsidies, the final agreement is less
comprehensive. Direct export subsidy expenditure must be reduced to 36% below the
expenditure in the base period of 1986-90 over a six-year implementation period. The
guantity of subsidised exports must also be cut by 21 per cent (with the same base and

implementation periods).’

While the export subsidy commitments are product-specific, the agreement allows
different product lines to be aggregated together when computing expenditures and
guantities. Thus the EU included 40 different product lines as coarse grains, and some

substitution will necessarily occur between these products.

TA front-loading provision applies particularly to EU wheat and beet. if the 1991/2 exports were higher than the
hase level. and allows the quantity reductions to start from a higher point. This does not affect the final export
subsidy commitments.
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Domestic Agricultural Support
The Agricultura Agreement limits expenditure on domestic agricultural support; the

Aggregate Measure of Support (AMS) must reduce by 20% over the six-year
implementation period. The AMS is defined as the producer subsidy equivalent of

support over al commodities.

Exceptions to Domestic Agricultural Support Provisions
Domestic support policies that are not trade-distorting can receive "Green box"

exemptions from AMS reductions. These include publicly-funded R&D programmes,
retirement programmes, and land withdrawa programmes where land is withdrawn
from production for a minimum of three years. "Blue Box" policies are also exempt
where subsidy payments are made as part of a production limitation programme. Both
EC compensatory payments and US deficiency payments are covered by this

provision.

143 Textiles and Clothing in the Uruguay Round
Trede in textiles and clothing, which since the 1960s has been dominated by the

Multi-Fibre Agreement (MFA), is to undergo dramatic liberalisation after the Uruguay
Round. The MFA regulates world trade in textiles by placing quantitative restrictions
on exporting countries, by means of bilaterally negotiated voluntary export restraints
(VERS). While voluntary in name, these instruments force exporting countries to limit
their exports of clothing and textiles to developed countries, with the threat of more
stringent sanctions against the exporting country if it fails to restrict imports to within
its alocated quota. The importing countries (the US. Canada. the EU. and EFTA
countries) get protection for their domestic industries without having to break GATT
rules by imposing import quotas or by illegaly increasing tariffs. The exporting
countries prefer VERs to import quotas or tariffs because the quota rent (or tariff
revenue) that would occur with these policies is transferred to the exporter by means

of higher prices. VER volumes increase each year by specific growth rates.

The MFA ensures that the predominant exporters during the 1960s (Hong Kong and
Singapore) receive protection from competition from newly emerging suppliers (such
as India. Pakistan. and China), because the VER volumes are derived from the initial

volumes set in the 1960s. The least developed countries of sub-Saharan Africa are
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exempt from MFA restrictions, but constitute a very small proportion of world

clothing and textile exports.

The Uruguay Round Agreement includes a basic commitment to return textiles and
clothing to full GATT disciplines over a ten year period. This means that the MFA
sysem of VERs will be phased out over a ten year period between 1995-2005. The
phase-out will occur in three stages: in stage 1, starting in January 1995, VER growth
rates are increased by 16%. Stage 2 starts in January 1998, and during this stage
growth rates are increased by a further 25%. In stage 3 (January 2002) growth rates
are increased by a further 27%.

In addition to VER growth acceleration. each importer must fully include \6% of
products into GATT/WTO disciplines in stage 1. a further 17% in stage 2. and a
further 18% of products during stage 3. These products must then be completely free
of VERs. As it is a the discretion of the importing country on which products to
eliminate VERs, it is likely that they will include products with lower potential
imports during the initial stages. and leave the products with larger potential imports

to the end of the phase-out period.

By 2005, 51% of those product categories® subject to VERs in 1995 will therefore be
free from MFA constraints, and the remaining 49%) of categories will have high levels
of quota due to the accelerated growth rates. It is likely that for many of the categories
il subject to the MFA the quota will not be binding, that is the exporter is exporting
below the VER quota level. All VERs will be eliminated in 2005 whether or not they

are binding at the time.

Taiffs on textiles and clothing are subject to norma market access commitments, that
is (@ any existing non-tariff barriers must be replaced by tariffs. and new NTBs
cannot be introduced. and (b) tariff bindings must be reduced according to the
schedules submitted as the annex to the Uruguay Round agreement. within the 38%

reduction in average tariffs on industrial goods as a whole. However, a safeguard

8 This applics to different product categories for each importer-exporter pair. Note that the MFA is extremely
product specific; typicaly men's light-blue long-siceved shirts have different quotas then men's dark-blue long-
sleeved shirts,
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agreement appended to the textiles and clothing reforms permits the introduction of
additional tariffs on textiles and clothing where damage occurs to the domestic
industry. and that damage is directly attributable to the MFA phase-out. Safeguards
are degressive (they come into effect 3 years after the damage occurs to the domestic
industry). and they must not reduce imports below the level of imports that existed
twelve months before the safeguard came into effect. There is some uncertainty over
how the MFA elimination will operate in 2005. Whalley (1995) argues that developed
countries may resort to WTO safeguard and anti-dumping measures to continue to

protect their clothing industries.

Table 1-4: Examples of VER Growth Rates in the Phase-Out Period

Established Growth | Established Growth | Established Growth
rate of 3% rate of 5% rate of 66>
Stage of Growth Growth Quota | Growth Quota | Growth Quota
integration Y ear Factor Rate Rate Rate
0 100 100 100
Stage | 1 16% 3.48% 1035 580% 1058 6.96%  107.0
2 348% 107.0 580% 1129 6.96% 1144
3 3.48% 110.8° 580% 119.5 6.96% 1224
Stage 2 4 25% 4.33% 1153 7.25% 1282 8.70%  133.0
5 435 o 1205 7.25% 1375 8.70% 1445
6 4.35% 1257 7.25% 1474 870% 157.1
7 435% 131.2 7.25% 1581 8.70%, 1708
Stage 3 8 27% 5.52% 1384 921% 172.7 11.05° 189.7
9 5.52%  146.1 9.21% 1886 11.05%  210.6
10 5320 1541 9.21°% 2059 11.05°  233.9

source: Whalley( 1995)

Table 1-4 shows examples of how the VER phase-out effects VER quotas. and it is
clear that the VER growth formula will disproportionately benefit those exporters that
already have high VER growth rates. Despite the fact that it is the emerging textiles
and clothing producers that have the higher growth rates, given that the quota levels
for these exporters are relatively small, it is likely that newer exporters such as India,
China, Bangladesh, Indonesia and Malaysia will still be quota-constrained on many

lines of textile and clothing exports by 2005.



The Expected Effects of the MFA phase-out
The MFA phase-out will liberdise trade in developed countries, and so should

increase static long-term welfare there, but will probably lead to reductions in
production of textiles and clothing in MFA importing countries. There will therefore
be some welfare losses due to the transition as workers are displaced from these
industries, but the size of the (discounted) static welfare 4gains appear to be large

enough to outweigh these.

The position for exporting countries is mixed. Traditional exporters such as Hong
Kong. Singapore, and East European exporters have large quotas that protect them
from competition from emerging producers. The large increase in world exports that
should result from the MFA phase-out will reduce world prices and reduce the export
earnings of these countries. These countries will not necessarily have welfare losses
from the reforms. however. because the MFA phase-out will reduce domestic
distortions within exporting countries: it will remove the export-bias that exists within
textiles and clothing industries in exporting countries. leading to incréased welfare
from lower consumer prices. The phase-out will also reduce distortions due to the
inefficiencies in production that may occur through the process by which export

quotas are allocated to exporting firms.

The exporters that will clearly gain from the phase-out are those whose exports are
heavily constrained by the MFA. Large Asian countries that are emerging as clothing
producers will have welfare gains as they will be able to export a large proportion of

world trade.

The least-developed countries of sub-Saharan Africa that have previously exported
textiles and clothing without quota restraints will lose from the agreement. as world
prices will fdl as competition is opened up from lower-cost suppliers. Because these
countries did not have VERs in place, they will not have welfare gains from the
remova of domestic and production distortions, so these countries will unequivocally

auffer welfare losses.



144 Other Agpects of the Uruguay Round Agreement
Severd other areas were included in the Uruguay Round that were new to GATT trade

negotiations. The Genera Agreement on Trade in Services (GATS) brings services
trade within GATT/WTO disciplines by extending the most-favoured nation principle
to such trade. The agreement also includes a genera obligation to provide equal
treatment for national and foreign service suppliers (the national treatment principle).
and requires transparency in laws and regulations concerning services. GATT/WTO
members are also required to develop national schedules of market access
commitments for services, and may begin tabling offers for further negotiation
immediately. This alows the next WTO negotiations to treat services liberalisation in

a similar manner to market access for manufactures trade.

Agreement in the area of trade-related intellectual property rights (TRIP) extends
intellectual property rights on the same basis to dl GATT/WTO member countries.
This area was a key negotiating area for the US, which was keen to stop international
fihn, music and computer software piracy. The basic principle of the TRIP agreement
is most-favoured nation treatment of intellectual property, so if a country recognises
lega copyright from one foreign country, it must recognise it from al GATT/WTO
members. An important concession to developing countries, who opposed the TRIP
agreement, is that they have a longer period of time before the agreement affects
them: developed countries must bring domestic legidation into conformity with the
agreement within one year, developing countries and economies in transition have a
five-year transition period. and the least developed countries have an eleven-year

transition period.

The Trade-Related Investment Measures (TRIM) agreement centred on the basic
principle that rules governing international investment should be consistent with the
GATT principles of national treatment and prohibition of quantitative restrictions. A
list of TRIMs that violate these rules was included. and countries have a period of two
years (developed countries), five years (developing countries) or seven years (least

developed countries) to ensure that the listed TRIMs do not break these principles.

Finally, the creation of the World Trade Organisation may prove to be the most
important aspect of the Uruguay Round. The WTO is a permanent body, with the
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tasks of administering the global trade system, administering the dispute mechanism
procedures, administering the two-yearly trade policy review, and providing a forum
for discussion and negotiation for future multilateral trade liberalisation. Importantly,
a resumption of the agricultural negotiations is scheduled to begin at the end of 1999
to realise the long term objective of "substantial and progressive reductions in support
and protection resulting from fundamental reform" (article'ZO of the Uruguay Round

Agricultural Agreement).

15 CONCLUSIONS
Severa issues for analysis are raised by the Uruguay Round. The more obvious ones

that have been addressed by severa authors are questions such as: how large are the
welfare gains from the Uruguay Round? How are the welfare gains distributed
between regions? How much of the welfare gains is contributed by different areas of

the agreement?

Other issues that are pertinent to EU agriculture are: what are the price, production
and welfare effects for EU agriculture? Can the reformed CAP meet the Uruguay
Round requirements? Which aspects of the Agricultural Agreement are the most

important?

These issues will be ftirther discussed in chapter 3 (results from other studies) and

chapter 6 (results from this study).
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CHAPTER 2

COMPUTABLE GENERAL EQUILIBRIUM
MODELLING

Although many of the principles of computable general equilibrium (CGE)'
modelling have been known for a long time, the advances in computer power over
recent years have dramatically increased the applicability of the CGE approach to
economic modelling. Now, complex models can be run on most personal computers,
and this capability has greatly expanded the volume of research employing CGE

models.

CGE modelling is a simulation-based approach to policy analysis, whereby a model is
built and calibrated to data, and then simulated policy changes are enforced on the
model. The results of these simulations are then given as levels or changes in
quantities (output and demands) and relative prices. The numerical nature of
simulations means that results can only be obtained for specific policy changes, and

that no general proofs of results can be obtained.

The attractions of the CGE approach lie in the fact that it can incorporate al the
feedback effects in the economy. In terms of trade policy modelling. this means that
the concept of effective protection is directly incorporated into the analysis, with
feedback effects coming from uses of imports as intermediate goods, competition for
factors, demand substitution (and complementarity) and government budget effects.
Thus the effects of a trade policy issue can be examined directly in terms of resource
flows between sectors without the need to take account of these effects in any
additional calculations. Hertel (1993) uses a small model to show that a partia
equilibrium model is inadequate for simulations where multi-sector reforms are taking
place. Moreover, he shows that while a partial equilibrium model performs as well as

a general equilibrium model when single-sector reforms are modelled, the effects of

l Some economists prefer the term "Applied General Equilibrium" (AGE)
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the reforms on other sectors may be significant, and in such cases are necessarily

- missed by partial equilibrium modelling.

CGE models aso benefit from not being tied to direct functional relationships
between policy instrument and target. Because no equations are solved in their
general form to give a solution for the target as a function of the instruments, CGE
models do not suffer from some of the constraints of other épproaches, such as partial
equilibrium and macroeconomic models. Where these models can usualy only be
applied to marginal changes, CGE models can be applied to discrete changes in many
policy variables at the same time. CGE models can also incorporate a variety of
congraints into the form of the model, thus being able to model quantitative

restrictions with comparative ease.

CGE modelling does however contain several disadvantages when compared to other
modelling approaches. The complexity of data requirements necessitates intensive
data gathering and manipulation. Because the complexity of the data required
generdly prohibits their being available as time series, CGE models ace based on a
data set for one year only, or in the best case on averages of a few observation
periods. This constraint makes empirical testing of functional forms infeasible. and

thus casts considerable doubt on the accuracy of CGE results.

CGE models tend to be very weak in the area of macroeconomic closure: typically all
markets are assumed to clear, and tUis assumption is imposed on the benchmark data
set. Monetary sectors are at best primitive, and most CGE models do not try to
determine the price level. Simple rules are applied to unemployment and savings;
typically unemployment is assumed to be constant (the level of labour supply in the
model being the aggregate demand for labour), while savings tend to be purely
supply-determined: tUa is, the level of savings is determined by how much
houseUolds want to save without any reference to Uow much investors want to invest.
This and other weaknesses stem from the primitive treatment of expectations in the
models. Typically expectations are not explicit in a CGE model, although naive
expectations are implicitly assumed, so that agents expect prices to remain at the
present levels. Some CGE models do however try to overcome tUis weakness by

incorporating rational expectations, but this multi-dimensional expansion of tUe model
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dze is generally prohibitive in terms of modelling effort and time and data

requirements.

The lack of time series input-output data has two consequences. It firstly means that
functiona forms for production functions and consumer preference functions must be
assumed, witU there being no possibility of choosing between alternative forms on
objective criteria. Secondly, it means that tUe assumed ftinctions are calculated
deterministically by a process of calibration rather than being estimated
econometrically, with the disadvantage that statistical measures cannot be given to the
results: in particular, t-ratios and confidence intervals cannot be given. However, the
commonly used functiona forms (such as Cobb-Douglas, CES, LES) are usualy
those which have been found adequate in other economic analyses. The results
obtained are tUe central values in the implicit distribution of expected values, but no
confidence interval can be given, and thus tUe accuracy of the results cannot be
determined. It is likely tUa since the CGE model is based on only one observation
period, the implicit confidence interval is large. and thus the results should be treated
with some caution. Model reliability is tested using sensitivity analysis, which
involves examining the effects of changes in 'crucia' parameters such as elasticity
values. If sensitivity tests indicate that the model is reasonably robust. then the results
can be taken as being fairly reliable. athough tUe value of the results still tends to be

more qualitative than quantitative.

CGE modelling is based on the assumption of rational (utility-maximising) consumers
and (profit-maximising) producers. Ultility functions and production functions are
specified, and from them conventional demand and supply functions are derived. In
addition, the government and external sectors can be included, and any quantitative
restrictions (such as import quotas) can be placed on tUe model. The model then

consists of a set of equations for demands, supplies and market clearing conditions.

The modd equates supply and demand for each good, using prices as the variables
that adjust to ensure clearance. This is where the necessity of computable solutions
enters into the model, since the demand and supply conditions for any good include
terms that, even with relatively simple functional forms for utility and production,
include the price variables raised to various (often non-integer) powers. Direct

algebraic solution of these equations is thus not possible, and an iterative numerical
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technique must be used to determine the solution. This technique is performed by a
computer algorithm, and successively adjusts prices, calculates demands and supplies,
works out excess supply/demand and readjusts prices. This iteration continues until a
solution is found. This method allows relatively complex (but well-behaved)
functional forms to be used in the specification of tUe model. TUe only constraint in
regard to the production and utility functions is tUa they must be solvable for demand
and supply. Similarly, the only constraint on tUe complexity of market specifications
is that the markets must be modelled as matUematical constraints.

21 FUNCTIONAL FORMS

Standard functional forms are usually used in CGE modelling for production and
utility functions: tUus demand and supply equations can be cUecked against published
derivations (and are often included in tUe framework of CGE computer programmes).
Common functional forms used are the Leontief function, the Cobb-Douglas function,
the Constant Elasticity of Substitution (CES) function and tUe Constant Elasticity of
Transformation (CET) functions.

2.1.1 The Leontief Function

Leontief functional forms specify that a minimum level of each input is required to
produce a unit of output (or utility) so that any increased use of any one input will not
increase output unless tUe use of all otUer inputs increases accordingly. As a function

this can be specified as:

! 1 1
0 =min —A, . — \,,.— A, [L-1]
/ a / az./ A alj |

L

where O, isoutput of goodj, X; ; isthe use of input good i in the production of good

j, and &,, is the fixed coefficient for input i in the production of j. This specifies tUa

1
X, ... Diagrammatically, this can be

output is set by the lowest level of i
o ,

iJ

represented by isoquants that are of the form shown in Figure 2-1.
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Figure 2-1: Leontief Functional Form
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Q
Capital Q
QII‘
K Ql
K Q
L L Labour

In the example shown in Figure 2-1. agood is produced using two inputs. capital and
labour (dtUougU the analysis is identical for intermediate input goods). In order to
produce quantity Q, inputs of labour and capital must be at least L.and K. Any
increase in one factor alone, for example an increase in tUe use of labour to L', will
not increase production above Q. For a higher‘level of output to be attained. tUe use of

both inputs must increase: using L' and K' will lead to an output of Q'.

Rational profit-maximising producers will never employ more of one input than it

needs to meet tUe production level Q. so input demand will be

X =a0, [L-Z]

The assumption tUat firms do not make profits above normal returns to capital means
that total revenue equals total costs. inclusive of payments to capital (WUicU is

considered to bejust one of the input goods):
PO, =2.PX,,. [L-3]

where P, istUe price of the i th good. Substituting [L- 2] into [L- 3], cancelling terms

P

in O, . and rearranging gives a price condition:

s
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P = Za,_,l’, . (L-4l

The simplicity of the Leontief function leads to an unrealistic representation of
production in most cases, since it does not alow substitution between factors of
production. TUis form is useful, Uowever, for the treatment of intermediate inputs in
production wUere, particularly in tUe sUort-term, tUe scope for cUanging tUe ratios of

goods used in production is limited.

212 The Cobb-Douglas Function

A Cobb-Douglas representation is more popular than Leontief for production and
utility ftinction specification, because it allows substitution between inputs. TUis form

specifies tUa output (or utility) is a function of inputs in tUe following way:-
o=4p[Txr [CD- 1]

where. for the function to display constant returns to scale, Za, —1 [ A is a shift

parameter.

The specification of constant returns to scale gives tUe property tUa any input price
ratio defines tUe ratio in wUidU the inputs are used, since along any ray R from tUe
origin, al isoquants cross tUe ray at tUe same angle. In Figure 2-2, tUe gradient of all

Figure 2-2: Cobb-Douglas Functional Form

Capital R
K
Q
Pl/Pk
L Labour
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isoquants as tUey pass R is P/Py. With the assumption of profit maximisation, Pareto
efficiency will hold if markets are perfectly competitive, so tUat tUe gradient of tUe
isoquants is equal to tUe ratio of input costs.

Although the Cobb-Douglas production function is more flexible and more realistic
for most applications tUan tUe Leontief, it does Uave several drawbacks, tUe most
serious of tUese being tUa the function displays unitary elasticity of substitution
between inputs, unitary own-price elasticities, zero cross-price elasticities and, in
utility function formulations, unitary income elasticity of demand. TUese points can
be seen by deriving demand conditions from tUe above equations for a consumer U,

where:

u,=T1cs - [CD- 2]

i

U, is consumer h's level of utility, C,, is consumption of good i by UouseUold U, and

a, , isadJaeparameters.

TUe constraint tUa income ( Y, ) equals expenditureis:
Y,=2.C,F. (CD- 3]

Jr
cU U

h — /i
t = aijl "

Differentiating to get marginal utility gives witU some manipulation, e =~
i ~ih

/]

- .
( ih

and setting tUe result equal to the price of goods (tUe marginal cost), £, = «;,

A similar expression can be obtained for any otUer goodj, P, = «,, ?L-

i

These two expressions can be divided to give tUe ratio of marginal costs equa to tUe

ratio of marginal utility:
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[CD- 4]

This expression for C,, can be substituted into the origina expenditure constraint, so

that

a,b P
v, = |'P/C/. Z Cy ”— " —Za/./,

i (q no

where the «;, parameters may be normalised sucU tUa Za ;= 1.Consumption can

/

then be derived:

Y
C1i./l = al./l 'f [CD' 5]

This demand fiinction Uas an own price elasticity of -1, al cross-price elasticities

equd to zero. and an income elasticity of demand of 1. -

The equivalent function for production. @, = 4, ]'_-[ X" togetUer witU a zero-profits

condition P,Q, = > P, X, can be used to derive a similar input demand function for

production inputs:

P
X, =a,0, ?f [CD- 6]

Y]

Substituting tUis input demand equation into tUe production function gives an
equation for tUe unit cost (wWUicU because zero-profits are assumed, equals price) of

tUe output good:

a7

or /_AQPH(I/‘-,



0 that

\Iu

) [CD- 7]

_ Lnl(i
! :1/ PN A
which. as can be seen. is dependent only on the parameters 4, and «, ,, and input

prices P,. TUus, because of tUe constant returns to scale properties of the Cobb-

Douglas function when ZO‘,,, = 1. price is independent of any quantity variables.
/

Cobb-Dougias Elasticities
The demand equation [CD- 5] can be differentiated with respect to 7., to obtain tUe

uncompensated own-price elasticity:

6{’Y/Jl }//,

r‘P - i P}:

S
P C, T Bal

As tUe differentiad of [CD- 5] witU respect to otUer prices is zero, al tUe

uncompensated cross-price elasticities are zero. Similarly, income elasticity is:

ét"i./l)/’, _a/'./: )//'l =]
0‘717! C./l_ P alAlr )Z/PI— .

|

Uncompensated demand elasticities neglect tUe income effect tUat price cUanges Uave
througU tUe output price. Compensated price elasticities can be calculated from
equation [CD- 6], wUicU includes a term in tUe output price P, .

Y
S

P 0‘;.,9;[?@3 TP

i

a LA

wUere, from equation [CD- 7],

J
— =

cP P/
ol i P
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0 tUat

X, P 2, P e ?
dF’)I X =a,'_/‘Y,f/ 7:(0“’7./1) = aIZ/'Q/‘ ?:Q,’P/ (a"/_'l) = _(1 ) ai'/).

This means that tUe compensated own-price elasticity of demand is negative (as

; , must be less tUan one), but is smaller in absolute terms tUan -1.

Compensated cross-price elasticities can also be calculated from equations [CD- 6]
and [CD- 7]:

@( P/. a; N Q/ ﬁPI P/. é’P/ P/

@, x,” U P ap)x Weep Ta

()

CKI./ P/. _(ai,/Q/a P_/)A._ “
C?})/\ ‘X’/./ PI b PI« X.',/‘

o F
:a,_/ak_,X ?=a“.

Here, tUe elaticity of demand between price P, and demand X , , depends only on tUe
Cobb-Douglas parameter for tUe k good. TUis is because tUe uncompensated elasticity
is zero, S0 tUe compensated elasticity depends only on tUe income effect tUat P, Usas

on .Y, , tUrougU tUe aggregate price P, wUicJ depends only on «, ;.

The elasticity of substitution for a Cobb-Douglas function can be derived fi-om
equation [CD- 4]:

dqh/ckh) (P,/P\) _a,_,, !P‘ZP! _

5(13«/13) (Ci.h/Ck.n)— Oy 1 (Ci.h /Ck«/')—
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The unitary elasticity of substitution means tUa a 1% cUange in relative prices will
leed to a 1% cUange in relative quantities. TUus expenditure ratios C, , £, /C, , P ae
invariant to cUanges in prices. TUis, as well as tUe unitary uncompensated own-price
elasticities, zero uncompensated cross-price elasticities, and unitary income
elasticities, make tUe Cobb-Douglas problematic for use in CGE modelling, wUen it is
wdl known tUa tUese elasticities are not representative of rea-world economic

demand.

213 The Constant Elasticity of Substitution Function

Some of the problems inherent with Cobb-Douglas functions can be rectified by using
a third functional form. the Constant Elasticity of Substitution (CES) function,
defined as:-

alla-1)
N (o-1)/o
Q,=A”[Zo,..,x,_j W/ } i [CES- 1]

Equa increases to each input (multiplication by A) will have tUe following output

effect:

‘ oty 17D
2 =ALZ§,,,(M,.,) ]

’

CTI(CT-1)
— s lo-l)o
—A,A{Zq./‘\,‘/ }

wUidJ ensures constant returns to scale, regardiess of tUe & , parameters. Some

assumption must Uowever be made on tUe sum of & ;- so it is usualy assumed tUa

(V]

these parameters sum to one:
2.5, =1

The derivation of demand and price equations for tUe CES follows tUe same steps as

for the Cobb-Douglas case. For the CES production function.
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differentiating output to obtain tUe marginal product gives:

dQ ) (,\V(a-l) o _,l
; (Z‘)/« / \,(G; v J 5'1 __le/n

/

dX. 'o—\}k ' Yo

)

Sat tUe result equal to marginal cost (input price):

07 X" =pP.

(RN i

Obtain an identical expression for any otUer input good k:

08, XiE P e

/

Divide one expression by anotUer, and rearrange to obtain one input quantity in terms
of tUe OtlUe

5.X7° _p.
s v o p
k.iky Kk -
enAl
X, =Y, . [CES- 2]
. ) 514/PA'

Subgtitute tUis expression into tUe zero-profit equation and rearrange to get an

expression for input demand:

RS oo
P/‘Qi:Xi.i( Bl Z@f i

G

o
X,,=PQ, l( ) /28,87 [CES- 3]
RJ =

The equivalent consumer demand expression is:
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5.\ dee
C,= Yh(?') / DI/ [CES- 4]
v [/ ok

For the production function. average cost (equal to price) is derived by substituting for

X/_I_ into the original CES production function, and rearranging:

- (o-1yo Jolo=)

5,\
PO P

=4 S\~
Q/ / Z (v} ;d:lpkl—o’

’

L i
r \ (a-1)fo o /(1)
PO ‘5 )"‘
_A /=1 5[ L’_’
Q/ =Yy Zd‘tTIPAI-(r Z N Pl }
k
\
of(a-1)
PO, )
- 1 50 Pl—a
N b el

Therefore.

f(o-1)
Ql =A/PIQ/]:25iiPIl_Gj| '

i

Rearranging gives:

2-13



1/(1-a)
L
P = 7{2,5;;3' UJ . [CES- 5]

CES Elasticities of Demand

The CES function has a constant elasticity of substitution between inputs equal to o.
This can be verified from equation [CES- 2]:

5 P X, [6,P Y
X, - = — = .
. 5 PI X, (5,‘,11]
Therefore
XX )er) (4 . Q (e/n)
are)  (x,x,) \&J ) (x,x,)
1] (3] «
A 5.5,
T ooy
\J.,5)

CES uncompensated own-price elasticities can be derived from equation [CES-4]:

co npl-o °
YLk
k

Similarly, [CES- 4] can be used to derive tUe uncompensated cross-price elasticity of

demand:
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If CT < 1 tUen tUe inputs into tUe function Uave negative cross-price elasticities, while if
o> | tUen tUe inputs Uave positive cross-price elasticities. WUile CES functions will
aways Uave goods tUa are substitutes, tUe income effect will outweigu tUe
substitution effect wUen CT < 1. Values of CT = 1 and o = 0 carmot be used in tUe CES
function, since tUis leads to division by zero (i.e. in equation [CES- 5]). but as
approacUes tUee two values. tUe CES function becomes equivalent to a Cobb-
Douglas (for o ~ 1) or a Leontief function (for a ~ 0). Computer packages sucU as
MPSGE tUa include built-in CES functiona forms treat tUese values for a as
gpecifying Cobb-Douglas or Leontief functions. B

The CES income elasticity can be derived from equation [CES- 4]:

5’-” Y // o Lo
CI./I = \/u 7 / (51\‘./: PA’

<,y _(au/r) v _ciy
k

The unitary income elasticity that botU tUe Cobb-Douglas and CES functions imply is

one of tUe most restrictive points of botU tUese fimctions.

214 Other Functions
AlthougU tUe Leontief, Cobb-Douglas and CES fimctions are by far tUe most common

functiond forms used in CGE modelling, otUer functions are sometimes used, and

these will be given a brief discussion Uere.
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The Linear Expenditure System Function
The LES or Stone-Greary function can modify either the Cobb-Douglas or CES

function to have a non-unitary income elasticity. Furthermore, tUese income
elasticities can be calibrated for each good. LES functions specify a minimum level of
demand for each good. Because tUis violates tUe constant returns to scale property,
LES functions are not well suited for production, but provide furtUer sopUistication in

utility specification. TUe two types of LES function are:

u,=T1c,-o,.,)" (Cobb-Douglas type)

]

a/lo-1)

UI: = liz 51'./1 (Ci./l - ®i./l )‘ a_l)/aJ (CES type)

A minimum demand (®,,) for eecU good defines a minimum level of expenditure

Z(D,_,,P,.,, that i1s needed to meet tUe minimum requirements for consumption, and

any income in excess of tUe minimum level is tUen allocated in tUe same way tUat a
Cobb-Douglas or CES function would allocate expenditure. TUe derived demand

functions are tUen:

Cr,h = (D/.h +%—(Kl - ZCD/JIP/J (CObb'DOUglaS type)
i !
5.,/P)
C,, =, +-L"'/—’)—- Y, —ZCD. P 1. (CES type)
ih ih o pl-c| N Y
Zé‘k.th : /
k

TUe inclusion of minimum requirements into a Cobb-Douglas function not only
removes tUe umtary income elasticity, but also removes tUe unitary cross price
elasticity for any good witU a non-zero minimum requirement, and removes tUe zero
cross-price elasticity between any goods tUa do not botU Uave tUe same minimum
requirement. TUe LES(CES) function also no longer Uas unitary income elasticities,

and tUe elasticity of substitution between any two goods tUa Uave non-zero minimum
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requirements is no longer equal to a It is tUus possible to specify some goods as
income-inglastic and otUers as income-elastic. However, tUe LES function Uas tUe
unfortunate property tUa as income increases al income elasticities converge towards
unity. TUis makes it unsuitable for experiments likely to result in very large income

changes.

The Constant Elasticity of Transformation Function

Congtant elasticity of transformation (CET) functions Uave identical algebra to tUe
CES functions, but wUereas tUe CES function specifies an output quantity as a
function of a number of inputs, tUe CET function specifies tUat an input quantity is a
function of a number of output quantities. TUerefore tUe equivalent to tUe CES price
elagticity of demand is tUe CET price elasticity of supply, witU identical algebra. TUe
CET function takes tUe form:

r/(r-1)
_ (r=1)/r
Ql _A/,izé‘i.in.j :l

-

where tUe quantities X; are tUe output goods produced using Q; of tUe input good,

with an elasticity of transformation 7.

CET functions may also be used in (low-dimension) CGE models to specify tUe
production frontier for an economy, in wUid) case (), is constant. fixing tUe
production possibilities frontier. TUen increased output of one good .\, can only be

achieved by reducing tUe output of anotUer good X,. TUe elasticity of transformation
is a corallary to tUe elasticity of substitution; it defines tUe degree to wUicU relative
price cUanges will effect relative quantity cUanges.

The Constant Difference of Elasticities (CDE) function

TUe CDE function defines a minimum expenditure function G() tUa is Uomogeneous

of degree one in prices:

1

]

G(z.u) = i Bu“"z"
=1
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where z is tUe vector of normalised prices z; and u is utility. B;, ¢; and bj are tUe CDE
parameters. B; are scale parameters, ¢; are expansion parameters tUat allow non-unity
income elasticities, and b; determine tUe substitution possibilities among commodities
in consumption. TUese parameters must conform to tUe following conditions: B->0,
e>0 and b,<l witU etUer O<bi<| or bi<O for all i.

Hertel (1997, p. 135) sUows tUa tUe Allen partia elasticity of substitution between two
goods. CTj.jis:

_ . . 6..(1-0b)
o, =-=b =b, =2 s t—bf——

§

1

where s; is the expenditure sUare of good i, and &;; is a dummy parameter witU &; = 1
and 6j=0 for i=j. TUe function's name, Constant Differences of Elasticities, comes

from tUe fact tUa subtracting ci; from o;; gives tUe same result irrespective of good i:

=0, O

-1

-

The expressions for income elasticities of demand n; and compensated own-price

easticities of demand v; are;

eh, + > s,e.(1-h)
= L

T ;
k

CES and Caobb-Douglas as special cases of the CDE function
By setting e; = 1 for al i, aset of specia cases of tUe CDE function is derived witU tUe

following properties:

b, +Zsk(l—bk)
= k__

771‘ <
2.5k

+(1-5,)- 5. (1-5)
K
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Thus. b; = 1 givesv; =0, andoij.; =0 (Leontief),

bi =0givesv; =l-s;, andcij. = 1 (Cobb-Douglas),

bi = b gives v = (I-Si)(I-b), and &}« = b-1 (CES).

215 Nested Functions

Functional forms can also be combined by nesting, a process whicU allows multiple
stages of functions, witU tUe top level function using as its inputs the outputs of tUe
second stage functions or nests. Figure 2-3 sUows two common forms of nesting. On
the left a production function is defined as a Leontief, or linear, combi’nation of two
nests, one for composite value-added and tUe other for composite intermediate goods.
The value-added nest is defined as a Cobb-Douglas combination of factor inputs,
while the intermediate goods nest comprises a linear combination of two intermediate
goods X and Y. TUe utility function on tUe rigUt is a Cobb-Douglas function of
savings and goods (tUerefore tUe budget dJare on goods is constant, and tUe marginal

propensity to save is fixed). Consumption of goods is a CES function of two goods X

and Y.

Figure 2-3: Examples of nesting functions

Output

!
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Vdueadded Intermediate  Intermediate
Good X Good Y
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Savings Consumption
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The advantage of nesting is tUat it provides more parameters in tUe model, tUus
allowing a greater cUoice of elasticities so tUa tUe elasticities of substitution need not
be the same for al pairs of goods/factors. Nesting can include any function tUat can
normaly be used in CGE models, and in tUeory any number of nests can be used,
aithougU in practice it is rarely necessary to use more than a few levels of nesting at
the most. Nesting can be impractica botU in terms of modelling effort and
accessibility of results, since intuitive understanding of complex nesting structures
can be difficuU, leading to confusion as to wUeUer or not model results are plausible,

and to how tUey Uave been acUieved.

22 PRODUCTION, CONSUMPTION AND MARKET
CLEARING
At a basic level, dl CGE models Uave a tUer core a system of equations tUa define

production and consumption functions, witU tUe point of simulation being to find
prices and quantities tUat meet tUe specified market clearing equations given certain

changes to taxation or otUer policy instruments.

This section describes Uow tUis core part of a CGE model is built, and Uow it operates,

using a simple closed-economy model witU no government.

221 Production
Production functions can take many forms, but Uere a nested function witU

intermediate inputs and a value-added nest will be examined. firstly witU Cobb-
Douglas substitution in tUe value-added nest, and tUen witU CES substitution.

Cobb-Douglas production with Leontief intermediates
If a top-level nest is defined where output is a Leontief function of value added and

intermediate inputs, tUen tUe quantity of value added VAj is related to output Qj as

follows:

V4, =6,0,.6, >0 (CDP- 1]

where 6. is tUe value-added per unit of output of tUe final good. Intermediate uses X ;

ae
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X/_/ =ﬂi_/Qj"ﬁi./ >0 [CDP‘Z]
where B, , istUe quantity of intermediate good i per unit of output of tUe final goodj.

Vaue added is produced using factor services according to tUe Cobb-Douglas

function

VA /.:/A/.HE i where > a, , = 1 [CDP-3

a acost X, W,E, where Wr is tUe reward paid to factor f and £, , is tUe
f
employment of factor fin industry j.

The standard first-order conditions for efficient (cost-minimising) factor employment

imply that for any pair of factors

VA, |E,, W,

(:VA,/HEL,_, 114

I

Since for CDP-1 we may sUow tUa

VA, VA,

2 =a/"i,ﬁ.

It follows tUa for cost minimisation we require

Ex./ _E’,. N a, /‘W' : [ - ]
. X
Zero profits in tUe long-run equilibrium requires tUat
£, =ZP/'X:‘./ "'ZW/'E/./ [CDP- 5]
' f

and substituting for use of factors g (g=f) from [CDP- 4]gives us an expression for tUe
demand for factor f
2-21



PO, ZPX+ZW s ’] ZPX+E—Z

a
o //x

from which we may obtain, since Zag‘, =1,

I

E,=

(pg szj

But the Leontief demands for intermediates are given in [CDP- 2], so we may rewrite

thisas
a,
E/.l =7Q/[P/—Zﬁ/./f7)' [CDP' 6]
/ i
Since
1 | a
Q;=(—9’_VAIZ?]/—1[E/(/ 7

we may then derive the following equation

0, =%U[(Z,+Q( Zﬂ,-.,f’,]]a“-

This expression can be rearranged to give tUe zero profit (price = average cost)

condition. Because Za, , =1, allterms witUin tUe product expression tUa are not
/

indexed over f can be placed before tUe product sign:

and tUus




or

8 w, \"'
P=>p5,P +A—’]—[(—’— . [CDP- 7]

AN

In long-run equilibrium, tUe price of tUe fina good must be equal to tUe cost of
purchased intermediates (the first term) plus tUe cost of factors used in adding value to

those intermediates.

CES production with Leontief intermediates

The steps taken to derive price and input equations for CES production are the same
as for Cobb-Douglas production. Define the same equations [CDP- 1] and [CDP- 2]
for the top-level Leontief nest. The CES value-added function is

/ o/lo-1)
A,\l 2., Ef; ”/”) : [CESP- 1]
/

Cogt minimisation for the CES function requires tUat

au /’/V/ i
E.L’./ = E/./ T . [CESP- 2]

The zero profit condition is tUe same as in tUe Cobb-Douglas case, [CDP- 5}.

Subsgtituting for use of factors g (g=f) gives

kOY//I/V;. &

PO, = ZPX+ZW[ (4, ’)g] ZPX+E (Zl}azag,m"“.

Rearranging tUis equation gives employment:

I[a/.f] (PIQ/_ZRX’)
PRSEAS ‘
' Za:./WxI_U .
4
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As witU tUe Cobb-Douglas nest, tUe intermediate inputs are a linear function of output
[CDP- 2], So tUa

. =Q( Zﬂ,,,)(za/p:,.)a- [CESP- 3]

We may tUen derive tUe following expression in a similar manner as for tUe Cobb-

Douglas case:

o-ljo 1o

(a/ ///W )“

0, =75, 21 Q’(P ~2.A. ) Za“W' “

All terms in tUe summation expression tUa are not dependent on tUe summation index

f can be placed outside tUe summation sign.

\
, A,qfajZA@{

0

CTICT-l
. a-1
( Za/,/(a/,//W/) } :

/

Rearranging tUe last term allows some simplification:
ajo-|
S
/
(Sazm)
8 J
lfo=1
_,Q/(P/ - ZﬂuP/)[Z ara./W/I-U}

A4,
0,-20r,-%n,2)

SN

As witU tUe Cobb-Douglas case, O, can be cancelled from botU sides of tUe

expression, witU the resulting equation solved for tUe output price:

9 -o
(P/ —Zﬂllf’l) = ;’_[Za?’./W/"”J

/
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- 9 J— i - -0
PI = Zﬂl./Pl +4_Z a/‘/W/ ¢ [CESP' 4]
! /

)

222 Consumption
A UouseUadld can receive income from factors of productlon If UouseUold U holds

endowments of factors Fr;, tUen an income equation can be derived:
Y, =Y. F, W, . [CON- 1]
/

If dl income is spent on goods, tUen
2.Cul =Y,

where C, , is consumption of good i by UouseUold U.

Derivation of equations for consumer demand uses standard functions. If consumption

is Cobb-Douglas tUen equation [CD-5] from séction 2.1.1 can be used:

Alternatively, if consumption is CES. tUen equation [CES-4] is used:

/

__h_. / a o
Cu —Yk J /Zékhp

k

Consumption with explicit Utility
An alternative way of modelling consumption is to "bundle" al consumption into a

single good, "Utility", for each UouseUold. A quantity U|, of utility is “produced’ using
inputs of goods only (not factors of production), and uses goods in tUe exact quantities
tUat tUey are consumed. HouseUolds tUen only directly consume tUis single Utility
good, wUidJ Uas an implied price P, . TUis price Uss varying interpretations: for a
private UouseUald, it is tUe cost of living index for tUat UouseUaold; for a government
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houseUold, it is tUe government price index. If tUere is only one private UouseUold,
then P, is tUe Consumer Price Index, and if tUis UouseUold also includes all
government activity, £, istUe GDP deflator. WUile including tUis price in tUe model

will not alter tUe model results, it often proves wortUwUile as a price index.
WitU al expenditure on utility,
}lh = IP!I:(LIJII .

Production of tUe utility good can use any of tUe standard functional forms. For Cobb-

Douglas utility, demand can be derived as:

P/
XI h = ai.h Uh Tg-
and tUe price index as.
1 P ik -
P =—T1l —)
’ h H \a/'_/l}
For CES preferences.
G, e o
Xr h = P/I’,U’ILT // 5/(./: PAI-U
/ ! A

223 Market Clearing
Findly, production and consumption must be brougUt togetUer by market clearing

equations. TUere must be one market clearing equation for eaclU good or factor. In a
smple closed economy model witUout government, tUere are two sets of sucU
equations. one for goods, and anotUer for factors of production (Uere we use tUe first

consumption fiinction witUout explicit Utility).

The market clearing equation for goods must equate output witU the sum of al uses of

the good. Here goods are used as intermediates, and in final consumption:
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Qi = Z’Yl./ + ZCV/.I: :
i h

Similarly, a market clearing equation for factors of production must equate supply
witU demand. In tUis case, supply is ensured by UouseUolds Uolding endowments of

factors, and demand is for primary factor services in employment:

/ZF/J,= ZEI.I :
h j

224 Walras Law and the numéraire
The equations needed for this model are summarised in Figure 2-4. AltUough tUese

equations could be used directly to solve tUe CGE model. tUere is one problem witU
them: tUe full set of equations is linearly Uomogeneous in prices, so that any absolute
level of prices is possible: tUus. it is only relative prices tUa are important in al tUese
equations. SucU a model will usually solve, but any absolute level of prices is
feasible. In order to fix tUe absolute level of prices it is normal practice to define one
price as tUe numeraire, but any nominal variable (sucU as consumer income) could be
used. WUicUever nominal variable is cUosen as tUe numeraire is fixed, and al other

nomind variables are tUen defined relative to tUe numeraire.
A drict definition of Walras' law states tUat:

"TUe firgt part of tUe Law says tUa in an economic system of n distinct
markets, equilibrium in any (n-1) of tUese markets guarantees equilibrium
in tUe last one. TUe second part of tUe Law states tUa if an overal
equilibrium in al markets is found at a set of prices py, P2..... pilUen a
st of prices Ap|, Apy....Ap,. witU A >0, will aso define tUe same
equilibrium; in otUer words, absolute prices are not required for tUe

equilibrium of tUe economy."
Baldry p. 61.

The need to specify a numéraire is, of course, a consequence of Walras' law, wuUicU
dictates tUa for a closed system of n markets, if n-1 markets clear, tUen tUe n" market
mus also clear. TUus we must remove one equation from tUe model, leaving n-I

equations in n-1 variables. Any single equation could be omitted, and tUe equation
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Figure 2-4: A simple closed economy model without gover nment

Leontief intermediate input demand:
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that is removed need not Include tUe numéraire in any way. In the set of equations in

Figure 24, tUe factor market equation could be removed, but only for one member of
the set f:

L. =2E,.
/

Felln-1]

Another commonly used alternative is to introduce a new variable WALRAS tUa can

be positive or negative,

-0 < WALRAS <€ +00.
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This Walrasian "slack” variable can tUen be added to any one single equation.

F, =Y E , ;
Z; H Z I J €ll.n-1

N F, =2 E,, +WALRAS f=n.
h /

If every otUer equation in tUe model is satisfied, tUen tUe closed system of equations
must result in WALRAS equal to zero, but tUe inclusion of tUis variable means tUa

the model's consistency can be cUecked.

23 MODEL CLOSURE
Modd closure is a term tUat refers to Uow tUe economy is modelled outside tUe core

pat of tUe CGE model. Model closure is usualy cUaracterised by a set of closure
rules tUa are not derived from any otUer part of tUe model.

231 External Closure
In a closed economy model, tUere is no need to consider Uow tUe domestic economy

interacts witU tUe international economy, but in an open economy CGE model tUere

must be extemal closure to determine how imports and exports are determined.

A smadl open economy model would assume that tUe domestic economy Uas no power
to influence world prices. TUerefore, international prices of imports and exports
Joud be fixed. witU tUe economy able to import/export any quantity at tUis price.
Thus the domestic price of any good would be set by tUe world price and excUange
rate:

P" = e.P".

1 1

TUe excUange rate e is a new price in tUe model, wUidJ must adjust to ensure balance

of payments equilibrium:

2P X,= Y P M,
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where V, and M, are exports and imports of good i. Large country external closure
can aso be implemented by tUe use of a constant elasticity of demand for tUe

country's exports (or supply of its imports):

‘(M Q
P =e.L="J Q>0

where M, is tUe initial level of imports of good i.2

Multi-region CGE models are tUe exception wUere extemal closure is not necessary;
consumption of imports in one region is sourced ultimately from production in otUer
regions, so tUere is no need to make additional closure rules to determine trade
quantities and prices. The basic structure of tUese models is tUe same as tUe single
country closed economy model, with (at least) one household in each region holding
internationally-immobile endowments of factors in that region, purchasing goods

from that region's suppliers and imports from otUer regions' suppliers.

Government Closure
There are many government closure rules that are adopted in CGE models, and tUe

choice is largely dependent on the purpose for whicU a CGE model is built. TUe
smplest form of government closure is to treat tUe government in mucU tUe same way
as private UouseUolds, witU a utility function determining government demands for
goods. and an income equation wUere tUe government gains its income from tax
receipts. If tUere is only one private UouseUold, and taxation issues are not a concern
of the analysis, tUen tUe government and private UouseUold could be treated as a

single consumer.

Alternatively, some government demands could be fixed. If government revenue is
dlowed to vary, tUere must be at least one expenditure item tUat will adjust to ensure
that government income equals expenditure, but it is possible for savings to be tUe
item tUa makes tUis adjustment if aggregate government consumption of goods and

sarvices needs to be fixed.

* See Shoven and Whalley (1992), ch.9. lor a discussion of alternatives to this approach.
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If tax-incidence analysis is to be performed (i.e. assessing tUe welfare impacts of
different forms of taxation), then it should be done with government expenditure
constant by allowing one tax (usually income tax) to adjust to meet any sUortfall of
government revenues. In a common experiment, all consumption is fixed, and one
indirect tax is removed, witU income tax increasing to ensure government income-
expenditure balance. A positive utility gain from sucU an experiment would imply tUa

income tax is a more efficient tax tUan tUe tax being removed.

In long-term analyses it migUt be preferable to use government closure rules wUere
taxes adjust to ensure tUa government expenditure is constant as a proportion of
GDP. TUis assumes tUa tUe government Uas a preferred level of involvement in tUe

economy tUa is set by political factors.

Savings Closure
Savings closure (sometimes termed "macroeconomic closure™") refers to tUe means by

which savings and investment are determined. Typicaly saving is performed by
household, with eacU UouseUold gaining utility from tUe consumption of areal savings
good, wUidJ is 'produced’ by investing in goods and services. TUié is a purely
demand-driven savings rule, by which expected cUanges in future earnings of
investment do not Uave any effect on tUe rate of savings. Alternative savings rules

might allow expected rates of return to effect savings.

The weakness of savings closure rules comes as a direct result of using a static model
without any expectations, so some models introduce dynamics into the core of tUe

modd to enable more sopUisticated savings closure.

Multi-region CGE models Uave an additional savings closure problem, wuUidJ is tUa
the distribution of investment between regions must be decided in addition to tUe
aggregate level of savings and investment. TUe simplest possible closure Uere is to
assume tUat net investment in eacU region is fixed (by balance of payments identity,
this fixes tUe trade balance).

24 COMMODITY DIFFERENTIATION
One important stage in tUe formulation of a CGE trade model is tUe treatment of

domestic and traded goods.



2.4.1 Homogeneity
A smple neo-classical trade model would treat al domestic goods as being

homogeneous with the same tradable good. TUis neo-classical moded is sUown in

Figure 2-5 in an example using two goods, X and Y.

In this example, the production possibilities curve (PPC) XO-YO is defined by
production tecUnologies and factors. At tUe world prices Px and Py, tUe quantities
produced of tUe two goods are Xp and Yp, while tUe indifference curve (1) for tUe
single consumer in tUe model leads to preferred consumption at tUe levels Xc and Yc.
The excess of production over consumption gives the net trade in each good. so tUa
(Yp-Yc) is exported from tUe economy and (Xc-Xp) is imported.

While tUis form of model is tUeoretically convenient, it does not take into account
various factors tUat are important in observed market conditions. In particular, tUe
modd does not allow any good to be botU imported and exported - tUe situation of
cross-hauling of goods that is common at the level of aggregation used in CGE
models. Because of tUese features, multi-sector CGE models based on tUe neo-
classical trade paradigm can produce large swings in trade volumes, and relatively
smdl policy cUanges can lead to import goods becoming export goods, and exports

becoming imports.

Figure 2-5: General Equilibrium with Homogeneous goods

Y

YO
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Px/Py
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242 Salter-Swan Non-Traded Goods

These problems can be solved by using a Salter-Swan form of model, where goods
ae classified as etUe non-traded or traded. but the form of mode originally
envisaged by Salter and Swan does not lead to an entirely satisfactory solution to
these problems. AlthougU Salter and Swan recognised tUe importance of non-traded
goods as being distinct from traded goods. tUey classified only those goods that were
totaly non-traded as non-tradable. TUus a good witU a smaII' percentage of total output
exported would be classified as a traded good in tUis model, leading to a situation
where the domestic price for such goods is set by world markets, and where very few

goods are classified as non-traded.

243 Differentiated Goods

The problems outlined above are usually handled in CGE models by treating tUe
goods in any sector tUa are non-traded, exported and imported as qualitatively
different goods. TUis specification can tUus allow for cross-hauling of goods. and for
the dependence of goods with small trade shares on world markets to be specified by
the substitution elasticities chosen and the volumes of traded and non-traded goods in
any category. For each sector in the economy, output and consumption are broken
into three parts. an import good, an export good and a non-traded good. An
aggregation function creates one composite consumer good from the domestically
produced non-traded good and tUe import good. TUe production good comprises two
output goods - tUe non-traded good and tUe export good. TUe tUree different goods in
eaech sector can tUen Uave different prices, allowing domestic market conditions to be
reflected in tUe price of tUe non-traded good. and a tUe same time retaining some

direct dependence between tUe tUree goods in eecU sector.

In the example sJown in Figure 2-6. CES and constant elasticity of transformation
(CET) functions are used, so tUat:
o-1 170
C = A,,[a,G, o +(1-a )M } [CES]

where C, is aggregate consumption of imported and domestic good,

G, is tUe quantity consumed of tUe domestic good.
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Figure 22—6: Differentiated Goods

Armington Aggregation
Consumption
of good i Ci
N
7&5\
/ \
Imports Composite Exports
of good i go'oc?? of gpood i
Mi ¢ Xi
CET
Production
ofgood i
Qi
M, is consumption of imports.
ad A4, a, and oare CES parameters, i
r— -1 rL_
0- B,.[ﬁG,T +(1—,B,)X,T} ‘ [CET]

where @, isaggregate output quantity.

G, is tUe quantity produced of tUe domestic good, equal to tUe quantity

consumed,

X, istUe quantity of exports,

!

B, B and r are CET parameters.

244 Armington Aggregation

An extension on tUis model of differentiated goods is generally necessary for CGE
modelling, and is common for multi-country modelling. Armington (1969) defined a
mode of differentiation wUere imports are differentiated according to tUer region of

source, and domestic goods are differentiated from imports. Figure 2-7 gives a
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diagrammatic representation. wUere CTD is tUe elasticity of substitution between
domestic goods and imports, and CTM is tUe elasticity of substitution between imports

from different source regions. It is usualy assumed tUa cp < oum.

"True" or "double-sided" Armington aggregation includes a similar function on tUe
export side, wUere exports are also differentiated from domestic products (as in tUe
differentiated goods of Figure 2-6), but tUis form is rarely used because “‘single-sided”
Armington. defined only for imports, accomplisUes everytUing tUa tUe Armington
function is intended to do: it differentiates goods from different regions, alowing
cross-hauling and preventing large trade shifts from small price cUanges. TUe
"double-sided" Armington does not add anytUing to tUis, but increases tUe size and
computational difficulty of tUe model. In practice, single- and double- Armington
structures are mixed witU differentiated goods tUat are not differentiated according to
region of source (or destination). TUe GTAP model, for example, uses single-sided
Armington on tUe import side, witU no differentiation on tUe export side. Harrison
(1997) uses tUis model, witU a variant tUa Uas exports differentiated from domestic
goods, but not differentiated according to region of destination. P

25 CALIBRATION

251 Calibration Techniques
Time-series data are generaly not available in the detail necessary for CGE

modelling, but even if time-series data on production, consumption, input-output data,
trade and taxation are available, tUe task of estimating functiona forms tUa botU fit
the data as far as possible, and produce a balanced general equilibrium dataset, is not
feasble. CGE models tend to Uave a single set of data for one base year, dtUougU

Figure 2-7: Armington Aggregation
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Domestic Imports

N
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2-35




even then some data may be taken from other years.

Cdlibration remains tUe only possible way to ensure tUa tUe parameters of a CGE
model botU reflect tUe data and lead to a balanced general equilibrium bencUmark.
The problems of producing balanced data to start witU are not inconsiderable, but
even witU balanced data, it is imperative tUa tUe model sUould be able to reproduce
the data in a "bencUmark" simulation.

Not al parameters in tUe CES (and CET) functions can be calibrated from sucU a data
set. and it is necessary to impose elasticities of substitution on tUe model. TUese
elasticities will ideally be from empirical econometric estimates from tUe same time
period as the data base year. Often. Uowever, elasticity estimates simply do not exist,

so values are 'borrowed' for different countries, regions and years.

Calibrating a Cobb-Douglas Function
When calibrating a Cobb-Douglas fianction, tUe following standard equations can be

used for output, input demand and price:

P
Q:A/II_IX,' X i Q _[—’- —T—,. <|\ i/ .

WUen base values (denoted with abar over tUe variable name) are used,

1

Q=A/I_IX71 Xl,lzai_jQ,El A ll

smple rearrangements give expressions for «,, and 4,:

_Q- /'_P J
@, = [CAL-1]
A, = _Q_ : [CAL-2]

Calibration for consumption functions is identical, witU tUe resuUing value for &, :
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£ [CAL-3
al'h —le.h pl . ) ]

CES Calibration
Cdlibration of a CES function follows similar principles, but is not so straigUt-

forward. Firstly, tUe elasticity of substitution must be imposed on tUe calibration
procedure. Then, because tUe CES demand function incl udes terms in o, , fordlk, it

cannot be used to calculate values for o, ;:
- - o~ 5/'./' 7 / e pl-o
X’-/ZP’Q/' ?_ /Zé‘k./‘ok
i , k

It is normally assumed tUa Zc)‘,_, =]+ TUen, using equation [CES-2] for base values,

=, [CAL-4]

The output equation can tUen be rearranged to obtain 4, :
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©,
A, = : [CAL-5]

/ alla-1)
~ Glo-Be
[Zai./ A e J

Calibration of CES utility equations involves an identical procedure to calibrate ¢, .

Utility equations do not need tUe sUift parameter 4, as tUey are ordinal.

252 Pre-Calibrated Functions

Later cUapters will use pre-calibrated functions, wUidU are pUrased in sucU a way tUa
caibration of parameters is unnecessary except for an expenditure sUare parameter.
Pre-calibrated functions Uave several advantages over tUe traditional means of
caibration outlined above. Pre-calibrated CES equations use tUe elasticity value

X, P
—r ) A -

P,
cr and tUe sUare of expenditure on eecU good. 6., = OP, - T/
~1

'; or for

M><'

)—(,P,_ T/.h.])/ -
?h /_T_:TY 7)k '
k .

utility equations, 6,, =

Although pre-calibrated functions will result in exactly tUe same model structure. and
results, calibration of tUe CES 6, ; and 4. parameters is replaced witU tUis simple

expenditure calibration. FurtUermore (and tUe most useful property of tUese
functions), tUey do not need to be recalibrated wUen tUe elasticity of substitution is
changed.

Firstly, obtain an expression for 4, that does not contain ¢, ; by substituting [CAL-4]
into [CAL-5]:

©l

A.’- = a/le-1) *
— =y
Z P/Xl U( —(r-fa

= e L
i Xy

A TR T e

ol
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A/ = Z—ﬁ —\— 0/(‘7_” __Q/ (’/((7—”

i IRANN ( Z P, X, ,j

- Glle /
> P XL
k
Then.
5 \a/(rr-—l)

o T
0 —b ] Z Pin,/ y(o—l)/cr
<) T = o aflo-1) Z'I—)k—fz/a N

l ZPI XI./) k /

N

af(a-1) af(o-1)
(zrwe] [zEm
Q/ = Q, / of(o-1) / CT/(<T)
== = =l
| ZP: ) lZP,X,,,)
e Xy
where. as X/, = —(o-1)fo
&G

0,
Substituting lower case variable names for ratios of bencUmark values, i.e. ¢, = 5’-
i
X,
a‘ﬂ X, , == .
X/./
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NN

rr/la-l)
{Z S I [CES6]

Now, subgtituting for parameters in tUe price equation [CES-5]:

— _ et o 1 1-rr)
1 LPX PXI
i i.j -
Pl ==(§_—/ o afle-1) Z ZP Xl/rr RI
Slemwy) s [leh
af(a-1) -\ /1-a)
5% 5% (2
(e )
P/ = ='Q_ : . ajla-1) P — =)
(zrxs) xewy

— [
Cancdlling out equivaent terms and dividing batU sidesby P, = —73—212,)(95\,3;
r},l 4 Y Wea-N)g _ ( p ) g\ VH-0)
?/zLIZP‘X"IJ kIZP,'X,‘_, ?I J
N /(1-0a)
(Z 6.p"| [CES7]

Equation [CES-3] gives input demand:

/
G )

Xi =P/Q/ ?J /ZOT/P’] 7

Replacing values of 6, witU equation [CAL-4],
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P/Q/ P,/\/,, J

PSR

~
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&

API_LT),"?,_,/; PX
I = — (P '
Z PN pis ;PA.X“[?LJ /ZP Yl

WA k

Cancdlling tUe Z P X ,l/_‘,’ terms on botU tUe top and bottom of tUis expression and
k

dividing botU top and bottom by base revenue 7,0

X, pa,p’
xl./ == . = |-
Xi,j p,
x,, =q,(&) . [CES-g]
bi

These pre-calibrated equations can be used in a CGE model, and as stated above, tUey
are easier to use tUan tUe more "normal” equations, partly because tUey do not need to
be recalibrated wUen cUanging elasticity values. MPSGE’, tUe programming system
that will be used later in tUis tUesis, Uas tUese equations specified internally. Results
fron MPSGE are tUus ‘multiples’ variables, wUidJ must be multiplied by tUe
bencUmark quantity to find tUe actual quantity; MPSGE never needs to recalibrate
functions when elasticity values are cUanged.

} Mathematical Programming System for General Equilibrium, a programming system by Tom Rutherford, GAMS
Corporation and University of Boulder, Colorado.
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26 CONCLUSIONS

This cUapter Uas outlined tUe process of computable general equilibrium modelling,
from a general discussion about tUe nature of CGE modelling, tUrougU tUe specifics of
functional forms (section 2.1) to linking tUe beUavioura equations and accounting
relationsUips togetUer in a simle model (section 2.2). Section 2.5 discussed model
closure, a necessary part of any CGE model, and section 2.6 discussed tUe treatment
of traded goods. Finally, section 2.7 discussed calibration of CGE models, and
derived pre-calibrated functions.

TUe following cUapters will refer to all of tUese issues, firstly to examine various CGE
models of global trade and tUe Uruguay Round (CUapter 3), and tUen to build and
extend a model (CUapters 5 and 7) for futUer analysis of tUe Uruguay Round.
Discusson of results (CUapters 6 and 8) draw on an understanding of tUe
fundamentals presented Uere. In particular, pre-calibrated functions will be used
further in CUapter 5.
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CHAPTER 3

CGE MODELS OF THE URUGUAY ROUND

31 MODELLING ISSUES

This cUapter examines various studies of tUe Uruguay Round tUa use CGE models to
assess various questions tUa are raised by tUe Round. TUe most obvious guestion to
ak is: does tUe Uruguay Round bring overall net welfare benefits to tUe worid as a
whole? TUis may not be a pointiess question, for in a world wUere many policy
distortions exist, tUe partial liberalisation of some of tUose distortions could lead to
welfare losses. However, in al of tUe CGE studies presented Uere, tUe Uruguay Round

is welfare improving for tUe world as a whole.

Other questions arise from tUis first question, sucU as. Uow large are tUe welfare
benefits to tUe world, and to eacU individua region? Are tUere any regiéns tUat suffer
welfare losses as tUe result of tUe Uruguay Round? How do tUe different elements of
the Uruguay Round contribute to tUese welfare results, batU in terms of tUe overall
world welfare gain and in terms of gains and losses to individual regions? Some
papers attempt to answer al of tUese questions but otUers, for reasons discussed in tUe
following sections, focus on a particular subset of tUe Uruguay Round reforms or on

particular countries.

The remainder of section 3.1 discusses differences tUat exist in tUe way tUat different
authors model tUe Uruguay Round. and explains Uow tUese differences will lead to
different results. Section 3.2 examines one of tUe more commonly used models, tUe
GTAP model, in detail, and discusses some studies tUat use tUis model. Section 3.3
discusses otUer CGE models, and tUe papers based on tUem, section 3.4 examines tUe
tariff reductions tUat autUors use to cUaracterise tUe Uruguay Round, and section 35

concludes by comparing tUe results of different models.
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Base year and numéraire
Studies tUa use different base years will necessarily Uave different welfare results in

dollar values, smply because tUe study witU tUe later base year will Uave larger dollar
values in tUe data. In a model using data denominated in 1995 dollars eacU dollar Uas a
lower value tUan in a model tUa uses data denominated in 1990 dollars simply
because tUe inflation between tUe base years erodes tUe real value of tUe dollar.
Although some commentators often look for dollar value results, the simple means of
correcting for this difference between models is to ignore tUe dollar value of welfare
changes and look only at welfare change as a percentage of GDP. Results from
different models are tUen directly comparable, but may till differ for tUe reasons

outlined below.

Two models may also use different numéraires, in wUidJ case tUe comparison of any
nomina values between tUe models must take account of tUis. It is not unusual for
models to give results for certain price cUanges, or for nominal trade balances, and in
these cases tUe results are only in terms of tUe numéraire. To compare price results
only relative prices sJould be examined, so tUat for two models witU ag'ricultural and
manufacturing sectors, tUe relative price of agriculture to manufacturing can be

calculated from tUe results of botU models, regardless of tUe numeéraire used in eacU.

Data
Modds tUa rely on different databases will necessarily Uave different results,

dthougU tUe qualitative conclusions from those resuUs may not differ. In many cases
the largest differences between databases will be tUat tUey are calculated for different
years. wUen tUe structure of protection, trade and output in tUe global economy was
different. In otUer cases, differences occur because different databases contain
information on different policy instruments: for example, one database may include
factor taxation while in anotUer tUese are subsumed in tUe output tax for tUe industry
that uses tUose factors. Obtaining data in itself leads to differences; if two teams of
researcUers botU try to obtain tUe same set of data for a large database, tUere will be
different data sources, leading to likely differences in tUe data gatUered. WUere data
are unavailable or incomplete, tUere is often no "standard” means of proxying data, so

two teams of researcUers will use different metUods. TUis last point is very important

32



in global CGE databases, wUere input-output tables do not exist for every country in

the world, and where the reconciliation of bilateral trade data is very important.

Policy experiments
The Uruguay Round Agreement contained policy cUanges in many areas, and tUe way

in whicU tUese cUanges are modelled can Uave as large an effect on (tUe differences in)
modd results as any otUer factor. TUese policies can be cbnsidered in five groups.
Agriculture, MFA, Tariffs, Services, and OtUers. TUis section identifies "standard"
forms of characterising tUe Uruguay Round package. Unless otUerwise noted, tUe

studies examined later in tUis cUapter use tUese standard cUaracterisations.

Agriculture
The Agricultural Agreement set out a series of reforms of agriculture, as discussed in

Chapter 1. TUese reforms cover agricultural tariffs, export subsidies. and domestic
support. TUe rules for tUe required liberalisation in tUese sectors are often complex.
while CGE models tend to treat al tUese policies as ad valorem price wedges. TUe
standard cUaracterisation of subsidy reform is to reduce tUe ad valorem' price wedge

by 36% (24% for LDCs) for export subsidies. and 20% (13'/, for LDCs) for domestic
support.

TUe extent of reform required in tUe area of agricultural tariffs is a mgor source of
differences between models. Two of tUe mgor CGE models of tUe Uruguay Round
that are discussed in section 3.2, Harrison et al. (1995) and Francois et al. (1995a),
modd agricultural tariff reductions in entirely different ways: Harrison et al. account
for dirty tariffication, witU tUe result tUa little liberalisation occurs in some tariffs,
notably for EU imports. Francois et al. use 36% reductions in eacU agricultural tariff
(24% for LDCs). Reductions in export subsidies and production subsidies are usually
treated as corresponding reductions in ad valorem subsidy rates. dtUougU tUis
treatment differs in some models. TUe production subsidy reduction for tUe US and
the EU is given different rates by different autUors depending on wUetUer, and to wUat

extent, AMS exceptions are treated in tUose countries.



The MFA
The reform of textiles and clothing policies in tUe MFA is perUaps tUe easiest to treat

in a CGE model. Because tUe MFA is to be abolisUed after tUe ten-year pUase-out
period, models usually simply remove tUe export tax ad valorem equivalent of tUe
MFA quota. TUis is tUe "standard" treatment, dtUougU wUen not removing tUe MFA
(to look only at tUe effects of otUer reforms), most autUors retain tUe export quota as

an ad valorem tax.

There are some papers tUa treat tUe MFA reforms differently, Uowever. Hertel et al.
(1995) modd tUe world economy in 2005 after tUe acceleration of MFA quotas (witU
the price wedge endogenous) between 1995-2005. and (a separate simulation) tUe
abolition of quotas in 2005.

Taiffs
Taiff liberalisation on non-agricultural goods (including textiles and clotUing)

follows a deceptively simple formula, wUerein regions must liberalise tariffs by an
average 38%. Not accounting for the numerous exceptions to tUese market access
provisions, as detailed in CUapter 1, there is the additional problem of discerning in
which product categories countries will actualy make tariff reductions. and tUe value
of those tariff reductions in each tariff line. Some autUors ignore tUis problem and
assume across tUe board tariff reductions of 38%, while otUers examine tUe GATT
country submissions and compare tUe new tariff bindings witU applied rates to
ascertain wUere tUere will be tariff reductions. Probably because of tUe complexity of
such atask, autUors tUat do tUe latter find different tariff reductions are necessary, as

will be discussed in later sections.

Services

Most models do not include tUe effects of liberalising trade in services. but some do.
The GATS does not specify reduction rates, but ratUer sets out certain rules that must
be adUered to in respect to services. and points to certain instances wUere particular
changes to tUe rules governing services trade sJould be reformed. SucU reforms are
impossible to model accurately in a CGE model, so wUere services trade liberalisation
is included in a model of tUe Uruguay Round, tUe means by wuUidJ tUe reform is
operationalised witUin tUe model will differ. Brown e. al. (1995) for example model
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the service commitments of tUe Uruguay Round as 25% reductions in service tariffs.

Nguyen et al. (1995) assume 20% reductions.

Others
Other areas of the Uruguay Round agreement, sucU as agreement in tUe areas of

investment and property riguts, and tUe founding of tUe WTO and development of
dispute settlement procedures Uave all been treated in tUe same way by CGE
modellers - tUey are ignored.

Data Aggregation
Two models tUa use tUe same database and model tUe Uruguay Round in exactly tUe

sane way will Uave different results if tUey aggregate tUe database differently. TUe
GTAP database discussed in section 3.2 (and more fully in cUapter 4) allows (and
because of tUe size of tUe full database, requires) tUe modeller to aggregate tUe
database into regional and commaodity groupings. OtUer databases. sucU as tUe Rural-
Urban NortU-SoutU (RUNS) database, are not as large, so tUa the whole database is
normally used. In tUese cases tUe issue of data aggregation sUould be considered in
terms of tUe database being a particular aggregate of tUe commodities and regions tUat

exig in tUe world economy.

Francois et al. (1996) compare tUe coverage of a model witU a fisUing net. in tUa a
CGE mode tends by nature of its aggregation to cast a narrow-mesUed net on some
aress and a wide-mesUed net on otUers. TUe RUNS model for example, contains 15
agricultura  sectors, 3 sectors producing important agricultural inputs, one
manufacturing and one service sector. TUis model tUerefore casts a narrow-mesUed net
over agriculture, and can be expected to be very good at capturing tUe effects of
agricultural reforms, but is not so efficient at capturing reforms in manufacturing,
services and least of al textiles - wUidJ is included as part of tUe manufacturing

sector.

The aggregation of regions is also an important factor in tUe net cast over the Uruguay
Round reforms. A model tUa attempts to examine tUe effects of tUe MFA removal
should for instance include tUe main MFA importers (Canada, tUe EU, tUe US and
EFTA countries) separately, as well as tUe traditional textile and clotUing exporters
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(Hong Kong, Singapore), and tUe many developing countries tUat are capable of
producing large volumes of textiles and clotUing (i.e. CUina and India). TUe RUNS
model is intended to be used to analyse developing country agricultural issues, so tUe
14 developing regions in tUe total 22 regions gives tUe model some detail. Even tUen,
an issue sucU as agriculture in East Asia is poorly covered by RUNS because RUNS
has just six Asian regions -Japan, CUina, India, Indonesia. .[other] low income Asia,
and [otUe] Uigd income Asia. TUerefore tUe model gives no differentiation between
countries witU UigJ Japanese-style levels of protection (Taiwan and SoutU Korea) and
agricultural importers witU little or no protection (Singapore and Hong Kong). OtUer
Eag Asian countries (TUaland, Malaysia. tUe PUilippines) Uave low levels of

agricultura protection but are large net exporters of some agricultural goods.

The only answer to the problem of data aggregation tUerefore seems to be tUa as
many commodities and regions as possible sUould be included in tUe model, but tUis is
generdly not possible. TUe RUNS model size of 22 regions and 20 sectors is around
the maximum size that can be solved, and even witU models of tUis size ’sol ution time

is high and the model results become difficult to interpret.

Modd Structure
Different model structures will evidently give different results, and tUe aim of many

gudies is to demonstrate wUa difference a particular cUange in model structure

makes. TUere are several dimensions to tUe tUeoretica modd structure;

Product Differentiation
The treatment of product differentiation in a model is one of tUe core differences

between some of tUe major modelling groups: tUe GTAP model is based on tUe
Armington treatment of domestic and foreign goods, while tUe RUNS and MicUigan
moddls use tUe specification of Uomogeneous goods. In general, tUe Armington
aggregation dampens tUe response of trade volumes to policy cUanges, so tUa tUe
result of any policy sUock Uas smaler real effects witU Armington tUan witU
homogeneity. Welfare effects of trade reforms will be correspondingly smaller.
Reaults from Armington models tend to Uave larger terms-of-trade swings, as larger

price cUanges are needed to induce gquantity cUanges.
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Industrial Structure
Industrial structure Uas been of keen interest to CGE modellers since Cox and Harris

(1986) demonstrated tUa tUe gains from tUe US-Canada Free Trade Agreement were
much higher in tUe presence of monopolistic competition and increasing returns to
scade tUan witU perfect competition and constant returns to scale. Severa of tUe CGE
models studied later employ some combination of imperfect competition and
increasing returns to scale etUer in tUer "base" (or tUer only) model or as an
alternative model specification. SucU models tend to increase tUe welfare benefits of
trade liberalisation, dtUougU Uow great tUe increase is depends on wuidJ form of
imperfect competition is modelled.

Projections

Many CGE models use tUe comparative static experiment of comparing tUe present
world economy to Uow tUe world economy would be today if certain policy cUanges
had been in place for a period of time. and tUis form of simulation Uass become a
sandard in CGE modelling. TUe Uruguay Round is a set of reforms over a definite
period of time in tUe future, so some modellers prefer to project tUeir rr;odel forward
by making factor endowment and technological cUanges and tUen make tUe
comparative static experiment between the future economy without reform (tUe "base

case") and tUe future economy witU reform.

In general tUere is no reason to expect tUa projected models will give etUer UigUe or
lower welfare results’, but tUere are specific cases wUere tUis may be tUe case. If a
relatively capital-intensive sector Uas been afforded UigU levels of protection via an ad
valorem production subsidy, and if capital is projected to grow faster tUan otUer
factors, tUen tUe dead-weigUt welfare loss of tUe subsidy will probably be increased by
the projection, as output of tUa sector may increase. TUe removal of tUe subsidy
should tUen bring UigUea welfare gains in tUe projected model tUan in tUe current-year

modd!.

I This is the case when comparing percentage changes in welfare, but the projected models would be expected to
give higher dollar-value equivalent variations merely because income in their base projection is higher than
current income.
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Quantitative restrictions will necessarily Uave mucU different effects in a projected
model. so tUa modelling of tUe MFA pUase-out sJould for instance use projections.
Generd economic growtU will increase the demand for all goods, so that quotas
become more restrictive. Hertel et al. (1995) find that the effect of the increased MFA
quota growth rates is not enough to prevent MFA quotas being more restrictive in
2005 (prior to tUer complete removal a tUe end of tUe MFA pUase-out) tUan tUey are
in 1992.

Macroeconomic Closure
Treatment of savings-investment linkages is a particular weakness of CGE models, as

the behavioural relationsUips tUa govern savings and investment are clearly not
smple static functions. but are usualy modelled as sucU in a CGE model. Section 3.2
will discuss macroeconomic closure for tUe GTAP model. but it is possible to say tUa

closure rules may Uave significant effects on results.

Capitd Accumulation

One feature of savings and investment in most CGE models is tUa savings adjust to a
new equilibrium level as tUe result of reforms, and tUerefore investment also increases
(in other words investment is demand-driven), but capital stocks never change to
reflect the new level of investment. Some models (e.g. Harrison et al. 1995) include
aternative specifications where capital adjusts endogenously when investment
changes to meet a steady-state. TUe capital accumulation effects may be significant,

and may significantly increase welfare gains from liberalisation.

Unemployment
Most CGE models assume full employment of al factors of production. but some

models (or in some cases., specia variants of tUe base model) relax tUis assumption,
usudly by assuming tUa real labour wages are fixed and total employment can take
ay vaue (tUis means tUa tUe unemployment rate in tUe data is irrelevant). SucU
models will predict larger increases in welfare from trade policy reform. as any reform
that increases demand for labour (by increasing demand for goods, and particularly for
labour-intensive goods) will be able to use factors tUa were previously unemployed

and tUerefore not contributing to welfare. TUe reverse is also true: wUere welfare
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losses are predicted. a model with unemployment will usually predict UigUer losses as

more labour becomes unemployed.

32 THE GLOBAL TRADE ANALY SIS PROJECT MODEL

The Globa Trade Analysis Project (GTAP) is tUe braincUild of TUomas W. Hertel,
who during a sabbatical period a the IMPACT project in Australia. recognised tUe
potential to expand IMPACT to be a truly global framework for CGE modelling.

GTAP comprises four main components:

* A globa database witU the input-output and bilateral trade flow data
needed in CGE modelling. TUe (version 2) database covers 37

commoditiesin 18 countries and 6 composite regions.

* A standard modelling framework tUa can be used by al modellers as a
starting point. TUis allows quick implementation of tUe model and also

gives abencUmark to allow replication.

e  Standard computer programs and files for manipulating tUe4database and

rurming tUe standard GTAP model.

* A globa network of researcUers using and contributing to tUe GTAP
database and model.

The GTAP model is probably the most popular model for multi-regional CGE
modelling, its popularity deriving mainly from tUe fact tUa tUe GTAP database and
modd are publicly available for a fee; otUer models and databases are not publicly

available.

The following two sections (3.2.1 and 3.2.2) discuss tUe GTAP database and model,
which will be futUer studied in cUapters 4 and 5. Sections 3.2.3 and 3.2.4 discuss
applications based on tUe GTAP database and model.

321 The GTAP Database
The main attraction of GTAP to CGE modellers is the database, wUidJ includes al tUe

globd data necessary for a muUi-region CGE model. TUe current (released July 1998)
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Table 3—-1: Versions of the GTAP Database

["Version Released Base Year Regions Commodities
t 1992 1990 24 37
2 1995 1992 24 37
3 1996 1992 30 37
4 1998 1995 40 50

verson 4 of this database Uas data on 40 regions and 50 commodities. Table 3-1
shows details on tUe versions of tUe database. Most GTAP applications reviewed Uere

use version 2 or 3 of tUe database.

322 Overview of the main relationships in the GTAP model.
At the heart of tUe GTAP database and model are accounting equations tUat describe

market clearing conditions, and beUavioura equations tUa define production and

utility functions.

Income and Expenditure
In eadJ region, al income accrues to a single regional UouseUold wUidJ spends al its

income on tUree goods: a composite private consumption good, a composite
government consumption good, and a composite savings good, as dJown in Figure 3-
1. Income includes factor payments minus depreciation of capital, and net tax income,
which includes tUe tax income (minus subsidy expenditure) for all forms of taxation
covered in tUe model - production taxes/subsidies, import tariffs/subsidies. export
taxes/subsidies, and consumption taxes/subsidies. Consumption taxes/subsidies

include VAT, excise duties, and all otUer commodity taxation.

The regional disbursement of regional UouseUold income is a Cobb-Douglas nest, so
tha eedU item of expenditure - private, government, and savings, is a constant

proportion of regional income.

Nationad income and GDP are equal to regional income wUen tUe region comprises a
gngle country. GDP at factor prices is calculated from net factor returns plus net
indirect taxation payments, while GDP at market prices is calculated as private and

government expenditure plus savings.
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Figure 3-1: The Composite regional household

Ne Tax and Taiff Income Net Factor Income
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Regiond Household
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The utility level of the regional UouseUold is equivalent to regional welfare, and is
equa to botU real income (net factor income plus net tax income) and rea expenditure

(the Cobb-Douglas function of private and government expenditure and savings).

Figure 3-2 shows the structure of private demand in a tUree sector model, tUe sectors
being Agriculture. Manufactures and Services. Private expenditure is a constant
differences of elasticities (CDE) function of tUe tUree goods, dtUougU in some
applications tUis is treated as a CES or as a Cobb-Douglas nest. TUe CDE function is
discussed in chapter 2. and allows some flexibility in tUe number of parameters tUa
can be specified into tUe model. Typicaly, targets for own-price and income
eladticities are used in tUe GTAP model, but dtUougU tUe calibrated CDE function

usualy produces elasticities close to tUese targets tUis cannot be guaranteed.

Figure 3-2: Structure of private demand in a three sector model
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The lower part of Figure 3-2 shows that consumption of each good is a CES
composite of domestic goods and imports, this being part of the Armington structure
of the GTAP model. For each good, the domestic and imported goods Uave a constant
elagticity of substitution between tUem of SIGD,, wUidl is tUe same for every region

but varies between goods.

Government expenditure is structured in tUe same way as brivate expenditure, except
that the top level of government demand is modelled using a Cobb-Douglas function
rather than CDE.

Production Structures in the GTAP model

GTAP production structures use multi-level nests and tUe Armington assumption in
much the same way as private and government demand. Figure 3-3 shows tUe

production structure, wUere output at producers prices is equal to output at market

Figure 3-3: Structure of production in a three sector model
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Figure 3—4 Demand for imports
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prices minus the net output tax. Output is derived from value-added and intermediate
inputs, modelled as a Leontief function so tUa for an n% increase in output, value-
added use must increase by n% and tUe use of intermediate inputs must increase by
n%. TUe value-added nest is modelled as a CES function, witU an elasticity of
substitution SIGV A,. TUe intermediate nest is modelled using a Leontief function.

-

Each input is composed of domestic and imported goods, tUe Armington aggregation

of which is modelled in the same way as for pfivate and government demand.

The creation of capital goods is treated as a special production sector in tUe GTAP
modd, witU no factor use. A capital composition matrix determines wUidJ goods are
purcUased wUen a new unit of capital is required. As botU domestic and imported
goods may be used to form capital, tUe capital composition matrix determines tUe
parameters in tUe production function for capital, witU tUe same treatment of domestic

and foreign goods as in any otUer production sector.

Trade and trade taxes
Figure 3-4 UJows tUe demand for imports of eecU good in eacU region. Total import

demand is tUe sum of final import demand from private and government expenditure,
and intermediate demand from firms, including capital formation. TUe Armington
structure means tUat not only are domestic goods and imports treated as Ueterogeneous
goods, but aso tUa imports from different regions of origin are treated as imperfect
substitutes. A CES function is used to determine tUe aggregation of imports from
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Figure 3-5: Trade flows, trade taxes and margins
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different regions into a single composite import good, witU an elasticity of substitution

SIGM; between any pair of import sources. Lack of data means tUat values of SIGM,

are not available, so SIGM,; is equal to twice SIGD,, dtUougU witUin tUe control of tUe

modéeller.

Figure 3-5 demonstrates tUe price linkage between export prices and import prices.

On each bilatera trade route for exports of every commodity, exports are exported at

the domestic market price for tUa commodity in tUe source region. An export tax

(minus subsidy) is added to tUe market price to get tUe free-on-board (fob) price.

Trangport margins are added to tUe fob price to obtain tUe cost, insurance and fregut

Figure 3-6: Sourcing of transport costs
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(af) price. Findly, tUe price tUa tUe good is sold a in tUe importing region is
caculated by adding import tariffs (minus subsidy) to tUe cif price.

n aclosed system, tUe payments to transport margins must be accounted for. Figure
3-6 shows a representation of the GTAP global transport sector, wUere global
transport service demand is calculated by summing tUe demand for transport services
from eecU commodity and bilateral trade route combination. Transport is a single real
good/service witUin tUe model, witU a price reflecting tUe costs of transport. TUis good
is composed by a Leontief structure, wUerein tUe production of global transport
sarvices uses goods from eacU region witU fixed coefficients for eecU region and
commodity. Most of tUese coefficients are zero, as global transport services uses only
the "trade and transport services' good, one of tUe goods in tUe GTAP database
(usudly aggregated witU otUer service sectors), but uses tUe output of tUis good in

each region.
The market for goods
There are several different sources of demand for goods tUa are evident from tUe

preceding sections, and tUese are summarised in Figure 3-7. Demand can first be

considered as domestic demand and export demand.

Export demand is tUe demand firstly from consumption of imports in otUer regions,

Fgure 3-7: Demand for goods
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and secondly from tUe use of transport services in tUe global transport sector. Sales to
globd transport are derived from tUe sourcing of transport costs illustrated in Figure
3-6. Demands for exports on bilateral routes are derived from Figure 3-5, linking
exports along eecU bilateral route to tUe corresponding imports in tUe destination
region. Import quantities are derived from tUe Armington structure, tUe "lower level"

of which is sUown in Figure 3-4.

Domestic demand for goods is the sum of private demand derived from the private
expenditure fianction outlined in Figure 3-2, government demand derived from the
government expenditure function similar to tUa in Figure 3-2, and intermediate
demands derived from tUe intermediate inputs of domestic goods in tUe production

function sUown in Figure 3-3.

Savings and Investment: Macroeconomic closure in the GTAP model
The GTAP model uses a "Global Bank" to model the way in wUicU regional savings

are disbursed to regiona investment. TUe two main reasons tUa tUis is done are,
firdly, tUa bilateral ownersUip of capital data (wUicU country owns how mucU of tUe
capital stock in eecU otUer country) is not included in tUe database and, secondly, tUis
form of modelling allows many different savings closure rules to be adopted by tUe

user.

By modelling global investment in tUe way sUown, international capital flows are

included. Because of tUe national accounting identity

the way in wUidJ savings and investment are modelled Uas implications for trade

flows.

The standard GTAP model closure assumes tUa regional savings are a fixed
proportion of regional income, and tUa a global investment “good” (as sUown in
Figure 3-8) is a Cobb-Douglas function of investment in eacU region. TUis closure

meanstUa:

Regiond savings, S, is afixed proportion o, of (nominal) regional income Y,:
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S=a,Y,

Globa savings S° is tUe sum of regional savings:
SY=38, =2 a Y,

Regiond investment I, is a fixed proportion 5,. of global savi_ngs:
|, =8, S° =8, 2. o Y,

Trade balances are equal to net savings, wuUidJ is determined by a region's income

compared witU otUer regions' incomes:
X-M =S8,-1 =Y, -620al,

The change in the trade balance is governed by income cUanges.
AX.-M)=a,AY, -8 Y. a AY,

This has various implications, not least of wUidJ being tUa tUe region witU tUe UigUest
(nominal) cUange in income must necessarily experience an increase in its trade
balance, witU tUe opposite Uolding for tUe region witU tUe lowest income growtU (or
largest decline).

An dternative investment closure rule is tUa investment is not a fixed proportion of

globa savings, but takes wUatever value is necessary to keep trade balances constant.

Figure 3-8: International Savings and Investment in a three region model
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Then

X, -M=0aY, -1,

AX, - M,) =0 = a, AY, - AL

Al = o, AY,
Figure 3-9 uses a flow chart to outline al tUe relationsUips in tUe GTAP model. TUe
arrows indicate tUe direction of payments, witU corresponding goods and services

being excUanged in tUe opposite direction.

At tUe top of Figure 3-9, tUe composite regional UouseUold for region r receives factor
incomes and tax and tariff incomes. Figure 3-9 does not dJow wUere tax and tariff
incomes come from. TUe composite regional UouseUold spends its income on private
expenditure, savings, and government expenditure. TUis part of tUe diagram is tUe

same as Figure 3-1.

Private expenditure is allocated to eacU of i composite tradable commodities, eacU of
which is in turn an aggregate of a domestic and an imported good. This part of Figure

3-9 is anaogous to Figure 3-3, and is repeated for government expenditl]re.

Regiond savings are collected in a global savings good, wUidJ as sUown in Figure 3-

8, is then disbursed among tUe various regions.

Figure 3-3 outlined tUe structure of production, and tUe relevant part of Figure 3-9 for
this is around tUe Domestic Production box. Payments to value-added are dJown as
payments to factor demand for tUe f factors. Payments to intermediate inputs are
shown separately for imported and domestic intermediates. TUe sources of sales of
domestic production are sJown to be private domestic demand, government domestic

demand, exports, domestic intermediates, and transport services.

Trade is sJown in tUe bottom rigUt quarter of Figure 3-9, wUere imports of good i (for
three categories of use- private, government and intermediate) in region r are bougUt
from s regions. An implicit balance of payments constraint means tUa regional
investment minus regional savings must equal exports minus imports. and tUese

exports lead to spending on domestic production, and on transport services.
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Figure 3-9: Value Flowsin the GTAP modd
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323 Selected GTAP Applications

Hertd, Martin, Yanagishima, and Dimaranan (1995). Liberalising Manufactures
Trade in a Changing World Economy

Hertel et al. use a 15-region. 10-commodity projected GTAP model to anayse the
effects of the Uruguay Round. TUe particular focus of tUe study is tUe elimination of
the MFA along witU tUe market access reforms for manufactured goods. Of tUe ten
commodities, five are manufactured goods (including textiles and clotUing as separate
sectors), witU two service sectors, one primary agriculture sector, one processed food
sector, and one natural resource based sector. TUe regional classification includes
three developed regions. eleven developing regions, and one rest-of-the-world region
that contains both developed and developing regions. The developing country
coverage of tUe study is focused on East Asia, witU eigut East and SoutU East Asian

LDCs modelled as separate countries.

Five scenarios are performed. A base case scenario projects tUe world economy
forward from 1992 to 2005 witU growtU in factor endowments, and productivity. In
this scenario the MFA quota gromtU rates are increased using pre-UR growtU rates.
This base case is tUen contrasted with the four policy experiments: (i) acceleration of
MFA growtU rates, (ii) Uruguay Round tariff reductions, witUout any MFA growtU
rate acceleration, (iii) scenarios (i) and (ii) combined, and (iv) elimination of MFA
guotas witU tUe tariff reductions in place. Table 3-2 reports tUe welfare results from
scenario (iv), witU tUe percentage contribution by eacU component calculated from
welfare in tUe otUer scenarios. Equivalent variation is tUe cUange in welfare moving
from tUe base case to tUe final scenario. Because tUe base case adready Uas a
congderably Uigua GDP tUan tUe 1992 data, tUe dollar value of tUe gains will be
overstated compared to otUer estimates, and tUus comparisons of percentage welfare
changes are necessary wUen comparing a projected model witU a model tUa is not

projected.
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Table 3-2: Hertel etal. (1995) Welfare Results

Welfare Gain from All Percentage of overall gain attributable to
Reforms individual components

Equivalent  Percentage Tariff MFA MFA

Variation of GDP Cuts Quota Abolition'

($bn) Growth

United States and Canada 32.130 0.40 9 18 73
European Union 56.650 0.72 51 5 44
Japan 43.009 1.04 97 i 2
Newly Industrialised Countries® 39.002 3.82 116 0 -16
China 19.993 .46 73 3 29
Indonesia 7.101 294 51 14 35
Maaysa 34.187 21.38 102 1 -3
the Philippines 10.531 6.63 97 6 -3
Thailand 10.531 4.54 85 8 7
Lain America -1.258 -0.08 -195 -46 341
Sub-Saharan Africa -1.233 -0.51 45 6 48
South Asia 11.101 193 73 10 18
Rest of'the World 1.147 0.03 998 35 -933
Totd 257.758 0.89° 81 5 14

' Excluding those gains from quota growth.

> Three NIC regions (South Korea, Taiwan, and Hong Kong) are modelled separately but welfare results are
reported as a group. v

 The global results were reported incorrectly in the original paper; correction from Francois et al. (1996).

Hertd et al. argue that tUer projected cUanges are conservative estimates, and it istrue
that OlUar model specifications (monopolistic competition, increasing returns to scale,

endogenous capital growtU) would probably give greater gains overall.

The largest welfare gains accrue to the EU, Japan, the Newly Industrialising Countries
and Malaysia, wUidJ is a surprisingly large beneficiary witU gains equivalent to 21%
of GDP, for wUidJ tUe autUors point to large output increases in processed food and
heavy manufacturing stimulated by tariff cuts, presumably in Japan and tUe NICs.
Malaysa, the PUilippines, TUalland and the NICs Uave most of tUer gains from tariff
cuts, wUeress China and Indonesia make considerable gains from tUe MFA abolition -
Indonesia’s gains are some 3% of GDP, of wUidJ almost half comes from tUe reform

and subsequent elimination of tUe MFA.

The tUree developed regions al gain significantly from tUe Round, and as a group tUey

gan gsgnificantly in eacU component. Japan makes most of its gains from tariff
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reform. as it is not directly affected by tUe MFA. TUe developed regions account for
51% of total worid EV from tUe full Uruguay Round, 35% of world EV from tariff
cuts only, and 116% of world EV from tUe combined reform and elimination of tUe
MFA. MeanwUile developing regions as a whole lose from tUe MFA abolifion
(dthougU tUey gain from tUe quota growtU rate acceleration), witU tUe largest losses in
the Newly Industrialising Countries, Latin America, and the .Rest of the World.

Latin America and Sub-Saharan Africa both lose from the Uruguay Round
projections, atUougU tUe loss in Latin America is a very small percentage of GDP.
Both of tUese regions undertake very little tariff liberalisation in tUe Uruguay Round,
and netUer are directly affected by tUe MFA. TUe position of Sub-Saharan African
LDCs in tUe MFA is tUa tUey are exempt from tUe voluntary export levies and can
export witUout restraint to developed countries, so the loss incurred when the MFA is

removed is that tUey lose tUe privileges tUa tUe MFA Uad previously given tUem.

The MFA pUase-out can be seen to be Ueavily back-loaded (most of tUe liberalisation
occurs at tUe end of tUe pUase-out period) as only one quarter of tUe total gains from
MFA liberalisafion come from tUe quota growtU between 1992 and 2005; most of tUe

gains from MFA liberalisation come from tUe elimination of quotas in 2005.

Hertd, BacU, Dimaranan and Martin (1996) uses an identical model to Hertel et al.
(1995). performing tUe Uruguay Round reforms (and two separate simulations witU
UR taiffs and MFA reform) in a static model and a projected model to compare tUe
results. TUey find tUa tUe projections make little difference to tUe results of tariff
reform. but increase tUe welfare gains from MFA abolition. TUis is because tUe MFA
quotas (at pre-UR quota growtU rates) become more restrictive in tUe 2005 base case
than they are in 1992, so tUe effect of removing tUem is greater.
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Harrison, Rutherford and Tarr (1995) Quantifying The Uruguay Round
Harrison. Rutherford and Tarr use a large GTAP-based model to quantify the effects

of the Uruguay Round. The specific aims tUa tUe autUors set out are to:

e quantify tUe global welfare benefits of tUe UR

e discover tUe quantitatively most important aspects of tUe Round
e assess tUe impacts of tUe Round on developing countries

e discover if any countries or regions lose from tUe Round

e  assess tUe robustness of tUe estimates.

The quantitative effects of the Uruguay Round are assessed via a 24 region, 22
commodity GTAP model (using tUe version 2 database), modified to include
imperfect competition. TUe Uruguay Round policy cUanges tUa are modelled are: (i)
tariff reductions in manufactured products, (ii) tariffication of non-tariff barriers in
agriculture and reductions in tUe level of agricultural tariff protection, (Iiii) reduction
of agricultural export and production subsidies, and (iv) tUe eimination of tUe

Multifibre Arrangement.

While other papers use models to gain an overall effect of tUe Round in tUe same way,
Harrison et al. Uas two key advantages over most models: firstly, the model is more
disaggregated tUan any otUer GTAP-based model, and secondly tUe paper includes
detaled sensitivity analysis. The large model aggregation increases tUe detail of tUe
model. and captures tUe effects of more tariff variation tUan in smaller models. TUey
include systematic sensitivity analysis witU respect to parameter values and alternative

modd specifications, including tUose used in otUer papers.

The model used also Uss disadvantages: tUe treatment of agricultural distortions as
price wedges, and tUe few agricultural goods included, raises doubts over tUe
gpplicability of tUe model to tUe agricultural reform component of tUe Round, and
CES raUer tUan CDE functions are used for private preferences.
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Table 3-3 sUows tUe commodity classification used by Harrison et al.. TUe regional
classification is tUe same as tUe full GTAP database witU tUe exception tUa tUe GTAP
ROW (rest of tUe world) region is renamed EFTA. AltUough the largest countries by
GDP in tUis region are European Free Trade Area (1992 pre-EU enlargement), tUe
region aso contains SoutU Africa, Turkey and numerous small nations. Most
commodities in Table 3-3 are aso full GTAP database commodities, but wUere a
commodity is an aggregate of different full database commodities, tUose commodities

are listed in tUe tUird column.

Palicy Instruments

Table 3-3: Commodity classification in the Harrison et al. model

Code Destription notesGTAP commodities

PDR Paddy rice
WHT Wheat

GRO Other grains
NGC Non grain crops

FOR Forestry, fishing, lumber, wood, FRS.,FSH,LUM,PPP,WOL
paper and wool

PCR Processed rice

MIL Milk products

TEX Textiles

WAP Wearing apparel

CRP Chemicals, rubber & plastics

IS Primary iron and steel

NFAV Non ferrous metals

FMP Fabricated metal products

TRN Transport industry (transport equipment)

TT Trade and transport (transport services)

MEA Mesat products and livestock MET,OLP

ENR Energy and energy products COL,OIL,GAS,P_C

MIN Minerals and mineral products OMN,NMM

POO Food, beverages and tobacco OFPB T

MAC Machinery, equipment & other OME,OMF

manufacturing

ER Services and utilities EGW,CNS,OSP,OSG.DWE (services
other than transport)

&b Invesment good (not usualy counted as a commodity,

CGD is a compodtion matrix for
investment)
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Table 3-4: Harrison et al. Tariff Reductions for Agricultural and Food Products

in developed countries

AUS NZL CAN USA PN EU
POR 91% 91% 0% 0% 11% 0%
VWHT 100% 100% 0% 69% 37% 0%
GRO 0% 0% 0% 0% 46% 0%
NGC 0% 0% 0% 0% 8% 0%
PCR 100% 100% 0% 0% 0% 0%
MIL 63% 63% 0% 0% 0% 0%
MVEA 91% 87% 0% 69% 37% 9%
FQO 0% 0% 0% 0% 0% 0%

The model is rebased” using tariffs from the GATT Integrated Database (IDB), details
or wuidJ are included in cUapter 6. Tariff cuts are implemented according to tUe tariff
schedules included in tUe IDB. Agricultural tariffs are based on unpublisUed World
Bank estimates by Ingco and. as can be seen in Table 3—4, contain many entries tUat
have no tariff reducfion (particularly in Canada and tUe EU) because tUe new tariff

binding is above tUe previous applied tariff rate.

Agricultura output subsidies are treated as ad valorem price wedges, witU reductions
of 20%, witU a 16.8% reduction for tUe EU and a 13% reduction for LDCs. Export
subsidies are also treated as ad valorem price wedges, witU 36% (24% for LDCs) cuts

in the subsidy rates.

The éimination of tUe Multi-Fibre Arrangement is modelled by removing tUe export
tax equivaents of tUe VERs. WUere tUe MFA is not dismantled, sucU as in tUe

‘agricultural reforms only' simulation. tUe VERs exist as ad valorem export taxes.

Base Model Results
Table 3-5 Uows tUe base model welfare results, using a static constant returns to

scde perfect competition model. TUe world as a whole gains $93 billion annually,

with the dollar gains being concentrated in the USA, EU and Japan. Several East

2 New data (tariffs) is entered for the base year. so some procedure is needed to ensure that the data balances.
Harrison et al. do this by simulation.
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Table 3-5: Harrison et al. base modd results (US$bn)

AGR Agriculturd Reform

MFA MFA Reform

MFRS Market access reforms in manufacturing sectors

FULL Complete UR

FULL % Complete UR as a percentage of base GDP

AGR MFA MFRS FULL FULL %

AUS Austraia 0.717 0.024 0.391 1.135 0.383
NZL  New Zealand 0.298 0.002 0.083 0.381 0.964
CAN Canada 0.238 0.939 -0.045 1.160 0.204
USA  United States 1.659 10.136 0.772 12.842 0.216
PN Japan 15.232 -0.531 1.978 16.692 0.469
KOR  South Korea 4.604 -0.469 0.518 4574 1.532
E U European Union 28.539 7.624 2311 38.845 0.578
IDN  Indonesia 0.170 0.617 0.559 1.301 1.059
MYS Madaysia 1.225 0.082 0.696 1.864 3.254
PHL  The Philippines 0.618 -0.002 0.363 0.890 1.631
SGP  Singapore 0.623 -0.149 0.450 0918 2.135
THA  Thailand 0.747 0.065 1732 2.435 2.108
CHN  China -0.561 0.876 0.915 1.174 0.265
HKG Hong Kong 0.598 -1.698 -0.188 -1.267 -1.358
TWN  Taiwan 0.011 -0.450 0.825 0.404 0.203
ARC  Argentina 0.376 0.028 0.236 0.645 0.278
BRA  Brazil 0.272 -0.027 1076 1.310 0.343
MEX  Mexico -0.015 -0.081 0.262 0.145 0.042
LAM  Other Latin America 1437 -0.498 0.283 1.198 0.439
SSA  Sub-Ssharan Africa -0.292 -0.112 -0.005 0418 -0.241
MNA  Middle East and North Africa  -0.448 -0.499 0.624 -0.388 -0.065
EIT  Economies in Transition -0.246 -0.627 0.526 -0.421 -0.050
SAS  South Asia 0.097 0.629 2.730 3.286 0.991
EFTA  European Free Trade Area 2412 0.071 1663 4.154 0.345
Developed total 49.095 18.265 7.153 75.209 0.410
LDC total 9.216 -2.315 11.602 17.650 0.383
including:

NICs  Newly industrialised 5.836 -2.766 1.605 4.629 0.730
LLDCs Least developed -0.586 2.010 4.199 5.343 0.499
World total 58.311 15.950 18.755 92.859 0.405

Note NICs isthe aggregate KOR+SGP+HKG+TWN.
LLDCs isthe aggregate iIDN+CHN+SSA+SAS
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Adgan middle income LDCs make substantial gains as a proportion of income - most

notably Malaysia (MYS), Singapore (SGP) and TUalland (THA).

Agricultural Reforms
Harrison et al. decompose tUe agricultural reforms into tUree elements. export subsidy

reducfions. output subsidy reductions, and import tariff reductions. A selection of tUe

results is shown in Table 3-6.

Reform of export subsidies (column AGR1) brings large benefits to tUe EU, witU
smndler gains to otUer agricultural exporters. Agricultural importers suffer welfare
losses, as tUey pay UigUer prices for imports. Reform of production subsidies (column
AGR2) brings welfare gains to most countries, as most countries maintain at least
some form of agricultural subsidies. but tUe resulting increase in food prices does lead
to welfare losses for some food importers. Import tariff reforms (column AGR3) lead
to a large welfare gain for Japan, but a welfare loss for tUe EU. TUis is a curious result
of this study, and occurs because the EU undertakes very little tariff liberalisation

itself (Table 3-4) while otUer countries do. EU exports are tUerefore Stimulated by

Table 3-6: Harrison et al. selected agricultural results (US$bn)

AGR Agriculturd Reform

AGRI Reduced agricultura export subsidies
AGR2 Reduced agricultura production subsidies
AGR3 Reduced agricultural import tariffs

AGR AGRI AGR2 AGR3
AUS 0.717 0.142 0.129 0.385
NZL 0.298 0.141 0.076 0.082
CAN 0.238 0.038 0.293 -0.118
USA 1.659 -0.015 1549 -0.085
N 15.232 -2.223 -0.456 17.714
EU 28.539 11.529 17.844 -1.186
SA -0.292 -0.397 -0.121 0.254

Devdoped  49.095 9.043 21490 17.269

LDCs 9216  -2302 2432 8823
induding

NICs 58%  -0.144 002 5785
LLDCs 058 0505 0052 0094
Waid 58311 6741 23922 26092
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foreign tariff cuts, and because export subsidies are modelled as ad valorem subsidies,
the EU subsidises dl extra exports a high levels. TUe EU tUen makes a welfare loss

because of large expenditure increases.

The investigation of tUe role tUa model structure takes in determining tUe model
results leads to a number of scenarios. Table 3-7 sUows, in tUe CRTS/PC column, tUe
man results of Table 3-5. A model variant witU increaéing returns to scale and
monopolisfic competifion (IRTS/MC) sUows that tUis specification leads to digUtiy
higher welfare results. Two versions compare tUe GTAP model structure witU tUe
RUNS model. TUe “RUNS-like Static" simulafion is comparable witU tUe CRTS/PC
column, witU tUe exception tUa the RUNS-like model uses Uomogeneous goods
instead of Armington aggregation for agricultural products, tUe use of CET functions
to differentiate domestic output from exports., and various elasticity cUanges. TUe
RUNS like Static model does not lead to large differences in overall welfare levels,
but does alter tUe distribution of welfare gains. TUe Uomogeneity of agricultural
products increases tUe gains from agricultural reforms, o it is tUe IargeJ beneficiaries
of those reforms (Japan and the EU) tUa Uave increased gains in tUe RUNS-ike
variant. RUNS elasticities for manufactured goods are lower tUan tUe standard GTAP

elagticities, so tUe conversion to RUNS elasticities lowers tUe gains from market

Table 3-7: Harrison et al. selected results (% GDP) for alternative model

specifications

CRTS/PC IRTS/MC RUNSIlike RUNS-ike Long-Run

Static Steady Model
State IRTSIMC
AUS 0.383 0.407 - - 1.101
NZL 0.964 1011 - - 3.621
CAN 0.204 0.228 - - 0.459
UA 0.216 0.224 0.126 0.39%4 0.449
PN 0.469 0.474 0.701 0.902 0.638
EU 0.578 0.585 0.621 0.776 0.743
SA -0.241 -0.194 0.019 0.248 -0.399
Developed 0.410 0.419 0.431 0.656 0.631
LDCs 0.384 0.421 0.313 0.873 1.199
Warld 0.405 0.418 0.407 0.699 0.745
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access reforms in the manufacturing sectors.

The final two columns of Table 3-7 show results using steady-state dynamic
specifications, where capital stocks are allowed to cUange as investment cUanges, tUus
alowing for tUe fact tUat trade liberalisation increases incomes and tUerefore savings,
and that the resulting increase in investment will eventually lead to a UigUe capital
gock. TUe final column applies tUis modelling cUange to tUe IRTSIMC model, witU
double tUe normal GTAP Armington elasticity values to reflect long-term cUanges.
The “RUNS-like Steady State" scenario compares tUis to a RUNS mode specificafion
with steady state. It is clear tUa in botU cases tUe addition of steady-state capital
specifications leads to substantially UigUe welfare gains from Uruguay Round
reforms. Because Sub-SaUaran Africa (SSA) makes a welfare loss from tUe full
reforms in tUe static models, tUe addition of tUe steady-state capital specification leads
to reducfions in tUe capital stock because savings fal, and lead to a UigUe welfare

loss.

Harison et al. note tUa tUe IRTS/MC steady state model is tUer "preferred’ model
because it includes imperfect competition, wUidJ althougU it makes little difference to
the model results is undoubtedly a feature of tUe world economy, and because it
includes long-run effects botU through capital accumulation and tUrougU UigUer long-

run Armington elasticities.

Francois, McDonald and Nordsr6ém (1994). The Uruguay Round: a Global
General Equilibrium Assessment

Francois et al. use a static’ GTAP-based model to estimate the effects of tUe final
Uruguay Round agreement, and was one of tUe first studies to assess tUe effects of tUe
ful agreement. Table 3-8 sUows tUe regional and commodity classifications used in
the model, and it can be seen tUa tUe model aggregation is mainly developed country
and manufactures focused.

3 The modd is a static model, but the authors also "update” the welfare changes to 2005 simply by multiplying
the static results by GDP growth projections from other sources. While this allows some comparisons with
projected models, it has been criticised by Harrison ¢r al. (1995, endnote 37) as "arithmetic balistics™.
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Table 3-8: Regional and commodity classifications

Regional classification Commodity eclassification
“Canada Grains

United States Other agricultural products

EFTA Fishery products

European Union Forestry products

Austrdia and New Zealand Mining

China Textiles

Tawan Clothing

Developing and transition economies  Primary sted
Primary non-ferrous metals
Fabricated metal products
Chemicals and rubber
Transport equipment
Other manufactures
Trade and transport services
Other services

Francois et al. perform six simulations, dl modelling tUe full Uruguay Round
agreement, but using different model specifications. TUe model structures used in tUe
smulations differ in two dimensions: tUe market structure, and tUe incorporation of
dynamics. A constant returns to scale. perfect competition (CRTS/PC) simulation uses
amodd very similar to tUe standard GTAP model, and an increasing returns to scale,
monopolistic competifion (IRTS/MC) mode modifies tUis by incorporating
Chamberlinian large-group monopolistic competition. A tUird form of market
sructure, increasing returns to scale and perfect competition (IRTS/PC) is used
primarily as a means of decomposing tUe differences between tUe CRTS/PC and
IRTSMC structures.

Three simulations use tUese tUree market structures in a standard static setting, and
three simulations use tUe tUree market structures in a dynamic framework, wUere
capitd stocks adjust as a result of cUanges in savings and investment so that a long-
run steady-state is reacUed. Table 3-9 sUows tUe results as percentages of GDP. TUe
origind paper reports dollar-value equivalent variations for eacU simulation, and
percentage cUanges for only tUe dynamic specifications - tUe static specification

percentages Uave been calculated from tUese. Francois et al. also "update” tUe dollar-
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Table 3-9: Francois et al. results (EV as % of GDP)

e

Static specifications Dynamic specifications

CRTS IRTS IRTS CRTS IRTS IRTS

PC MC MC PC MC MC

Canada 0.24 0.33 0.85 0.40 0.54 132

United States 0.34 0.39 0.83 0.54 0.65 135

EFTA 0.71 0.94 163 1.24 1.26 2.37

European Union 0.50 0.62 1.09 0.83 0.92 1.73

Austrdia and New Zealand 0.27 0.35 0.56 0.44 0.65 1.07

Jepen 0.25 0.32 0.36 0.45 0.41 0.57

China 0.45 0.97 112 0.75 1.56 2.03

Tawan 0.74 14 134 149 248 2.99

Developing and transition -0.02 0.05 0.82 -0.01 0.03 129

“World 0.31 041 0.87 052 0.62 1.36
L

vaue EV results (in a separate table) to 2005 values, wUidJ are of course mucU UigUer
than their otUer (1990) values.

Reaults for static specificafions and CRTS/PC are of tUe same order of magnitude as
the results from otUer CGE studies. Welfare results are UigUe (over tv:/ice as Uigu)
with IRTS/MC. Dynamic specifications increase tUe order of magnitude of results by
aound 50% witU CRTS/PC, but it is tUe combination of dynamic and IRTS/MC
specificafions tUa produces mucU UigUe welfare resuus.

Mogt regions make modest gains witU every model specificafion, but the results for
developing countries deserve specia attention. TUe developing and transifion
economies group make a small welfare loss witU CRTS/PC in botU static and dynamic
specifications, but large gains witU IRTS/MC market structures. Table 3-10 sUows
wefare decompositions for tUe tUree man elements of reform (no services
liberdlisafion is modelled), for dynamic CRTS/PC and IRTS/IMC specifications.
Developing countries (including CUina and Taiwan) lose from MFA liberalisafion
with CRTS/PC, but make large gains witU tUe IRTS/MC specificafions. TUis is a
result of tUe trade-off tUa occurs witU MFA reform for (textile/clotUing exporting)
developing countries, as tUey can export larger quantifies but at lower prices. In tUe
CRTSPC specificafion tUe price fal dominates, but witU IRTS/MC tUe increase in

imports to developed countries leads to an increase in tUe varieties available. Which
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further stimulates demand for tUese products. TUis increases LDC exports to tUe extent
that they are able to (more than) offset tUe direct effects of losing the quota rents from
the MFA.

Table 3-10: Decomposition of results (for dynamic specifications)

RIS R Byraic T RIS ME Syramic

Tariffs MFA Agric- Totd Tariffs  MFA  Agric- Tota

ulture ulture

Canada -0.05 0.29 0.17 0.40 0.08 1.09 0.16 132
United States 0.08 0.42 0.04 0.54 0.15 .13 0.07 135
EFTA 0.39 0.30 0.55 124 0.70 125 042 2.37
European Union 0.18 0.46 0.20 0.83 0.36 1.22 0.16 173
Augtradia and New Zealand 0.08 0.05 0.31 0.44 0.57 011  0.38 107
Japan 0.21 -0.01 0.24 0.45 0.38 005 014 0.57
China 104 -0.38 0.09 0.75 126 058 0.19 2.03
Tawan 17 -0.37 0.16 149 2.26 061 012 2.99
Developing and transition 0.00 -0.14 0.12 -0.01 0.37 076  0.16 129
World 0.14 0.22 0.16 0.52 0.34 088 0.14 136

Francois, McDonald and Nordsrdm (1995a). Assessing the Uruguay Round
Francois et al. (1995a) and in two other papers (1995¢ and 1995d) employ a common

base model, using GTAP version 2, with tUe aggregation of tUe GTAP database
presented in Table 3-11. TUis aggregation is UigUly manufactures-intensive, but
contains many LDC regions pertinent to tUe Uruguay Round. TUe main cUaracteristics
of tUe MFA. for example, are tUa East Asian NICs (tUe East Asia region) are tUe
edablisUed exporters, while in CUina and SoutU Asia tUere is great potentia for
increased exports of MF A-controlled goods. Francois et al. calculate Uruguay Round
tariff reductions based on countries’ GATT submissions, but Uave no data on

agricultura tariff reducfions.

In contrast to Francois et al. (1994) where tUe assumption was made tUa minimum
market access provisions would force 36% (24%) for LDCs) reducfions in eacU
agricultura tariff line, Francois et al. (1995) assume tUa no agricultural tariff
reductions will take place unless tUey are necessary to increase imports to tUe
minimum level. Export subsidies are modelled as 36% (24% for LDCs) reducfions in

ad valorem rates in botU studies, but while domestic protection subsidy rates are
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Table 3—11: Model Aggregation

Regional classification Commodity classification
ANZ Australia and New Grains
Zealand
N Japan Other crops
CAN Canada Livestock
us USA FRS Forestry
B BU FSH Fishing
BEFTA  EFTA Mining
SA Africa Processed food
CHN China Textiles
EA East Asia Wearing apparel
A South Asia Lumber and wood products, pulp paper & printing
LA Latin America Petroleum and petroleum products
EIT Transition Economies Chemicals, rubber and plastics
ROW  Rest ofthe World Iron and steel basic industries

Non-ferrous metal basic industries
Fabricated metal products
Transport egquipment

Other machinery and equipment
Other manufactures

Services

reduced by standard percentages in the former paper, Uere no domestic subsidy
liberdisation takes place because tUe 1992 AMS levels are mucU lower tUan tUe

maximum levels set out by tUe Uruguay Round Agricultural Agreement.

Table 3-12 sUows tUe results of tUis model under constant returns to scale and perfect
competition in a static framework. TUe world as a whole, and most individual regions,
make modest gains from tUe total Uruguay Round agreement, but tUe transition
economies Uave a small welfare loss. TUe MFA removal leads to large gains for SoutU
Aga CUina and tUe Rest of tUe World regions, and losses for East Asia (tUe main
esablisUed exporter tUreatened by tUe removal), Africa (wUicU already has MFA-

exempt status), Latin America and the transition economies.

The main globa welfare gains accrue from MFA and industrial tariff reforms, witU
andl gains overall (and some regiona losses) from agricultural reforms. TUis reflects
the model's poor coverage of agriculture and empUasis on industrial sectors, as well as

the MFA-friendly regional aggregation wUidJ mixes LDC agricultural exporters and



Table 3-12: Francois et al. (1995a) welfare decomposition (% GDP), CRTS/PC,

static
MFA Industrial Non- Agriculture Total
Tariffs Agriculture

Primary

Tariffs
Audtralia and New Zealand 0.01 -0.12 0.02 . 0.18 0.09
Japan -0.02 0.07 -0.00 -0.01 0.04
Canada 0.06 -0.07 0.01 0.13 0.13
USA 0.12 0.04 0.00 0.00 0.17
B 0.09 0.05 0.01 0.07 0.22
EFTA 0.07 0.03 -0.00 -0.07 0.03
Africa -0.01 0.24 0.07 -0.05 0.24
China 0.74 0.05 0.01 0.03 0.84
Est Asa -0.01 0.37 -0.01 0.00 0.35
South Asia 0.44 -0.01 -0.00 -0.07 0.37
Latin America -0.01 -0.00 0.00 0.02 0.01
Transtion Economies -0.05 0.10 0.01 -0.09 -0.04
Rest of'the World 0.36 0.51 -0.10 0.20 0.98
World 0.08 0.07 0.00 0.02 0.17

-

importers, protectionists and free-traders because tUey fdl into tUe same category for

textiles.

Table 3-13 dUows tUe results for scenarios tUat incorporate different assumptions
about market structure and dynamics. TUe first column corresponds to tUe Total
column of Table 3-12, and sUows tUe welfare gain to eacU region from a constant
returns to scale, perfect competition model witU no endogenous capital or savings

behaviour; tUis is tUe standard GTAP model.

The first three columns present results for constant returns to scale, perfect
competition models, tUa differ in tUear treatment of dynamics. TUe last tUree columns
present results witU increasing returns to scale and monopolistic competition, witU tUe
same tUree versions of dynamic beUaviour. WUile not truly dynamic, tUese
specifications attempt to include steady-state conditions into a static model. Columns
2 and 5 present tUe results for scenarios wUere capital adjusts as investment adjusts,
with a fixed savings rate (idenfica to tUe treatment in Harrison et a/. 1995 and

Francois et al. 1994). Columns 3 and 6 add to this by alowing savings to adjust to
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Table 3-13: Percentage welfare gains from the Uruguay Round under alternative

assumptions
Market Structure CRTS/IPC CRTS/IPC  CRTYPC IRTSYMC IRTSMC |IRTSIMC
Endogenous Capital NO YES YES NO YES YES
Endogenous Savings NO NO YES NO NO YES
Augtrdiaand New
Zedand 0.09 0.15 0.53 0.03 0.06 0.43
Jepan 0.04 0.07 0.14 0.16 0.28 0.40
Canada 0.13 0.23 0.57 0.12 0.23 0.67
USA 0.17 0.26 0.38 0.28 0.45 0.62
BU 0.22 0.34 0.31 0.26 0.42 0.48
EFTA 0.03 0.06 0.32 0.04 0.07 0.18
Africa 0.24 0.48 0.78 0.81 1.55 1.41
China 0.84 1.44 1.73 2.79 5.66 397
Eadt Asa 0.35 0.66 (.13 2.00 4.28 3.15
South Asia 0.37 0.56 0.88 2.77 453 3.07
Lain America 0.01 0.02 0,92 0.33 0.74 1.68
Trangtion Economies -0.04 -0.05 0.24 0.21 0.33 0.42
Rest of'the World 0.98 1.54 2.34 2.28 7.89 12.34
Worid 0.17 0.29 0.45 0.44 0.85 0.94

-

maintain the original real capital rental price. TUis assumes tUa tUe data represent an

equilibrium situation, and tUa tUe demand for savings is perfectly elastic.

Overdll, welfare cUanges are considerably lower tUan Francois et al. (1994) predicted,
in pat because tUa paper took a mucU more optimistic view on tUe amount of
agricultura liberalisation tUa was produced by tUe Uruguay Round. In common witU
that paper, as Table 3-13 sUows, tUe monopolistic competition and endogenous
capitd assumptions botU increase welfare gains compared to tUe static perfect
competifion model, and tUe increase is mucU greater witU botU IRTS/PC and
endogenous capital. TUe introduction of endogenous savings aso increases tUe EV
estimates, but to a lesser extent tUan tUe former assumptions. TUe welfare effects on
the trangfion economies is similar to Francois et al. (1994), in tUa a welfare loss
accrues from tUe Uruguay Round witU CRTS/PC and stafic capital assumptions, but
with tUe imperfect competition and steady-state assumptions, tUe region gains.
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33 OTHER CGE MODELS

This section outlines the modelling approacUes and results of tUree separate modelling
groups. RUNS, MicUigan, and Nguyen, Perroni and Wigle. AltUougU many otUer
CGE models exist, tUese are cUosen for a number of reasons. Firstly, tUey model tUe
final Uruguay Round agreement, while otUer CGE models of tUe Uruguay Round use
various tariff- and subsidy- cutting formulae tUat were being negotiated at some stage
of tUe Round but do not represent tUe find agreement. Secondly, tUey are ongoing
modelling efforts from before tUe Round, and Uave benefited from experience in a
number of ways (tUe MicUigan model, for example, was first used in tUe early 1980s
for analysis of tUe Tokyo Round). Finally, tUey represent modelling efforts tUa, like
the GTAP papers reviewed in section 3.2.3, use tUe "current technology™ of CGE
modelling - projections, dynamics, imperfect competition, and the ability to run large
models. Nguyen et al. is an exception to tUis last point, but an additional reason for
the inclusion of this model is the light it casts on tUe stages of tUe Uruguay Round

negotiation process.

3.3.1 TheRural-Urban North-South (RUNS) Model
The RUNS mode! differs from GTAP in several important aspects:

*  TUe database is compiled to be used primarily for tUe analysis of issues affecting
agriculture in LDCs. TUe regional and commodity classificafion is sUown in
Table 3-14. TUe inclusion of coffee, cocoa and tea as separate products greatly
enUances tUe model's applicability to low income LDCs, and the regiona
classification includes greater disaggregation of Africa tUan does GTAP, but
Asian LDCs are mucU more aggregated.

e Agricultural goods are treated as Uomogeneous between regions, but tUe

Armington assumption is employed for non-agricultural goods.

* AltUougU tUere are 20 commodities, RUNS distinguisUes just seven production
sectors. EacU non-agricultural good is produced by a distinct production sector,
but agricultural production takes place in two sectors (Crops and Livestock) tiiat
eacU produce several goods (11 and 4 respectively). Fixed coefficients dictate tUe
inputs tUa must be used in eacU output good, but factors are used by tUe sectors
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Table 3-14: Regions and commodities in the RUNS database

Regional classification

Commodity classification

Low Income Asia

Agricultural: Crops

China Whest

India Paddy rice

Upper Income Asia Coarse grains

Indonesia Sugar (refined)

Other Africa Coffee

Nigeria Cocoa

South Africa Tea

Maghreb Vegetable oils
Mediterranean Other food

Gulf Region Cotton

Other Latin America Other non-food

Brezil Agricultural: Livestock
Mexico Bedf, veal and sheep
United States Other meats

Canada Dairy and dairy products
Audralia and New Zealand Wool

Japan Non-Agriculture

EEC Other manufacturing
EFTA Energy

Eagtern Europe Services

Former Soviet Union

Equipment goods
Fertilisers

as awhole in CES nesting structures as dJown in Figure 3-10. Non-agricultural
production uses labour and capital in a single CES nest (i.e. capital/labour ratios

are always tUe same in eacU non-agricultural sector).

The RUNS model includes two UouseUolds in eacU region, Rural and Urban, witU
LES preferences enabling income elasticities to be calibrated.

Policy instruments included are: income taxes, agricultural input subsidies,
agricultural production taxes and subsidies, import tariffs and subsidies, export

taxes and subsidies, agricultural stocks, and income transfers.

RUNS uses a series of static models to capture tUe effects of factor accumulation.
The base year for the data is 1985, and tUe model is solved for tUe years 1986,
1987, 1990, 1993, 1996, 1999. 2002. Factor growtU occurs, and capital
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ure 3-10: RUNS Factor CES Nesting Structures

Factor Nesting in the Crop Factor Nesting in the
Sector Livestock Sector
Labour + Fertilisers Land + Wheat Coarse Oils
Land + Tractors (feed) Grains (feed)
Draught Cattle (feed)
Labour Draught Land Tractors
Cattle

accumulation relies on savings in tUe previous period. TUe periods 1986-1993 are
used to validate tUe model to observable data. and policy cUanges are made in tUe

last tUree time periods.

Galdin, and van der Mensbrugghe (1995). The Uruguay Round: An Assessment of
Economywide and Agricultural Reforms

Goldin and van der Mensbrugghe use the RUNS model and cUaracterise tUe Uruguay
Round as reductions in tariffs of agricultural and non-agricultural goods, wUidJ are
caculated from country submissions to GATT/WTO and input subsidy reductions.
Export subsidy reductions, domestic support reductions, and tUe elimination of tUe
MFA ae not modelled. Simulation results are referenced against a base case
projection wUere some small tariff and subsidy cUanges occur in tUe absence of
Uruguay Round liberalisation. Table 3-15 reports tUe percentage welfare resuUs for
three experiments. one witU tariff reforms, one witU tariff and input subsidy reforms
(the "full" Uruguay Round) and one witU tUe Draft Final Act (DFA) tariff reforms.

Taiff reform is welfare-improving for most regions and for tUe world as a whole, but
some regions suffer losses. CUina makes no liberalisation as it is not a WTO member.

The OUa losers are predominantly food-importing LDCs. TUe inclusion of input



Table 3-15: Percentage change in real income, RUNS modd

Tariffs Tariffs + Input DFA
Subsidies

Low Income Asia 01 0.0 04
China -0.1 -0.2 -0.2
India 0.5 0.7 0.8
Upper Income Asia 1.3 ' 1.3, 2.0
Indonesia 01 0.1 0.3
Other Africa -0.2 -0.3 -05
Nigeria -0.1 -0l 0.1
South Africa -04 -0.4 -04
Maghreb -0.1 -0.3 -0.9
Mediterranean -0.1 -0.2 -0.3
Gulf Region 0.0 -0.2 0.3
Other Latin America -0.3 0.0 0.4
Brezil 04 0.3 04
Mexico -0.4 -0.5 -0.6
United States 0.0 0.1 0.2
Canada -0.2 0.0 04
Austrdia and New Zealand 0.0 0.1 0.6
Jgpan 0.4 0.4 09
EEC 0.3 0.6 0.9
EFTA 10 12 6
Eagtern Europe Ol 0.0 -0.2
Former Soviet Union 01 0.1 0.7
billions of 1992 US$

Africa -1.8 -25 -3.1
Low Income 13 0.9 34
Lain America 0.3 0.6 31
Other Developing 14.9 13.2 24.2
OECD 324 54.7 103.6
Other 0.8 1.5 55
World Total 48.0 68.4 136.6

subddies increases globa welfare gain, entirdy througU gains in tUe OECD

economies. Africa suffers furtUer losses under tUis scenario.

The DFA would Uave lead to consderably UigUe welfare gains overal, dtUougU
greder losses for Africa would occur. Low and Upper Income Asa, and OtUer Latin
Amaicaare tUe LDCs that would Uave gained tUe most from tUe DFA compared witU
the Uruguay Round fina agreement, but these additiond gains are small compared to
the additiond gains made by OECD countries.
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332 The Michigan Model
The Michigan model. first used for analysis of the US-Canada free trade area (Brown

and Stern 1989), has a database of 34 regions and 29 sectors. TUe coverage of tUe
database and tUe structure of the model are both focused on industrial and service
sectors. TUe single agricultural sector is characterised as being perfectly competifive,
with products differentiated according to tUer region of origin. All other sectors are
moddled as imperfectly competitive, with firm-level mon.opolistic compefition and

free entry and exit.

Simulations witU tUe MicUigan model are static, and assume full employment witU a
fixed supply of labour. Factors are fully mobile domestically, witU no international
mobility. All tariff rents and revenues are redistributed to tUe single UouseUold in eacU
region. and all policy instruments are ad valorem price wedges. Macroeconomic

closure assumes tUat trade balances in eecU region are fixed.

The advantages of the MicUigan model are tUa it has more detail than otUer models in
the manufacturing and services sectors, includes monopolistic competiiion, and Uas
estimated data on trade barriers in the service sectors. Disadvantages include tUe poor
treatment of agriculture, tUe static nature of tUé model, and tUe treatment of all policy

instruments as ad valorem taxes and subsidies.

Brown, Deardorff, Fox, and Stern (1995). Computational Analysis of Goods and
Services Liberalisation in the Uruguay Round

Brown et al. use the MicUigan model to cUaracterise tUe Uruguay Round by market
access reforms for industrial products. witU pre-UR and post-UR tariff rates from tUe
GATT integrated database, and services liberalisafion, witU 25% reductions in tUe ad

valorem equivaent of non-tariff barriersin tUe services sectors.

The 34 regions in tUe MicUigan database are aggregated into 9 regions (including a
"Rest of tUe World" for wUidU results are not given. All 29 sectors in tUe database are
usd.

Table 3-16 shows tUe equivalent variation results for eacU of tUe tUree scenarios
peformed: industrial product market access, services liberalisation, and tUe

combination of the two. Europe ($60.1 bn), tUe United States ($50.6 bn) and Japan
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Table 3-16: Equivalent Variation (percentage of GDP)

Industrial Products Services Trade Industrial Products and
Trade Liberalisation Liberalisation Services Trade
Liberalisation
United States 0.3 0.7 0.9
Canada 0.4 1.6 20
Mexico 0.1 2.7 ) 2.8
Europe 0.3 0.6 0.9
Japan 0.6 0.8 14
Adan NICs 24 .l 36
AustrdiaNew Zeaand 12 2.8 36
Other Trading Nations 0.0 10 1.0

($40.4 bn) Uave tUe largest EV figures for tUe combined reforms, but tUe Asian NICs
and AustraliasNew Zealand Uave tUe UigUes welfare gains as percentages of GDP.
Wedfare gains from services liberalisation are more significant tUan from industrial

product liberalisation in every region except Asian NICs.

333 Nguyen, Perroni and Wigle (1991, 1993, 1994, 1995) -
The Nguyen et al. studies are unique in that tUey were performed at different stages of

the Uruguay Round completion. These studiés tUerefore give a good opportunity to
compare and contrast tUe potential effects of reform (Nguyen et al. (1991)), tUe Draft
Find Act (Nguyen et al. (1993)) and tUe final agreement (Nguyen et al. (1995)). EacU
sudy uses an identical model (wUicU will Uere be labelled tUe NPW model).

The NPW model is a fairiy standard model. witU constant returns to scale tecUnology
and perfect competition. TUree factors of land (labour, capital and land) provide

Table 3-17: Commaodity and regional classification

( Ten trading countries/blocs: 9 sectors/product groups
Middle income agricultural exporters (AGX) Agriculture/food (AGR)
Midde income agricultural importers (AGM) | Basic/intermediate (BSD
Centrally planned economies (CNP) Mining/extraction (MIN)
Other West European (OWE) Light industries (LIN)
United States (USA) Forestry/fishing (FRF)
Canada (CAN) Finished capital goods (FCG)
European Community (EEC) High-tech manufacturing (HTC)
Jpan (JAP) Intermediate manufacturing (INM)
AugrdiaNew Zedand (ANZ) Non-factor services (SVC)
|_Rest of World (ROW)
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income for one UouseUold in eacU region, in addition to net tax income. TUe

Armington assumption is used to differentiate goods from different countries.

The commodity and regional classification of the model is sUown in Table 3-17.
While some effort has been taken to disaggregate LDC regions into agricultural
importers and exporters, it is clear tUa tUe regional classification is more useful for
evaluating developed country effects of reform. TUe commodity classification is
manufactures-based: agriculture and food are treated as a single commodity, and tUere

is no textile and clotUing commodity.

One of tUe strengtU of tUe NPW model is tUa tUe autUors calibrate levels of service
protection to reflect non-tariff barriers to trade in services, and use estimates of service
liberdisation a eacU stage of tUe Uruguay Round. Few otUer studies include

liberalisation of services trade.

Note tUat textiles are not included as a separate sector, but are part of "LigUt
industries’. MFA liberalisation is treated as tUe appropriate reduction in export taxes

for tUis sector.

4 policy scenarios

o from 1991 paper (ex ante), ‘Comprehensive outcome' = progress in agriculture,
MFA abolition, services. NPW(1995) note tUa tUis scenario is fairly close to tUe
Dunkel Draft.

o from 1991 paper {ex ante), ‘Face-saving outcome' = modest cUanges in

agriculture, MFA continues, no progress in services,

o from 1993 paper {ex post), 'Draft Final Act' = reducfion in support and border
measures in agriculture, complete pUasing-out of MFA, tariffs and NTBs cut in

manufactures, reducfion in NTBs in services (see paper for details).

o from 1995 paper {ex post), 'Final Agreement’ = tarifficafion of NTBs and
reduction in domestic support and export subsidies in agriculture; complete
phasing-out of MFA; tariffs and NTBs cut in manufactures - 50% on

basic/intermediates and higu-tecU except by ROW & CNP, ROW cut tariffs by
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Table 3-19: Welfare outcomes (Hicksian equivalent variation) from the NPW

model

Comprehensive Face-ssaving Draft Final Act Final Agreement
Region (o' (Sbn) (%) ($bn) (%) (Sbn) (%) (Son)
AGX 23 121 0.5 25 0.9 12.2 02 238
AGM 29 7.6 1.6 4.2 1.9 7.1 0.6 23
CNP 0.6 23.6 0.2 6.6 0.9 374 0.3 10.9
OWE 16 9.3 0.7 4.0 21 81 0.8 3.0
USA 1.7 73.7 0.8 353 0.8 36.4 0.2 9.6
CAN 25 9.3 12 44 0.9 3.7 0.3 12
EEC 17 60.4 0.8 275 18 61.3 0.5 190
N 25 50.1 14 27.6 20 27.0 13 17.8
ANZ 16 32 04 0.9 L1 24 0.3 0,6
ROW 0.7 133 0.3 5.6 0.6 164 01 2.7
Worid 15 262.5 0.7 118.7 1.1 212.1 0.4 69.9
| As percentage of GNP

30%, NTBs by 40%, and 30% cut in tariffs, 40% cut in NTBs on other goods
(except by CNP); 20% reduction in NTBs in services.

v

Severd conclusions can be drawn from a simple comparison of welfare results at
various stages of the Uruguay Round. TUe fina agreement obviously fdls far sUort of
the potential welfare gains available from compreUensive reform, but tUe DFA would
have captured most of tUe welfare gains available. It is clear tUa tUe low welfare gains
from the final agreement come from the watering-down of reforms after the DFA. It is

interesting to note tUat NPW's "face-saving" scenario was a tUe time (1991)

Table 3-18: Breakdown of welfare impacts (Sbn) from final agreement

Region Overdll Agriculture Textiles and Services Tariffs
Clothing
AGX 2.8 12 0.9 0.3 04
AGM 2.3 15 0.4 0.2 0.2
CNP 109 0.9 24 27 4.9
OWE 30 18 0.3 0.2 0.7
USA 9.6 4.1 30 05 2.0
CAN 1.2 0,6 0.2 01 03
EEC 19.0 12.7 1.8 15 30
PN 178 145 -0.2 0.2 3.3
ANZ 0.6 0.4 01 01 0.0
ROW 27 -0.6 Il 01 21
Warld 69.9 36.9 10.1 5.9 17.0
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consdered to be tUe absolute minimum level of liberalisation tUa would occur in tUe
Uruguay Round, but welfare gains from tUe fina agreement are 40% lower tUan tUe

face-saving scenario.

Table 3-18 shows tUe breakdown of welfare gains from tUe fina agreement (1995
paper). and shows tUa tUe agricultural components of tUe Round have the largest
overal effect. Agricultural importing LDCs (AGM) ' gan from agricultura
liberalisation. BotU textiles and clotUing and tariff reforms Uave a more significant
impact tUan service liberalisation, whicU may be due to tUe fact that the extent of

sarvice liberalisation (20% reductions in ad valorem equivalent tariffs) is low.

34 TARIFF REDUCTIONS

As aresult of the Uruguay Round agreement, tariff rates (including converted non-
tariff barriers) must on average be reduced by 36% over tUe implementation period,
with LDCs being allowed a '/, lower reduction (24%). TUese average tariff reductions
aoply to dl goods, including agricultural and food goods. WitUin tUis simple
formulaic agreement exist mucU more complicated aspects of tUe agFeement. TUe
actual tariff cUanges tUa will be implemented are tUose tUa GATT signatory
countries submitted to GATT as part of tUe Uruguay Round Agreements. TUese tariff
changes must comply witU tUe principles agreed upon, but countries Uave a large
degree of leeway in making tariff cUanges wUere tUe averages must add up to 36%
(24%) reductions. Because of tUis using tariff reductions derived from GATT
submissions is a more detailed modelling approacU tUan using across-tUe-board 36%

(24%) reducfions.

Apat from needing to add up to certain averages, tUe Uruguay Round Agreement set
a maximum tariff rate of 75%, wUidJ put an additional constraint on countries as tUey
drew up tUar submissions to GATT. Minimum access provisions for agricultural
goods tUa were previously subject to non-tariff barriers (imports must be at least 5%
of sdes in eedU good) provide a furtUer constraint, dtUougU tUis constraint is only
binding after tUe implementation; countries need not reduce tariffs in tUe submissions
to guarantee minimum access, but must bear tUis constraint in mind because if tUe

provison is not met, tariffs will Uave to be furtUer reduced at a latter date.
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Agriculture and food present furtUer problems for tUe construction of tariff reduction
data Some countries gained exemptions for certain commodities (i.e. Japan for
graing), but tUese exceptions present a minor difficulty wUen compared to tUe issues
resulting from tUe fact tUa because agriculture Uad never before been subject to
GATT disciplines, tUere were no existing tariff bindings for agricultural goods. TUis
means tUa countries Uad to declare a pre-Uruguay Round binding (which must be
equa or above existing tariffs) and a post-Uruguay Round binding, which must be on
average 36% (24%) lower, with a minimum 15% (10%) cut on each tariff line. It
would be possible for a country to declare pre-Uruguay Round bindings tUa were
mudJ larger tUan existing tariffs, and tUen reduce tUe bindings so tUat applied tariffs

could rise substantialy.

Harrison et al. (1995) use GATT data on pre-UR MFN tariff rates and tUe new tariff
bindings submitted by countries as part of tUe Uruguay Round annex. Table 3-20
shows tUe percentage reduction in tariff rates, calculated from tables in Harrison et al.
The fact tUa tUese use MFN rates ignores special and differential treatment for LDCs,

and in some cases, ignores free trade areas.

Francois et al. (19954) derive botU pre-Uruguay Round and post-Uruguay Round
tariffs from GATT's Integrated Database. Table 3-21 gives tUe derived percentage
reductions in tariff rates. Francois et al. (1994) use tUe same tariff data as tUe 1995a
paper, but for a more aggregate classification of commodities and regions, and witU
the exception of agricultural goods. TUe 1994 paper assumes 36% (24% for LDCs)
reductions in tUe applied tariff rates for all agricultural products in every region. witU
additional minimum market access provisions meaning tUa tariffs will fal even more
if necessary. TUe 1995a paper assumes tUa no tariff reductions will be made for
agricultural products in any region, except wUere minimum market access provisions

require tariffs to fall.

Francois et al.(1995a) uses tUe GTAP version 2 database, and gives tariffs for tUe
whole (37 good) commodity aggregafion. TUe regional aggregation is different,
however, as sUown in Table 3-11. Francois et al. does not include service

liberdlisation - protection in tUe service sectors is zero (as in tUe GTAP database), and
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dl agriculturd and food tariffs are reduced by 36% (24% in LDCs) except in CUina, whicU is
exduded from al reforms.

The derived tariff cUanges from Francois et al. (Table 3-21) dJow great variability across
product groups and regions. Some sectors, sucU as coa (col) and transport goods (trn) are
dbjet to smdl tariff reductions, while otUer sectors sucU as pulp paper products (ppp) and

ferous metds (1_s) Uave very large reductions.

Because the Harrison et al. (1995) and Francois et al. (1995) papers use different regional
ad commodity classificafions, a full comparison of the tariff reducfions is impossible. It is
possible. however, to compare tUe tariff reductions in tUe few cases tUa regiona and
commodty classificafions matcU. Table 3-22 sbows tUis comparison, for tUe six regions and
fven sectors tUa are identically defined in batU models.

Table 3-21: Derived tariff reductions from Francois et al. (1995a)*

ANZ PN CAN us EU EFTA LA SA EA SSA EIT ROW
RS 0% 0% 0% 100% 0% 50%  43% 1% 13% 0% 10% 22%
FH 29% 28% 34%  25% 17% 18% 35% 0% 77% 0% 4% 6%
CoL 0% 0% 0% 0% 100% 100% 0% 0% 3% 0 8% 0%
oL 0% 0% 0% 0% 0% 17% 19% 0% 0% 0% 0% 76%
GAS 60% 100% 0% 0% 0% 44% 0% 0% 0% 0% 0% 0%
OMN 30% 47% 50% 46%  22% 18% 23% 36% 41% 0% 17% 17%
TEX 41% 19% 37% 29% 24% 34% 29% 11% 33% 0% 29% 50%
WAP  31% 22%  28% 9% 3% 33% 21% 0% 20 0% 17% 31%
LUM  51% 33% 41% 41% 48% 43% 34% 8% 22% 0% 22% 22%
PP 5S1% 100% 1009% 100% 100%  76% 17% 52% 39% 0% 23% 23%
PC 44% 89% 32% 29% 38% 29% 23% 28% 34% 0% 29% 9%
CRP 3% 61% 49% 40% 45% 48% 32% 38% 28% 0% 27% 32%
1J 84% 85% 95% 96%  91%  85% 7% 47% 47% 0% 9% 2%
NFM  43% 41%  45% 7% 18% 28% 21% 4% 26% 1% 21% 38%
AMP  23% 74% 38% 40%  46% 42% 29% 16% 19% 0% 19% 6%
TRN 25% 100%  33% 4% 9% 17% 29% 31% 15% 0% 6% 28%
OME  32% 8% 52% 56% 51% 43% 26% 32% 25% 0% 17% 17%
LEA 1% 10% 37% 13% 30% 27% 25% 1% 38% 0% 24% 2%
NMM  30% 37% 62%  33% 28%  33% 16% 18% 17% 0% 23% 58%
OMF  33% 62% 54% 68% 47% 52% 30% 27% 33% 0% 20% 20%

*: For region codes, see Table 3—1]. Francois et al. give tariff reducfions for eacU non-
agricultural sector in tUe GTAP database; see CUapter 4, Table 4-1 for tUese commodity
codes
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Bah Harison et al. and Francois et al. calculate their tariff reductions in the same way,
wsng the GATT Integrated Database (IDB). and comparing pre-UR applied tariffs witU post-
UR taiff bindings, and assuming tUa tUe appropriate tariff reduction will take place wUere
the new binding is below tUe pre-UR applied tariff and that wUere tUe new binding is above
the preUR applied tariff, tUere will be no change in the applied tariff TUis is conducted at a
dissggregate level and tUen aggregated to tUe level of tUe database.* Table 3-22 sUows tUat
while there are many sectors where the tariff reductions are very close. there are a few

discrepancies Non-ferrous metals (NFM) in tUe USA (25%,7%) and Japan (63%,41%) are
perhgps the largest.

Tade 3-23 shows tUe pre-UR and post-UR tariff rates, and the percentage reduction tUa are
reported in Hertel et al. Unlike Harrison et al. and Francois et al., tUis paper does not report
taiffs a the level tUa tUey are used, but presents tUis summary table. Table 3-24 sUows a

dmilar table from Brown et al. (1995).

Examination of tUese tables sUow tUa tUere is some degree of uncertainty over wUa level of
taiff reducfions will take place as a result of tUe Uruguay Round agreement. TUé point wUere
authors have tUe most dissimilar tariff reduction data.is EU agriculture, wUere Francois et al.
(1999 use 36% reductions for al goods, Francois et al. (1995a) use no reducfions but
eforce minimum market access provisions, Harrison et al. use 0% reductions except for

medt (9%), Hertel et al. report an average 2% reduction, and Brown et al. report an average

Table 3-22: Comparison of Tariff Reductions

JPN CAN USA EU EFTA SSA
HRT  FMN | HRT FMN | HRT FMN | HRT FMN | HRT FMN | HRT FMN
TEX | 32% 19% 36% 37%| 29% 29%| 26% 24%| 34% 34% 6% 0%
WAP| 33% 22% 21%  28% 10% 9%| 13% 13%]| 33% 33% 0% 0%
GRP| 55% 61% 50%  49%| 42% 40%| 38% 45% | 42% 48% 1% 0%
LS 8%  85% 89%  95%; 92% 96%{ 86% 91% | 85%  85% 0% 0%
NM | 63% 41% 38% 45% | 25% 7% 19%  18%| 35% 28%| 10% 1%
AP | 8%  74% 39% 38%| 39% 40%| 46% 46%| 40% 42% 0% 0%
ﬂl 100% 100% | 36%  33% 4% 4% 14% 9% | 14% 1% 0% 0%

HRT: Taiff reductions calculated from Harrison, Rutherford and Tarr (1995)
AVIN: Taiff reductions calculated from Francois, McDonald and Nordstrom (1995a)

—————

$py .
wl:n tat, qunson et al. use a World Bank database that contains the IDB data aggregated to the GTAP classifications,
ile Francois of al. use the IDB data. There should, however be no difference in tariff rates calculated these ways.
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1% reduction.

Without any « priori reason to prefer one set of tariff reduction estimates over any otUer set
of esimates, tUe data in Table 3-25 will be used in chapter 6 to simulate tUe Uruguay Round.

Table 3-23: Average Pre-UR, Post-UR tariffs and import price changes from Hertel et

al. (1995)
'f Food Manufactures
Pre-UR Post-UR Reduction Pre-UR Post-UR  Reduction
% % % % % %

"USand Canada 1.7 11.0 6% 43 2.8 35%
Eurgpeen Union 26.5 26.0 2% 6.5 39 40%
Jypen 87.8 56.1 36% 4.9 2.1 57%
Kae 99.5 41.1 59% 16.1 82 49%
Hag Kong 0 0 0 0 0 0
Indonesa 21.9 15.5 29% 14.2 3.5 5%
Mdaysa 87.9 34.3 61% 11.0 7.7 30%
Philippines 86.9 334 62% 239 21.5 10%
Thallard 59.8 345 42% 36.2 27,6 24%
Lain America 2.3 1.5 35% 17.1 14.9 13%
Qb-Shaan Africa 15.6 12.4 21% 95 94 " 1%
Suh Ada -35 -4.3 -23% 51.9 37.1 29%
Rest of World 15.7 141 10% 106 9.1 15%

Table 3-24: Average Pre-UR, Post-UR tariffs and import price changes from Brown et

al. (1995)

Agricultural Products Industrial Products Services

PreUR Post-UR Change | PreUR Post- Change | Post-UR

% % % % UR % %
%

United Stetes 14.9 14.0 6.0 4.9 34 30.3 67.5
Careclt 2.6 2.3 149 7.7 45 42.2 57.2
Mexioo 35.3 35.3 0.0 11.9 11.9 0.1 76.9
Europe 13.2 1.7 1.1 6.9 4.8 30.4 79.2
Jpen 60.9 35.1 42.4 6.0 39 36.2 61.2
AsanNICs 12.7 79 37.3 0.9 0.7 17.2 46.0
Augrdiaand New Zealand 0.8 04 44.8 138 9.1 34.3 105.9
Other Trading Nations 186 176 53 | 289 21.0 272 | 1074

3-49



Table 3-25: Tariffreductions from Harrison(1995)

EE— USA EU Japan Other LDCs China

OECD
Agriculture 36%  36%  36%  36%  24% 0%
Forestry 2% 17%  29%  34%  56% 0%
Mining 36% 27%  56%  49%  18% 0%
Texdies 29%  25%  20% 37%  33%  .0%
Wearing Apparel 9% 13%  22% 28% 26% 0%
Primary Iron and Steel 95% 91% 85% 95% 31% 0%
Non ferrous metals 7% 18% 42% 44% 21% 0%
Fabricated metal products 41% 46% 74% 38% 19% 0%
Chemicals, rubber and plastics 40% 45% 61% 48% 31% 0%
Transport machinery 5% 13%  100% 34% 37% 0%
Other machinery 57% 55% 52% 34% 26% 0%
Other manufacturing 30% 40% 38% 40% 27% 0%

35 COMPARISON OF STUDIES

Tdde 3-26 and Table 3-27 dJow some comparisons between tUe model structures and

-

reuits of CGE models of tUe find Uruguay Round agreement. Studies tUa simulate
hypotheticdl trade liberalisation, or tUa simulate tUe reforms proposed at a certain stage of
the Round are excluded from tUis table.

Tedde 3-26 gives some (limited) information on tUe models: tUe model and database, base
year ad evaluation year, and sector and region classification levels. Most of tUese papers are
GTAP-besed, using various versions of tUe database. Five of tUe models use projections - for
thexe modds tUe base year and evaluation year are different, wUereas tUey are tUe same for

datic modds.

Noticedhly, few models disaggregate tUe agricultural sectors to a great extent, except for tUe
RUNS modd. Harrison et al (HRT) Usas tUe next UigUest level of agricultural detail. witU four
agicuturd and four food processing sectors. TUis paper uses more sectors tUan any otUer
GTAPbessd model, so tUa it Uas more agricultural sectors does not particularly reflect a

goead agricultura focus.



Many Of the papers Uave a particular focus that is not shown in tUese tables; HMYD, HBDM
ad YMY ae particular models of tUe MFA, while HME examines the effects of the
Uruguey Round on Africa

Table 3-27 shows a comparison of the main results of tUese papers. TUe first four columns
report globad EV as a percentage of GDP for different market structures, where those market
dructures are modelled. The middle four columns give tUe proporti on of global EV gains tUa
origingte from eacU of tUe four main categories of reform. Blanks in adl of tUese columns
indicates that the autUors did not report results for simulations of tUe components of tUe
Uruguey Round, and a dadU (-) indicates tUa tUat component is not included in the paper's
characteristtion of the Uruguay Round. BDRS, for example, model industrial and service
refooms but do not model agricultural or MFA reforms. TUe final four columns report tUe
percentage welfare gain to tUree regions - tUe EU, Japan and tUe USA (in some cases tUe
USA column is taken from results for USA & Canada or NAFTA regions) and for LDCs as a
whae The LDC column is rarely given in papers; in most cases it is estimated Uere.

A dmple arithmetic average is given in the fina row for the first four and last four columns.
The average globa EV for constant returns to scale (CRTS) models with perfect competition
(RO is a good indication of the global welfare gains that CGE models predict for the
Uruguey Round, and is an average of ten estimates, wUidJ range from 0.17 to 0.89. TUe
avaages show that the inclusion of increasing returns to scale (IRTS) and monopolistic
compdtition (MC) leads to UigUer welfare implications. TUis is particularly evident from
AVINA and FMN95a, wUidJ use a version of monopolistic competition witU Uigh elasticities
ad vaigd scaling effects. while HRT, using lower elasticities and witUout varietal scaling,
find that IRTSMC makes only digUt differences to tUer results. HRT find tUa steady state
dynamics are more important, while FMN95a find tUa tUis affects tUer results very little.
Nae that the average for tUe steady state column in Table 3-27 vary widely over tUe
gerum of commodity and regional aggregation, and in tUer cUaracterisation of tUe
Uuigiey Round FMN94 Uas a very optimistic interpretation of tUe agricultural agreement,
while FMN95a adopts a ‘de minimis’ scenario. BRR uses a similar representation of tUe
Roud as FMN94, and tUe percentage contributions of components from tUese papers are
Very dmilar, dtUougU tUe overall welfare resuUs vary because of otUer modelling

dffaences
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The regiond gains from tUe Uruguay Round dUow tUa tUe welfare gains from tUe Round for
bath the EU and USA will be approximately tUe same percentage of GDP as tUe global gains,
with the EU gains digUtly UigUe tUan tUe USA gains (note tUa in no paper do tUe USA
gans exceed tUe EU gains). TUe gains to Japan are significantly UigUe tUan tUe world

average

36 CONCLUSIONS
This chapter Uas reviewed tUe main global CGE models and tUe most important papers based

on these models tUat look a tUe Uruguay Round reforms. TUe GTAP mode is tUe most
widdy used of tUese models, as is indicated by tUe predominance of GTAP-based
goplications in Table 3-26. Alternatives to GTAP do exist, tUougU, witU different strengtUs
ad weaknesses: RUNS Uas tUe best treatment for agriculture in LDCs, tUe MicUigan model
hes the best treatment of industrial goods in developed countries, and witU Nguyen et al.
hase the advantage of including barriers to trade in tUe service sectors. TUe strengtUs of
GTAP over dl of tUese is tUe database size and tUe detail of bilateral trade flows tUa it
indudes

It is therefore impossible to cUoose one model as being 'best’ for a study of tUe Uruguay
Round without first making ajudgement on wUidJ set of countries and sectors are tUe most
important in tUe Round. In many cases tUe cUoice of data, model and aggregation will
predetermine tUe relative importance of different parts of tUe Round, and tUe relative welfare
dfeds explaining many of tUe different results in tUe papers reviewed Uere. OtUer issues of
how to implement tUe Uruguay Round reforms in a CGE model and of market structure will
d0 have effects on resuUs.

The next chapter will examine tUe GTAP database, used Uere in preference to otUers in part
because of its public availability but also because of its larger size and bilateral trade detail,
ad will determine an aggregation to be used in CUapter 6. drawing on tUe points developed
here
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CHAPTER4

THE G_LOBAL TRADE ANALYS S PRQJECT
DATABASE

Chapter 4 discusses tUe GTAP database in detail. Section 4.1 covers tUe regional and
sectord coverage of tUe database and section 4.2 examines tUe accounting
reaionsUips tUat tUe database uses. Section 4.3 outlines tUe limitations of tUe
database while section 4.4 details tUe particular advantages tUa tUe database brings to
users. Section 4.5 examines tUe values of key data, firstly for regional aggregate data,
and then for detailed data for each region. Section 4.6 discusses the aggregation of tUis
database, and section 4.7 is of a metUodologica nature, detailing Uow tUe database is
transformed for use witU tUe model presented in CUapter 5.

4.1 THE GTAP DATABASE

411 The GTAP Regions and Commodities
Table 4-1 dJows tUe 24 regions and 37 commodities detailed in version 2 of tUe

GTAP database. Of tUe 37 commodities, Six are agricultural (pdr to olp). Paddy Rice,
Wheet and OtUer Grains are al cereals products, but it is useful to have tUem defined
separady - particularly as tUe global patterns of production, trade, consumption and
protection of tUese products are very different. TUe presence of Wool as a separate
product is probably due to GTAP's origins in tUe Australian SALTER database, as
many otUer sectors tUa are larger globally are not defined, yet Wool is very important
to Audtraia. All otUer agricultural products are grouped into two sectors - Non-Grain
Crops and OtUe Livestock Products, wUidU are botU very diverse groups of goods.
Non-Grain Crops includes sugar, oil seeds, vegetables, fruU, plant-based fibres and
cash-crops sudU as coffee, tea and cocoa. OtUer Livestock Products includes milk. all
meat, and otUer animal products (sucU as skins). For al tUese agricultural goods, tUe

commodities are tUe ‘raw’ unprocessed forms, wUidJ are tUen purcUased as
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intermediate inputs by tUe Food processing industries. These agricultural sectors are

the only sectors to use land as a primary factor input.

Six other primary products are defined (frs to omn), covering Forestry (which is used
extensvely as an intermediate input to Lumber and Pulp Paper Products), Fisheries
(used in Other Food Products), three fud extraction sectors, Coal, Oil and Gas (used
mainly in Petroleum and Coal and Chemicals Rubbers and Plastics), and Other

Minerds - which covers the mining and quarrying of al non-fuel minerals.

Fve food product commodities (pcr to b t) are defined as Paddy Rice, Meat Products,
Milk Products, Other Food Products and Beverages and Tobacco. While these sectors
ae not “agriculture” (and do not use land) tUey purcUase agricultural goods as
intermediates, and a considerable degree of agricultural protection operates through

these industries.

Fourteen manufacturing goods (tex to omf) are defined, and tUese are best considered
as three sub-groupings; textiles and clothing, resource products and fina
manufactures. Textile and clothing consists of two sectors: Textiles and Wearing
Appard. These two sectors are unique because of the MFA protection that is present
on exports from developing countries to developed countries. Textiles purchases
inputs from Non-Grain Crops in particular, while Wearing Apparel purchases its

intermediates mainly from Textiles.

Eight resource products can be identified. each being dependant on the use of certain
primary products. Leather Products uses mainly Other Livestock inputs. Lumber and
Pulp Paper Products use Forestry, Petroleum and Coal and CUemicals, Rubbers and
Hadtics use Coal, Oil and Gas inputs. Non-Metallic Minerals. Primary Ferrous Metals

and Non-Ferrous Metals use inputs from tUe OtUer Minerals sector.

The bulk of manufacturing activities in developed economies fals into four fina
manufacturing sectors: Fabricated Metal Products, Transport Industries, OtUer
Machinery and Equipment, and Other Manufactures. Each of these sells goods to final
consumers, while Transport Industries (cars, sUips, planes) also sells products to Trade

and Transport services and al otUer sectors as plant (sucU as tractors). OtUer
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Table 4—1: Commodity and country coverage of the full GTAP database

COMMODITIES COUNTRIES AND REGIONS
pdr Paddy Rice AUS Australia

wht Wheal NZL New Zcaland

aro Other Grains CAN Canada

nge Non-Grain Crops USA United States of America
wol Wool IPN Jlapan

olp Other Livestock Products KOR Rep'ublic of Korea

frs Forestry E U European Union (EU-12)
tsh Fisheries IDN Indonesia

col Coal MY S Malaysia

ail Oil PHL Philippines

gis Gas SGP Singapore

omn Other Minerals THA Thailand

per Processed Rice CHN China

met Meat Products HKG Hong Kong

mil Milk and Milk Products TWN Taiwan

olp Other Food Products ARC Argentina

bt Beverages and Tobacco BRA Brazil

tex Textiles MEX Mexico

wap Wearing Apparel LAM Rest of Latin America
lea Leather Products SSA Sub-Saharan Africa

lum Lumber MNA Middle East and North Africa
P Pulp Paper Products etc. EIT Economies In Transition
p_t Petroleum and Coal SAS South Asia

crp Chemicals Rubbers and Plastics ROW Rest of World

nmm Non-Metallic Minerals '

is Primary Ferrous Metals

nfm Non-Ferrous Metals

tfmp Fabricated Metal Products

trn Transport Industries

omc Other Machinery and Equipment

omf Other Manufacturing

euw Electricity. Water and Gas

ons Construction

t Trade and Transport

osp Other Services (Private)

osg Other Services (Government)

dwe Ownership of Dwellings

" verson 2. All datais for 1992.
Machingy and Equipment sdlls products mainly as intermediates and capital goods,
but much machinery is aso sold to find consumers.

The 9x sarvice sectors (egw to dwe) are unique in that the GTAP database provides
no data on protection for tUese products, but trade volumes are included (except for
Condruction and OwnersUip of Dwellings, whicl are defined to be non-traded).
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Of the 24 regions. six are 'developed” - Australia, New Zealand, Canada. the United
States. Japan and the European Union. The EU is aways considered to be a single
country (as opposed to a composite region) in the database because. with the minor
exception that some member states give preferences to former colonies, trade
protection and trade policy is uniform across the union. All EU data are calculated for
the individual members and aggregated, except for input-output tables. where data for

smdler member states are not included.

Of the remaining 18 regions, four are East-Asian Newly Industrialised Countries
(Korea. Singapore, Hong Kong and Taiwan) and six are middle-income developing
countries (Malaysia, the PUilippines, TUailand, Argentina, Brazil and Mexico). CUina
and Indonesia are tUe only low income developing countries identified individually in
the database.

The other Sx regions are composite regions. Other Latin America includes those
Caribbean and SoutU American countries not included separately. Sub-SalUaran Africa
excludes SoutU Africa. Middle East and NortU Africa excludes Isragl. Economies in
Trangtion includes tUe former Soviet Union countries and Eastern Europe (note tUa
Ead Germany is included in tUe EU as pat of Germany). SoutU Asia is India,
Pekistan, BangladesU and Sri Lanka. TUe Rest of tUe World is tUe most diverse region
- comprising Western European countries not in tUe EU12, SoutU Africa, Turkey,

Israel. and smaller countries from around tUe world.

42 ACCOUNTING RELATIONSHIPS IN THE GTAP
DATABASE

Accounting relationsUips are necessary in any model to provide a basis for tUe data
and as a starting point for describing tUe equations of tUe model. Two areas tUat must
first be addressed are tUe sets used in tUe model, and tUe definition of parameter

names.

SAs used in the GTAP model
The following sets are used in tUe GTAP model. Included is an example of wUa eacU

st would comprise if a particular tUree-region, three-commodity aggregation were
chosen.
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Table 4-2: GTAP Sets

rors Regions in the aggregation.

] Traded commodities

f Endowment commodities
j Produced commodities

Kk Non-savings commodities

tUSA, EU, ROW!

{Food, Manufactures, Services}

{Land, Labour, Capital}

[Food, Manufactures, Services, cgds,

| Land, Labour, Capital, Food, Manufactures, Services, cgds}

where "cgds' refers to newly produced capital goods.

Definition of parameter names

Most GTAP parameters have a two- or three- character name, and some attention has

been paid to making these parameter names consistent. The following conventions are

used for most parameter names:

Table 4-3: Key to Parameter Names

L etter Means that thevariableis...

Values

E The value of an endowment supply or demand

vV A value (in 1992 US$ millions) .
X An export value

Folumes .

D A domestic supply or demand (when not the last identifier)

An imported supply or demand

I

0 An output

F A demand by firms

P A private demand

G A government demand

T A demand for transport services
Evaluation Prices

A Evaluated at agent's prices

M Evaluated at market prices

w Evauated at world prices
Evaluation Region

S By region of source

D By region of destination (when appearing as the last identifier)
Parameters

PAR A private demand CDE parameter

ESUB An elasticity of substitution

Usng this convention. tUe Value of Output at Agents prices of any non-savings

commodity in any region is VOA(k.r). VXWD(i,r,s) is tUe Value of eXports, at World
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prices and by Destination, of good i exported from source region r to destination

region s.

422 GTAP database terms

Value Flows at Domestic Market Prices

VAM (f,r)

VDFM(i,j.f)

VIFM(ij1)

VDPM(i.r)

VIPM(i.r)

VDGM(i,f)

VIGM(i1)

VXMD(i.r.s)

VIMS(i,r,9)

VST(i.r)

Vaue of Factor demand a Market prices, by factor. sector and
region

Vaue of Domestic purcUases by Firms a Market prices, by
commodity, sector and region.

Value of Import purcUases by Firms at Market prices, by
commodity, sector and region.

Vaue of Domestic purcUases by Private households a Market
prices. by commodity and region.

Vaue of Import purcUases by Private Uouseholds at Market prices,
by commodity and region.

Vaue of Domestic purchases by Governments at Market prices, by
commodity and region.

Value of Import purchases by Governments at Market prices, by
commodity and region.

Vaue of eXports at Market prices of exporting region, by
commodity, source region r and destination region s.

Vaue of Imports a Market prices of importing region, by
commodity, source region r and destination region s.

Value of Sales to international Transport. by commodity and region.

Value Flows Evaluated at World Market Prices

VXWD(i.r,s)

VIWS(i.r.s)

Vaue of eXports a World (fob) prices. by commodity, source
region r and destination region s.

Value of Imports a World (c.i.f.) prices, by commodity, source
region r and destination region s.

Value Flows Evaluated at Agents’Prices

EVOA(frr)
EVFA(f,,N
VDFA(i,j.r)

VIFAG,j,1)

Endowment commaodity Value of Output at Agents™ prices, by factor
and region.

Endowment commodity Vaue of purcUases by Firms at Agents'
prices, by factor, sector and region.

Value of Domestic purcUases by Firms at Agents' prices. by
commodity, sector and region.

Vaue of Imported purcUases by Firms a Agents' prices, by
commodity, sector and region.
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VDPA(i,")

VIPA(.F)

VDGA(i,)

VIGA( 1)

SAVE(r)
VDEP(r)
VKB(r)

Elasticities

Vaue of Domestic purcUases by Private households a Agents
prices, by commodity and region.

Vdue of Imported purchases by Private households at Agents
prices, by commodity and region.

Vaue of Domestic purchases by Governments at Agents' prices, by
commodity and region.

Value of Imported purchases by Governments at Agents' prices, by
commodity and region. '

Value of net savings. by region.

Value of capital depreciation, by region.

Value of beginning-of-period capital stock, by region.

Severd elasticities are defined in the GTAP database. The elasticities use here are:

SIGV()

SGD()
SGiVI()

Elasticity of substitution between factors of production in the value-
added nest.
Elasticity of substitution between domestic and import goods.

Elasticity of substitution between imports from different source
regions.

423 Derived Parameters
May parameters that are used in GTAP modelling are not included in the database,

but are easily calculated from database parameters.

Aggregate Parameters
Some OilUe parameters are convenient for expressing sums of values.

VDM(i )

VIM(if)

VPM(if)

VGM(i )

VFIM(ijr)

Value of Domestic sales at Market prices, by commodity and region.
= VDPM(i.r) + VDGM(i,r) + | VDFM(i,j 1)

Value of Imports at Market prices, by commodity and region.

=2 VIMS(i.sr)

Value of Private Demand for goods at market prices, by commodity
and region.

= VDPM(i,r) + VIPM(i 1)

Vaue of Government Demand for goods at market prices, by
commodity and region.

=VDGM(i,r) + VIGM(i,r)

Value of Firms' Demand for goods at market prices, by commodity,
sector and region. Note tUa VFM (tUe logical cUoice of name) is
already defined as a parameter.
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VPA(1)

VGA()

VFA(,},N)

VTWR(i,r,9)

VVA(1)

VOA(.T)

VOM(j.r)

INCOME(r)

= VDGM(i,j.r) + VIGM(i.j,r)

Value of Private demand a Agents' prices, by commodity and
region.

= VDPA(.r) + VIPA(,r)

Value of Government demand at Agents' prices, by commodity and
region.

= VDGA(i.r) + VIGA(i,r)

Value of Firms' demand at Agents' prices, by commodity. Sector

and region.

= VDFA(,j,r) + VIFA(i.j,r)

Value of Transport services used in tUe transport of goods from
source region r to destination region s.

= VIWS(i,r,s) - VXWD(,r,s)

Vaue of Vaue-Added use, by commodity and region
VVA(,r) = IL,VEM(f,i,r)

VVA(“cgds™r)=0

Value of Output at Agents' prices, by commodity and region.
= VVA(Q.r) + 3, VFA(,j,)

Value of Output at Market prices, by commodity and region.
VOM(i.r) = VDM(i.r) + VST(i,r) + >. VXMD(i,r,9)
VOM(“cgds™.r) = VOA("cgds™.r)

Regional Income. by region (calculated in section 4.2.7).

EXPENDITURE(r) Regional Expenditure, by region (calculated in secfion 4.2.6)

GLOBTRAN

GLOBINV

REGINV()

Tax Revenues

Value of Transport services (globaly).
=23 % VST(ir)

Value of Global investment.

=1, SAVE(r)

Regional investment, by region.

= VOM("cgds".r)

Taxes are not included explicitly in tUe database (tUey may be calculated from tax-

indusive and tax-exclusive val ues). The following tax revenues are therefore implicit,

and are negative where there are subsidies.

OTAX(i.r)

XTAX(i,r,9

Output tax on the production of good i in region r.

= VOM(i.r) - VOAC(i.r)

Export tax by commodity, exporting region r and importing region
S



MTAX(i.r.s)

ETAX(f,j,1)

DPTAX(i,r)

IPTAX(i,")

DGTAX(ir)

IGTAX(i,")

DFTAX(i,j,N)

IFTAX(ij,n)

= VXWD(i,r,s) - VXMD(i,r,s)

Import tax by commodity, exporting region r and importing region
S.

= VIMS(i,r.s)-VIWS(i,r,s)

Endowment (factor) tax by factor, sector of use and region. TUis
parameter Uas been included by GTAP for compatibility with future
versions even though al values are zero in version 2.

=0

Tax on private consumption of domestically produced goods. by
commodity and region.

=VDPA(i,r) - VDPM(i,r)

Tax on private consumption of imported goods, by commodity and
region.

= VIPA(,nN-VIPM(i,r)

Tax on government consumption of domestically produced goods,
by commodity and region.

=VDGA(i,r) - VDGA(i,r)

Tax on government consumption of imported goods. by commodity
and region.

= VIGA(i.r)-VIGM(i,r)

Tax on firms' use of domestically produced goods, by commodity,
sector and region.

= VDFAC(,j,r) - VDFM(i,j,r)

Tax on firms' use of imported goods, by commodity. sector and
region.

= VIFA(,j,n-VIFM(i,j,r)

Laer, it will be convenient to define consumption/use taxes for aggregate (import +

domestic) consumption and use. The value of revenues for these parameters are:

PTAX(i,f)

GTAX(i1)

FTAX(,,r)

Tax on private consumpfion of all goods. by commaodity and region.
= DPTAX(i,r) + IPTAX(i,1)

Tax on government consumption of all goods. by commodity and
region.

= DGTAX(i,r) + IGTAX(i,r)

Tax on firms use of al goods, by commodity, sector and region.

= DFTAX(i,j,r) + IFTAX(i,},r)
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Tax Rates
The following tax rates are defined. Any of these tax rates can be negative to give a

subsidy. although the version 2 database only has subsidies for output (TO), exports
(TX) and imports (TM).

TO(j.r) Output tax by commodity and region
= OTAX().r) / VOM(j.r)

TM(1,1,9 Import tariff by cominodity and source-destination regional pairing
= MTAX(i,r,s) / VIWS(i,r,s)

TX(i.r.9 Export tariff by commodity and source-destination regional pairing
= XTAX(i,r,s) I VXMD(i,r.s)

TFD(i,},1) Tax on intermediate use of domestic good i used in sector] in region

r
= DFTAX(i,j,/) / VDFM(i,j,0)

TFI(ij.0) Tax on intermediate use of imports of good i used in sector j in
region r
= |[FTAX(i.},n)/VIFM(i,j,r)
TPD(i.r) Tax on private use of domestic good i in region r
= DPTAX(i.r) / VDPM(i.r)
THI(i.r) Tax on private use of imports of good i in region r
= |PTAX(i.r) / VIPM(i.r)
TGD(i.r) Tax on government use of domestic good i in region r
= DGTAX(i.r) / VDGM(i.r)
TGI(i.r) Tax on government use of imports of good i in region r

= IGTAX(i,r) / VIGM(i.r)
It will also be convenient to define aggregate tax rates for consumption taxes:

TF(,j.r) Average tax on intermediate use of domestic + import goods
=FTAX(i,j.r) / VFIM(,j.r)

TH(.r) Average tax on private use of domestic + import goods
= PTAX(i.r) / VPM(i.r)

TG(i,r) Average tax on government use of domestic + import goods

= GTAX(i,r) / VGM(i )

424 Didstribution of Sales to Regional Markets
The accounting relationships covered in this section trace tUe value flows of goods

and services from production to consumption (or use as intermediates).
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The Vaue of Output at Agent's prices (VOA) plus a Production tax (like al taxes, this
is represented in accounting equations as tUe value of tax revenue) equals tUe Value of

Output at Market prices (VOM):

VOA(Lr) + PTAX(i,r) = VOM(i.r) (1)
For the supply equal to demand condition for any good, output must equal the sum of
demands. In GTAP, this means that the Value of Output af Market prices equals the
Vdue of the Domestic Market plus the Value of Services sold to the Transport sector
plus the total Value of eXports at Market prices by Destination:

VOM(i.r) = VDM(i.r) + VST(i,r) + £, VXMD(i,r,9) 2
The inclusion of export tax wedges means that tUe Value of eXports at Market prices
Demanded by anotUer region plus a bilateral export tax wedge is equa to the Vaue of
eXports a World (fob) prices:

VXMD(i,r.s) + XTAX(i.r,s) = VXWD(,r,s) 3
The fob exports plus the Value of Transport services used in transportation a World
prices is equa to tUe Value of Imports (to s) at World (c.i.f) prices:

VXWD(i,r,s) + VTWR(i,r.s) = VIWS(i,r,s) 4
The Vaue of Imports (to s) at World (c.i.f) prices plus an import tariff wedge is equal
to the Value of Imports at Market pricesin s

VIWS(i,r,s) + MTAX(i,r,s) = VIMS(i,r,s) )
The Totdl Vaue of Imports a Market prices is equal to the sum of Value of Imports at
Market prices by Source. Here VIMS(i,s,r) is tUe value of imports of i from region s

into destination region r:

VIM(i,r) =Z . VIMS(i,s,r) (6)
The Vaue of Imports at Market prices is also equal to the sum of the uses of imported
goods. tUe Vaue of Imports for Private consumption plus tUe Vaue of Imports for

Government consumpfion plus tUe total Value of Imports for use by Firms:

VIM(i,r) = VIPM(i,r) + VIGM(i,r) + £; VIFM(i,j,r) 7)
In addition, tUe Value of tUe Domestic Market referred to in equation 2 is equa to tUe

am of individual domesfic uses of tUe good, tUe Value of Domestic Private
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consumption plus tUe Vaue of Domestic Government consumption plus the sum of

the Values of Domestic use by Firms:
VDM(i,r) = VDPM(i.r) + VDGM(i.r) + =, VDFM(i.j,I) (8)

425 Production
Producers in the GTAP model and database use inputs of factor services and

intermediate goods to produce each produced commodity. Since these are the only
inputs, and a zero-profit condifion is imposed, the Value of Output at Agents prices
mus equa the Vaue of Firms' uses of intermediate inputs plus the Value of Firms

usss of factors:

VOA(1) = I, VFA(i,j,N+ X, EVFA(fj.r) (9)
Intermediate Inputs are composed of domesfic (VDFA) and imported (VIFA)
components. For both these components. a tax exists so that values at Agents' prices

equa Market price values plus tUe tax wedge:

VFA(i.j,r) = VDFA(j,r) + VIFA(,jn) (10)
VDFA(i,j.r) =VDFM(i,j,r) + DFTAX(ij,") (11)
VIFA(ij,r) = VIFM(ij.r) + IFTAX(i.j.r) (12)

Factor Services at Agents' prices equal tUe services at Market prices used in equation
9 above plus atax wedge ETAX:

EVFA(fj,r) = VEM(f,j,r) + ETAX(f,j.r) (13)
Factor services are collected by households, so that the Value of "Output" at (the
households) Agents' prices of factor f is equal to the sum of tUe values of its uses in

the j industries:
EVOA(fr)=S, VFM(f,j,n (14)

426 Regional Household Expenditure
Regiond Expenditure is distributed among tUree types of spending: private,
government and savings. Private and government expenditure is spent on escU

tradable good (dtUougU some elements of tUese matrices may be zero):

EXPENDITURE(r) = I, [VPA(i,r) + VGA(i,r)] + SAVE(r) (15)
Private expenditure on eacU good in eacU region is split between domesfically
produced and imported products:
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VPA(i,r) = VDPA(i.r) + VIPA(,r (16)
Both these products have taxes applied to them, so that the values at agents' prices are

the inarket prices plus a tax:
VDPA(i,r) = VDPM(i,r) + DPTAX(i,r) (17)
VIPA(i,r) =VIPM(i,r) + IPTAX(i,1) (18)
Similarly., government expenditure is split between -domestic and imported

expenditure, with atax applied to each:

VGA(i.r) = VDGA( 1) + VIGA( 1) (19)
VDGA(i,r) = VDGM(i,r) + DGTAX(i.r) (20)
VIGA(,r) = VIGM(i,r) + IGTAX(i,0) 1)

427 Regional Income
Regiond income is comprised of two types of income: factor income and tax income.

Equation 22 includes the factor income EVOA minus depreciation of capital VDEP,
plus the revenues from the ten types of tax instrument.
INCOME(r) = Z, EVOA(f.r) - VDEP(r)

+Z,PTAX(i.r)

+ X Z, ETAX(fj.r)

+Z, IPTAX(i,r) + Z, DPTAX(i,r)

+Z, IGTAX(i.r) + Z, DGTAX(i.r)

+Z,Z, IFTAX(i,j,r) +Z, T, DFTAX(i,j.r)

+7, 5 XTAX(irs)

+ Z,Z MTAX(i.5.r) (22)
In order to maintain balance, regiona income from equation 22 must equa regiona

expenditure from equation 15:
INCOME(r) = EXPENDITURE(r) (23)
428 Other GTAP accounting relationships

The International Transport Sector
The GTAP database and model includes a treatment of international transport

sarvices, and as such, the payments to those services must be accounted for on both
the expenditure (who pays for transport services?) and income (wUere do transport

margins go?) sides. Equation 4 above included tUe value of services used in transport
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VTWR(i.r.s), and equation 2 included a term for tUe value of services sold to tUe
trangport sector, VST (i,r). Since the GTAP database lacks the data to link these arrays
directly. transport services are collected in a globa transport service. The value of

globa transport services is GLOBTRAN:

GLOBTRAN = %,%, = VTWR(i.r.5) (24)
GLOBTRAN=2Z, Z \SI(i,r) - (25)

Savings and | nvestment
The GTAP database includes data for regional investment and savings, but lacks data
on the bilateral international investment, so for the purpose of the GTAP model,
savings from al regions are assumed to be equal to global investment:
GLOBINV = Z, [ REGINV(r) - VDEP(r) ] (26)
GLOBINV = I, SAVE(r) (27)
Regiond investment comprises the purchase of al tradable commodities to make a

regiond capital good, which is non-traded.

REGINV(r) = VOM("cgds".r) (28)
where "cgds" refers to the set element (of produced commodities]) for capital goods.

43 GTAPDATABASE LIMITATIONS

The amount of data needed in a global CGE modelling framework is extremely large,
and it is inevitable that such an ambitious project as GTAP has its limitations. WUile
mog of tUe limitations mean tUa tUe database is not well suited to certain issues,
others mean that even for trade studies (the use that the database was intended for, and

is best suited for) it has some short-comings.

431 General Limitations
The amount of work required to construct a database that would be required for

appropriate detail in certain areas is often prohibUive; in some cases the data are
unavailable, and thus not covered by GTAP. The areas in question. the simplifications
they impose and any special limitations they imply (other than a reduction in the

accuracy of simulations) are discussed below.
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432 Regions
In order to make the database and model global. all countries must be included, which

requires the inclusion of aggregate regions. TUe six aggregate regions in tUe full
database (Rest of Latin America. Sub SaUaran Africa, Middle East and North Africa,
Economies In Transition, South Asia, and Rest of World) must involve inaccuracies,
mainly because the collection of full input-output tables and expenditure data for aj]
countries is prohibitively costly and often impossible. These regions are each
extrapolated from one or two "typical" countries within the region. dtUougU some
data (trade data, macro aggregates) are available for al countries. Because of tUee
inaccuracies, tUe GTAP data are inappropriate for examining tUe effects of policy
experiments specific to tUe aggregate regions.

The EU is not defined as one of the six aggregate regions because it is considered to
be a single country with a single trade policy. Unfortunately, this means that we are
unable to identify the effects of CAP reform and/or the Uruguay Round on individual

members.

Veasgon 4 of the GTAP database used in Chapters 7 and 8 has a dightly more
disaggregated database, with 45 regions including four EU countries (the UK,
Germany. Denmark and Sweden) and an aggregate “Rest of the EU" group.

433 Sectors
As with the database regions. the main limitation tUa tUe sectors defined in tUe

database imposes is wUen sectors pertinent to a particular issue are not defined
separately. TUe 37 sectors tUa tUe database defines are usually sufficient for most
andyses, but more sectoral disaggregation would always add more accuracy to tUe
gmulation and tUe simulation results. TUe version four database used in CUapters 7

and 8 has 50 sectors.
434 "Missng" Data

Few databases include all data that users might need, and GTAP is no exception.

Short-comings in the available data are:

4-15



Links between the private households and government (income taxes, other taxes
and transfers) are not included. The regional household limits the applicability of
GTAP for fisca reform simulations.

The absence of data on different households within each region limits the ability

of GTAP to model the effects of scenarios on income distribution.

GTAP includes no hilateral ownership data on capital. The "global savings bank™
inakes GTAP unsuitable for the analysis of international capital flows, and leads
to the inconsistency that existing capital in region r is owned wholly by agents in

region r, while investment in region r comes from all regions.

Links between tUe use of transport services and tUeir source are not included. TUe
globa transport service may lead to some smal inaccuracies in results, and

ignores any restrictions on sourcing of transport services.

Bilateral trade and protection data by good and by use is not included. GTAP
includes bilateral trade and protection data by good, but tUe full matrix is
proUibitive in size. TUis presents problems particularly for the highly aggregate
cominodities (i.e. Other Manufacturing) where private demand uses particular
types of these goods while intermediate demand may be for other types. In
developing countries for example, private demand for Other Manufacturing is
likdy to be composed of “Luxury” goods, often with high taritfs. while
intermediate demand may be for office equipment and a variety of (non
Machinery) goods that are used in production. The tariff structure of goods for
private and intermediate demand will often be different, and the sourcing of

imports may also be different.

The values specified for the elasticity parameters in the functional forms used are
not accurately estimated. Most elasticities are assumed to be the same for good i
across al regions, and are taken from parameters originally estimated from the

Australian SALTER model in the 1970s.
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44 GTAP DATABASE ADVANTAGES
The main advantage that the GTAP database has is its sheer size and coverage. Such a
database would take any researcher years to construct separately, so the availability of

the database for public sale is a mgor bonus for modellers.

4.4.1 Database Expertise .
Apat from the data itself. a mgor bonus tUa the GTAP database brings is tUe

database-building expertise of tUe various members of tUe GTAP consortium wUo
have contributed data to the database and have continued to work with the data. In
particular, apart from the staff at the IMPACT project in Australia and the GTAP staff
at Purdue, the USDA, GATT/WTO and the OECD economics division have all been
mgjor contributors. and have for instance developed particular techniques for

consolidating bilateral trade and trade protection data.

442 Input-Output Data
The input-output data in the GTAP database are unique in that they are constructed

usng the same commodity concordances in a large-scale global setti ng. While tUis
cannot be done for al countries in tUe same year, tUe years tUa tUe database [-O tables
are derived from are close enougU to be as accurate as could be Uoped for in sucU a
large-scde database, and are updated to 1992 (1995 in tUe case of version 4) to enable
them to be a common database.

44.3 Bilateral Trade data
Globa-wide bilateral trade data are very rare and, as noted above. certain techniques

have already been used to consolidate them. TUe main problem with unconsolidated
data is that countries tend not to be particularly diligent when constructing trade data
(athough some countries are better than others). This means that any two countries
may report different volumes of trade for a particular commodity: for example,
Brazilian statistics might say that Brazil exports 100 million tonnes of Coffee to
Canada, but Canadian statistics migut say tUa Canada imports 150 million tonnes
from Brazil. SucU problems become marked in Sub-SaUaran Africa and otUer low-
income LDCs, wUidJ may not report mucU trade at all. Import statistics tend to be

more reliable on tUe whole because governments keep records of imports for tUe
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purpose of levying tariffs, while exports are often poorly recorded unless they are
taxed or subsidised. Where countries give tariff exemptions, for example to some
industries. or to Export-Processing Zones. and to imports that are exempt from tariffs
because of Customs Union membership. even imports are often not recorded. In
Eagtern Europe and the former Soviet Union. the problems of trade reporting enter
into different realms altogether, with barter trade, non-reporting and black inarket
activity often leading to the reporting of zero trade flows where large flows are known

toexis.

To attempt to obtain some meaningful data from the quagmire of under-reporting (and
non-reporting). GTAP data are consolidated using a table system performed
separately for each country”s imports and exports. A *mark” is given to each country,
derived from the differences between its reported trade and its partners’ reports of the
same trade flows. The countries that tend to have low differences are then assumed to
be "better’ reporters of trade than countries that have high differences with their trade
partners. A league-table is constructed, and the ten "best” export reporters and the ten
"best” import reporters at this stage are used as a control group, and a reliability index
is constructed by assessing what proportion of each country's reported trade flows

with the control group are accurately reported.

The fina trade flow values that are used in the database are derived as a weighted
average of the two partners’ reported trade. with the reliability index used to obtain
weights. Where one partner has obtained a much higher reliability score than the

other. the unadjusted trade flow reported by the better partner is used.

This whole procedure is conducted a a 4-digit Standard Industrial Trade
Classfication (SITC) level for each individual country and then aggregated to the
GTAP concordances. TUe resulting trade flows tUen undergo a matrix-balancing
procedure in order to ensure that total exports/imports for eecU region meet defined
totas, with weights ensuring tUat trade flows between "good reporting” countries are

not changed as much as trade flows between "poor reporting” countries.
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Table 4-4 The Five Best and Worst Export Reporting Accuracy Rates.

Export Reporters Percent -Accuracy
e Faeroe Islands 52.24
1 Germany (united) 52.07
3 Angola .50.00
4 Austria 45.93
5 France 45.79
9 Cameroon 16.82
97 Kiribati 16.67
98 Ethiopia 16.36
99 Oman 16.23
100 Togo 16.07

source: GTAP short course notes (from Mark Gelhar. ERS ot'the USDA)

444 Bilateral trade protection data
Trade protection data are taken largely from GATT submissions - in other words,

those tariffs and other protection instruments that countries declare to GATT. TUe
provision of tUese data on a bilateral commodity-specitic basis is a large bonus from
the GTAP database. Any other border protection that countries apply is not included,
ad in the case of import surcharges this may be a serious problem. Francois et al.

(1995, p.3) outline this as follows:

"Customs surcharges and fees are tariffs under another name (hut
sometimes with a different justification) and can add substantially to
protection. /ndeed, examples where surcharges add 50% or more to the

basic tariff rates arc not uncommon. "

45 GTAP DATABASE PARAMETERS
Section 4.5 examines the GTAP database, with particular attention paid to key

parameters. TUe source for al datais tUe GTAP version 2 database.

451 Income

Fgure 4-1 demonstrates tUe importance to tUe world economy of tUree economies -
the USA, Japan and tUe EU, wUidJ togetUer account for 71% of world income. TUe
EU istUe world's largest single market in income terms, while tUe USA is the largest-

eaning single country, and NAFTA is the largest trade block. Table 4-5 confirms
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this. and gives income figures [rom the GTAP database for each of the 24

disaggregate GTAP regions.

452 Output
Figure 4-2 demonstrates the importance of scrvices. accounting for a total of 57% of

world output. Agriculture and food processing together account for just over one tenth

of world output.

Figure 4-1: World Income by Country/Region
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Table 4-5: Regional income (USSbn)
Dollar ) A"'.uﬁ of wo?l?ln “ Dollar Yo of Worlr
Income income | income income

AUS  256.89 1.27 | CHN 44743 B
NZL 35.87 0.18 ‘ HKG 17.84 0.09

CAN 525.16 2.60 i TWN 212.17 1.05

USA 5257.06 26.05 | ARC 198.92 0.99

JPN 3166.76 15.69 BRA 334.12 1.66

KOR 268.54 1.33 i ME.X 293.62 146

EU 5863.29 29.06 ‘ LAM 219.69 1.09

IDN 118 93 0.54 | SSA 147.99 0.73

MYS 60.24 0.30 g MNA 512.00 2.54

PHL 48.92 0.24 | EIT 731.45 3.63

SGP 27.32 0.14 L SAS 298.94 1.48

THA 99.06 0.49 | ROW 1035.77 5.13
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Figure 4-2: The Structure of World Output

World Output by Product Category

Agriculture
5%

Food Processing
6%

Industry
32%

Services 4
57%

Table 4-6 shows the structure of value added in each region. with sectors aggregated
into the broad categories defined in section 4.1.1. Services are the dominant sector in
dl regions, but this is of course less pronounced in developing countries. where in
Indonesia (47.5%). Malaysia (47.4%). China (34.2%). South Asia (33.3%). Argentina
(46.9%) and Sub-Saharan Africa (37.6%) services account for under half of total
vadue added. Vaue added in resource-based manufactures is higher than in final
manufactures in al regions except Japan. Hong Kong and Malaysia. Similarly. value
added in agriculture exceeds value added in food processing in dl regions except the
[/SA and EU. Five regions stand out as having large "'othe™ primary sectors -
Indonesa (16.5% of value added). Malaysia (18.5%). Latin America (10.1%). Sub-
Saharan Africa (18.6%) and the Middle East and North Africa (21.2%). Textiles and
clothing is a minor sector in al regions. Hong Kong is the onlv region where it

contributes over 5% of total value added.
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Table 4-6: Structure of Value Added (per centages of total regional value added)

y Other  Food  'oXtiles  Resource Final Al
Agriculture primary Processing anq based manufactures Services Goods
Clothing manufactures

AUS 5.9 5.1 2.7 1 7.0 4.0 742 100.0
NZL 6.4 34 5.0 0.9 8.9 37 71.8 1000
CAN 29 4.6 3.2 i.5 9.9 9.7 68.1 100.0
USA 16 31 23 10 83 , 94 74.3 100.0
JPN 29 1.6 24 1.2 9.8 131 69.0 100.0
KOR 10.7 3.7 23 2.2 12.1 10.0 59.0 100.0
EU 3.8 2.3 4.2 17 105 8.9 68.7 100.0
T;VN 52 43 23 32 159 4 57.6 100.0
IDN 17.9 16.9 34 19 10.1 24 47.5 100.0
MYS 10.4 18.5 25 Il 75 125 47.4 100.0
PHL 17.1 84 10.3 1.8 53 25 54.7 100.0
SGP 07 03 1.2 0.7 19.3 16.8 61.0  100.0
THA 10.7 6.9 6.8 4.9 1.7 6.9 56.1 100.0
CHN 30.6 7.7 3.2 45 11.4 8.4 34.2 100.0
HKG 0.6 |4 1.7 7.6 35 8.7 76.6 100.0
SAS 36.0 7.1 3.7 3.9 9.5 6.5 353 100.0
ARG 10.8 6.8 8.9 4.4 154 6.9 46.9 100.0
BRA 9.1 35 4.5 29 146 8.4 57.0 100.0
MEX 9.5 6.0 6.6 2.0 9.8 5.6 60.5 100.0
LAM 133 10.1 58 32 105 39 53.1 100.0
SSA 242 18.6 4.8 2.2 85 4.0 37.6 100.0
MNA 7.3 212 3.0 16 7.2 3.3 563  100.0
EIT 43 4.4 35 1.7 100 7.8 68.2 100.0
ROW 3.6 4.0 2.7 17 105 9.7 67.7 100.0

453 Global Trade and Protection

FHgure 4-1 shows net exports by region (including sales to the globa transport sector).
Three bilaterd trade flows account for the largest trade surpluses and deficits: The
large bilaterd trade surpluses that Japan has with the US and the EU largdy account
for both Japan's large overdl trade surplus and the US’s and EU's trade deficits.
Similarly. alarge Chinese bilateral trade surplus with Hong Kong is evident in the
database, and accounts for both a large Chinese trade surplus and a large Hong Kong
trede deficit. This is less of a long-term feature, and occurs because much of Chinese
trade (particulaly in textiles and clothing) passes through Hong Kong to find
markets, particularly those in the EU and US. This happens largely because China has
loMver MFA quotas than Hong Kong, as when the MFA system was set up China
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Figure 4-1: Net Exports

Total Net Exports By Region (US$ bn)
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exported very low quantities of clothing and textiles. and Hong Kong was a maor

exporter.

[n 1992 Hong Kong imported large quantities of clothing from China that it did not
reexport until the following year. and hence the trade that is redly passing through
Hong Kong shows up in the GTAP database as a large trade deficit.

Table 4-7 shows more detailed figures for net trade in each region. including the trade
bdance as a percentage of income (GDP). Here it is apparent that the trade deficits of
the USA and EU are actually smal as a percentage of income. -0.8% and -0,7%
respectively. Other countries. such as Singapore (-33,8%). Other Latin America (-
72%) and Thailand (-6,6%) have larger trade deficits as a percentage of income. The
Hong Kong trade deficit is not only the largest in dollar terms, but also the largest as a
percentage of income (-382,2%).

The "Openness’ column in Table 4-7 shows imports plus exports as a percentage of
income. an indicator widely used to assess a country's openness to trade. Larger
countries such as the USA. Japan and EU have low openness statistics (22.7%0. 23.4%
ad 25,6% respectively) as larger economic markets tend to be more selt-sufficient.
Hong Kong has a very high (and distorted) openness statistic. because of the China-
Hong Kong trade noted above, but Singapore and Malaysia both have openness
datistics greater than 100%,
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Table 4-7: Trade Figures (USSbn and percentages of income)

- Trade . Exports o Imports o Income
Balance o USSbn & USSbn | Openness | jechn
USSbn

AUS 33 1,3% 53,9 21.0% 50,6 19.7% 40.7% 256,9
NZL 24 6,8% 14.7 40.9% 12.2 34.1% 75,0% 35,9
CAN 19.0 3.6% 150.0 28,6% 131.0 24.9% 53,5% 525,2
USA -42,5 -0.8% | 576,3 11.0% | 618.9 11.8% 22.7% 5257.1
JPN 88,4 2.8% 414,7 13.1% 326,3 10.3% 23.4",, 3160.8
KOR 0.2 -0.1% 97,2  36.2% 97,4 36,3% 72.4",, 268,5

EU -38.7 -0.7% 731.8 [2.5% 770,4 13,1% 25,6% 5863,3

T;VN 29.0 13.7% 100,5 47.4% 71,5 33,7% 81.1% 212,2
IDN 6.8 5.7% 39,4 33.1% 32,6 27,4% 60,5% 118.9

MYS 10.6 17.5% 49,0 31.3% 38,4 63,7% 145.0% 60,2

PHL 0.3 0.5% 17,3 35,3% 17,0 34,8% 70,0% 48,9

SGP -9,2 -33.8% 78,2 286.2% 87,4 320,0% 606,2% 27.3

THA -6,5 -6.6% 37,9  382% 44,4 44,8% 83.0% 99.1
CHN 53.3 11.9% 141.7  3L.7% 88,4 19.8% 51.4% 447.4
HKG -68,2 -382.2% 73,3 410.8% 141.5 793,0% 1203.7% 17.8

SAS -3.5 -1.2% 39,4 13.2% 42.9 14.4% 27,6% 298.9

ARG -3.0 -1.5% 16,2 8.1% 19.2 9,6% 17,8% 198.9
BRA 9.1 2.7% 42,0 12.6% 32.9 9.9% 22.4"o 334.1

MEX -11.1 -3,8% 57.5 19,6% 68.6 23,4% 42,9% - 293.6

LAM -15.8 -7,2% 76.4 34.8% 92.2 41.9% 76.7%% 219.7

SSA -5.3 -3,6% 43.4 29,3% - 48.7 32.9% 62.2%% 148.0

MNA -14.5 -2,8% 167.8 32,8% 182.3 35,6% 68.4% 512.0

EIT -6,6 -0,9% 84,7 11.6% 91.3 12.5% 24.1% 731.5

ROW 29 0,3% 3353 324% 3324 32.1% 64.5% 1035.8

Table 4-8 shows average protection levels. The four columns show average import
taiffs and export taxes, both as applied by the country in question. and applied by
trading partner countries. The EU for example, applies an average 8.32% import: tariff
on its own imports - a level that is relatively low in comparison to other countries.
Meanwhile the EU faces an average 9.67% import tariff in foreign markets on its own
exports. It applies an average 3.48% export tax, and its imports bear on average a

262% export tariff applied by its export suppliers.

Beven countries apply import tariffs between 8% and 10%, with another eleven
countries applying higher rates than 10%. The highest average import tariff is in
Thaland (33.10%), with China (30.35%), Korea (24.83%), Brazil (23.47%) and The
Philippines (21.79%) aso standing out as high-tariff countries. Singapore and Hong
Kong both apply very low tariffs.
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Argentina faces the highest tariffs applied by trading partners on its exports (24.20%),
with Hong Kong (19.48%), New Zealand (17.15%) and Japan (15.15%) also facing
high tariffs applied by partner countries on their exports. Table 4-9 shows that the
highest levels of tariff protection in industrial countries occur in agricultural goods
and food products, with the exceptions of Australia. New Zealand and the USA which
goplies its highest tariff to Textile and Clothing.

There is much variation in the structure of protection in developing countries, from
Japanese-style agricultural protection in Korea and Taiwan (with low tariffs for
manufactures), high levels of protection in al (or most) sectors in Thailand, Argenfina
and Brazil to low levels of protection in al sectors in Hong Kong and Singapore.
Many developing countries apply higher tariffs to textiles and clothing than do the
developed-country MFA importers.

Table 4-8: Average import tariffs and export taxes, by importers and exporters

Import Tariffs Export Taxes -
Applied by Faced by Faced by Applied by

importer exporter importer exporter

AUS [2.91 12.36 0,52 0.52
NZL 17,69 17.15 0.42 1.30
CAN 8,76 6.43 ey -0,36
USA 8,74 i1.46 3,04 -0.18
JPN 13.03 15.15 0,40 1.12
KOR 24.83 8.86 0.19 1.21
E U 8.32 9,67 2,62 3,48
IDN 13.59 8,44 0,80 5,16
MYS 8.24 7,64 0.11 11.37
PHL 21.79 12,69 -0,12 5,53
SGP 0.41 8.22 1,99 0,33
THA 33.10 11.47 0,56 2.58
CHN 30.35 10.08 -0.01 4,58
HKG 0.00 19,48 0,36 2,29
TWN 10.53 11.45 0,42 0,99
ARG 18.57 24.20 0,60 0,00
BRA 23.47 13.66 0,68 0,98
MEX 9.80 4.94 -0,02 0,61
LAM 9.56 10.84 0.31 210
SSA 8.38 8,32 1.03 0.16
MNA 8.16 3,42 0,74 0,16
EIT 8.39 8,08 0.35 2.07
SAS 7,42 11.26 2.14 11.62
_Row 8.44 6,84 3.07 091
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The export tax data are dominated by two considerations. MFA voluntary export
restraints on textiles and wearing apparel, and developed country agricultural export
subsidies. The MFA VERSs lead to high ad valorem equivalents for export taxes from
developing countries on exports of textiles and wearing apparel to the USA, EU.
Canada and the Rest of the World (ROW) - because the ROW group includes non-EU
Western Europe, which for 1992 encompasses countries that are MFA importers such
as Sweden and Austria

Table 4-10 shows the average export taxes applied by each region in mgor
coinmodity groups, and demonstrates several features. The only regions that on

average apply export subsidies to agriculture and food are Canada. the USA, the EU

Table 4-9: Average import tariffs applied by importer

Agriculture  Other Food Textiles  Resource- Final Services All
primary Products and based manufactures Goods
Clothing manufactures

AUS 6.8 04 7.3 13.5 147 18.8 0,0 12,9
NZL 3.3 0.5 1.9 32,6 18.0 29.5 0.0 17.7
CAN 23.2 0.1 13.9 213 9,7 85 0.0 8,8
UsA 11.6 0.7 1.2 18.4 71 1.6 0.0 8,7
JPN 200,3 1.4 36,3 1.9 4.6 35 0.0 13.0
KOR 233,9 5.4 36.5 18.3 14.3 19.0 0.0 248
EU 55,6 10 25,0 12.7 8,0 8.7 0.0 8.3
TWN 142.3 19 26.7 6,8 34 8.0 0.0 10.5
IDN 435 1.7 18.4 28.3 7,6 16.5 0.0 136
MYS 1.3 2,5 7.7 223 7,0 9.2 0.0 8.2
PHL 21.0 18,4 24.5 39.8 19.9 23,6 0.0 21.8
SGP 0.0 0,0 0.1 0.5 17 0.1 0,0 04
THA 43.2 26,1 46.6 59.5 24.8 38.4 0,0 331
CHN 11.2 114 37,9 65.9 19,7 34,8 2.2 30.4
HKG 0.0 0,0 0,0 0.0 0,0 0,0 0,0 0.0
SAS 8.8 4] 1.4 132 8,6 115 0,0 7.4
ARG 175 16,2 17.4 36.9 19,3 24,6 0.0 18.6
BRA 12.7 10 41.6 62.4 29,5 41.2 0,0 235
MEX 8.1 8,5 7.3 16.9 8,7 12,5 0.6 9.8
LAM® 105 9.1 12,5 14.8 9,8 11.9 0,0 9.6
SSA* 85 6,7 11.9 12.6 95 1.7 0.0 8,4
MNA® 8.8 5.2 11.9 12.9 10.2 |13 0.0 8,2
EIT? 9.8 25 11.9 125 10.3 1.1 0,0 84
ROW? 9.3 38 1.1 (2.5 10.4 1.3 0,0 8,4

'The only service protection data in the database is a small import tariff on Chinese imports of electricity from F
Kong,
"One feature of the database is that the six aggregate regions al have broadly similar tariff Structures.
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and Brazil. These subsidies are fa higher in the EU than elsewhere. Australia
subsidises exports of food. but it taxes agriculture. Malaysia stands out as a country
tha applies Significant export taxes on most sectors, including agriculture.
Comparison of the Malaysian data in Table 4-10 and Table 4-11 shows that the
average export tax for Malaysian textiles and clothing (75.1%) is much higher than
the ad valorem equivalent of MFA quotas on Malaysian exports. Malaysia therefore is
taxing exports of textiles and clothing (to al destination regions) in addition to the
VERs.

Table 4-10: Average export tax/subsidy applied by exporter

Agriculture  Other Food Textiles  Resource- Final Services  All
primary Processing and based manufactures Goods
Clothing manufactures

AUS 12 13 -5 -0,4 13 -05 0.1 0.5
NZL 0.9 0.3 16 6,9 1.0 0.9 .7 14
CAN -6.1 0.0 -1.6 0,0 0.0 0.0 0.0 -0.3
USA =33 0.0 -0.9 0,0 0.0 00 0.0 -0.2
JN 0.0 0.0 0,0 0,0 0.6 14 0.0 10
KOR 0,0 0.0 0,0 7,6 0.0 0.2 0.0 12
EU -30,2 19 -1,5 0,2 154 09 -05 2.8
TWN 0,0 0.0 0,0 76 0,2 0,0 0.0 10
IDN 00 0.0 0,0 33,2 01 0,0 0.0 5.0
MYS 16,2 11.5 124 75,1 133 3,0 8.2 11.3
PHL 0,0 0.0 0,0 375 0.0 0,0 0,0 45
GP 0,0 0.0 0,0 89 0.0 0.0 0,0 0.3
THA 00 0.0 0,0 20,2 0.1 0.0 0,0 26
CHN 0,0 0.1 0,0 17.9 04 0.0 0,0 45
HKG 0,0 0.0 0,0 93 0.0 0.0 0,0 22
SAS 0,0 0.0 0,0 35.0 04 0.2 0,0 1.6
ARG 0,0 0.0 0,0 0.0 0.0 00 0,0 0.0
BRA -2,2 4.0 -0,6 11.0 21 -1 0.1 10
MEX 0,0 0.0 0,0 17.8 0.0 0.0 0,0 0.6
LAM 06 0.2 72 19.3 04 -0.3 0,0 21
SA 0.1 0.0 L4 0.0 05 0.1 0,0 0,2
MNA 1.9 -0.6 21 85 10 0.2 0.1 0,2
BT 0.8 0.3 57 109 18 13 0,9 21
ROW 16 0.1 71 5.2 1.3 0,2 0,0 0.9
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Table 4-11: Ad valorem export tax equivalents of MFA quotas

Textiles Clothing

CAN USA E U CAN USA E U
KOR 9.63...  9.85 10.09 1954 2333 1037
IDN 17.50 11.95 17.46 41.13 46,74 48,37
MYS 15.17 9,50 11.70 35,66 37.14 32,40
PHL 11.52 8,57 10,03 27,08 33.52° 27,79
SGP 11.89 7,93 10.10 27,94 31.01 27.98
THA 13.71 9,07 12.85 32,23 35,46 35,58
CHN 23,21 18.41 27,35 42,00 40,32 36.11
HKG 7,63 7,67 8.10 15.49 18.19 15.35
TWN 9,43 8,16 11.64 19.15 19.35 22,35
BRA 11.61 9,21 13.68 21,00 20,16 18.06
MEX 11.61 9,21 13.68 21.00 20.16 18.06
LAM 11.61 9,21 15.68 21.00 20,16 18.06
MNA 5.80 4,60 6,84 10.50 10,08 9,03
EIT 7,74 6,14 9.12 14.11 13.44 12,04
SAS 23.21 18.41 27,35 42,00 40,32 36.11
ROW 4.64 3,68 5,47 8,40 8,06 7,22

source: GTAP short course notes

454 Trade and Agricultural Protection by GTAP Region
This section concentrates on each GTAP region in turn, examining the trade position

and agricultura protection for that region.

Australia
Fgure 4-1 shows the Australian net trade position arranged by GTAP sector, and it is

cear that Australia's net exporting sectors lie to the left of the graph in agricultural,
other primary, and food processing industries. The main net importing sector is other
meachinery and equipment (OME), followed by transport industries (TRN). Australia
exports 68% of world wool trade.

Table 4-12 presents the structure of Australian agricultural protection. which shows a
genedly low level of protection; only milk and milk products (MIL) has rates above
10%. Support in the main agricultural goods (the first six rows. as opposed to food

processing) consists of small output subsidies and small import tariffs.
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Figure 4-1: Australian Net Exports
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Table 4-12: The Structure of Australian Agricultural Protection

Output Output E,\port Export I mport Import
Subsidy Subsidy Subsidy Subsidy Tarift Tariff
Expenditure Rate E.xpenditure Rate Revenue Rate
Smillion %% Smillion %% Smillion %
PDR 443 370 00l 440
WHT 70.97 4.09 0.00 0.20
GRO 24.49 3.50 0.04 .89
NGC 145.13 2.20 0.30 0.03 26.74 8.70
WOL 107.93 3.28 0.60 2,00
OLP 93,49 .30 144 .75
PCR 0.71 4,40
MET 2.77 8.04
MIL 156.08 16.75 36.03 34.00
OFP 50.00 4.40
BT 27.601 3.07
ALL 45544 089 13647 115 14806 668
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New Zealand

New Zealand's main net-exporting sectors arc processed foods (meat. MET and milk

products MIL). services (the right-most six columns) and agricultural coods. of which

wool (WOL) is the largest (but docs not dominate agricultural net cxport.s). While in

dollar terms New Zealand's trade surplus ((I1S$ 2,4 bn) s small compared to other

countries. 1ts trade surplus as a percentage of income (6.8%) is one ot the largest. New

Zealand's agricultural protection. as shown in fable 4-13. consists entirely ot low

output subsidies and small import tariffs. Export subsidies are not used at all.

Figure 4-1: New Zealand's Net Trade Position
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Table 4-13: The Structure of New Zealand's Agricultural Protection

Import

Output Output E-xport Export Import
Subsidy Subsidy Subsidy Subsid)' Tariff Tariff
E.xpenditure Rate Expenditure Rate Revenue Rate

Smillion % Smillion %% Smillion “Io
- ——n Ll s o v
WHT 1.02 2.70
GRO 2,06 1.00 0.09 1.30
NGC 506 4.50
WOL 25,98 1.99
oLp 47,47 1.50 0.00 3.00
PCR
MET 271 15.20
MIL 14.45 0.80 0.89 10.60
OFP 54.70 15.30
BT 0.00 0.00
ALL 9099 062 S— 66.63 9.13




Canadua

Canada has an overall trade surplus of [/S$19 bn, with a variery of sectors being net
exporters. from agricultural (wheat. WIIT) and primary fud industrics. wood-based
industries (lumber. LUM and pulp paper products PPP). some manuiacluring
industries and services. The striking feature of Canada's trade pattern |5 the large trade

deficit in the other machinery and equipment (OME) sector.

Canada's agricultural protection (Table 4—14) uses a combination ot al three support
t\pes. By dollar \alue. output subsidies are the most extensive measure of support -
although it should be remembered that import tariffs can have a far greater effect than

Figure 4-2: Canada's Net Trade Position
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Table 4-14: The Structure of Canadian Agricultural Protection
T Output Output N Expor<tw Export lmpor_[“ o 'Irhralabwo‘rut B
Subsidv Subsidy Subsidy Subsidy Tariff Farift
Expenditure Rate Expenditure Rate Revenue Rate
Smillion % Smillion %o Smillion %%
R e A : S B §
WHT 800.13 16.80 304061 7.10 0.04 28.80
GRO 232.71 7.60 [ 14.01 15.08 [4.57 14.50
NGC 006.00 10.30 64.04 4.99 607.63 23.78
WOL 0.07 3.47 0.10 2.30
oLpP 679.87 4.70 39.60 21.90
PCR 0.07 LOO
MET 2310.09 21.90 187.43 21.90
MIL 355.51 4.50 123.60 44.06 177.23 13540
OFP 7.74 0.29 219.44 7.00
BT 92.05 1351
ALL 529706 567 614.89 428 136049 1601)
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the revenue raised - a large tariff will raise incomes in the import competing sector as

imports are brought down lo low le\eLs. which may mean low levels of tariff revenue.

The Canadian tariff rate on Milk and Milk Products (MIL) d 135 .40%. is the largest
tariff rate. and this sector also benefits from a large (44.06%) export subsidv. and a

4.5% output subsidy.

TheUSA
The USA has an overal trade deficit of US$ 43 bn in the GTAP database. with

severd sectors being major net importers: oil. wearing apparel (W AP). leather goods
(LEA) transport equipment (TRN). other machinery and equipment (OME) . other
manufacturing (OMF) and electricity gas and water (EGW). The dominant trade
pattern for the USA is that it is a mgor exporter of services. and a net importer of

amog dl goods.

Agricultura protection in the USA is dominated by output subsidies. with smaller
expat subsidy and import tariff rates. with the exception of Milk and Milk Products

(MIL) which has a high tariff rate and low output subsidy rate.

Figure 4-1: The United States' Net Trade Position
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Table 4-15: The Structure of American Agricultural Protection

Output Output Export Export Import Import
Subsidy Subsidy Subsidy Subsidv Fart ff Tariff
Expenditure Rate Expenditure Rate Revenue Rate

Smllll_({n - Yo Smillion Yo Smillion “o
PDR 136128 57,30 1837 583 0.19 145
WHT 5543.34 32.40 845.84 16.70 20.27 1010
GRO 10472.71 30.60 84,02 .28 0.82 3.50
NGC 3617.33 5.20 0.28 0,00 901.06 D57
WOoL 01.32 63.00 8.84 5.10
OLP 3268.00 3.50 358.30 18.20
PCR SiBd| 4.80
MET 69.00 1,53 572.01 18.20
MIL 1972.92 4.30 212,47 34.10 514.39 00.80
OFP 633.87 7.20
BT ‘77 330.65 5,84
ALL 26326.00 © 3.76 1229.98 228 3429.02 9 86...

Japan

Japan has the largest trade surplus in the world (US$ <8 bn in the GTAP database),
ad Figure 4-1 demonstrates that this is due to large net exports of manufactured
goods. The world markets for transport goods (TRN). other machinery and equipment
(OME) and other manufactures (OMF) are dominated by Japan. with over 20% of

Viarld exports in each of these coods. No other country or region has a trade surplus in

asingle good of over US$ 1 OOn.
Figure 4-1: Japan’s Net Trade Position

Net Exports (USSbn):  JPN
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Table 4-16: The Structure of Japanese Agricultural Protection

Output Output Export Export Import Import
Subsidy Subsidy Subsidy Subsidy Tariff Tariff
E.xpenditure Rate Expenditure Rate Revenue Rate
Smillion %% Smillion % Smillion %y
“PDR 3754.95 10.10 052 35253
WHT 590,87 14,80 5775,18 490,79
GRO 991.83 16.40 14051.54 463.38
NGC 21404.68 48,90 7219,89 95,80
WOL
OLP 218,35 0,50 919,51 57,70
PCR 32,42 350,90
MET 3750,45 57,70
MIL 1330.06 7.20 2010.69 343,80
OFP 700,95 9,08
BT 528,59 11.66
TALL 28290,73 4,60 3553557 7330

Table 1-16 shows that Japanese agricultural protection is characterised by very high
import tariffs (in fact, for many products. by a very restrictive quota systém that leads
to high ad valorem equivalents). Output subsidies exist, and are high for Non-Grain
Crops (NGC), while export subsidies are not used at al. The stringent quota system
for grains (Paddy Rice PDR and Processed Rice PCR. Wheat WHT and Other Grains
GRO) is a component of Japanese protection that has been severely criticised, and
became a stumbling block in the Uruguay Round, as Japan sought to gain exemptions

far these products.

Korea

Koreen trade is almost balanced, with a small (-0.1% of GDP) trade deficit. Net
imports of agricultural goods, mining and mineras (in particular. Oil) and most
manufactured goods are offset by trade surpluses in Textiles, Wearing Apparel,
Leather Goods, Transport Equipment. Other Manufactures and services. The structure
of Korean agricultural protection (Table 4-17) shows a pattern similar to that of
Japan, with large import tariffs (again, actually ad valorem equivalents of a highly
redrictive import quota regime) for grains and Non-Grain Crops, coupled with output

subsdies.
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Figure 4-1: Korean Net Trade Position

Net Exports (USSbn): KOR
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Table 4-17 The Structure of Korean Agricultural Protection

Output Output Export Export Import lmport
Subsidy Subsidy Subsidy Subsidy Tariff Tari ff
E.xpenditure Rate E.xpenditure Rate Revenue Rate

Smillion %o Smillion %% Smillion %o
PDR 461824 s05 o1l 31719
WHT 0.00 0.00 30.94 5.00
GRO 178.78 8.10 3650.45 403.40
NGC 4200.07 30.70 7408.91 382.10
WOL 20.91 10.00
OLP 989,08 [4.80 677.02 40.50
PCR 22.40 316.78
MET 208.72 40.50
MIL 417.47 19.00 58.25 123.00
OFP 266.01 17.10
BT 325.47 73.57
ALL 1050264 1139 1293928  140.80

TheEU
The EU's trade deficit of [/S$38.7bn (0,7% of GDP) is dominated by a large surplus

in Trade and Transport Services (T_T) which. along with smaller surpluses in some
manufactured and service sectors. partialy offsets trade deficits in a range of
indudries - principaly Oil and Other Government Services (OSG). Mogt agricultural
ad food processing sectors feature relatively balanced trade. with the exception of

Non-Grain Crops. where the trade deficit is sizeable.
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Figure 4-1: Net Trade Position of the EU
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Table 4-18: The Structure of Agricultural Protection in the EU

Output Output Export E.xport Import Import
Subsidy Subsidy Subsidy Subsidy Tariff Tariff
Expenditure Rate Expenditure Rate Revenue Rate
Smillion %o Smillion % Smillion %%
EOREN NSO e o e, Bl 7646 31224 12870
WHT 2286.02 6.30 2644.22 67.56 130.02 51.20
GRO 785.58 2.50 1886.80 70.66 450.73 67.60
NGC 65940.71 71.00 1333.08 23.32 13630.69 58.50
WOL 4.38 0.44 0.04 0.04 1 1.92 0.70
OLP 19456.64 9.20 [1.10 0.70 1719.85 56.10
PCR 308.04 128.70
MET 360.39 0.20 3136.48 44.79 2300.10 56.10
MIL 4205,92 47.75 1178.85 132.90
OFP 138.09 1.00 2179.17 12.61
BT 002.52 [18.18
ALL 8010020 734 1333240 2497 2369002  36.60

EU agricultural protection makes use of al three policy instruments - output
subsidies. export subsidies and import tariffs. As elsewhere, these ad va/orem rates
indude many diverse intervention mechanisms. from Variable Import Levies to
headage payments. Domestic output subsidies are predominantly used m Non-Grain
Crops. covering a wide range of crops and intervention mechanisms. Export subsidies

are predominant in grains. with significant subsidies in the Meat (MET) and Milk and

4-36



Milk Products (MIL) food processing sectors. Import tariffs are highest in Milk and
Milk Products and the two rice industries (paddy rice PDR and processed rice PCR).

Table 4-18 shows sector sizes and rations for EU agricultural and food processing
sectors. It is clear that the rice sectors. PDR and PCR. and Wool (WOL) are not
sgnificantly large in either production or consumption. Other Livestock (OLP) is the
largest agricultural sector in terms of output, consumption and value-added. Other

Food Products (OFP) is the largest food processing sector.

Low trade shares are typical in agricultural sectors, and there are severa EU
agricultura sectors with very low import penetration shares, and with of these sectors
(WHT, GRO, OLP, MET and MIL) the Uruguay Round commitment to ensuring that
import penetration ratios are at least 5% by the end of the implementation period may

pose serious problems.

Table 4-19: EU Agricultural Sector Sizes and Ratios

Consumption Value E.xports as Import

Output  Exports Imports  (final + intermediate) Added %of Penetration

USSmn USSmn  USSmn USSmn USSmn production %
R 2119 26 243 2336 151 1% 10%
WHT 36286 1270 256 35272 19493 3% 1%
GRO 31425 783 667 31309 16185 Io% 2%
NGC 92874 4383 23300 111791 84898 5% 21%
WOL 1000 110 1703 2593 518 1% 66%
OLP 211487 1576 3066 212977 118605 1% 1%
PCR 4721 217 239 4743 1476 3% 5%
MET 179002 3866 4100 179236 38114 20% 2%
MIL  T15413 4701 887 109599 43226 4% 1%
OFP 352684 13726 17286 356244 100028 405 5%
BT 143304 10987 4965 137282 86545 8% 4%

Taiwan

Tawan's large trade surplus ($29bn. 13.7% of GDP) is a result of net exports in a
number of manufacturing industries - the Textiles, Wearing Apparel, Leather and
Lumber 'Tight manufacturing” industries as well as heavy manufacturing - Fabricated
Med Products, Other Machinery and Equipment and Other Manufactures. Service

sctors are dso in surplus, with the main deficit sectors being several manufacturing
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industries. While Taiwan's net-exporting heavy industries may look superticially like
the Japanese model. Japan is not a large net exporter of the light manufactures. and

unlike Taiwan. is a major net-importer of natural resources,

Taiwanese agricultural protection [ollows a  similar patlern to Japancse protection
insofar as grains are protected by stringent quotas, with high wd valorem tariff
equivalents. Taiwan does not. howeler have such an output subsidy regime. except

forasmall subsidy to Forestry (FRS),

Figure 4-1: Taiwanese Net Trade Position

Net Exports (USSbn): TWN
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Table 4-20: The Structure of Taiwanese Agricultural Protection

Output Output Export E.xport Import Import
Subsidy Subsidy Subsidy Subsidy Tariff Tariff
E.xpenditure Rate Expenditure Rate Revenue Rate

Smillion % Smillion % Smillion S
PDR 0.01 81.00
WHT 438.20 507.60
GRO 2214.54 325.60
NGC 01{2.59 72.00
WOL
OLP 14.76 5.00
FRS 53.06 5.01
FSH 28.30 9.17
PCR .31 81.00
MET 30.76 16.30
MIL 170.78 72.10
OFP 141.03 12.43
BT 271.27 36.38
ALL 5306 o008 o 4723 74 78.06




Indonesia
[ndonesia’s trade structure is typical of a resource-rich de\elopmg country. in that Oil.

Gas. and Lumber are the three largest nct-exporting sectors. with Textiles. Wearing
Apparel and Leather Goods aso hemg net exporters, Mecanwhile heavy

manufacturing, and particularly Machimery and Equipment. are healily imported,

Indonesian agricultural protection is characterised by import larilfs. particularly in
Non-Grain Crops (a net export). with small levels of subsidy support in grains (Paddy

Rice and Other Grains) and Non-Grain Crops,

Figure 4-1: Indonesian Net Trade Position

Net Exports (USSbn): IDN
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Table 4-21: The Structure of Indonesian Agricultural Protection

Output Output Export Export Import Import
Subsidv Subsidy Subsidy Subsidy Tariff Tariff
Expenditure Rate Expenditure Rate Revenue Rate
Smillion %% Smillion Yo Smillion %
POR 32480 470
WHT
GRO 93,65 10.60 3.35 7.82
NGC 275.64 | 90 607.60 66.50
WOL 0.05 5.00
oLP 4,84 7.60
PCR
MET 6,84 30.00
MIL 34.74 27.70
OFP 123.71 20.00
BT 23.46 24.05
ALL 69409 B & [ g T 903.62 33.54 )




Malaysia

Like Indonesia. Malaysia 15 a large net exporter of Oil. Gus. Wearing \pparel and
LLumber. and a net importer of most manufactures, Malaysia does however have some
manufacturing exports (Other Manufactures) and large Trade and Transport Services
exports. Malaysia is also a net exporter of Non-Grain Crops and Forestry. with most

agricultural and food sectors either in small surplus or small deficit,

Malaysian agricultural protection is at very low levels - e\en the |3 5¢° tariff on

Other Food Products would be considered [ow in many countries.

Figure 4-1: Malaysian Net Trade Position

Net Exports (USSbn): MYS
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Table 4-22: The Structure of Malaysian Agricultural Protection
) Output Outplujim ‘W—E,xport Export Import . I'iﬁp”/]f(‘
Subsidy Subsidy Subsidy Subsidy Tariff Farift
Expenditure Rate Expenditure Rate Revenue Rate
$million % Smillion %o Smillion %
WHT [.58 0.85
GRO 0.61 0.21
NGC 10.66 .93
WOL [.15 2.00
OLP 0.70 2.15
PCR 0.11 0.09
MET 116 1.03
MIL 3.52 .41
OFpP 117.08 13.56
BT 2.76 0.99
ALL R 0,00 o 147.05 510
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The Philippines
The Philippines" main net exporting sectors are Trade and Transport S¢rvices. Other

Private Services. and Wearing Apparel. \s with many de\elopmg countries. most
heal\' manufacturing sectors are net importing scctors. and a large ()] deficit exists.
Filipino agricultural protection rests on a moderate import tariff rcoime. with no

output or export subsidies.

Figure 4-1: The Philippines’ Net Trade Position

Net Exports (USSbn): PHL
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Table 4-23: The Structure of The Philippines’ Agricultural Protection

OLitput Output Ekbort E.xport Impmj( o Impor.tu
Subsidy Subsidy Subsidy Subsidy Tariff Tariff
EXxpenditure Rate Expenditure Rate Revenue Rate

Smillion %% Smillion %o Smillion i)
PDR Bl e 7 - 003 S0.00
WHT 27.18 10.00
GRO 2.98 20.33
NGC 67.62 37.67
WOL 025 20.00
OLP 7.02 20.63
PCR
MET 1110 34.40
MIL 44.88 15.73
OFP 118.65 22.13
BT 84.12 44.00

£ ) R T 38081 22,65
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Singapore

Singapore's trade structure suggests Il 15 1 some ways the most de\eloped of the
Asian Newly Industrialising Countries; there is no reliance on textiles and ¢|othing.
and although small trade deficits are incurred 1n healy manufacturing Sectors,
Singapore is a net exporter of In traded service scctors. There s also evidence that
Singapore's position as an oil refiner plays a major role in its trade structure (large Oil
mmports. and large Petroleum and Coal exports), Singapore is a food importer -

\irtually no agricultural or food production exists.

Figure 4-1: Singapore's Net Trade Position

Net Exports (USSbn): SGP
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Table 4-24 The Structure of Singapore's Agricultural Protection

Output Output - “[;porr Export Import 'Ifﬁvpbrt‘
Subsidy Subsidy Subsidy Subsidy Taritt Tariff
Expenditure Rate Expenditure Rate Revenue Rate

Smillion Yo Smillion % Smillion Yo

= el 2 . , I

WHT

GRO

NGC

WOL

OLP

PCR

MET

MIL

OFP 2.7 0.17

BT

ALL . desss - ' 2,71 ) 0,05
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Thailand

Thailand's trade position. as shown in Figure 4-1. demonstrates a heavv reliance on
manufacturing imports. with surplus sectors in scrvices. Wearing Apparel. L eather

(ioods. and food products.

As Table 4-25 shows. Thailand has a moderately high level of agricultural protection.
with tariffs being used as the mam instrument of protection, Non-Grain Crops. Meat
Products. Other Food Products and Beverages and Tobacco are all protected bv tariffs
around 55-60%. with smaller tariffs in other scctors. Rice production is unprotected

by tarifts. with a small output subsidy in Paddy Rice production.

Figure 4-1: Thailand's Net Trade Position

Net Exports (USSbn): THA
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Table 4-25: The Structure of Thailand's Agricultural Protection

Output Output Export Export Import Import
Subsidy Subsidy Subsidy Subsidy Tariff Tariff
Expenditure Rate Expenditure Rate Revenue Rate
Smillion % Smillion %0 Smillion
FDR 82.56 2.30
WHT
GRO [4.58 10.40
NGC 26.94 0.40 197 .06 6040
WOL 8.52 2999
OLP 26. 33 10.81
PCR
MET 7.51 54 14
MIL 51.34 23.11
OFP 303. 67 40.71
BT [45.68 59.53
ALL >|V()L)~:757() S 026 ' 1700.47 46,1 |
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China
As noted earlier, China's trade surplus 1s very large as a consequence of exports of

Wearing ,\pparel to Hong Kong for re-export to third markets, China has smaller
trade surpluses in many other scctors. with Leather Goods and Other Manufactures
being the next largest net-exporting sectors, China's net-importing Sectors are mainly

manufacturing sectors. with some agricultural net-imports (Wheat and Wool),

Figure 4-1: Chinese Net Trade Position

Net Exports (USSbn): CHN
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Table 4-26: The Structure of Chinese Agricultural Protection

Olitput Output Export Export Import Import
Subsidy Subsidy Subsidy Subsidy Tariff Tariff
Expenditure Rate Expehditure Rate Revenue Rate
Smillion % Smillion % Smillion %
PDR
WHT
GRO 14.87 10.10
NGC 250.40 24.21
WOL 87.63 [5.00
OLP 77.30 34.0(1
PCR
MET 30.30 45.37
MIL 26.60 35.52
OFP 486.00 29 41
BJ 260.60 06.75
ALL a D 7] }7;()_()()7 20é2




Table 420 shows that China's agricultural protection is a a moderately high level,

with a particularly high tariff applied to Beverages and Tobacco. Rice is unprotected.

Hong Kong

Hong Kong's $68,2bn trade deficit is spread amongst most (with the single exception
of Wearing Apparel) manufacturing sectors, with Other Machinery and Equipment
showing the largest trade deficit. Service sectors show small trade surpluses. while
agricultural sectors are importing sectors - very little agricultural production occurs in

Hong Kong, Hong Kong has no agricultural protection.

Figure 4-1: Hong Kong's Net Trade Position

Net Exports (USSbn): HKG
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South Asia
South ;\sia. dominated by India dcrives trade surpluses from fextiles. Wearing

Apparel. and Leather (ioods. and is a net importer in the heal'y manufacturing Sectors.
South Asia |S a net agricultural cxporter. with Non-Grain Crops being the most

significant net export.

Table 4-27 shows that South Asian agricultural protection is comparativelv low. with

tariffs being used as the main protective instrument.

Figure 4-1: South-Asia's Net Trade Position

Net Exports (USSbn): SAS
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Table 4-27: The Structure of South-.Asian Agricultural Protection

Output Output Export Export fmport Im pzn‘t
Subsidy Subsidy Subsidy Subsidy Tariff Tariff
Expenditure Rate Expenditure Rate Revenue Rate
Smillion %o Smillion Yo Smillion %o
PR 143532 620 000 208
WHT 04.18 7.08
GRO 0.66 3.80
NGC 1326.40 2.00 85.01 10.32
WOL 8.51 5.5
OLP 361.11 1.00 13.48 8.85
PCR 4.47 10.91
MET 0.53 6.57
MIL 58.89 12.70 24.48 11.95
OFP 160.97 12,32
BT 4.53 3,05
ALL 318172143 368.65 057
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Argentina

Argentina's $3bn trade deficit (1.5 or GDP)is a consequence of net imports in the
manufacturing sectors, while \rgentina’s exports are predominantly of agricultural
and food products, Argentina's agr‘icultural protection consists of relatively low tariff

rates and very low output subsidies.

Figure 4-1: Argentina’s Net Trade Position

Net Exports (USShbn): ARG
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Table 4-28: The Structure of Argentinean Agricultural Protection

Output Output Export Export Import Irﬁbort
Subsidy Subsidy Subsidy Subsidy Tariff Tariff
Expenditure Rate Expenditure Rate Revenue Rate
Smillion % Smillion % Smillion %
PIE AT I 12.00
WHT 140 20.07
GRO 0,02 0.00 0.68 14.87
NGC 41.68 17.37
WOL 0.44 21.00
OLP 10.53 17.93
PCR
MET 0.01 0.00 16.45 12.00
MIL 0,02 0.00 29.24 21.95
&y 50.60 16.58
BT 25.05 20.00
ALL 006 000 ' 184.10 17.52
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Brazl

By developing country standards Brazil is very industrialised. Figure 4-1 shows that
Brazil's mam net-exporting sector Is Ferrous Metals (I S). with severa other
manufacturing sectors i net surplus. Brazil is aso a net food exporter, with
significant exports of Non-Grain Crops, Meat, and Other Food Products. Brazil's
mam net-importing sector is Oil.

Brazilian agricultural protection consists of import tariffs and output subsidies on
most goods, with small export subsidies on some goods - ()ther Grains and Non-Grain

Crops have the largest export subsidy rates.

Figure 4-1: Brazil's Net Trade Position

Net Exports (USSbn): BRA
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Table 4-29 The Structure of Brazilian Agricultural Protection

Output OUt[;L]t- E\bort ' Export Import Import '
Subsidy Subsidy Subsidy Subsidy Tariff Tariff
Expenditure Rate Expenditure Rate Revenue Rate

Smillion % Smillion % Smillion %
PDR 70600  45.60 - 2183 19.66
WHT 417.52 24.00
GRO 1791.51 28.11 0.08 3.83 31.88 22.05
NGC 96.44 0.47 68.20 2.48 166.67 2131
WOL 2,46 0.52 0.98 25 41
OoLP 1031.63 5.00 0.01 10.75
PCR 40.78 20.00
MET 241 0,89 57.55 20.56
L 0.19 .75 75.04 36.19
OFP 132.47 0.44 30.78 0.66 604.70 48.82
BT 0.31 0.03 20.38 30.57
ALL 430484 368 111.99 10 1069.53 27,80
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Mexico
Mexican net-exports are dominated by Oil. \part from ()il. on|y three small surpluses

in services sectors prevent the Mexican trade deficit of $1 1.1bn (3.8, of GDP) being
larger. Most manufactured goods are imported more than they are exported. with

Other Machinery and Equipment ha\'ing the largest deficit.

Table 4-30 shows that Mexican protection of Agriculture is relatively low. with most
agricultural and food goods ha\ing applied tariffs below 20°,. Small output subsidies

exist, predominantly in the grains sectors.

Figure 4-1: Mexico's Net Trade Position

Net Exports (USSbn): MEX
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Table 4-30: The Structure of Mexican Agricultural Protection
Output Output Ex‘port Export lmporl' Import
Subsidy Subsidy Subsidy Subsidy Tariff Farift
Expenditure Rate Expenditure Rate Revenue Rate
Smillion % Smillion % Smillion %
PR 306 o 23] 10.00
WHT 21.90 2.73 16.70 962
GRO 31591 4.20 159.72 20.30
NGC 145.17 ele) 34.14 2.48
WOL 0.70 3.00
OLP [5.68 341
PCR 1.07 3.93 6.37 10.00
MET 64.01 719
MIL 40.25 8.25
OFP 1079 88 SR 78.70 5.12
BT 51 44 14.60
ALL 1567.88 | 54 486.35 7.08
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Other Latin America

Other Latin American countries (Figure 4-1 ) are major net-importers of manufactured
goods; Transport Goods and Other Machinery and I:quipment together account for a
trade deficit of around $30bn. while the overall trade deficit s %135 8hn (7.29% of
GDP). Other Latin America's main exports are Non-Gram Crops and (Jil. Agricultural
protection consists of comparatively moderate import tariffs and very large output

subsidies m grain sectors.

Figure 4-1: Other Latin America's Net Trade Position

Net Exports (USSbn): LAM
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Table 4-31: The Structure of Agricultural Protection in Other Latin America

Output Output Export Export Import Import
Subsidy Subsidy Subsidy Subsidy Tariff Tariff
Expenditure Rate Expenditure Rate Revenue Rate

Smillion % Smillion % Smillion A
PDR  4s6258  [s205 579 1205
WHT 90,73 47,76 81.06 8,88
GRO 1698.38 161.28 73.23 15.16
NGC 1ol l 10.39
WOL 1.40 7,07
OLP 114.79 .03 [4.62 9.10
PCR 34.88 13.29
MET 8116 1395
AL 0,57 0,60 10943 14.41
OFP 407.21 [3.62
BT 79,97 7,09
b 6766,47 6,27 0,57 0.00 1019,65 [1.78

LAM tariffs are derived from: Bolivia. Chile, paracuay. Columbia. Ecuador, Peru,
LAM subsidies are derived from: Chile, Columbia. Jamaica, Venezuela
[sourcer Hertel 1997.p.128]
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Sub-Saharan Africa

Sub-Ssharan Africa’s trade delicit of $3.3bn (3.0°, of CAW) occurs mainly from
deficits in manufacturing sectors being only partialy offset by the oy, net exporting
sectors. Qil is the dominant net-export. with Non-Grain Crops. Other Minerals, and
Non-Ferrous Metals bei'ng m smaller surpluses. [t s interesting to note that Sub-
Saharan AfTica js a net exporier of agricultural and food products (a § 4bn surplus)
mainl\' because of a $3,4bn surplus tor Non-Grain Crops (exports of which include

cash crops such as coffee and cocoa).

Figure 4-1: Sub-Saharan Africa's Net Trade Position

Net Exports (USSbn): SSA
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Table 4-32: The Structure of Sub-Saharan African Agricultural Protection

Import

Output Output Export Export Imp;ort
Subsidy Subsidy Subsidy Subsidy Tanft Tariff
Expenditure Rate Expenditure Rate Revenue Rate

Smillion %o Smillion % Smillion %
PDR AR . S 1,07 2.80
WHT 39.38 5.53
GRO 53,60 11.17
NGC 1606.68 0,75 68.70 093
WOL 0,85 5.00
OLP 3.78 9 39
PCR 5518 1182
MET 47.6(1 12.83
MIL 71.64 1411
OFP 327.14 [2.59
B,—,T 36.82 6,42
ALL o Tﬁ()g(is‘“k b 17287 : B 72631 10.75

SSA taiffs are derived from: Keny'érl{I'i'geria_'k''w
SBA subsidies are derived from: Kenya. Nigeria. Senegal. Zimbabwe.
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The Middle East and North --Africa
The Middle East and North ,Africa's trade is dominated by ()i] exports, Gnen the size

of net exports of Oil, il is surprising that the Middle Fast and North Africa has a
$14.5bn overall trade deficit, 28") ol GDP, The $92.5bn il surplus is almost
completely offset by trade dcficits m five sectors: Other Machinery and [quipment
($30.3bn). Transport Goods ($2(),4bn). Trade and Transport ,Sel\ices ($19.5bn).

Ferrous Metals ($6.2bn) and fextiles ($6.0bn). Smaller trade delicits i) other scctors

Figure 4-1: Middle East and North Africa's Net Trade Position
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Table 4-33: Agricultural Protection in Middle East and North Africa

Output Output Export Export Impc »r{ . Import
Subsidy Subsidy Subsidy Subsidy Tariff Tariff
Expenditure Rate Expenditure Rate Reven ue Rate
Smillion Y Smillion Yo Smillion %0
PDR S T ' - 277 2.47
WHT 439,00 145.00 119.11 5.03
GRO 414.96 42.71 [57.80 | 137
NGC 6473.07 36.02 262,501 10.05
WOL 3.68 122
OLP 05.82 9.35
PCR 10040 12.36
MET 1 78.08 (224
. 63 4,59 250.08 13.99
OFP 800.20 12.83
L) 93.83 555
ALL 732803 508 63 003 2059.14 1061

MNA taiffs are derived from: :I:Uni"éia, ;‘\[(:"c]'[‘;l_‘ OmanSau_dT\wubn
VINA gubsidies are derived from: Algeria, Egoyvpt.



contribute to the overall trade deticit.

Agriculturd tariffs in the Middle Eest and North Africa are farly low, but ouiput
subsidies are very high m Wheat, with other substantial output subsidies in Other
Grans and Non-Grain Crops which as they include dl producer subsidies, include

input subsidies on water and energy in many countries of the region.

Economiesin Transition
The Economies in Transition region comprises the former Soviet Union and Eastern

Europe, It has a total trade deficit of $6,6bn (0,9% of GDP) which. as Figure 4-1
shows, is largely because of a large deficit in Other Machinery and equipment.
Although the region includes some net agricultural exporting countries such as
Hungary. the region as a whole is a significant net agricultural importer, EIT net-

exporting sectors are the primary resource industries and some manufacturing sectors.

Agriculturd protection in the Economies in Transition consists of low tariff rates on
dl agricultura and food goods, significant output subsidies. and small export
subsidies on just a few goods, Paddy Rice, Non-Grain Crops and Other Livestock
Products are heavily subsidised; subsidy expenditure on each of these goods exceeds

tariff revenue for al agricultural and food goods combined.

Figure 4-1: The Net Trade Position of Economies in Transition

Net Exports (USSbn): EIT
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Table 4-34: The Structure of Agricultural Protection in Economies in Transition

Output Output Export Export Import Import
Subsidy Subsidy Subsidy Subsidy Tariff Tariff
Expenditure Rate Expenditure Rate Reventie Rate
Smillion Yo Smillion %o Smillion Yo
PDR 294006  127.05 T Toos 0,26
WHT 163.18 8.09
GRO 921.85 21.26 220,44 11.30
NGC 6640.04 49.81 251.25 10.13
woL 2361 8.59
OLP 5386,02 28,59 0,04 0.00 20,63 9.81
PCR 16,54 8.05
MET 19.64 1.73 207.12 12.03
MIL 1080,68 13.46 38,61 9,20 114.20 14.27
OFP 381.98 12.89
BT 84.45 7.02
ALL 1697825 1185 58,28 075 151285 10.74

AEIT tariffs are derived from: Poland, Hunuary.
EIT subsidies are derived from: Hungary. Poland, Eormer Soviet Union, Yugoslavia. Czechoslovakia,

The Rest of theWorld
The Rest of the World is by fa the most diverse regiona grouping in the GTAP

database. It includes Western European countries that were not part of the EC in 1992
(Sweden, Norway, Finland, Switzerland, Austria and Iceland), South Africa, Turkey.
Isad, Cuba, North Korea. Mongolia, other South-East Asian countries (Vietnam,

Laos Cambodia Mynamar). and small countries not included elsewhere (south

Figure 4-1: The Net Trade Position of the Rest of the World
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Padific nations, Cyprus, Malta. etc). While Turkey and South Africa are large in
population terms. jn GDP and trade terms, the Western European countries make up

most of the grouping. Harrison €l al. (1995) rename the ROW group -EFTA".

The group has a trade surplus of $2.9bn (0.3% of income) which as Figure 4-1 shows,
comes from surpluses in services sectors, resource sectors and some manufacturing
sectors (Lumber and Pulp Paper Products are dependant on resource inputs).
Manufacturing goods are the largest net-surplus sectors - particularly Transport

Goods, Other Machinery and Equipment and Other Manufactures.

The structure of agricultural protection in this region (Table 4-35) is made up of low
taiff rates. low Grain subsidy rates, and a high output subsidy rate for Non-Grain
Crops. Note that the subsidy data are taken from South Africa and Turkey and
extrgpolated for the whole region while the tariff data are based on the Western
European countries. As Western European countries are the largest in the group in
GDP and trade terms. it is unfortunate that subsidy data were not available for them -
the subsidies are clearly the main form of protection, but are taken from data for two

of the smaller countries in the group.

Table 4-35: The Structure of Agricultural Protection in the Rest of the World

Output Output Export Export Import Import
Subsidy Subsidy Subsidy Subsidy Tariff Tariff
Expenditure Rate Expenditure Rate Revenue Rate

o Smillion % Smillion % Smillion %
PDR 126 3,35
WHT 197.09 12.71 14,21 5.17
GRO 1103.98 26.11 87,16 11.15
NGC 16630.69 142.37 498,26 931
WOL 8,80 7,07
OoLP 95,56 9,74
PCR 35.28 11.55
MET 117.25 10,76
MIL 99.89 13,80
OFP 871,70 12,81
BT 211.07 6.73
ALL 1793176 9,06 2162.90 9,93

ROW taiffs are derived from: Sweden. Norway, Finland, Switzerland, Austria,
ROW subsidies are derived from: South Africa, Turkey,
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45.5 Elasticities

Table 4-36 shows the GTAP elasticities of substitution - factor demand elasticities
SIGV and the Armington elasticities SIGM. the elasticity of substitution between
imports from different sources, and SIGD, the elasticity of substitution between
domestic goods and imports. Data for these elasticities comes originaly from the
SALTER database, and much of the estimation was performed on data from the 1970s
and 1980s. Where different sectors are given the same elasticity. they were originally
pat of the same SALTER sector.

The elasticities of substitution between factors of production are low for agricultural
goods (0.56) and mining and minerals and food (1.12). Most manufacturing and
services have an elasticity of 1.26. with Construction (1.40) and Trade and Transport
Savices (1.68) having the highest elasticides.

The Armington elasticities reflect the assumption that imports from different regions
(with elasticity SIGM) should always be more substitutable between themselves than
they are with domestic products. For this reason. SIGM is aways set to twice the
vadue of SIGD. The lowest Armington elasticities occur in Pulp Paper Products (PPP).
Petroleum and Coa (P_C). Chemicals Rubber and Plastics (CRP) and service sectors.
The highest values are in the Transport Equipment (TRN), Wearing Apparel (WAP)
ad Leather Goods (LEA) sectors.
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Table 4-36: GTAP Elasticities

SIGV(i) SIGM(i) SIGD(i)
Elasticity of substitution Elasticity of substitution Elasticity of substitution
between factors of between imports from between imports and
production in value-added different regions of origin domestically produced goods
nest
DR 0.56 4.40 ' 2,20
WHT 0.56 4.40 2,20
GRO 0.56 4.40 2,20
NGC 0.56 4,40 2,20
WOL 0,56 4,40 2,20
OLP 0,56 5,60 2.80
RS 0,56 5,60 2,80
FH 0.56 5,60 2.80
coL 1.12 5,60 2,80
oL 112 5,60 2.80
GAS 1.12 5,60 2,80
OVIN 1.12 5.60 2,80
FCR 112 4,40 2,20
MET 112 4,40 2,20
MIL 1.12 4,40 2,20
OFP 1.12 4,40 2,20
BT 112 6,20 3,10
TEX 1.26 4,40 220
WAP 1.26 8,80 4,40
LEA 1.26 8,80 4,40
LUM 1.26 5,60 2,80
PP 1.26 3,60 180
pC 126 3,80 1.90
CRP 12 3.80 190
NMM 1.26 5.60 2,80
1S 126 5,60 2,80
NFM 126 5,60 2,80
VP 126 5,60 2,80
TRN 126 10.40 520
QVE 126 5.60 2,80
OVIF 1.26 5.60 2,80
EGW 1% 5.60 2,80
CNS 140 3,80 1.50
TT 1.68 3.80 10
osP 1.26 3,80 10
oG 126 3,80 1.90
DWE 1.26 3,80 190
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46 SPECIFICS OF AGGREGATION

The thirty-seven commodities and twenty-four regions in the database allow a great
ded of freedom in choosing the level of aggregation for modelling purposes. It must
be made clear that aggregation is necessary: using al commodity and regions in a 37
by 24 model gives some parameter matrices for the Armington aggregation that are 37
X 24x 24 in size - giving over 21,000 elements. Furthermore, such a model would
involve 888 different goods (one commodity in each region). Since exports and
vaious aggregates must be declared as different variables in a CGE model. such a
levd of disaggregation would require many thousands of variables and equations. In
order to keep the time required to build and check a model, the solution time, and the
time required to interpret results. to reasonable levels, a much less detailed level of
aggregation must be chosen. However, as far as possible, commodities (and regions)
mud be aggregated together in such a way as to give as much detail as possible to the
model's results. Thus the purpose for which the model is built must be borne in mind

when choosing the level of aggregation.

This section details specific points that were borne in mind when choosing an
aggregation for the purpose of modelling agriculture in the Uruguay Round, lists the
aggregation that will be used in chapter 6, and concludes with the rationale for this

particular aggregation.

4.6.1 Aggregation for modelling the Uruguay Round
A modd designed to estimate the effects of the Uruguay Round of trade negotiations

should have particular emphasis on the agricultural sectors. Since agriculture is a
mgor component in the final agreement of the UR, a high level of disaggregation in

the agricultural sector should be maintained. This has severa implications:

» Theagricultural sectors should be as detailed as possible.

e Agricultura goods users should be as detailed as possible. In particular, the food

processing industries should be highly disaggregated.

e Agriculturd input goods should be disaggregated.
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e Those countries of particular prominence in the UR must be fully detailed (i.e. the
EU. USA)

¢ Those countries with high levels of agricultural protection, and/or with unique
protection policies or structures of protection, should be fully disaggregated. Thus
the EU, USA, Japan. and Taiwan should be included on this count.

. Countries that have a high level of reliance on the agricultural sector such as
Australia, New Zealand. and Canada, should be included.

»  Other countries should be grouped (or detailed individually) according to both the

structure of agricultural production and income category.

Severd points must also be taken into account when particular emphasis is placed on

EU agriculture:

* Those agricultural sectors with high levels of output and/or consumption in the

EU should be included as separate commodities.

* Reference should be made to the structure of agricultural protection in the EU.
The mechanisms of the Common Agricultural Policy are present in GTAP food
processing sectorsjust as much as in agricultural sectors. so these sectors should

be given the same treatment of detail as agriculture.

e The EU's main trading partners (for agricultura and food trade) should be
included separately.

These points indicate that most agricultural and food processing sectors should be
induded as separate goods. Paddy rice, processed rice, and wool are the only
agricultural and food processing sectors that have low levels of production,
consumption and protection in the EU, and could be included in aggregate

commodity groups.

Textiles and clothing are also important in the Uruguay Round agreement, and should
be included as separate sectors. The MFA abolition also means that emphasis must be

pad to the structure of textile and clothing trade, since in order to capture the level of
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quota restrictions properly. countries should be grouped according to whether or not
they are textile and clothing exporters or importers, and whether or not they are
upject to VERS. MFA exporters that have large export volumes, but low ad valorem
equivaents of the VERs should be treated separately from exporters where the ad
valorem equivalents of VERs are high.

The liberalisation of tariffs on manufactured goods implies that industrial
commodities should be as disaggregated as possible. However, if the Agricultural
Agreement is the main concern, then retaining industrial commodities as separate

sectors must be of secondary importance.

462 The Modelling Aggregation
Table 4-37 and Table 4-38 define a level of aggregation that will be used in chapter 6

to modd the effects of the Uruguay Round. It may be useful to explicitly define the
purpose of this aggregation:

The Modelling Aggregation is intended to allow the most accurate
portrayal of the Uruguay Round and its effects on EU agriculture as is

possible within constraints imposed on the overall aggregation size.

The aggregation encompasses seventeen commodities and thirteen regions. This is a
large moddl aggregation, and is larger than many of the models used in studies
discusad in chapter 3.

Fve agricultura commodities are defined in Table 4-37. from the total possible six
commodities in the GTAP database; wool is included with “other livestock products'.
Four food commodities are defined from the total five GTAP commodities - the new
group “other agricultural products” includes beverages and tobacco. other food, and
lesther products. All other primary commodities are included as a single sector.
Textiles and clothing are included separately. and four other manufacturing
commodities are aggregated in a way that is intended to keep input goods (the

utilities, chemicals and machinery) distinct. Services are included as a single sector.

The regionad aggregation defines five OECD regions. five middle-income LDC

regions, and three low-income LDC regions.
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Table 4-37: Commodities in the Modelling Aggregation

Code  Aggregated Commodities Disaggregated Commodities included in Group
“Agricultural }

PDR Rice pdr

WHT Wheat wht

GRO Grains gro

NGC Non-grain crops nge

LIVE Livestock olp, wol

Other Primary

OoPV Other Primary Industries for, fsh, col, oil. gas, omn

Food Products

PCR Processed rice pcr

MEAT  Meat products met

MILK  Milk products mil

GAP Other agricultural products ofp, b_t, lea

Textiles and Clothing

TEX Textiles tex

WAP Wearing Apparel wap

Manufacturing

EGY Energy p_c. egw

CRP Chemicals rubbers and plastics crp

OME Machinery and equipment ome -

OMF Other manufacturing omf fmp, nmm. is, nfm, trn. lum. ppp

Services '

SRV Services t_t, cns, osp. osg, dwe

Table 4-38: Regions in the Modelling Aggregation

Code  Aggregated Region

Disaggregate Regions included in Croup

OECD Regions

ANZ  Audtraliaand New Zealand
CAN  Canada

UA United States of America
M Jgpan

EU European Union
Middle-Income LDCs

XT  Tawan and South Korea
SHK' Hong Kong and Singapore
ar Economies in Transition
BRA  Brazil

oMl Other Middle-income
Low-income LDCs

AUSNZL

CAN
USA
JPN
E U

KOR, TWN
HKG,SGP

EIT
BRA

ARG.MEX.LAM,MYS,PHL.THA.MNA ROW

A Sub Saharan Africa SSA
CHN China CHN
Ol Other Low Income SAS,IDN
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463 Rationale for the Modelling Aggregation
This section discusses the precise reasons for each part of the modelling aggregation.

It should of course be borne in mind that choosing an aggregation is largely a matter
of trade-offs. For every commodity or region that is added to the model, the
advantages of the inclusion of that commodity or region must be weighed against the
costs. either in terms of the extra solution time (and sometimes the difficulty in
reeching a solution) or in terms of the commodity or region that must be removed to

kesp the moddl size unchanged.

Agricultural Commodities
With the exception of wool, al GTAP agricultural commodities are included, and

wod is excluded because of its low level of production and consumption not only in
the EU but also globally. Australia (accounting for 68% of world wool exports) is the
only country that is likely to be effected by the exclusion of wool from the model. The
only country that applies high levels of protection to wool is the USA, where a large
production subsidy exists, but even there wool output is low compared to other sectors
(see Table 4-15 for details). Wool is therefore included in the livestock sector.' Paddy
rice is included mainly because it is extremely important in East Asia, and much of
the generd equilibrium effects of the Uruguay Round may come from the interaction

between textiles and clothing and agriculture in Asia

Primary Products
The inclusion of other primary products in a single commodity is not ideal. but is

judtified because these sectors are unlikely to play a large part in the outcome of the
Uruguay Round. Francois et al. (1994) include a separate ssmulation for the effects of
taiff reductions on non-agricultural primary products, and find that the effects are
negligible.

! It could be argued that because wool and sheep mest are joint products, it should be included with the livestock
seelor,
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Food Products
Mea and milk products are included separately, and this is considered to be essential

far modelling EU agriculture. Apart from the inclusion of processed rice, for which
the same comments apply as for paddy rice, the only other food product is “other
agriculturd products’, which is a heterogeneous group containing other food,
beverages and tobacco. and leather products. While 'leather products’ is clearly not a
food product. and is not subject to protection under the CAP, it is a relatively small
sector (value added in the EU for this group is composed of 65% other food products,
26% beverages and tobacco, and 9% leather products) and predominantly uses
intermediate inputs from the livestock sector. Thus "other agricultural products’ is

best thought of as “other processed products that primarily use agricultural products”.

Textiles and Clothing, Manufacturing and Services
There is a large degree of aggregation in the manufacturing and service sectors, but

this is acceptable in an agriculture-focused model. Textiles and clothing are included
as separate cominodities, and those manufactured products that are mainly used as
intermediate products or as capital are defined.separately. The definition of the energy
commodity uses a manufactured good (petroleum and coal) and a service (electricity,
wae and gas): idedly these would be defined separately, but in the context of the
trade-offs associated with choosing aggregations, the inclusion of these commodities

together is preferable to defining either as part of one of the larger aggregates.

OECD Regions
Each GTAP OECD region is included separately, with the exception of Australia and

New Zedand which, mainly because of the size of New Zealand, are aggregated
together. It should also be noted that the GTAP "Rest of the World" region includes
non-EU Western Europe. Whether this region should be treated as an OECD region or
nat is debatable; Hertel €t al. (1995) treat it as a developing country, Francois et al.
(1995) use additiona data to split the region into EFTA countries and a developing
country ROW group, while Harrison et al. (1995) simply rename the region EFTA
and treat it as a developed region. Here it is treated as a middle-income developing

region.
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Middle-Income LDCs
The four East Asian newly industrialised countries are treated differently by different

moddlers. The importance of the MFA to some of these countries is paramount, but
the aggregation here is primarily defined by agricultural considerations; Hong Kong
ad Singapore are both freetrade food importers with little or no agricultural
production, while Taiwan and Korea are high-protectibn countries with large
agriculturd sectors. Evidently combining these countries in any other way would mix
the opposite extremes of agricultural protectionism and entirely different agricultural
structures. Separating al four countries is deemed unnecessary because the pairings

do lead to a matching of similarities.

The other middle-income LDCs involve some inevitable aggregation. in part because
the GTAP database is (because of its Australian roots) biased towards a high level of
detal in South East Asia - there are many other African and South Asian LDCs that
ae larger than Malaysia and the Philippines. for example. It is considered necessary
to identify Brazil and "economies in transition" as separate regions because of their
high levels of agricultural protection. and in that latter case because of its proximity to

ad large trade with the EU.

Low-Income LDCs
It is considered to be necessary to provide separate treatment for low income LDCs,

primarily because of the possibility of a negative impact on these regions from the
Uruguay Round, and particularly as a result of the reform of EU export subsidies.
China is included separately because (a) it is not a WTO member, and therefore does
not need to make tariff reductions unless it joins the WTO and (b) it is so large that it
woud dominate the results of any aggregate region that included it. Sub-Saharan
Africa does not have to make reforms as a result of the Uruguay Round because of
least-developed status. The inclusion of South Asia and Indonesia in a single group is
an unfortunate result of the need to keep the size of the aggregation from being too
large, but the extent of liberalisation in these regions as a result of the Uruguay Round

is likely to be small.
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47 MODIFYING THE GTAP DATABASE FOR USE IN
GAMS

The standard means of aggregating the GTAP database that is supplied with the
GTAP database software consists of inputting the desired aggregate commodity and
regiond names and the mappings from disaggregate to aggregate sets into a text file in

a particular format.

The largest single problem with using the GTAP software for the aggregation that is
proposed here is that GTAP have limited the size of the aggregation that their
marketed software can achieve to a maximum of ten aggregate regions and ten
aggregate commodities. To perform a larger aggregation. such as the thirteen-region,
seventeen-commodity aggregation in mind. some other way of aggregation must be
performed. Two main alternatives exist: using a GEMPACK source-code licence, and

udng Rutherford's routines for transferring GTAP into GAMS.

GEMPACK software comes with two types of licence, an executable licence and a
source code licence. The executable licence allows the running of the main programs
in the GEMPACK software suite’. The executable licence has two main limitations:
TABLO.EXE can only write GEMSIM input files, and GEMSIM is limited to using 8
Mb of computer memory - effectively limiting al simulations and data manipulation
to the ten-region, ten-commodity size of the GTAP limits. A source-code licence
endbles TABLO to write FORTRAN files that, with a FORTRAN compiler. will
produce executable programs that can then run a model of any size. Thus a source-
code licence will enable the use of GEMPACK for any size of model (limited only by
computer  memory). GEMPACK source-code licences, however. cost severa

thousands of pounds, while the executable licence costsjust a few hundred pounds.

“The GEMPACK suite consists of eleven programs, the main ones being:
* TABLOEXE checks and compiles models
GEMSIM.EXE performs simulations from the tiles outputted by TABLO

GEMPIE,EXE transfers GEMSIM solution tiles into text print tiles
* SEFHAR.EXE prints GEMPACK header arav files (the binary form that GEMPACK data is gtored 1) to text

liles,
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Routines developed by Thomas Rutherford of the University of Colorado enable the
use of SEEHAR.EXE to produce a GAMS file. These routines take advantage of new
features of the latest versions of GEMPACK (version 5.2) and the GTAP database
(verdon 3). GEMPACK 5.2 includes a feature in SEEHAR to print GAMS files, so
tha a GEMPACK data file can be easily converted to GAMS. Unfortunately,
athough an executable-licence version of GEMPACK 5.2 was used here, the version
of GTAP used is version 2. The main reason not to upgrade to GTAP version 3 is that
there were no new data added to the database between versions 2 and 3 (there is a
and| increase in the number of regions covered in the database, but the base year for
the data and the number of commodities remains the same). Upgrading to version 3

of the database would, however, alowed the use of SEEHAR to re-write the data.

The reason that SEEHAR cannot be used with GTAP version 2 is that GTAP 2 stores
the disaggregate data in parameters formerly used in the Australian SALTER
moddling framework. and these parameters are much larger than the GTAP
paraneters (the conversion between SALTER parameters and GTAP barameters is
normdly done by the GTAP aggregation software for models not exceeding ten-
regions and ten-commodities). GTAP 2 thus exceeds memory limits in this exercise

whae GTAP 3, which stores the data in GTAP parameters, does not.

471 GTAP Global Data in SALTER notation:-

As noted above, the GTAP data for version 2 of the database is held in SALTER
notation. The form that this takes is as follows (note that ii is used as an dlias for set

i):-

DI01(i,ii,r) Intermediate usage of domestic product, by commodity, industry
and region.

DI102(i,iir,9) Intermediate usage of imports, by commaodity, industry. destination
region and source region.

DI03(i,r) Investment usage of domestic product, by commodity and region.

DI04(i,r,s) Investment usage of imports, by commodity, destination region and
source region.

DI105(i,r) Household consumpfion of domestic product, by commodity and
region.

DI06(i,r,s) Private household consumpfion of imports, by commodity.

destination region and source region.
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DIO7(i,r)
D10g(i,r,9)

DII2(i 1)
DI13(ir)
DI 14(ir)
DI 15(i.r)
DI16(i,ji,r)

DI17(i ji,r)
DI18(i,r)
DI19(,T)
DI20(i,r)
DI21(i,r)
DI22(i 1)
DI23(i,1)

Dl24(l ’r,s)
DIZZ(i y

DI32(i1)
DI41(r)
DI42(r)

Government consumption of domestic product, by coinmodity and
region.

Government consumption of imports, by commodity, destination
region and source region.

Non-commodity indirect taxes, by industry and region.
Labour usage, by industry and region.

Capital usage, by industry and region.

Land usage, by industry and region.

Tax on intermediate usage of domestic product. by commodity,
industry and region.

Tax on intermediate usage of imports, by commodity, industry and
importing region.

Tax on private household consumption of domestic product, by
commodity and region.

Tax on private household consumpfion of imports. by commodity
and importing region.

Tax on investment usage of domestic product, by commodity and
region.

Tax on investment usage of imports, by commodity and importing
region.

Tax on government consumption of domestic product, by
commodity and region.

Tax on government consumption of imports, by commodity and
importing region.

Export tax. by commodity. source region and destination region.
Import duty. by commodity, destination region and source region.
International trade and transport margin, by commodity, destination
region and source regioh'

Margin exports of trade and transport services.

Capital stock. by region.

Depreciation. by region.

[n dl cases, the commodities and regions in the descriptions above are in the order

thet they occur in the sets over which the parameter is defined. Taxes are dl given in

vaue of tax payments form, S0 that the tax rate is found by dividing the tax by the

rlevant parameter.

3_ In the email from Rab McDougal that describes these SALTER form of parameters, this was by commodity,
Souree and destination”. Tests on the data proved that the source and destination were given the wrong way

iround,
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There are several main points of difference between this form of parameters and the
gandard GTAP form:-

GTAP uses values a market and agents' prices, while the SALTER parameters use
vaues (a market prices) and tax payments. The value at agents' prices is found by
adding the tax payment to the value at market prices if the tax is paid for the
consumption of use of a good, and (in the case of the output tax (DI12) and export tax
(D124)) by subtracting the tax payment from the value at market prices where the tax

is pad by the agent selling the good.

The SALTER data have no parameters defined over the set j, which is the
combination of the i set and capital goods ("cgds'). Wherever a GTAP parameter is
defined over j, it can be found from SALTER parameters for i and investment (for
"cgds') separately. For example, VDFM(i,j,r) can be found by the following two

assgnments:

VDFM(i.ii,r) = D2101(i,ii.r)

VDFM(i,"cgds',r) = DIO5(i,r)

The SALTER data do not explicitly define any trade volume, but these can be found
by working through the import demands. Since there are four forms of demand in the
SALTER framework - intermediate demands, investment usage, private household
demands and government demands - the value of imports a domestic market prices
is-

VIMS(i,I,9) intermediate demand from DI02

+ investment demand from DI04
+ private demand from DI06
+ government demand from DIO8

The other GTAP trade parameters can be calculated from VIMS:

VIWS(ir,9 = VIMS(i,r,s) - import duty from DI27
VXWD(i,,9) = VIWS(i,r,s) - transport margin from DI31
VXMD(irs)  =VXWD(i.r,s) - export duty from DI24

The SALTER data do not define regional savings. These are calculated as the residual
between regional income and regional expenditure on private and government

consumption.
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Regiond income = net factor income (D113 + D114 + D115 - D142)

+ tax Income (D|12 + D116 + DI17 + DI18 + D119 + DI20 + DI21
+ D122 + DI23 + D124 + DI27)

Regiond Expenditure = private expenditure at agents' prices (DI¢5 + D106 +
D118 + D119)

+ government expenditure at agents' prices (D107 + D108 + DI22 +
DI23)

Cae must be taken later when performing this calculation to ensure. in the case of

trade taxes especially, that the region receiving the tax revenue is credited correctly.

When calculating savings as income minus expenditure, taxes on private and
government consumption cancel out, so that savings equals:-

Savings= D113 + DI14 + D115 - D142 + DI12 + D116 + D117 + D120 + DI21 +
D124 + D127

- (D105 + DI06 + D107 + DI08)

The SALTER parameters in some cases include more data than are necessary for use
in GTAP. The largest parameter in this database is DI02, which is defined
over(i,ii,r,s). With i and ii comprising 37 commodities and r and s 24 regions in the
disaggregate database, the size of this parameter is 37x37x24x24 = 788,544 (which,
gnce GEMPACK used 4 bytes of computer memory to store each point of data, uses
jus over 3 Mb of memory). The size of this parameter is the main source of problem
when usng GEMPACK software - it is simply too large. DIO2 is needed to calculate
VIMS (imports a market prices) and VIFM (intermediate usage of imports). and is
aggregated differently for each.

472 Transferring SALTER notation into GTAP notation
The following assignments describe the complete system of formulas to transfer

GTAP data from SALTER notation to GTAP notation:

Values at Market Prices:
VFM(“Labour” j.r) = DI13(j,f)
VFM("Capital™ j.r) = DI14(j.r)
VFM(“Land”,j,r) = DII5(.r)
VDFM(ijr)  =DIOI(i.j.r)
VDFM(i,"cgds'r) = DI03(i,r)
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VIFM(i,j.r) = SUM(s. D102(i,j.r,s))
VIFM(i."cgds'.r)= D104(i.r)

VIPM(i.r) = SUM(s, DI06(i,r,s))

VDGM(i,r) =DI107(i,r)

VIGM(i,n = SUM(s, DI08(i,r,9))

VST(i.r = DI32(i,r)

VIMS(ir,9) = SUM(j, DIO2(i,j,s,r)) + DIO4(i,s,r) + DIO6(i,s,r) + DIO8(i.s,r)

Values at agents' prices (using any market price values calculated above):
EVOA(fr) = SUM(j, VFM(f.j,r)

EVFA(fj,1) = VFM(f,j.r)
VDFA(j1) = VDFM(i,j,r) + DI16(i.j.r)
VDFA(i,"cgds’,r) = VDFM(i,"cgds",r) + DI20(i,r)
VIFA(ij.1) = VIFM(i,j,r) + DI16(ij.r)
VIFA(i."cgds',r) = VIFM(i,"cgds",r) + DI21(i,r)
VDPA(i,f) =VDPM(i,r) + DI18(i.r)

VIPA(," = VIPM(i.r) + DI19(i )

VDGA(i1) = VDGM(i,r) + D122(i,1) 2
VIGA(i.r) = VIGM(i,r) + D123(i.n)

VDEF() = DI42()

VKB(1) =D141(r)

Trade Flows (calculated from VIWS(i,r,s) given above):

VIWS(ir,9 =VIMS(i.r.s) - DI27(i,sr)
VXWD(ir,9 = VIWS(i,r,s) - D131(i,sr)
VXMD(i,r,9 = VXWD(i,r,s) - DI24(i,r,s)

Savings (calculated as the residual of regional income - expenditure):
SAVE() = SUM(i, DI13(i.r) + DI14(i,r) + DI15(i,r)) - DI42(r)

+ SUM(i, DI12(i,r) + DI120(i,r) + DI21(i,r))

+ SUM((i,j), DI16(i,j,r) + DI17(i,j,r)

+ SUM(i,s), DI24(i,r,s) + DI27(i,r.s))

- SUM(i, DI05(i.r) + DI06(i,r))

- SUM((i,s), DI106(i,r,s) + DI08(i,r,s))

473 GEMPACK Header Array Files
GEMPACK uses its own standard form for storing data, called Header Array Files

with the name extension of "har". The four files used to store the GTAP database are:
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Global.har:  dl the SALTER notation parameters described above.
Pricedd.har:  price elasticities for private consumption

Inc94.har: income elasticities for private consumption

Subst.har: elasticities of substitution.

The lagt three files will be detailed below, but the form in which they store data is
identical to that for Global.har and any other header array file.

The format of header array files described here was found by extensive testing of
hesder array files using a hex editor.’ Where necessary, some values are given in
hexadecimd notation, prefixed by the characters &h. So, for example, the number 11
isequd to &hB. Header array files, like any computer file, are a long series of bytes
(numbers in the range 0 - 255. or &h0 to & hFF), the interpretation of which differs
according to how they are used. In some cases the bytes are interpreted directly as
numbers, in other cases, pairs of bytes are interpreted as integers (numbers in the
range -32768 to +32767). A sequence of four bytes can be interpreted as a long
integer (numbers in the range -2.147.483.648 to 2,147,483,647) or as single precision
red numbers (real numbers in the range 3.4E-38 to 3.4E+38). Alternatively. bytes can

be interpreted as ASCII codes representing characters.

A header array file consists of a number of header arrays, each of which contains a
header containing information about the array, and the array itself, which can be either
a series of text strings, or a series of bytes represenfing a table of single precision red
numbers. The header arrays are stored one after another: no information at the start of
the file describes how many header arrays are on the file - the last header is read when
the end of the file is reached.

A header array is always preceded by the four bytes &hl3,&h00,&h00,&hOO (as a
long integer, this is interpreted as the number 19. The short name of the header

'he b ecitor used is Hox Workshop. @sharcware program. It allows the viewing of computer tiles directly as a
sefies of numbers.
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folows, which is aways four bytes (or letters) long. Then follows four bytes that
identify the array as either a text array (the bytes & h20,& h73,&h01,&h00, which can
be interpreted as the long integer 95008), or as a red array (if the bytes are
&h20.&hC3.&h01.&h00, or 115488 as a long integer). These four bytes are
sometimes followed by a null byte (&h00), but in some cases are not - this seems to
be in order to keep the following byte on an even-numbered position in the file, the
reeson for which is unclear. This is followed by 80 bytes giving an 80-character long

name for the header array.

The naming information is followed by four bytes interpreted as a long integer giving
the number of dimensions that the array is defined over. followed by a long integer for
each dimension giving the size of that dimension. GEMPACK alows parameters to
have up to seven dimensions, and although the largest array in the GTAP database has
four dimensions (for DI102), the sizing information always gives red arrays that have
sven dimensions. An array defined over TRAD COMM (size 37 = &h25) and REG
(dze 24 = &hl8) theefore has the eght long numbers:
&h7.&h25,&hl8,&hl,&hl,&hl,&hl,&hl. Red arrays are then followed by 134
bytes, text arrays are followed by 22 bytes (in both cases, the meaning of these bytes
is unidentified). The array follows after that. An example follows, taken from
Globd.har for the header array DIO1. Here al bytes are given in their hexadecimal
fom, followed by a description. Note that text strings often contain the space

character (=& h20) as padding.
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Example Header Array

13000000 Long integer = 17
44493031 Short name = “DI101™
20C3010000 I dentifies real array (+ a null byte)

EA L A S AVEAVFAVNAVIAVEAVFAYRAS KA

0202020202020202020202020202020202020202020202020202020202020202020202020202020

80 character long name* RLFULL : -

(07000000 Long integer = 7 (number of dimensions)

25000000 Long integer = 37 (size of first dimension)

25000000 Long integer = 37 (size of second dimension)

180000000 Long integer = 24 (size of third dimension)

16000000 Long integer = 1 (size of fourth dimension)

10000000 Long integer = 1 (size of fifth dimension)

10000000 Long integer = | (size of sixth dimension)

10000000 Long integer =1 (size of seventh dimension)

(D1A3000000202020200B00000007000000250000002500000018000000010000000 1000000010000
00010000008003010000202020200 A000000010000002500000001000000250000000 100000005000
00001000000010000000 10000000 1000000010000000 10000000 10000000 1000000011 1F3 ABO 10020
2020200900000003DBA640DB

135 unidentified bytes.

Text arrays in the GTAP database header array files include text for creation
information, and descriptions of the last changes made to files. As such, they are of no
interes when compiling the database, except that the total length of the array needs to
be caculated in order to find the starting point for the next header array in the file.
The exact format of text arrays will not be examined here. Each character in a text
aray is one byte long, so that an array defined as having two dimensions. the first
dimension as 3, and the second dimension as 46, will be three strings of 46 characters.

The dze of the array is then 3 x 46 = 138 bytes.

Red arrays are complicated by the way that GEMPACK saves data. For arrays with
more than two dimensions (i.e. arrays with more than two dimensions of size greater
then one), each two-dimensional table is held on the file separately. It.for example, an
array Is defined over ir,s. then the array consists of 24 tables, each with 37x24
dements (first dimension size times second dimension size). For the main part. these
tables are held on the file one after another, but approximately elery five to nine
tebles 84 bytes are inserted into the file, with no apparent use. Tests showed that the
first four bytes of this spare block of bytes can always be interpreted as a real number
bdow 1E-30 (10-), while no actual data in the database are ever this low. This is the
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only way of identifying the spare blocks - no indication of their presence or locafion is
given in the header.

Summary of information included in header arrays containing real data:

Length Type Description

4 bytes Long Integer 17

4bytes Characters short name

4 bvtes Long Integer identifies red array if = 115488
or text array if =95008

| byte(optional) Byte null byte

30 bytes Characters long name

4 bytes Long Integer Number of each dimensions

4 byts per dimension Long Integers  Dimension sizes

135 bytes Bytes Unidentified

Data Series of two-dimensional tables interspersed with the 84 byte spare block.

474 A Visual-Basic program to convert and aggregate the GTAP database:
With knowledge of the SALTER parameters and the form that header array files take,

it is possible to take the data directly from the file Global.har, convert and aggregate
it as needed. Here, aVisual-Basic program is used to do this. GTAPER.EXE has been
written for this purpose. A complete discussion of the code used to create
GTAPER.EXE will not be given here, since the main parts of the program are derived
from the discussions above, and the Visual-Basic code will only be of help to those

familiar with the syntax of Visual-Basic.

Because the GTAP data are in the form of a large database, any program that uses it
will always take some fime to process the data. GTAPER therefore performs the steps
that are required separately, saving the results of each step so that the steps do not
nexd to be repeated unless necessary. There are three main steps performed in the

program:;
» Header array files are converted into Visual-Basic data types

* Aninteractive grid allows the user to specify aggregation mappi ngs

* The aggregate data are calculated
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When GTAPER starts. the dialog box shown in Figure 4-1 15 displuyed. GTAPER
automatically checks for the liles it needs. but if it does not know the location of

them. It must prompt the user to find the files.

Figure 4-1: GTAPER Start-up Dialog Box

GTAP Aggregator Starting Options

Global.Age is the file into which GTAPER compiles the GTAP database. If it is
found. the user can proceed straight to the aggregation part of the program. but if
GTAPER has not been run betore. the file will not exist and will need to be compiled
from header array files. If the option ""Make Global.Age™ is chosen. the program will
load the header array files using the description of these files given above. calculate
the GTAP parameters from the SALTER parameters, and save the GTAP parameters
as the file Global,.A,ge, Depending on computer speed. GTAPER will take
approximately 1-3 minutes to read the header array files. 1-2 minutes to do the

calculations. and just a few seconds to save the file.

When the database is compiled. the user can proceed to the aggregation. The

aggregation grid is shown in Figure 4-2.
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Figure 4-2: GTAPER Aggregation Grid
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The aggregation grid allows regions or commodities to be assigned to aggregate
regions and commodities by clicking and dragging. Aggregate regions and
commodities can be renamed. but the disaggregate names can of course not be
changed. The file menu allows the mappings (with no red data) to be loaded and
swved in the standard GT.AP format (aggregation mappings written for the standard
(IT,\P aggregator can be loaded in. and files produced by GTAPER can be used in the
dandad GT.AP aggregation software). When the user has finished, clicking
"Agoregate Now" proceeds to the next dialog box. the aggregation summary dialog
b0\ shown in Figure 4-3, This dialog box shows the user details oi' the size of the
ageregation, and allows set names to be changed. When the user clicks “OK". the
program  proceeds to the agoregation. which will take approximately 1-3 minutes
depending on aggregation size and computer speed. The user is prompted for a

filename to save the aggregation file (with the extension “age ™).
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Figure 4-3: Aggregation Summary Dialog Box

TAP Aggregation

PROD_C onm WO e

When GTAPER is finished it will start a second program. WINAGE.EXE, loading the
file created by GTAPER. WTNAGE allows the viewing of headers and their arrays,
ad dlows the export of files as GAMS files. The use of two programs in this way
enables checking the values in the aggregation file by viewing it in WINAGE.

WINAGE can aso be used to load the disaggregate data Global. Age and export it to
GAMS,

Other Data Supplied by GTAPER and WINAGE
In addition to the GTAP data outlined abole. GTAPER and WINAGE aso supply a

number of other parameters and subset information.

Additional Parameters

SUBV(i) The elasticity between factors of production in the value-added negt,
calculated from the GTAP values given in the file Subst.Har, and
aggregated using the total world-wide usage of factors in the given
industry as weights.

SUBD(i) The elasticity of substitution between domestic and imported goods,
calculated from the GTAP values given in the file Subst.Har. and
aggregated using the tota world-wide usage of the given good as
weights.

SUBM(i) The elasticity of substitution between imported goods fiom different
SOUrce regions. calculated from the GTAP values given m the file

Subst.Han and aggregated using the total world- wide imports ot the
given good as weights

4-77



48 CONCLUSIONS

This chapter has examined the GTAP database, version 2. Secfion 4.1 listed the
regions and commodities in the database, and section 4.2 introduced sets and
parameters in the database, and the accounting relationships between parameters.
Section 4.3 discussed the disadvantages of this database, while advantages of GTAP
over other databases were discussed in secfion 4.4. Section 4.5 examined in detall
database values from global and regional income to trade and agricultural protection
in each of the 24 regions, and the elasticity values provided by the database. Section
4.6 discussed aggregation, and developed a certain aggregation that will be used in
Chepters 5 and 6 to model the Uruguay Round. Section 4.7 showed details of the
methods used to convert the database into a suitable format for use in GAMS.

4-79



CHAPTERS

THE GTAP MODEL AND EXTENSI ONS TOTHE
MODEL

Chapter 5 examines the standard GTAP modelling framework in section 5.1, makes

changes to this framework in section 5.2 and extends the model in section 5.3.

51 THE STANDARD GTAP MODEL

Hetd (1997) not only contains details of the GTAP database, but aso a ftill
(‘'standard’) model for use with the database, and a number of applications that use
both the database and this standard model." The standard model is used here as a
darting point, and is subsequently modified for use later in this thesis.

511 The GTAP Model
The standard GTAP model assumes constant returns to scale in al production sectors,

ad pefect competition in al markets. Factors of production are assumed to be
pafectly mobile between sectors in each region, but perfectly immobile
‘internationally’.? Production requires the use of factor services and of intermediate
inputs. There is one 'typical’ household in each region which receives the factor
rewards and consumes both domestic and imported goods, which are differentiated by
region of origin.” All policy variables are determined exogenously. with taxes and
subsdies modelled in ad valorem terms. and non-tariff barriers to trade in terms of

their ad valorem equivalents.

The definitions of GTAP sets and parameters from chapter 4 are used throughout this
chapter. Following the graphical representation of section 3.2. section 5.1.2 defines

l Heatd gives details of the model in linearised (percentage change) form, which can be solved with the
GEMPACK software.

2 Land is only used in agricultural sectors, and can be specified as a “sticky" factor through the use of a constant
dadidity of transformation function.



the standard GTAP model in the MPS/GE language syntax. Section 5.1.3 examines
eech part of the MPS/GE model in detail. and derives a series of equations. using the
pre-calibrated functions derived in section 2-5. Section 5.1.4 discusses various details
of the model, and section 5.1.5 concludes with a discussion of the strengths and
wesknesses of the GTAP model.

512 The GTAP Model' as an MPS/GE model®
There is one important difference between the model presented in table 51 and the

modd presented in Hertel (1997): in table 5-1 private utility is represented as a Cobb-
Douglas function, while Hertel uses a Constant-Difference of Elasticity (CDE)
function. The advantage of the CDE function is that it allows non-unity income-
eladticity of demand and price-elasticity of demand. It is not included here primarily
because it cannot be represented in the MPS/GE language.

All varigbles used below are multiples. so that they give a multiple of the relevant
benchmark value. As al prices are normalised to unity, the multiple and the price are
identica, but for quantity and income variables, the multipliers (always in lower case)
should be multiplied by the base value (aways in upper case) to obtain the
counterfactud quantity. For example, q(j.r) is the output multiple of sector j in region
r. while the base output is VOM(j.r) (vaue of output a market prices). The
counterfactud quantity of output is then q(j,r) * VOM(.r).

Vanables appear in lower case while parameters (capitalised) are as defined in chapter
4, but are defined again here for clarity. One additional type of parameter is used: for
tax rates a base value of the tax rate is given as a parameter with *0° after the name
(e TOO(r,s), TXO(irs,). TMO(i.r.s)), while the parameter name without 'O’

indicates the value of the tax in the ssmulation.

3 The  Armington' assumption.

¥ See Chapter 3 for a graphical representation of the model,

5 For details of the MPSGE language, See Rutherford 1993 and 1994, For details of GAMS. the programming
System within which MPSGE s jmplemented. See Brooke. K.endrick and Meeraus 1988. Details are aso available
i he internet a htpp://www.gams.com
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Table5-1: The Sandard GTAP modd as an MPSGE modd

SSECTORS:
q(j/r) ' Qut put
va(j,r) ' Val ue- added
fal(i,j,r) ! Arm ngton output for Firns' use
pa(i,r) ' Armi ngton output for Private use
gali, r) ! Armington output for Covernnent use
gu(r) ! Governnent Uility ’
pu(r) ' Private Uility
gt ! dobal Transport
gs ! dobal Savings
wel (r) ! Regional Welfare
m(i,r) ! Conposite inmports
ms (i, s, r) ! Inports by region
xs(i, s, r) ! Exports by region
$COMMODITIES: .
plj,r) ! Price
vap(j,r) ! Aggregate val ue-added price
wf,r) ! Wage
fap(i,j,x) ' Armington Price for Firns' use
pap (i, r) ! Armington Price for Private use
gap (i, r) ' Armington Price for Government use
gp(r) t Governnent Price |ndex
pp(r) ! Private Price |ndex
gtp ! G obal Transport Price
gsp . G obal Savings Price
wpi () t Welfare Price Index _
mp (i, r) ! Conposite inport price ”
cifp{(i,s, r) ' Inport (cif) price by region
fobp(i,s,r) ' Export (fob) price by region
SCONSUMERS
y(r) . Incone

SPROD:g(j,r) s:0 L
0:p(j,r) Q:VOM ({3, r) A:y(r) T:TO(j,r) P:(1-TOO(j,xr))
[:fap(i,j,r) QVFA(i, j, )

I:vap(j,r) Q WA(j, o)

$SPROD:va(j, r) s:SIGV(])
O:vap(j,x) Q WA{j,r)
T:w(f, r) Q:EVFA(f, 5, 1)

SPROD:fa(i,j,r) s:SIGD(i)

O:fap{i, j,r) Q:VFAE(i,3,xr) ..
I:p(i,r) Q:VDFM(i,j,r) P (1+TFDO(i,3,r)) Ay(r) T:TED(i,3, 1)
Timp(i, r) Q:VIFM(i,j,r) P:{L+TFIO(i,J,r)) A y(r) T:TFI{i,],r)
$PROD:pa(i, r) s: SI AXi)

(I)'zg??(,lr’)r) (QQQVVBAD(I\/I(i',r)r) P (14TPDO (i,r) A Y(r) T:TPD(i,r)

Limp (i, r) Q:VIPM(i,r) P (I +TPIO(1i,x)) AY(r) TTPI(i,r)

$PROD:ga(i,r)  s:SIGD(i)

O: gap(i,r) Q:VGA(i, r)

Lip{i,r) Q:VDGM(i,r) P:(1+TGDO (i, r)
Limp (i, r) Q:VIGMi,r) P:i{1+TGIO(i,r)

——

SPROD:m(i,r) s:SIGM(i)
O:mp (i, r) Q:VIM(i, r) - . i
I:Cifp(i,s,r) Q:VIWS(i,S/ r) P (l+TMO(i,S'r)) A-y(r) T.TM',S,r)

$PROD:ms (i,s,r) s:0
O:cifp(i,s,r) Q:VIWS(i,s,r)
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I:fobp(i,s,r) Q:VXWD(i,s, )
I:gtp Q:VTWR (i, s, r)

S$PROD: s (i, s, 1)
0:fobp(i,s,r) Q:VXWD(i,s, r)

l:p(i,s) Q:VXMD(i,s,r) P: (1+T¥0(i,s,r)) A:Y(S) T:T¥(i,s,r)
SPROD:gu(r) s:|

0:gp(r) Q: (sum(i, VGA(i,r)))

l:gap(i,r) Q:VGA(i,r)

SPROD:pu{r) s:|

O:pp(r) Q:(sum(i, VPA(i,r)))

I:pap(i,r) Q:VPA(i,r)

SPROD: gt s:0

0:gtp Q: (sum{ (i,r) ,VST(i,r)))

l:p(i,r} Q:VST (i, r)

SPROD:gs s: |

0:gsp Q: (sum(x,SAVE(r)))

l:p("cgds",r) ©Q:((VOM("cgds",r)-VDEP(r})))

SPROD:wel(r) s:|

O:wpif(r) Q: (sum(i, VGA(i,r) + VPA(i,r)) + SAVE(r))
l:gp(r) Q: (sum(i, VGA(i,r)))

l:pp(r) Q: (sum(i, VPA(i,r)))

I:gsp Q: SAVE(r)

$DEMAND:y(r) s:| .
E:w(f,r) Q: (sum[j,EVFA(f,j,r)])

E:p("cgds",r) Q: (-VDEP(r))

D:wDi(r) Q: (INCOME (r)-VDEP(r) )

513 Details of the MPS/GE model
This section examines each part of the MPS/GE model in turn, deriving expressions

for output prices and input quantities.

Theproduction sectors: intermediate inputs and value-added
Bax 1 shows the details for the top-level production nest; the structure of this box will

be usad to define other parts of the model below. At the top of the box is the MPS/GE
representation of the nest, identical to the relevant part of table 5-1. Below this the
equations that correspond to this nest are defined, followed by definitions of variables
and parameters. Each equation is labelled with the box number and equation number
within the box, with the multiples equations that are used by MPS/GE given first (in
this case, equations 11 to 14) Then levels equations (1.5 to 1.7) define the quantity
(upper case) that corresponds to output and input demands in the sector. The variable
lig contains variables that are defined in the MPS/GE model (table 5-1) and additional
variables that are defined here for convenience. MPS/GE does not use variable names

for input demands (dfa and dva in box 1), but these will be useful when later
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Box 1: Production

MPSCE Decl ar ati on:

$PROD:q(3.,1) s:0

0:p {3, r) Q:VOM (3, r) Ary(r) T:TO(],r) P: (1-TOO(], r))

1:tap(i, 3, ¥) Q:VFA(i,],r)

1:vap({j,x) Q:VVA(], r)

Equations:

ps(j,r) = sum(j, (VFA(i,3,r)/VOA(J,r)) * fap(i,j, r)]
+ (WA(j,r) /VOA(j,r)) * vap(j,r) [L1]

ps(i,r) =p(3,r)*(1-TO(3,r) )/ (1-TOO(j, r)) [1-2]

dfa(1i,3,r) = q(j,r) [1-3]

dva(j,r) = qg(j,r) [1.4]

3, 1) = q(j,r)xVOM(J, 1) [1.5]

DFA(i, j, r) = dfa(i,j,r)xVFA(i,], ) (1. 6]

DVA(3, T) = dva(j, r)xWA(j, 1) [1.7]

Variables: .

q{i.r) Quantity of output for sector j in region r

piq,1r) Mar ket price of sector j output in region r

fag'(i,j.,r) Arm ngton Price for Firns' use

7ap(j, r) Aggr egat e val ue-added price

y(r) I ncone

dva (i, r) Demand for value-added in sector j in region r.

dfa(i, j,x) Firm demand for Armington aggregate good i in sector
j inregion r.

ps(j,r) Supply price of sector j output in region r.

Parameters: j

VoM (3, r) Val ue of Qutput at Market prices

VOA(], r) Val ue of Qutput at Agents' prices

VFA(i, ., r) Val ue of Firm demand for intermedi ates at Agents'
rices

VVE {3, ¢ {)/al ue of value-added denand at agents' prices

TO(3, r) Qut put =a:x

TOO(3, ¥} Base output tax

decribing the market clearing conditions of the model. Parameters are defined in

chapter 4, but are repeated in each box for convenience.

The production sector in box 1 is a Leontief structure (the elasticity is given by sO
dter the $PROD: declaration - in this nest it is zero) that takes inputs of intermediates.
with price fap, and value-added, with price vap, to produce output of goods, with price
p. In MPSGE the ‘name® of a good and the price of that good are represented by the

samesymbol.

B&® quantities &€ given in the Q: field, so that in the base data the sector 4U-1)
produces VOM(j,r) Of good p(j.r), using VFA(.j.r) of intennediates fap(ij,r) and
VVA(j.r) of value-added vap(j.r).

Wheae taxes are applied, a tax agent (the A: field) names a household who will

receive the tax payment; in this case the agent is y(r). Just as a the name of a good is

N
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used as the price of that good. the name of a household is used as the income level of
that household. y(r) is the regiona household in region r, and the value y(r) also
means the income level of that household. The agent name is followed by a tax
parameter (T: field) and a reference price (P: field). The tax parameter defines what
tax is applied during model simulation while the reference price defines the price that
the sector receives for each unit of output in the base data.® In this case each unit of
output is taxed at the rate TO(j.r). and since the base tax rate is TOO(].r) the reference
priceis 1-TOO(,r).

Equation 11 defines the supply price as a linear combination of input prices. Equation
1.2 links the supply price and market price." Equations 1.3 and 1.4 link the demand for

inputs to output, which because this nest is Leontief, are equal.

The levels equations 15 to 17 link the upper case level of output (1.5) and input
guantities (1.6 and 1.7) to the lower case multiples. In each case the leve is the

multiple times the base quantity.

6 When, @ in most other cases in the modd, the tax is applied to an input, the reference price i the pricePaid for
thet good by the sector in the base data. It is therefore one plus the base tax rate,

Ty uppercase P(i,r) indicates the price levd and Po(j,r) indicates the base levd then;

PS(j.r) (1-TO(j,r))  P(i.r)
and PSO(j, r) (1-TOO (3, x)) PO(],r)
then ps{j,r) I_DUS\(_i’,’rL)/ / PSO(j,r) .
[P(j,r) / PO(J/r)] (l"TO(j,r))/(l‘TOO(jrr))
p(j.r) (1-TO(3,r))/(1-TO0(J,x))
where tne base market price pPO(j,r) = 1
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Box 2: Value-Added

MPSGE Decl ar ati on:

sproD:va(j, r) s:SIGYj)

VASHR(f, ], I)

O:vap(J,r) Q:VVA(j, r)

I:w(t,r) Q:EVFA(f,3,r)

Equations: . N

vap(j, r) :SUMf, VASHR(f , j’ I’) xw ( £) (l-:JIGV(])] (L7 (1-51GV 1)) [2_ ]1
e(f, 3, r) = va(j,cy«{vap(j, ) /w(f, r)y}?wve . [2.2]
VA(j, 1) = va(j,r)xwWA(j,r) 12.3]
E(f,],r) = e(f,j, r)xEVFA(£, |,T) [2.4]
Variables:

va{j,r) Quantity of val ue-added

vap(j,z’ Aggr egat e val ue-added price

w(t,r) Wage ‘

eff,3,r) Enpl oynment of factor f in sector j of region r
Parameters:

YVA(3, T) Val ue of Val ue- Added demand at agents' prices

EVFA(f, 3, 1) Endownent comodity Value of purchases by Firns
SIGY(j) El asticity of substitution between factors of

producti on
Share of factor f invalue-added in sector j in
region r

= EVFA(f,3,r)/VVA(], )

Production of value-added composites -

To add clarity, the value-added nest of the production sector is treated separately here.

Laer, it will be treated within the production sector itself Box 2 shows the value-

added nest.

The eladticity between factors is siGv(3j), indicating a CES production function.

Equation 2.1 gives the value-added price. and equation 2.2 gives demand for factors

(s a multiple variable). Both these equations are pre-calibrated equations from

chapter 2 section 2.5. A new parameter. VASHR, has been declared here in order to

meke equation 2.1 clearer. Equations 2.3 and 2.4 calculate levels values to be used in

market clearing equations.
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Bax 3: Armington goods for firms’ use

wpSGE Declaration::

sPROD:fa(i,j, r) :
o:fap(i,j,r) Q:VFA(i,],r)

s:GIGD(i)

fap(i.j«f)

fdd(i,j/ r)

Tip(i,r) Q:VDFM(i,3j,r) P: {(1+TFDO(i,j,r) ) A:y(r) T:TFD(i,j,r)
T:mp{i,r) Q:VIEM((i,j,r) P: (I+TFIQ(i,j,r) ) A:y(r) T:TFI(i,j,r)
Equations:

= [VDFM, j,r)/VFA(i, j, r)x[ p(i,r)yxtfd(i,j,r)] =~ )
+VIEM(L,j, r)/VFAd, j, r) x[mp (i, cy=cfi (i, , )] 2rmeen
] (17 01-0T0001) ), [3 1]

fati,j, r)xlfapli,j, r)/{pl(i,r)xtfd(i,j, )} " [3.2]

fdn(i,j,r) fa(i,j,r)y<[fap(i,j, o)/ {mp(i, r)xtfi(i,j, r3}] """ *[3.3]
FA(i, 3, T) = fad, j, r)xVFAd, |, r) [3.4]
FDD(i, j, r) = fddd, §,r)xVDEM(i, ], r) [3.5]
FpM(i, 3, 1) = fdmd, j,r)xVIFMi, j,r) [3.6]
F-artattes T
fap(1,J/, 1) Arm ngton Price for Firms' wuse
pli. r) Price (for domestic good)
rep (1, r) Composite inport price
fali,j,r! Arm ngton output for Firms' use
fdd(i,j.x) Firms' demand for domestically sourced goods
fdm(1,3,1) Firms' demand for inports
parameters: Val ue of Domestic purchases by Firms at Market
VDEM(i, j,r) . . .
prices, by commdity, sector and region.
YIFM(i, 3, ) Val ue of Inmport; purchases by Firms at Market prices,
by commodity, sector and region.
VFA(i, 3. 1) Value of Firms' demand at Agents' prices, by
com nodity, sector and region.
TFD(i, 3, ) Tax on intermediate use of domestic good i used in
sector j in region r
TEDO(i, 3. 1) Base value of TFD(i,j,r)
TPI(i,9, 1) Tax on intermedi ate use of inports of good i used in
sector j in region r

TFI0(i,3, )

SI GD(i )

Base value of TFI(i,j,r)

Elasticity of substitution between domestically
sourced and imported goods

The following
tfd{i,j, )
tfi(i, j,r)

tax multiplesare used: o
(1+TFD(i,3,r))/ (1+TFDO(i,3,x))
(1+TFI(i,j,r))/ (L+TFI0(i,3,x))

Production of Armington aggregategoodsfor intermediateuse

Amington aggregate goods are -produced’ for three different uses: intermediate use,
pivae consumption, ad government consumption. The same elasticitié of
aubgituion are used in each case. with only initid quantities and taxes varying
bewem the three different uses.

Box 3 shows the MPS/GE definition of the Armington aggregate for intermediate use,

ad the corresponding equations with a list of the variables and parameters used in
thisnes.
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Box 4: Private Armington Goods

MPSCE Decl ar ati on:

sPROD:pa (i, r)  s:SIGXi)
O:papd, r) Q:VPA(L, r)

| :pd,r) Q:VDPM(i, r) P: (L+TPDO(i,r) ) A y(r) T:TPD(i,r)
T:melL,r) Q:VIPM(i,r) P (1+TPIO(i,r)) Ay(r) T:TPI(i,r)
Equat1ions: . ‘
pap(i,r) = [VDPM(i,r)/VPA(i, r)«<[p(i, rixtpd(i, r)] " ~"'"
+ YIPM(L, r) /VPAR{L, r)x{mp(i, ryxtpi (i, r)]
; /4l=n0001) (4.11
pdd(i,r) =pa(i, r)x[pap(i,r)/{pd, r)xtpd(i, r) } ] " [4.2]
pdn{i,r) =pa(i, r) x[pap(i, r)/ {p(i, r)xtpi (i, r)}] #=res [4.3]
PA(i,T) = VPAd, r) xpad, r) {4.4]
PDDd, r) = VDPMi, r)xpdd(i,r) [4.5]
pOM(L, r) = VIPM(i,r) xpdm{i,r) [4.6]
Variables: _ _ )
papd, ) Arm ngton Price f_or private use
pd,r) Price (for donestic good)
mp (i,r) Conposite inport price
cali, r) Arm ngton output for private use
paa (1,r) Private demand for donestically sourced goods
com(i, r) Private demana for inports
5;;;???;5‘ Val ue of Domestic purchases by private househol d at
Mar ket prices, by conmnodity and region.
VIPM(i, r) Val ue of Inport purchases by private household at
Mar ket prices, by commodity and region.
VEA(i, ) Val ue of Private demana at Agents' prices, by
commodiry and region.
TFD(i , r; Tax on private use of domestic good i in region r
TPDOd, r) Base value or TPDd, r)
TPI(i,r) Tax on private use of inmports of good i in region r
TPIO (i, x) Base value of TFI(i,r)
5IGD(1i) Elasticity of substitution between domestically

sourced and imported goods

The following tax multiples are used:
tpd(i,r) =(l+TPDd,r) )/(l + TPDO (i, r})
tpi(i,r) =(1+TPI(i,r)) /(1 +TPIOd, 1))

The dadticity SIGD(i) signifies a CES function with that value, unless of course
SGD(i) is set to zero (Leontief) or one (Cobb-Douglas). Equation 3.1 gives the CES
pre-cdibrated price function, with tax multiples (lower case) used to simplify the
expresson. These are defined at the bottom of the box, and are equivalent to the

power of the taxes.

Equations 3.2 and 3.3 give the pre-calibrated input demands. Note that when atax on
an input is included, it is the agents™ price (inclusive of tax) that must be used N these
equdions. Equations 3.4 to 3.6 give the levels values of output (3.4) and inputs (3.5
and 3.6)
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Bax 5: Government Armington Goods

14rSGE Declaration:

SPROD:Ja (i, r) s:SIGD(i)
vragap{i. ) Q:VGA(i, r)
l:p(i,r) Q:VDGM(i,r) P: d+TGDO (i, r) ) A:y(r) T:TGD{i,r)
T:mp (i,r) Q:VIGM(i,r) P: (1+TGIO(i,r)) A:y(r) T:TGI(i,r)
Equatlons: -
qap (i, 1) = [VDGMd,r)/VGA(i,r)x[p(i,r)yxtgdd,r) ] ‘7"
+ VIGM(i, ) /VGA(i, r)x{mp(i,r)xtgi(i,r)) =~ "
LIRS ETRVPY [5.1]
gaa(i, r) = ga (i, r) x[gap(i,r)/{p(i,r) xtgd(i,r) } ] ** - [5.2]
yam (1, r) = ga(i,r)* [gapd,r)/{pd, r)~tgi(i,r) 1] 7 [5.3]
GE{L, ) = VGA(i,r) xga(i,r) [5.4]
GDD(i,r) = VDGM (i, r) xgdd (i,r) [5.5]
GDM(i,r) = VIGM(i,r) xgdm(i,r) [5.6]
Variables:
jyap (i, ) Armi ngton Price for government use
ply, 1) Price (for domestic good)
me 1, r) Composite inport price
qa <, 1) Arm .ngton output for government use
jac i, I Governnent aemand for donestically sourced goods
i) Gover nnent demand for inports
g‘;;n(ejeris Val ue of Domestic purchases by governnent househol d
at Market prices, by commodity and region.
VIGHMIi,T) Val ue of Inport purchases by governnent househol d at
Mar ket prices, oy comodity and region.

VGA(L, )

TGDd, r)
TGDO({1, r)
TGI(L,r)

TII0(1, r)
SI3T(1)

The following tax

tgd(i,r)
tgi(i,r)

Val ue of Government demand at Agents' prices, by
commodity and region.

Tax on government use of domestic good i
Base value of T3D(i,r)
Tax on governnent use of
r

Base value of TGI(i,r)
Elasticity of substitution between domestically
sourced and inported goods

in region r

imports of good i in region

multiplase used:

(1+TGD(i,r) )/ (1+TGDO(i,r))
(1+TGI(i,r))/(1+TGIO(1i,r))

Production of Armington aggregate goods for private and government use
Thexe sectors follow the form of the intermediate Armington above. Box 4 shows the

MPSGE declaration, equations, variables, and parameters for private Armington

aggregate goods, and box 5 shows the same for government Armington aggregate

goods
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Box 6: Composite Imports

]MPSGE Decl arattion:

lepfl: S, r)
dm(i,s, r)
y(r)

SPROD:m(i,r) s:SIGMi)
Gnp(1, r) Q:VIM(i, r)
licifp(i,s, r) Q:VIWS(i,s,r)P:(l+TMO(x,5, r) ) Ary(r) T: TMi,s,r)
Equations: '
np (i,r) = [S.MSHR(i,s, r)=[cifpd,s, r)«<tm(i,s, r)] ‘o

] (L/(L=STGMCL: ) ) i er*- 1]
dm(i,s, r) =m(i, r)x[mp{i, r)/(cifpd,s, r)yxtmd, s, r)} 1 " [6.2]
Mi,r) = m{i, r)xVIM(i, r) [6. 3]
DM(1,8,r) = dm(i,s,r)xVIWS(1i, s, r) [6. 4]
vari abl es:
mii,r) Conposite inports (quantity)
nmp (i,r) Composite inport price

Import (cif) price by region

Demand for imports from region s

Income; the destination region receives tariff
payments

-
Parameters:
YIWs(i,s,r)

VIM(i,r)
™ 'i,s, 1)
™dJii,s, r)

Slav 1)

MSHRd, s, r)

tm {i,s,x)

Val ue of Inports at World (c.i.f.) prices, by

com nodity, source region s and destination region r.
Val ue of Inmports at Market prices, by commdity and
region.

Inmport tariff by commdity, source and destination
Base value of TMi,s,r)

El asticity of supstitution between inports from

di fferent source regions

Share of inports of good i into region r that are
sourced from region s .{evaluat=d at domestic prices)
= VIWS(i,s,r)x{1+TMO(i,s,r)) [ VIMi,r)

The following tax multiple is used:

(1+TM(i,s,r))/ (1+TMO(i,s,r))

Compositel mports

Compodte imports are *made’ from imports from different sources. The composite

import sector also adds the appropriate import tariff TM(i.r,s) onto the cif price of

imports. The elasticity of substitution SIGM(i) means that the nest is CES. Equation

6.1 in box 6 is the CES pre-calibrated price equation, with the weights MSHR

(Oefined in the parameters section of box 6). Equation 6.2 gives the demand for

imports on each bilateral route. with equations 6.3 and 6.4 converting multiples to

leves.




Box 7: cif Imports

MPSCGE Decl arati on:
$PROD:ms(i, s, r) s:0
O:cifp(i, s,r) Q:VIWS(i,s, r)
I:fobp(i,s, r) Q:VXWD(i,s,r)
I:gtp 2:VIWR (i, s, r)
quations:
cifp(i, s, ) = ClFP(i,s,r) [/ CIFPO(i,s,r) . [7.1]
CIFP(i,s,r) = TSHR(i,s,r)xgtp * (1-TSHR(i,s,r))xfobp(i,s,r; [7.2]
CIFPO(1,s,1r) = TSHRd, s, r) + (I -TSHR(i,s,r) ) xFOBPOd, s, r) [7.3]
MS(i,s,r) = VIWS (i, s, r)yxms (i, s, r) [7.4]
DFOB({i,s, 1) = VXWD (i,s, r) xms (i, s, r) [7.5]
DIRAN (i,s,r) = VTIWR(i, s, r) xms {i,s, r) [7.6]
Variables:
m (i,s, r) I mports by region
cifpd, s, r) I'mport (cif) price by source-destination region pair
fobp(i,s, r) Export (fob) price by source-destination region pair
gtp Gl obal transport price
DFOB(1i,s, r) Demand for fob exgor:s
DTRAN(1,s, 1) Demand for transport services
Paramerters:
VsWC(i,s, r) Val ue of exports at World (fob) prices, oy commodity,
source region s and aestination region r.
VIWS(i,s, r) Val ue of Ilnmports at Worid (c.i.f.) prices, bv
commodity, source region s and destination region r.
YTWR(L,S,r) Val ue of Transport services used in the transport of
goods from source region s to destination region r.
= VIWS(i,s,r) - VXWD(i,s,r)
TSHR(i, s, r) Transport share of cif value
= VIWR(i,s,r) [/ VIWS(1,s,r)

cif Imports
The af imports add transport costs to the fob value of the trade flow of good i from

ource region s to destination region r. Here the convention of uppercase characters
far levels, with *0" indicating base values, for (lowercase) multiple variables is
extended to cifp and fobp. cifp is. like all prices, normalised to unity; this is done by
eguadon 7.1, with the 'levels' price CIFP determined in equation 7.2 and the base
price determined by equation 7.3. Equations 8.2 and 8.3 in box 8 give the fob prices
FOBP and FOBPO, and from these equations the normalised cif price is

TSHR(i.s.r)x gtp + (- TSHR{i.sr) x (1 + TV (i.s,r)x P(i.r)
TSHR(i,s.ry* (1 - TSHR(i.s.r)k (1 + TX0(.5.7))

clfpli.s.r) =

which could be used in the model in place of equations 7.1, 7.2, 7.3, 8.1, 82 and 8.3.

The conventions used in boxes 7 and 8 are for clarity only.
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Box 8: fob Exports
mpsGE Decl aration:

fsprROD: x5 (i, S, 1) A
n:fobp(i,s, r) 0:VXWMDd, s, r)

j1:pd,s) JiVEMD(i, s, r) P: d+TXO(i,s, r)) A y(s) T: TX(i, 5,1

iquations:

fobp(1,5.1) = FOBP(i,s,r) / TOBPO(i, s, r) [8.1]

FoBP(i,s, 1) = P(i,s)x(1+TX(i,s,r)) . [8.2]

FOBPO (1,8, r) = 1+TxO(i,s,1) [8.3]

vS(1,8 1) = VXWDd, s, r) xus (i, s, r) [3.4]

DX (i, s, r) = VXMD(i, s, r) xzs d, s, r) [8.5]

Variaples: ‘

fopp(i, s, 1) Export (fob) price by source-destination region pair

o Price

QSLO]'L& r) Exports by source and destination

DX:i,s,r) Demand for exports in source region s

y (5i I ncone; the source region receives export tai
paynment s

carameters: )

YiMD S, S,1) Val ue of exports at Mrket prices of exporting.
regi on, by comopdity, source region s and destination
region r.

WD (L, 8, r) Val ue of exports at World (fob) prices, by commeodity,
source region s and destination region r.

TV, 8 1) Export tariff by commodity and source-destination
regi onal pairing

TV 1,s,r) Base value of Ti(i,s,r)

L

fob Exports

The fob export structure adds any export tax (subsidy) TX(i,s,r) to the domestic price
p(i,9 of good i in source region s. for export to destination region r (equation 8.2),
with the normalised fob price given by equation 8.1. Equations 84 and 85 define
levels values for exports at world and domestic prices. The (lower case) variable

dx(i.sr) is not included here for brevity; it is equal to xs(i,s;r).
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Box 9: Government Utility

MPSGE Declaration:

SPROD:gu (r) s: |
0:gp (r) Q:GOVEXP (r)
| :yap(i,r) Q:VGA(1,r)
Equations: N
g;l(r) = [1, gap(i, ) "Hos (2. 1]
gd 2,5 = gu(r) xgp(r) /gag{i.r) : [4.2]
Gl () = GOVEXP(r)xgufr) [9- 3]
GD(1,r) = gd(i,r)xVGA(i,r) [9.4]
\éar(lrafc;es: Governnent Uility
gp(r'/ Government Price Inde:
gapa ) Arm ngton Price for Government use
qaii ’r) Governnment demand for goods
S&r\aﬁetﬁrs: Val ue of Governnent demand at Agents' prices, by

A cominodity and region.
SUUTAEAL, Total government =:perditure

= Y VGA(i,r;

SOERIL,T) Share of government expenditure spent on gcoa i

= VGA(i, r) [ GOVEXP(r)

Government Utility
Government utility is a Cobb-Douglas function of the government Armington
aggregate goods. Equation 9.1 gives the Cobb-Douglas pre-calibrated function for an

aggregate government price index. Equation 9.2 is a pre-calibrated demand function.
Equations 9.3 and 9.4 calculate levels values.
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Box 10: Private Utility

MPoGE Decl aration:

= VPA(i,r) | PRIVEXP(r)

[5ereCipuir) s: |
O:rp{r) Q:PRIVEXP (r)
I:pap(il,r) Q:VPA(1i,1r)
quations: - o
pp(r) = [Nipap (i, )" [10. 1]
pdli, r) = pu(r) xpp(r)/papd, r) [10.2]
PO(r) = pu(r)xPRIVEXP(r; [10. 3]
ED(i, 1) = pd(i,r)x VPAd, r) [10. 4]
virzacles:
putLrL, Private Wility
co (1 Private Price Inde-:
i{ap(;,r) Armington Price for Private use
cdil, L) Private demand for goods
Parameters:
PR Val ue of Private demand at Agents’
compdity and r=gion.
PRIVENP () Total private =:xpenditure
= Y VPA(i,r)
FSHRD, T) Share of private expenditure spent on good i

Private UtUity

The private utility function is similar to the government utility function; Equation

101 calculates an aggregate private price index in the same manner that equation 9.1

cdculates an aggregate government price index.

n
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Box 11: Global Transport

MPSZE Declaration:

$PROD: gt s:0

0:atp Q:VT

| p(i.r) Q:V3T(i,r)

Eguations:

.q{r = ¥ . SHRTd, r) <p(i, ) f11.1)

cT = gtxVT [11.2]

TDEM (1i,1) = gtxVST(i,r) (11.3]

Variables:

gt Global Transport (quantity of total transport
services)

gtr G obal Transport Price

T Price of good i in region r

Ei'IZ]E'I\/(i,r) Transport denmand for services

Parameters:

vsST i, r) Value of Sales to international Transport, by
commodi ty ana region. :

o Total transport sales worl dw de
=3, .VST(i,r)

SHETIL,T) Share of transport services that are sourced as good

i in region r
= VST(@.r) [ VT , —

Global Transport

Globdl transport is a Leontief/fixed coefficients function of individual goods™ prices,

Equation 11.1 defines the price index for global transport. as a composite of all market

prices in al regions. The parameter VST, value of sales to international transport,

contains mainly zeros - only the GTAP commodity “T_T trade and transport services’

is 0ld to the global transport sector.

Demand for commodities for use in transport, TDEM(i.r). is a fixed proportion of the

quantity of global transport services. as shown in equation 11.3.
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Box 12: Global Savings
'MPSGE Decl ar ati on:

r_SE%OD:gs s: 1
0: gsp 2:GLOBINV
Lip("caas”,r) Q:NETIUV(r)
Egquat1ions: - -
gsp =[1. p(“cgds”, r) " [12. 1]
(e = gsxGLOBINV [12. 2]
SAVDCAP( 1) = gs<gsp/p{"ogds”, r) xNETINV{x) [12. 3]
Variables:
gs G obal Savings quantity
gsp d obal Savings Price
p(“cyas”, r) Price of capital goods in region r
SAVDCAP( 1) Savi ngs demand for capital in region r

rameters:
@Bl N Val ue of gl obal investnent.
NETINV{r) Net investnment in region r

= REG Nv(r) - VDEP(r)

SHES (r/ Share of global savings invested in rzgzonr

= NETIWV (r) [/ GLOBINY

Global Savings

Globd savings is a Cobb-Douglas function of capital goods in different regions. Note
that capital goods (“cgds™)* are a member of the setj (produced commodities) but not
the set i (tradable commodities). A production sector (box 1) therefore exists for this
commodity, although no factors are used in its creation. The parameter VFA(,j,r)
Oefines the value of firms' demands for goods (and is calculated from the value of
firms demand for imports a agents' prices. VIFA(,j,r), and the value of firms
demand for domestic goods at agents' prices, VDFAC(i,j,r) in chapter 4). Capital goods
ae just one element of the set j, so the values VFA(i."cgds 1) give the capital
compogtion matrix, which determines which goods (i) are purchased when capital is
fomed in region r. A fixed quantity of capital is purchased by the regiona household
to cover depreciation, and all other capital sales are purchased by globa savings.

8 Note that capita goods (~¢gds) and (factor) capital are not the same concept. Factor capital refers g existing
wpital stock while capital goods refers to new capital formation. In the static model there is no hnk PEWeen the
two.
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Box 13: Regional Welfare

MPSGE Decl aration:

3PROD:wel (r) s: 1
Q:wpl(r) Q: (1 NCOVE(r) - VDEP(r))
I yc(x) Q: GOVEXP (r)
I:pplzc) i PRI VEXP{r)
1:9sp Q: (SAVE(r) - VDEP(r))
Equations: )
wpi (¥) = gp (£) " pp () R ) ggpiikatn) [13. 1]
dag(r) = wel(r) x wpl(r)/gp(r) [13. 2]
dap(r) = wel (r) x wpi(r)/pp(r) [13. 3]
das{r) = wel (r) x wpl(r)/gsp [13. 4]
WEL(r) = wel (r) x (INCOME(r)-VDEP(r)) [13. 5]
DAG(r) = dag(r) x GOVEXP(r) [13. 6]
DAPI(r; = dap(r) =x PRIVENXP(r) [13.7]
DAS (r) = das(r) x (SAVE(r)-VDEP(r)) [13. g]
variables:
well(r) Regi onal Welfare
wollr) Wel fare Price Index
pb(r) Private Price I|ndex
gp(r) Government Price Index
gsp Gl obal Savings Price
dag(r: Demand for aggregate 3cvermnent goods
dap (r} Demand for aggregate private goods
das(r) Demand for savings
Paramet=2rs:
THCOME (r) Regi onal Income, by region
SEVE (1) Val ue of net savings, by region.
VDE?(r) Val ue of capital depreciation, by regi.on.
GOVEYLP (1) Total government =upenditure
= YVGA(i,r)
PRI 7EXP(r) Total private expenditure
= SVPA(i, r)
RSHRP (r) Share of private expenditure in total regional

expendi ture
= PRIVEXP(r) [/ (INCOME(xr)-VDEP(r))
P3KRG( 1) Share of government expenditure in total regional
expendi ture
= GOVEXP(r) [/ {INCOME(r}-VDEP(r))
RSHRS(r) Share of savings in total regional expenditure
= SAVE(r) / (INCOME(r)-VDEP(r))

Regional Welfare
Regiond welfare is a Cobb-Douglas function of three different functions: private

utility, government utility, and savings. The definition of welfare wel(r) in this
manner allows welfare changes to be calculated easily, and makes the assumption that
wdfae is cardinal. Welfare wel(r) is a multiples variable, so the percentage change in
wdfare from the base can be found as wel%(r) = 100 * (wel(r) - 1)

while the equivalent variation is EV(r) = WEL(r) - (INCOME(r)-VDEP(r))

= (wel(r) - 1) x (INCOME (r}-VDEP(r))
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Bax 14: Regional Income

MPSGE Declaration:

| .

$DEMA[\ID:y(r) s:| .

E:w(t, ) Q:EVOA(L, )
E:p(":gas",r) Q: (-VDEP(r) )

D:wpi (r) Q: (INCOME (r)-VDEP (r) )
Equations:

Y{r) = SiEVOA(Ef, r) x w(f,r)

VDEP(r) = p(“:>gds”,r)

+ S TO(j,r) *x Q(3,r) x p(i,r)
+ S TFo(i,3,r) » FDD(i,3,r) x pd,r)
+ S TFI(i,3,r) < FDM(i,j,r) x mp(i,r)
+ ¥ TPDd,r) x PDD(i,r) x p(i,r)
+ Y TPI(i,r) x PDM(i,r) » mp(i,r)
+ S TGD(i,r) x GDD(i,r) = p(i,r)
+ S TGI(i,r) x GDM(i,r) .< mp(i,r)
+ ¥, 5 Ti(i,s,x) < DM(i,s,r) x CIFP(i,s,r)
+ X TX(ir,s) » DX(i,r,s) x p(i,r)] [14.11
DWEL (r) = Y(r) [ wpi(r) [14.2]
() = y(r) < TUCOME (r) (14. 3}
ariapLes:
Yr Income
wpilr) Wel fare Price Index
p i) Price
w L, Ti Wage '
R L, Composite import price
SiFpligs, ) | mport (cif) price by region
DWEL () Demand for welfare good (wpi)

Parameters: . 3
See boxes 1, 3, 4,5, 5,7,8,13

Regional Income
Regiond income is the most complex function to give in equation form, although in

MPSGE form it is simpler, as MPS/GE automatically assigns all tax revenues to the

tax agent given in the A: field of the relevant production block.

Income (equation 14.1) is composed of factor income and tax income. For each tax
instrument, the tax revenue is calculated as the tax rate multiplied by the base quantity
multiplied by the price and output multiples of the relevant output or input. Note that
the upper case variable names in equation 14.1 (Q,FDD,FDM etc.) are levels values:
MPS/GE does not use these variables, but substitutes the relevant expression from the
producdon nests. DX(ir,s), the quantity of exports by commodity and bilateral route,
is equd to VXMD(i,s rxxs(i,s,r) [equation 85 in box 8], and this expron is
automaticaly used by MPS/GE in the last term of equation 14.1.
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Demand-Supply Equations

Ore of the advantages of MPS/GE to the user is that it automatically calculates market
equilibria equations, but here the equations will be presented in full. To find the
equilibrium equations, place al supplies of a commodity on the left of the equation,

ad dl demands of that commodity on the right hand side.

Equation 15.1: Equilibrium for tradable goods markets (p(i,r))
Qi,r) = PDD(i,r) + GDD(i,r) + X, FDDd,j,r)

+ TDEM(i,r) + % DXd,s,r) [15. 1]
whers [see =guarion;
O3, ) Quantity of output for sector j in region r 1.5
PDD(i, 1) Private demand for domestically sourced :ooas 4.5
GDC(i,r) Government demand for domestically sourced goois 5.5
FoC{Li, 1, ) Firms' demand for domestically sourced jcoas 3.5
TDEM (1, ) Transport demand for services 11.3
DX{1, S, r) Demand for exports in source region s 8.5

Equation 13.1 equates supply and demand for tradable goods i in region r. [n this case,
supply is output Q(i,r), and demand is the sum of private demands (PDD),
government demands (GDD), firms" demands (FDD), the global transport sector's
demand for goods (TDEM) and export demand (DX). Note that the number of the
equation where each variable is defined appears to the right of the variable

explanation. /

Equaion 152 equates the supply of capital goods with demand for capital goods;
demand for capital goods comes from globa savings (box 12), and a fixed amount of
depreciation, the payment for which is deducted from regional income (box 14).

Equation 15.2: Equilibrium for capital goods markets (p(*cgds”,r))

0 “cgds”,r) = SAVDCAPR(r) + VDEP(r) [15.2]
where [ see equation]
SAVDCARP() Savings demand for capital in region r 12.3
VDERP(r) Depreciation (database parameter)

Equation 15.3 ssimply equates the supply and demand for value-added in each sector.

Equation 15.3: Equilibrium for composite value-added (vap(j,r))

JA'A, r) = DVA(j,r)

Wher e [see equation]
VA5, r) Quantity of val ue-added 2.3
DVA(], r) Demand for val ue-added in sector j in region r. 1.7
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rquuation 15.4: Equilibrium for factor markets (w(f,r))

EVCA(L,T) =X E(f,j,r) (15.4]
wher= o o [see equation]
E.£,).1) Empl oyment ot ractor f in sector j of yerqicon I 2.4
EVOA{L, r) Endowment comnodity Val ue of Output at Agents' prices

(dat abase paraneter)
I

The factor markets (equation 15.4) are central to the model, as many of the traditional

genad equilibrium effects that the CGE model aims to capture are transmitted
through these markets. The supply of factors is a fixed parameter EVOA(f.r) - one of
the origina database parameters.

The markets for Armington goods are shown in equations 155 to [5.7. These are
smple one-to-one equations. linking output of the Armington nests with aggregate
demand for products from private expenditure, government expenditure, and

intermediate demand.

Equations 15.5 to 15.7: Equilibrium for Armington markets (fap(i,j,r), pap(i,r)
and gap(ir))

FA(L, ], 1) = DFAd,j,r) [15.51
PA(L,x) = PD(i,r) [15.6]
GA(i,r) = GD(i,r) [15.7]
where [see equation]
Fe{i,j, 1) Armington output for Firms' use 3.3
DFAd, j,r) Firm demand for Armington aggregate 1.6
PAd,r) Armington output for private use 4.4
PDd,r) Private demand for goods 10.4
GA(L,r) Armington output for government use 5.4
GD(z, r) Government demand for goods 9.4

Equation 15.8 equates total supply of global transport with the demand for transport

savices on each bilateral trade route for each commodity.

Equation 15.8: Equilibrium for Global Transport (gtp)

GT = ¥, ., DTRAN(i,s,r) [15. 8]
wher e : [see equation]
GT Gl obal Transport (quantity of transport services) 11.2
DIRAN (i, s, r) Demand for transport services 7.6
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Equation 15.9: Equilibrium for Global Savings (gsp)

= Y, DAS(r) [15.9]

wher e [see equati on]
Gl obal Savings quantity 12.2

AS ) Demand for savings 13. 8

Equilibrium for global savings (equation 15.9) equates the total supply of global

savings with the demand for savings in each region.

Equation 15.10 equates the 'supply" of welfare to the ‘demand' for welfare.

Equation 15.10: Equilibrium for aggregate welfare (wpi(r))

WEL'T) = DWVEL(r) [15. 10]
wnere [see equati on]
WEL(r' Regi onal Welfare 13.5
DWEL (L} Demand for welfare good (wpi) 14.2

Equation 15.11 equates import supply and demand. Import supply M(i.r) is total
(compogite) imports of good i into region r, and is a CES aggregate of imports from
different source regions, as detailed in box 6. Import demand is from the private,
vovernment and intermediate Armington nests. If the Armington structure is
envisaged @ atwo stage nest. with substitution between domestic goods and import
goods in the top nest, and substitution between imports from different source regions

in the lower nest, then equation 15.11 occurs in between the nests.”

Equation 15.11: Equilibrium for aggregate imports (mp(i,r))

ML, = PDMd,r) + GDM(i,r) + 1 FDM(i,j,r) [15.11]
where ise2 equation]
Md,r) Composite imports (quantity) 6.3
FDM(i,j,r) Firms' demand for imports 3.6
PDM(i,r) Private demand for imports 4.6
GDM(i,r) Government demand for imports 5.6

Equation |5.12 enforces the condition that demand for imports in box © equals the

upply of imports in box 7, both on a bilateral basis.

Equation 15.12: Equilibrium for imports (cifp(i,sr))

MS(.,s,r) = DMd, s, 1) (15.3-1
Where [see equati (;nj
MSJ%,s,r) I mports by region _ 6.4
DM(1,s, r) Demand for inports fromregion s

Y s described diagrammatically in figures 3-2, 3-3 and 34 of chapter 3-
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Equation 15.13: Equilibrium for exports (fobp(i,s,r))

So(ies, ) = DFOB (i, s, 1) [15.13]
whers [see equation]
DFOB (i, s, T) Demand for fob =uports 7.5
¥S(i,s8, 1) Exports by source and destination 8.4

Similarly, the demand for exports in box 7 must equal the s_upply of exports in box 8,
as ensured by equation 15.13.

52 MODEL CHANGES
There are several changes that are made to the GTAP model that are not strictly
extensons, and they are dealt with here; extensions to the model are detailed in

section 5.3. Changes to the model are detailed in MPS/GE only.

521 Changesto Private Preferences
The model presented in section 51 aready has one change made to private

preferences. here private preferences are Cobb-Douglas, but in the standard GTAP

modd using the GEMPACK software, preférenc&e use the Constant Differences of
Eladticities (CDE) function.™

The GTAP model uses calibrated parameters for EP (price elasticity) and EY (income

eladticity) to apply the CDE function. The linearised demand function for privately
demanded goods is.

gpd%(i,r) = sum[k, EP(i,k,r) pap%(k.r)] + EY(i,r) yp%(r)
corresponding to a levels-multiples form:

qpd(i.r) = prod[k, pap(k.r)**EP(ik.r)] * yp(t)**EY(i.r)
The CDE linearised function is:

py%o(r) = sum[i, s(i,r) pap%(i,r) + s(i,r) e(i.r) pu%(r)]

corresponding to the levels-multiples equation:

10 Chpter 2 contains details of this function.




py(r) = sum[i. w(r)**[e(i.n)b(i.r)] * pap(i.r)**b(i.r)]

Calibrating the CDE function

Cdlibration of the CDE function is complex. Four parameters are calibrated for use in
the GTAP model: EP(ik,r), EY(i,r), €(i,r) and b(i,r). These parameters are not
however independent. Once the elasticity parameters EP and EY are calibrated. they
determine the CDE parameters e and b. Furthermore, EP and EY are not independent,
and must conform to overall homogeneity constraints. Additionally. there is a further
problem in that calibration does not necessarily ensure that al b, are either positive or
dl negative. Because of the last problem, the GTAP calibration procedure uses target
own-price and income elasticities, and employs a non-linear minimisation procedure.
The resulting elasticities are in most cases very close to the target elasticities, but can
diverge significantly for goods with high expenditure shares. No target elasticities are
used for cross-price elasticities, or for elasticities of substitution - it is Ieft entirely to
the calibration procedure to determine values that are consistent with the targeting of

income and own-price elasticities.

Srengths and weaknesses of the CDE function
The CDE function is a more flexible functiona form than functions used more

commonly in CGE modelling - the Leontief Cobb-Douglas, constant elasticity of
subgtitution (CES). and linear expenditure system (LES). It is aso more tractable than
other functiond forms. More flexible functions, such as translog and Constant Ratios
of Elasticities nomothetic (CRESH), are rarely used due to their complexity and data-
intengity.

The main weakness of the CDE function in the GTAP model/database is the way it is
cdibrated. The target income and own-price elasticities are taken from the SALTER
modd, and were originally estimated in the 1970s for smaller sets of regions and
commodities than are used in GTAP. The inability to determine target cross-price
elasticities, and the occasional large divergences from target and calibrated values for

income and own-price elasticities, are further drawbacks.

Even given these drawbacks, the ability to use income and own-price elasticity targets

is a mgor advantage over less flexible functional forms, athough it should be noted
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thet the actual elasticities diverge even further from the target elasticities when
income and price changes are large. This is because the relationships that the CDE
parameters b, and e, have with the elasticity parameters are dependent on the
expenditure shares. Thus as expenditure shares differ from their benchmark levels, the
CDE parameters imply different elasticities than they do at the benchmark. While the
traditiona critique of less flexible functional forms such as Cobb-Douglas and CES is
thet they perform badly in simulations that involve large changes in income, any such

gmulaion conducted with a CDE function will have unpredictable elasticity effects.

522 Changes to the Armington Structure
The Armington nesting structure of the "standard" GTAP modelling framework uses a

two-levedl nest for each consuming agent (government, private demand, capital goods
ad each tradable-good industry). This approach leads to a problem with the number
of variables that the model needs for solution: the Armington nests alone need a price
vaiable and a quantity variable for each nest. The model structure of section 5.1.3
neds 2x(nx(3+m)xm) variables for a model with n regions and m tradable
commodities. For the 13-region. 17-commodity model used here, this would imply
8840 variables. which would make the solution of such a large-scale model
prohibitive (the final model uses less than 2,000 variables for the whole model). The
solution used here follows Harrison (1997)"" in defining a single Armington aggregate
far eech commodity in each region, which is used by private, government, and
intermediate demand in the same region. Box 16 shows each step required to make

thischange.

* This model. and Harrison €t al. 1995 and Francois ct o/, 1994 and 19935 al use MPSGE to model (TAP. Exch
USES this compression ot the Armington structure (@0d incidentally. none use CDE prelerences).
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Box 16: Steps to Compress Armington Structure

1) Create a new Arnmington nest a(i,r) and good ap(l,r)
$FROD:a (i, r) s: Sl GXi)
O:ap(i,r) Q VAA(i, )

T:p(i, r) Q:VDA({i, r)
I :np(i,r) QWVIA(i,r)
Mw variables:
a(i,r) Arm ngton Aggregate Qutput
ap(i,r) Arm ngton Price
New Par amet er s:
VAA(T, 1) Val ue of Arm ngton Aggregate use
= VPA(i,r) + VGA(i,r) + X, VFA(i,j,r)
VDA(i, 1) Val ue of Arm ngton Donestic use
= VDPA(i,r) + VDGA(i,r) + X, VDFA{i,j,r)
VIA(T,T) Val ue of Arm ngton I|nport use

= VIPA(i,r) + VIGA(i,r) + 5. VIGA(i,j,r)

2) Renove the Armington nests pal(i,r),ga{i,r),fa(i,j,r)
and renove the goods pap(i,r),gap(i,r),fap(i,]j, ]

3} "-~eplace the output nest (see oox 1) with the followiri:
3PROD:3(3, ) s:0

O:ipii, ¢ Q:vOoM (3, x) A y(r) T:TC(j,r) P:{1-TO0{3,r) )
Tiag{i,3,r) QVEM(i,J,c)Ay(r) T:TF(i,j,r) P: (2+TFO(i , 3, 1))
I:vap{3, r) Q:VVA(j, r)

Par anet er :

TE{i, ], 1) Average tax on internmedi ate use of donmestic + inport
goods :

4) Replace the Governnent Utility nest (see box 9) wth the

fol | ow ng:

SPRCD:igud(r) s: |

C:ypir) Q (sum(i, VGA(i, r)))

[:ip(i,r) D:VGM (i, r) P: (1+TGO(1, 1)) A Y(r) T:TQi,r)

Farametsr: _

Tqi,r) Average tax on governnent use of domestic + inport
goods -

5) Replace the Private Utility nest (see box 10) with tne follow ng

SPROD:pu(r) s: |

0: pp(r) Q: (sumd, VPA(i,r)))

I:ap(i,r) Q VPMi,r) P: (1+TPO(i,r)) AY(r) T:TP(i,r)

Parameters:

TP(i,r) Average tax on private use of donmestic + inport goods

This structure replaces the three structures pa(i,r), ga(i,r) and fa(ij.r). The good
produced by this Armington structure. ap(i,r) replaces the separate Armington
aggregates pap(i,r), gap(i,r) and fap(i,j,r). The by-use taxes TPI(i,r), TPD(i,r), TGI(i,r),
TGD(i,r), TFI(i,j,r) and TFD(,j,r) are not included in this nest; each user of the
Armington product pays a by-use tax on the Armington consumption as a whole. The
nev taxes are TP(i,r) for private consumption taxes, TG(i,r) for government
consumption taxes, and TF(i,j,r) for intermediate use taxes. The initial levels of these

new taxes are averages of the benchmark levels of the previous taxes. Some detail 1S
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thus lost, as differences in the by-use taxes for imported and domestic goods are
ignored.

A by-use tax for imports can be different from the corresponding by-use tax for
domedtic goods in the GTAP database, athough this is mainly due to different
compositions of the goods. As such, dl the GTAP applications cited in previous
chapters do not change the by-use taxes as a result of tariff changes. The main reason
tha these taxes would be needed separately in the Uruguay Round context is to
change input subsidies for agricultural inputs.

523 Compression of the Import-Export Structure
The import structure of the model (the MPS/GE nest ms(i.sr), detailed in box 7) and

the export structure (the nest xs(i,sr), detailed in box 8) need 4n'm variables in a
modd with n regions and m tradable commodities, which for the 13-region, 17-
commodity model used here, would need 11,492 variables- which would almost
catanly render the model too large to be solved in levels form. Fortunately. the
import and export structures of the model can be compressed to use fewer variables

without any loss of detail in the model:

Frdly, the two production activities ms(i,s,r) and xs(i,s,r) can be incorporated into
oe activity. The xs(i.s,r) adds transport costs to the fob price of exports, creating
imports at cif prices. The activity ms(i.s.r) then adds the import tariff to the cif import
price Box 17 shows a new nesting structure for ms(i,s,r) that transforms exports at
fdb prices into imports at tariff-inclusive prices by performing both of these steps in
onrened.

Ecx 17: Transport costs and import tariffs in one nesting structure
$PROD:ms(i,s,r) s:0

O:cifp(i, s, r) QVIWS(i,s,r)
I-gtp Q:VTWR(i,s, r)
|:pd,S) Q:vxMD(i,s,r) P: (1+ TXO(i, s, r) ) A:¥(s) T:Tx(i,s, 1)

|note: this nest replaces the previous ns(i,s,r) and xsd, s, r).

The second step of this compression procedure is to include this ms(i,s,r) nest inside
the Armington import structure for the activity m(i.r) (the m(i.r) nest aggregates

imports from different source regions in box 6), equating the output of the Ms(1.8.)
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activity (outputting good cifp(i,s.r)) with the input demand of activity m(i,r) for good

cifp(is.r).

This is possible because of an undocumented feature of MPS/GE which alows a sub-
nesting structure to be defined over a set. The MPS/GE nest for m(i,r) in box 18 has a
two-dage nesting structure, with a top-level elasticity of SIGM(i). the Armington
eadicity between goods from different regions of origin, and a series of lower-level
nests. one for each member of the set s, with an éasticity of zero. The subscript . TL™
on the nesting elasticity line means “Text Label" in GAMS. The signitier “#(s)”
following the declaration for the globa trading price input gtp means that a separate
demand for gtp is generated for each element of the set s, and since the last characters
inthe line are "s.TL:", they are placed in the nest for the corresponding element of set

S.

Bax 18: The full Import-Export relationship in one nesting structure
$FRCD:md,r)  s:SIGM(i) s.TL:

O:mp (i, r) D:VIM(i, r) '

I:jtp4(s) Q:VTWR(i,s, 1) P: 1+TMO(i,s,r)) A:Y(r) T:TMd,s,r) s.TL:
I:g(i,s) Q:VXMD(, s, r) P: { {1+TMO(i, s, 1)) * (1 + T:0(i,s r)) s.TL:
- A:Y(s) T:TXd,s,r)

+ A:Y(r) T:(TM(i,s, 1) = (1+T¥(i,s,r))

note: this nest replaces the previous m(i,r) nest (box 6;.
Also remove the ms(i,s,r) nest (box 17).

This formulation exposes some features of the GTAP model that are applicable in all
the model's forms presented here (and to the rea-world economy the model
represents), but may not have been apparent earlier. Firstly, any tariff applies to
trangport services as well as the traded good, and must of course apply at the same
rate. Secondly, any traded good may be taxed twice: first by an export tax accruing to
the exporting region, and then by an import tariff. Also of note is that the size of the
import tariff as a proportion of the exporter’s market price p(i,s) depends on the export
tax TX(i,sr). This is because the import tax is an ad valorem tax after the export tax is
gpplied; an increased export tax will increase the price of the good at the point where
the import tariff is levied (the cif price), and for the same volume of trade will have

the direct effect of increasing import tariff revenue.
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Great care must be taken when making such changes to an MPS/GE structure, as there
ae many pitfalls (some undocumented) that could lead to the MPS/GE model
representing a different economic interpretation to that which the modeller intends.
Ore means of checking that the nest is correct is to calculate income and expenditure

vaues in the benchmark, ensuring that they are equal.

Income for this nest in the benchmark is VIM(i,r), as this is the benchmark quantity of
the nest’s only output, mp(i,r), which has a benchmark price of unity, and is not taxed.
The vaue that users expend indirectly on transport services is
VTWR(1Ls.r)*(1+TMO(i.s.r)) for each source region s. The value that users expend on
goods is VXMD(Ls.r)*(1+TMO(i.s.r)*(1+TX0(i.s.r)). To check the totd of these

vaues, recall from Chapter 4 the following database relationships:

(L, s, 1) = VXWD(i,s, r) /7=MD(i,s,z) - 1
YTAR(1,5,r) = VIWS(i,s,r) - VIWD(i,s,r)
TMC (1,8, ) = VIMS(i,s,r)/VIWNS(i,s,r) - 1
VIM(i, ) = sum[s, VIMS(i,s,r)]

Then the expenditure on imports. is:

sum (s, VIWR(i,s, r) *(1+TMO(i, s,r))
+ 7ML, 8, 0) " (4 TMO (i, s, r)) * (1+Tx0(1,3, r))
= sum's, ([VIWS({i,s,r) -
VAWD(i,s,r)] *VIMS(1i,s,r)/VIWS(i,s,r)
+VXMD(i, s,r)*(VIMS(i,s,r)/VIWS(i,s,r))

(VWS (i, s, r) /VEMD(i,s, r) )]
= sums, VIMS(i,s,r)
ViWD{i,s,r) *VIMS(i,s,r)/VIWS(i,s,r)
+7XWUS(1,8, ) *VIMS(1i,s,r),/ VIMWS{L,s, r)]
sum's, VIMS(i,s,r)]
VI M(i, 1)

Which is identical to the income earned by the m(i,r) agent, as shown above.

524 Compression of the production and value-added nests
The modd presented in section 5.1.2 has separate nesting structures for production

ad vaue-added, but this creates unnecessary variables for the composite value-added
quantity va(j.r) and the composite value-added price pva(j,r). Production can be
handed using fewer variables in the two-stage MPS/GE production function shown in
box 18.
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Box 18: Two-Stage Production
3PROD:3(3.,1) s:0 va:SIG/ ()

ot Q:VOM (], r) A:y(r) T:TO(j,r) P: (1-T00(4, 1))
rrap 103, 0) Q:VEMUL, 3, 1) Aty(r) T:TF(i,j,r) P:(1+TFO(: | r))
Cowot,r) Q:EVFA(£,], 1) va IR

note: this function combines the previous q(j,r) and va(3,r) pests
ipoxes 1 and 2) . -

525 Other changes from the " standard"” model
While the model presented in section 5.1.2 fully depicts the standard implementation

of the GTAP model in Hertel et al(1997),except for the changes to the structure of
private preferences, there are some additional parameters included in the standard

modd that are not used for the purposes of the Uruguay Round anaysis conducted in
chapter 7.

Technical change parameters
The standard GTAP model includes various parameters to enable the modelling of

technicd change that are not included here. These include production shift parameters,

factor-goecific technical parameters and trade efficiency parameters.

Dummy tax parameters
Dummy tax parameters are included in the standard GTAP model to enable the

impogtion of certain taxes. such as factor taxes and uniform tariffs. The GTAP board
intend some of these taxes to be used in future releases of the database, and the taxes
ae included in part to lay down the modelling framework prior to the base data being

available. These taxes are not included here.

526 The modified GTAP model
Table 5-2 contains the full MPS/GE listing for the modified model, incorporating all

of the changes to the model of section 5.1.3 discussed in sections 521 to 5.2.4. This
modd has 19 equations that are defined over sets such that for a model with n regions
ad m tradable commodities, 4+12n+6nm variables are required. For the aggregation
9ze used here, where n=13 and m=17. there are 1,486 variables. The model presented
edalier in section 5.1.2 uses 4+13n+12nm+2nmz+4n2m variables, or 21,831 variables.

Tre efect that this reduction in model size will have on computing time and the
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feasbility of the modelling effort can be seen by calculating the size of the Hessian
matrix which the non-linear solver must calculate at each step, and is the largest use of
computing resources in the solution process. The Hessian matrix has a column for
eech variable and a row for each equation, expanded by sets. The model of section
512 must therefore have a Hessian matrix of 21,831 columns and 21.831 rows, with
each point in the matrix taking up 8 bytes of computer memory (GAMS uses 8-byte
double precision real numbers to store al variables and parameters). The memory
usd for such a matrix is 545Mb, which is more than large enough to make the
problem unsolvable. The modified model, however, has 1486 columns and 1,486
rows in its Hessian matrix, which will require 16.8 Mb of memory. making the

problem solvable on a personal computer.

Table S-2 Modified MPS/GE model

$SECTORS:
qij, o) ! Qut put
ad, r) * Arm ngton out put -
gu(r) ! Government Wility
pu(r) ! Private Wility
ot ! dobal Transport
gs ! dobal Savings
wel(r) ! Regional VWelfare
m(i, r) ! Conposite inports
$COMMODITIES:
p(3j,x) ' Price
wf,r) ' \Wge
ap(i,r) ' A'mngton Price
gp(r) ! Government Price |ndex
PP(r) ! Private Price Index
gtp t Qobal Transport Price
gsp ! Qobal Savings Price
wpi(r) ' Vel fare Price |ndex
mp (i, r) ! Conposite inport price
SCONSLMERS
y(r) ! I'ncome
$PROD (|, r) s:0 va: S G/j) S
O:p(j,r) Q:voM{j, r) Ay(r) T:T0(j, 1) P. (1-TO0(3,r))

l:ap(i,j,r) Q:vEM(i,j,r)  Ay(r) T:TR(i,j,r) P (1+TFO(i,j,r))
I:w(f,r) Q:EVFA(f,]j,r) va:

$PROD:a(i,r) s:SIGD(i)

O:ap(i,r), Q:VAA (i, r)

L:p(i, r) Q:VDA (i, r)

Limp (i, r) Q:VIA(i, r)

SPROD:m(i,r) s:SIGM(i) s.TL:0

O:mp (i, r) Q:VIM(i, r) ., v me
I‘nt}#(S) Q:VIWR(i,s,r) P:(1+T™O(i,s, 1)) A:Y(r) T:TMd,s,r) s.TL:
P Q:VXMD(i,s,r) P:((1+TMO(i,s,r)) * (1L+TX0(i,s, 7)) s TL:

' AV TATMUSD ¢ (eTX (s
: r : 1,S,r * + 1,S,rI
S
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SPROD:gu (r) 2

0: ip(r) Qr ( umd, YGA(i,r)))

I:up (i, r) 2 VGM (1 ) P: (1+TGO(1,r)) AY(r) T:T30L,
SPROD:pu(r) s:|

0:cp(r) J: (sumd, VPAd,r) )}

I:ap(i,r) Q:VPM(i,r) P: {1+TPO(i,r)) AY(r) T:?: L, )
$PROD: gt s:0

0:3tp e (sum/ (| ry,vsT(i,r)))

T:pli, x) C1VST(4,r)

$PROD:gs s:|

0:gsp Q: (sum({r, SAVE (r)))

I:p("cgds", r) Q: ((VOM({"cgds",r)-VDEP(r)))

SPROD: wel (r) , s:1

O:wpi(r) Q: (sumd, VGA(i,r) + VPA(i,r)) + SAVE(r))
I:1p(r) Q: (sumd, VGA(i,r)))

I:pp(r) Q: (sum(i, VPA(I,r: ))

I:asp oSAVE(r)

SDEMAND: vy (r) s:1

E:w(f,r) Q: (suml[j, EVFA( , )]

E:p(":g3ds”, r) Qi (-VDEP(r))

D:upi{r) Q: (INCCHME (r)-VDEP(r))

53 EXTENSIONS TO THE MODEL

Severd extensions are made to the model developed in sections 5.1 and 5.2. With the
emphags here on a study of the Agricultural ‘sectors in the Uruguay Round, section
531 expands the model to include a degree of factor immobility in agriculture.
Sations 532 and 5.3.3 develop a means of modelling the particular policy
condraints that the Uruguay Round sets on agricultural output and export subsidies,
ad section 5.3.4 introduces modelling of set-aside reforms, introduced as a reform to
the EU's Common Agricultural Policy at around the same time as the Uruguay Round
reforms. Section 0 extends the model to include imperfectly competitive industries

with internal economies of scale.

531 Factor Immobility in Agriculture

The assumptions of constant returns to scale and perfect factor mobility may be
judtified for long-term analysis in most sectors, but for agricultural sectors there is
goad reason to modify them. With constant returns to scale, supply is perfectly elastic,
with price determined purely by input costs. In partial equilibrium analysis input costs
ae treated as exogenous, but in a general equilibrium context they are endogenous, as
in order to increase output firms must hire more factors and use more intermediate

inputs The increase in demand for factors will bid up factor wages. and intermediate
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input prices will also rise. partly in response to the original factor wage changes, and
patly with demand as the industries producing intermediate products must also
increase their use of factors in order to increase output. The result is that sectors have

upward-doping supply curves even with constant returns to scale.

In the standard neo-classical model the response of a sector's output to an increase in
the producers price is determined by the curvature of the production possibilities
frontier in the neighbourhood of the initia equilibrium. The tighter that curvature (the
lower the elasticity of transformation between sectora outputs), the smaller the
increase in output induced by a given proportionate price increase; i.e. the lower the
elagticity of supply. The curvature of the frontier will be stronger (the supply elasticity
lower) the more different are the factor intensities across sectors. the lower the
eladticities of substitution between factors, and the lower the mobility of some or 3]

factors between sectors.

In one of the most simple general equilibrium models, that of the small open economy
with al goods traded and homogeneous. the story ends there. An increase in the world
price of one good will lead to an expansion of that sector and a contraction of the
other sector(s) as factors are bid away to the expanding sector. In a large open
economy, or in a small open economy with goods differentiated by country of origin,
or economies with non-traded goods. interaction with the demand side of the economy
will complicate the story. Nevertheless, the basic propositions about curvature of the
production possibilities frontier are unchanged. In particular, reducing the mobility of
ome or al factors between sectors will increase curvature and reduce supply

responsveness to price changes.

The dadticity of supply in any sector is therefore in part determined by how "large’
that sector is”~ in factor markets and in household expenditure; a sector that employs
high proportions of the supply of labour and capita will need larger increases in

K .

I._ As atrivid example, consider a closed economy with two sectors, employing one factor. If Y and Z are the
‘?CIOF demands in each sector, which must sum to fixed factor supply, then in order to increase the use of the
factor by y percent in the Y sector, the Z sector must reduce its demand in percentage terms by z=Y Y'Z,

P the Y geetor employs two-thirds of the factor.thenY =2Z and z=1y,
I the Y sector employs one third of the factor, thenV =2 Zand z= "2y
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wages (and prices) to "choke off the factor demand from other sectors than a sector
tha employs small proportions of the supply of factors. Elasticity of supply is
therefore higher in small sectors (i.e. agriculture) than in large sectors (i.e.
manufacturing and services). Several possible methods exist to decrease supply
eladticity in agriculture - decreasing returns to scale could be used, imperfect factor
mobility could be imposed, or a specific-factors model could be used. The approach
usd here is to incorporate specific-factors, which also addresses issues familiar in
agriculturd economics, where it is generally recognised that some fam factors are not

mobile.

The specific-factors approach used here fixes haf of the jand. labour and capital in
eech agricultural sector” while the remainder are perfectly mobile. This makes supply
less elastic, because in order to increase output, the agricultural sectors must make a
large increase in their employment of the mobile factors as employment of fixed
factors cannot change. This induces a larger impact on the mobile factor markets than

would otherwise be the case, with higher wages needed to enable sectors to expand

outpLL.

Specific factors are introduced simply by creating new factors in each region. Each
mobile factor (land. labour and capital) has half of its agriculturad employment
resssigned to the corresponding specific factor'’. With three new factors for each of
the five agricultural sectors in each region. this increases the number of factors from
three per region to eighteen per region. All factors (specific or mobile) enter the same

CES nest - there is no attempt to put them into a more complex nesting structure.

532 Uruguay Round Agricultural Output Subsidy Constraints
All tax instruments in the GTAP model are ad valorem tax rates. which may be

postive or, for a subsidy, negative. Subsidies are rare within the database with the

exception of agricultural sectors in certain regions where either output subsidies,

13 Note that this is done for each agricultural sector (or sub-sector), not for the agricultural eesector” as a whole.

14 Ideally. the percentage of factors that are fixed would be derived from data, and could be proxied. for example.
'f.\‘ the proportion of farm income eamt from on-farm activities. Lacking this data on a global scale. a 50% fixed-
actor proportion is used here. Experiments (not reported here) that varied this percentage ¢lobally found that
fesults were fairly linear in the percentage used,
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export subsidies or both are commonplace. Most of the eighteen countries and ;,
composite regions use agricultural omput subsidies, the only exceptions being

Malaysia, the Philippines, Singapore. China, Hong Kong, Taiwan, and Argentina.

The use of ad valorem tax and subsidy rates is reasonably redlistic for the modelling
mod taxes. put in the current analysis of the Uruguay Round is not appropriate for
agriculturd subsidies because of the restrictions that the Uruguay Round Agricultural
Agreement imposes on their use. The Agricultural Agreement stipulates that output
expenditures and quantities of subsidised products must be reduced according to

cartain minimum rates.

Expenditure on output subsidies must fdl by 20% (13'/,% for LDCs) on a non-
product-specific basis. To facilitate this, the ad valorem rate for each good is reduced

by the same percentage until the expenditure condition for dl goods is met.

Bax 19 demonstrates how the agricultural output subsidy constraint is endogenised
within the model. The constraint is an inequality. so the left hand side (actual subsidy
expenditure) must be less than or equa to the right hand side (allowed subsidy
expenditure)

Equation 19.2 shows the output quantity of each good in each region. The value of
output is therefore equation 19.2 multiplied by the price, and the export subsidy

Bax 19: The Agricultural Output Subsidy Constraint

Constraint (for each region r):
2 a{i,ry<voM(i, r)xp(i,r)x max[0, -TOO(i,r)] x NTO(r)

<= wpi(r)X mto(r)x> OSUB(i,r) [19.1]
where output quantity is q(i, r)xvOoM (i, r) [19.2]
the subsidy rate is ma>:[0, -TOO0(i,r)) x NTO({r) [19.3]
Nav Variable:
NTO{r) Endogenous output subsidy multiplier
Mav Parameters:
OSUB (i, r) Base output subsidy expenditure
OSUB(i,r) = max[0, VOA(agr,r) - VOM(agr,r)]
for i e agricultural goods
OSUB(i,r) = 0 for i e non-agricultural goods
mto(r) Output expenditure target as a multiple of base
output expenditure
=0.8 for r G developed regions

= 0.8666 for r e developing regions
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expenditure is the value of output multiplied by the subsidy rate.

The LHS of equation 19-1 is equal to the sum over al commodities of output subsidy
expenditure.” The subsidy rate is equal to the base subsidy rate (TO((i.r)) multiplied
by a common endogenous output subsidy multiplier - so that al subsidies rates are

scded by the same factor in order to meet the constraint.

The RHS of equation 19.1 is equd to the alowed level of subsidy expenditure. given
by the original subsidy expenditure in region r, OSUB(r), multiplied by a common
target multiplier, mto(r). This multiplier is set by the Uruguay Round conditions; for
developed regions, a 20% fdl in subsidy expenditure implies that mto (r) = 0.8. while
far developing regions, a 13/, % fdl in expenditure implies that mto (r)=0.8666. The
dlowed subsidy expenditure is multiplied by the aggregate welfare price index for
thet region, wpi(r), which implies that the expenditure reductions are in real terms, not
nomind. The Uruguay Round Agricultural Agreement specifies that expenditures
nexd only fal by the specified percentage in nominal terms over the implementation
period. However, a nominal fal would not be implementable here because the CGE
modd only defines relative prices (the welfare price index of the EU is held at unity
as the numeraire in the simulations in chapters 6). In order to make a nominal
reduction possible in the model, a macroeconomic side to the model would have to be
introduced that determined inflation in each region.'” Very fev CGE models attempt
to incorporate inflation and, given the data limitations of parameterising such a model

world-wide, it is considered to be beyond the scope of the current analysis.

The Agricultural Agreement specifies that the output subsidy commitments are to be
implemented on a non-commodity-specific basis. A country therefore must reduce its
expenditure on agricultural subsidies overall by a certain percentage. but there is no
resriction on the choice that governments may make on which subsidies to reduce.
Haf of subsidies (by value) could be cut by double the required percentage and the
other haf not cut at al, for example. S0 long as the total expenditure cut meets the

@ In the model. this summation is restricted to those agricultural sectors that have output subsidies " the base
data.

16 ¢y, . . .
" (hapter 7 develops an alternative approach to modeiling nomina reductions,
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required level. There is no way of predicting within a CGE model which commodities
will have output expenditures cut and by what percemage, so the means of
implementing the reduction that is used here is to cut the ad valorem subsidy rate by

the same percentage in each sector.

533 Uruguay Round Agricultural Export Subsidy Constraints
The Agricultural Agreement requires restrictions on export subsidies similar to those

on output subsidies, with a specified reduction in the expenditure on subsidy
programmes. There are two key differences, however. Firstly, the export subsidy
restrictions are commodity-specific, so that expenditure must be reduced by a given
percentage for each commodity, whereas the output subsidy expenditure reduction
commitments are not commodity-specific. Secondly, an additional restriction is
imposed on export subsidy programmes whereby the volume of subsidised exports

mug aso fal by a given percentage.

To impose this dual constraint mechanism, ad valorem export subsidy rates for
agriculturd and food-processing goods are made endogenous within the model, with

the following two conditions being met:
e Expenditure on export subsidies is reduced by at least 36% (24% for LDCs),

» The volume of subsidised exports is reduced by at least 21%.

Thexe conditions are implemented on a product-specific basis. They imply four

possihilities for each good:

|. The expenditure condition may be binding, with a 36%(24%) fdl in expenditure

and a greater than 21 % fdl in export volume;

II. The quantity commitment may be binding, with a 21% fdl in export volume and a

gregter than 36% (24%) fdl in export expenditure;

[11.The quantity commitment may not be binding, with subsidy rates (and thus

expenditure) reduced to zero;
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[V.Both commitments may be met, with neither being binding, if the ad valorem rate
does not need to be reduced to meet the commitments (the rate will not rise to meet
the expenditure and quantity reductions).

Of these four possibilities, IV is very unlikely if exports are facing reduced tariffs
abroad as this will tend to increase both export volume and subsidy expenditure. I
may occur where the initial ad valorem subsidy rate is small, as a 100% reduction in a
andl subsidy is unlikely to lead to a 21% fdl in subsidised exports. For most EU

goods €ither of the first two possibilities may occur.

Thee export subsidy rules are implemented in the model by the two constraints
shown in boxes 20 and 21. In each constraint, the actua value is on the LHS, which

mud be less than or equal to the target value on the RHS.

|Box 20: The Agricultural Export Subsidy Expenditure Constraint

Constraint (for each 1,r pair where 1 is agricultural or food and

where subsidies =xist 1n the base data) :
I ;5 ,i,r, s)xVXMD (i, r, s) xpd, r, s; xmax[0, -TXO(Z,r, s) ] xUT¥{z, )

<= wpi(r)xmetx(r)xsum(s, XSUB(i,r,s)] (20.1°
Nev Variable:
NTS {1, 1) Endogenous export subsidy multiplier

New farameters: .

XSUE(i, r,s) Base export subsidy =xpenditure on good : exported
from region r to region s
= max[0,VXMD(i,r,s) - VXWD{i,r,s))

metx. i, r) Multiplier for expenditure on export subsidies
=0.64 if r is a developed country or region
=0.76 ifr 1s an LDC country or region

-

The expenditure constraint in box 20 is similar to the output expenditure constraint in
box 19, a sum (in equation 20.1 over destination regions) of quantity
(x(1.r,9xVXMD(i.r,s)) times price (p(i,r,s)) times base subsidy rate (TXO0(i,r.s)) times
endogenous multiplier (NTX(i,r)) gives export subsidy expenditure. The target
expenditure is again multiplied by the aggregate welfare price index wpi(r), so the

condraint is modelled as areal expenditure condition.
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Bax 21 shows the export quantity constraint, equation 21.1. where the export quantity
is less than or equal to atarget quantity.”

Box 21: The Agricultural Export Subsidy Quantity Constraint

Constraint (for each i,r pair where i is agricultural or fs34 and
where subsidies exist in the base data):

You(i,r, S)XVXWD(i, r, s) <= motx(r)x X, VAWD(i,r,s) (21.1]
New Par aner :
mot x(i,r) Multiplier for the quantity restriction on export
subsi di es
= 0.79

ay one of equations 20.1 and 21.1 will be binding in the solution, but we do not
know ¢ priori which it will be. As only one variable (ntx) is being added to the model
far each sector, we can only add one constraint. The procedure adopted is to solve the
modd with the expenditure constraint enforced in each agricultural and food sector
thet has subsidies. check the export gquantities, and then resolve the model with the
quantity constraint enforced in regions and sectors where appropriate. Usualy this
reults in both constraints being sdatisfied (either as a binding equality or as an
inequality). but if not, the model is resolved as many times as is necessary to satisfy

bath equations.

Two additional parameters are introduced to facilitate this: METX_FLAG(i.r) is a flag
(taking either the value 0 or 1) to signify (if equal to one) that the export expenditure
condraint is to be satisfied, but not the quantity constraint. MQTX_FLAG(i.r) is a
flag that signifies that the quantity constraint is to be satisfied.

Note that where a subsidy on a certain good must meet a restriction, the ad valorem
rae is reduced by the same proportion for all destination regions where a subsidy
dready exists. In reality. the Agricultural Agreement provisions alow governments to

vay the degree of cuts on export subsidies according to destination.

17 Note that in equation 7| the quantity is x(i.r.s)xVXMD(ir.s) while in equation 2!l the quantity is
x(i.r.9xVXWD(i.r.s). This difference is because the subsidy rate TX is applied to domestic PT'¢€S- while equation
211 efectively uses weights determined by world value shares, VXMDI(i.r.s) (implying weights determined by
domestic value shares) could be used in equation 21 ., but world price shares are more appropriate, EI4aUONS g 4
and 8.3 of box 8 calculate export quantities using both vXMD(i.r.s) and VXWD(i.r.s). and this 1s possible because
prices are normalised to zero at each stage.
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534 Set-Aside
Set-adde is introduced in a similar way to specific factors. In order to enforce a

certain (here 10%) cut in the land used in EU cereals sectors. the level of land used in
these two sectors must first be controlled and then reduced. When these sectors
employ sectorally mobile land this cannot be done, so dl land used in these two
sectors is designated as sector-specific. and then the endowment of those factors is

CUt.

535 Internal Economies of Scale and Imperfect Competition
Monopolistic competition is a form of market structure where there are many buyers

and sellers. but where firms face downward-sloping demand curves. The downward-
doping demand curve for these firms comes as a result of product heterogeneity,
ather because different consumers have a demand for different varieties of a product
(or for different characteristics) or a demand for variety itself While monopolistic
compsetition can be modelled in many forms, the model here draws on that used by

Harrison. Rutherford and Tarr (1995).

This modd retains the Armington assumption that defines the way that goods are sold
in the perfectly competitive model. introducing market-differentiating suppliers that
&l at different prices to their domestic and to each of their foreign markets. Firms
fram each region in the multi-regional trade model produce products that are
differentiated from each other, and the Armington structure ensures that they are also

differentiated from products produced by firms in other regions.

Each of the n firms in a particular industry has the following profit function:-

MC1:  Profit function z,=py, - C,
z, = firm profit
p; = the price of firm; output
g, = the quantity of output
C, = total cost.

Differentiating with respect to ,, gives the Cournot profit maximising condition:-



ivIC2 Profit maximising condition ﬂ_‘}z, +p_.=0

Y, oy,

-

< ~ the constant marginal cost of production v /.y, -
Rearrangement gives as the net mark-up over marginal costs ,; :-
|

&,

MC3:  Derived mark-up formula  mk, = 2—% b4 _

-
Pl ¢ ql PI

which states that the net mark-up will equal the negative (or absolute value as the

elasticity itself will always be negative) of the inverse elasticity of demand for the

firm’s output.

Inverse elasticities of demand in CES nests
A CES nesting structure is used to characterise the differentiation of products from
suppliers in the same region. The absolute size of the inverse elasticity of demand in

any CES nest is given by:-

Wit CES inverse elasticity of demand e (1+ Q){ﬂ,(—l‘ - —l—] +—]-]
£ I_ & gl a
B, = The share of expenditure that good i has within the nest.

= The absolute size of the inverse elasticity of demand for the

*

&

output of the CES nest.
cr = The elasticity of substitution between goods in the nest.

Q = A conjectural variation term, describing how a supplier expects
other suppliers to react to its own actions.

Inverse elasticities of demand in the Armington structure
The Armington nesting structure of exports and domestic demands gives rise to three

different inverse-elasticity terms:

the inverse elasticity of demand for domestic goods of good /' in

region r,
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1
YA the inverse elasticity of demand for imports of gnand ; :
£ good 1 1n region r,
I - . - .
v | the inverse elasticity of demand for imports of good ; exported

from region r ' to region /e.

Assuming zero conjectures in these nests, these terms are given from equation MC4

%-
. : . I r 1
MCS:  Domestic Elasticity E —O,r(l _G_P)J,c_’g
Sir - the share of expenditure for good i/ in region /s that is spent on the
domestic good.
o/ = the elasticity of substitution between domestic and imported
goods for good .
. - ! [ I
MC5":  Import Elasticity —7l=(r-05.,) 1-—5] +—
Erp v ol cr,

n ] 1
7 - — |+ —
M M \/
é,‘_,. O',' O',

MC5™": Import Elasticity by source

= a/.r'.r(

= the share of imports from region " in total imports of good /' in
regionr.

VM
rr

&

al.l‘"l'

Equation MCS5™ can be substituted into equation MC5"" to give:-

- ! 1 ! !
=a.r.r <(|—(>,-_,.)[l——]+——— +—7
a { o0} TP T T

I nverse elasticities of demand for firm output
The representation of firms in a CES nest is derived from equation MC4. where the

MC6:  Import Elasticity by source —

share in output is always equal to \In. The inverse elasticity for firm i in region r

sdling to the domestic market |i/¢,,| and the inverse elasticity for firm /" in region r

slling to foreign market r'|1/z,,, .| are derived separately:-

iw !
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| f \
MC7: Domestic inverse elasticity 3 '
i // /)/) i g"P
_ . [
MC8: Import inverse elasticity =(1+0,,) - Py,
Coppt " E Wl VDN RN
Subgtituting equation MC5 into equation MC7 gives the equation for domestic mark-
up dmk,, -
¥ |
MCS: ik, =\ = 1+, ) o [ 1o et L)
" ir ( v ’.r)]-” (OIIVI cr,[)] ’ O',D O','DDJ ’ O',DD

Substituting equation MC6 into equation MC8 gives the equation for the inverse
import elasticity:-

MC10:

' =(1+Q,,)

l[ (1-0 {I ‘L LN U R B ) |
oIz ) I-—pi+—F-—+ -5 |+ 55
n a3 o o’,/ 0'}"’ a[/m)/ OJ/)D J

Equations VI and MC10 differ from those used in Harrison et al. in two respects.

s

Firstly. the conjectura variation term here is fhe same for al markets (domestic and
exports to al regions) whereas Harrison et al. employ a different conjectural variation
tam for each market. The assumption here is that firms' expectations as to how their
competitors (those producing in the same region) will react do not vary according to
where the goods are destined. The second difference is that equation MC10 maintains
thet the elasticity of substitution between goods produced by firms in the same region
CT,"" ill applies if the goods are destined for export. Harrison et al. replace o/’ with
o' in equation MC10, and while this simplifies the algebra a little. there does not

s to be any strong reason to do so.

Tradetaxes and transport prices
Equation MCIO gives the inverse elasticity of demand for imports. while exporting

firms must use the inverse elasticity of demand for exports in their mark-up
cdculations. To calculate the inverse elasticity for exports, the equation for the import

price mp, , . isused:-
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MCI I: Import Price

MPirp = T""*"Jp(l g, w) Tt . ( T T )-\'p,_l._l,"(l +hun, )(l * I'\-/.I'_I")

which can be arranged to give an expression for the export price:-

MC12: Export Price Xp,, .= mp; ¢y = T,,,.,r-IP(l + lm:_,_,.)
.r.r (I - r,.,_,.)(l +om,, )(l + tx,v,.A,,)

By differentiating with respect to mp. the elasticity of export price with respect to
import prices can be derived:-

A .. . (?Ci'r' mp, . » i
MC13: Export Elasticity adjustment —2eor. ™Prurr L +1
NPy p oy NPy (l T ).\'[7,,_,[\ X ]

Equation MC13 can be used to obtain the inverse export elasticity by adjusting the

inverse import elasticity, since:

MC14: Inverse Export Elasticity

{'xp/_r.r' '\‘/_r,r’ _ (xpm'.r‘ mp; ; p :"’pu-.r Ny tm, re Yer

~ -

Xop i XPipr o (TP NP e M, e MNPy ey M

where x,,.and m,, .are rea quantities of exports and imports. The first term in
equation MC14 is the mark-up adjustment in equation MC13. The second term is the
inverse elasticity of demand for imports calculated in equation MCIO. and the fina

term is unity because export and import quantities are equal.

The final equation for the export mark-up is then equation MC8, with the import
eadicity by source (MC6) multiplied by the export elasticity adjustment (MC13)

prior to substitution:

T | i l ]
S e

MC15: xmk; , . = (]+ Q,'.,.) l T Rl
n ( Ti, rvlp ] | O; o,
X = ++—7
L (] - T:_r.r')xp/,r.r"(’1 tt, '.r.r') i |
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Calibration Procedure and modelling issues
The modd is calibrated using parameters for the number of firms and conjectural

variations, giving base mark-ups w0, . and dmko,, ..  This differs from other
approaches such as Harrison et al. (1995) and Harris (1984) in that the base mark-ups
ae not calibrated to a target value (or cost-disadvantage ratio). [n the absence of
reliable data to use for these parameters, the course taken here, of calibrati ng to the
number of firms, gives greater intuitive fed as to the competitive structure of the

industries.

The CGE model is augmented with equations MC9 and MC15 and solved. [n the
course of solving the model, al elasticities of substitution are held constant, and the
teems Q, .7, ,and m,, . are aso exogenous. although import tariffs in particular may
be changed from their base values. The share terms o, ,.a, . and dmko,, . are
endogenous. as are the prices fp and xpjy ' Export tax rates are usually exogenous
bu can be endogenous if there is a net subsidy that must comply with export
expenditure programme reductions. The number of firms is endogenous, but in line

with Harrison et al., is made exogenous to the mark-up equations.

TheFull Model
Tables 53 to 57 list the full MPS/GE model, being the modified model of Table 5-2

extended to include factor immobility in agriculture, explicit Uruguay Round

condraints and monopolistic competition.
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Table 5-3: The Full MPS/GE modd - Definitions

NEX (i, r)SNEX_FLAG(i,r)

NOX(i , r ) SNOX_FLAG (i, r)

NEO(r)$ (sum(i,NEC_FLAG(i,r)] and OSUBQ(r))

NMK (i, r, S)$(NWK FLAGi,r) and TXO(i,r,s) 1t 0)

$SSECTORS :
Q(j,r) * Qut put
A(i,r) ' Armington output
GU(xr) ! Governnent UWility
PU(r) " Private Wility
GT ! dobal Transport
GS ' d obal Savings
WEL(r) ! Regional Wlfare
Md, r) ' Aggregate lnports
SCOMMODITIES:
P(j,r) ' Price
W(f,r)$ (sum[j,SME(f,3,r)]) ! Wage
SSW(f,j,r)SSSE(£,],r) ! Sector Specific Wage
AP(i,r) SVAM(i, r) ! Armington Price
GP(r) ' Governnent Price Index
PP(r) ! Private Price Index
GTP ! dobal Transport Price
GSP ! dobal Savings Price
WPI(r) ! Welfare Price Inde::
MP(i, r; ! Aggregate lnport Price
SCONSUMVERS
Y(r) I' Net Tax |ncone
NFI(r) * Net Factor |ncone
FC(i,r)$MC_FLAG(i,r) ! Fixed costs for inperfect conpetition
$AUXI LI ARY:

Pl
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Table5-4: The Full MPS/GE Modd - Production

§PROD:Q (3. 1) s:0 VAT: SIGL(j) VA(VAT):SIGV(J)
0:P(j,x) Q:VOM(3,r) P:(VOA(],r)/VOM(],r))
- A:Y(r)$(NEO_FLAG(j,r) eq 0) T:TO(j,r)$S(NEO_FLAG(j,r) eq 0)
A:Y(r)$NEO_FLAG(j,r) N:NEO (r)$NEO_FLAG (], r)
B M:TOO (4, r) SNEO_FLAG (], r) '
I -W("Labour",r)SSMF("Labour"{j r) Q:SMF ("Labour", j, r} VA
+ A Y{r) T:TF("Labour",j,r) '
("Capital", r)$SMF ("Capital”, j, r) Q:SMF("Capital",j, r} VA:
o R Y(r) T:TF("Capital”,j,r) .
1 WA"Land" , £)$SMF ("Land",j,r) Q SMr("Land", |, 1) VAT ¢
Y(r) T: TF( "Land", j , ri

I:SSW("LabOUr ,3,r)$SSF("Labour”,j,r)  Q:SSF("Labour",j,ri VA’
+ A:Y(r) T:TF{“"Labour",3j,r) :
I soW(”Capltal" j,r)$SSF("Capital™,j, r) Q:S8SF("Capital”,j,r) VA
A Y(r) T:TF("Capital",i,r) :
RE SSW("Land“,J,r)$SSF("Land",j ry  Q:8SF("Land",3j,r) VAT
A:Y(r) " T:TF("Land", ], r)
I:AP(i,r) Q:VFIM(i,3,r) P: (L+TIO(i,3,r))

+ AY(r)  T:TI(i,3,1) oo

SCONSTRAINT : NEO(r)$ (sum(i, NEO_FLAG (i, r)] and OSUBO (r )

NEO(r} * sum[i,NEO FLAG(i,r)~ VM (i, r)* (-TOQ (i, ¢ )*Q(| r) P(|, '
=G= MEO(r)*WPI{r)*sum[i, NEO FLAG(I r) VoM (i, ) * (=TO0 (1,x)) ] ;

spEMAND: FC (i, 1) SMC FLAG (i, 1)
D:P(i,r)

SCONSTRAINT:NMK(i,I,S)S(NMK__FL;‘.G(;L,r) -and TXO0(i,r,s}) 1t 0)
MQX(i,r) =G= X(i,r,si:

S-47



Table 5-5: The Full MPS/IGE Model - Armington nesting and Imports

$PROD:A (i, r) s:SIGEX(i)
O AP(i,r) Q:VAM(i,r)

1 Pd, r)Q(VDI\/(|$r)/(I+DMKO(1,r)))P: (1+ DMKO (i, r) )
MC_FLAG(i, r T:DMK(i,r)$MC_FL

WG oM i) r) AG (i

$PROD:M(1, r) s:SIGVi) S TL:O

O:MP(i,r) QVIMi,r)

[:P(i,s)SVIVWB(i,s,r)

+ Q (VXMD(i,s,r)/(1+XMKO(i,s,r)))

+ P ( (1#TXO0(i,s,r) ) *(1 4 TMO(i,s,r))*(1+XMKO(i,s,r) ) ) s.TL:

* Tax when no special export subsidy rules are applied:
+ A Y(s)$(NEXS_FLAEi,s,r) + NQXS FLAG(i,s, r) eqg 0)
+ T (TX(i,S,r)*(1+XMK(i,S,r)))

+ S(NEXS_FLAG(i,s,r)+NQXS_FLAG(i,s,r)eq 0)

¢ Subsidy when export subsidy expenditure rule is applied:

+ A Y(s)$NEXS _FLAG(i,s,r) N:NEX(i, s) $NEXS_FLAGM, s, r!

+ M (TXO(i,s,r)”(l+XMK(i,S,r)))SNEXS_FLAG(i,S,r)

*  Subsidy when export subsidy quantity rule is applied:
+ A:Y(s)SNQXS_FLAG(i,s,r) N:NQX(i,s)SNQXS FLAG (i,s, 1)
+ M (TX0(i,s,r) * (1+XMK(i,s,r) )$NQXS_FLAG(i,s,r)

Inport Tariff when no special subsidy rules are applied.:
+ AY(r) T:(TM(i,s,r)*(l+TX(i,s,r))*(1+XMK(i,s,1)))
+ $ (NEXS rLAG(i,s,r) + NQXS FLAG(i,s,r) eq 0)

Exogenous part of the Tariff with either export subsidy rule:
- AY(r) T:(TM(i,s,r)*(l+XMK(i,s,r))

- $ (NEXS_FLAG(1i,s,r) or NQXS_FLAG(i, s, r))

= Endogenous part of the Tariff when expenditure rule is applied:
+ N:NEX(1i,s)SNEXS FLAG(i,s, r)

+ M (TXO(i,s,r)*TM(i,s,r)* (1+XMK(i,s,r)) ) SNEXS_FLAG(i, s, )

* Endogenous part of the Tariff when quantitiy rule is applied:
+ N:NOX (i, s) $NQXS_FLAJ i, s, )
+ M (TXO(i,s, r)*TM(i,s,r)* (1+XMK(i, s, r)) ) $NQXS FLAG(i, s, r)

*  Endogenous monopolistic competition markup:
+ A:FC(i,s)SMC FLAG(i,s)
* T:XMK(i,s,r)SMC _FLAG(i,s)

L:GTP# (s)$(VIWS(i,s, r)-VXWD(i,s,r)) s.TL:
+ Q (VIWS(i,s,r)-VXWD(i,s,r))

+ P: (1+TMO(i,s, 1))

+ A:Y(r) T:TM(i,s,r)
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Table 5-6: The Full MPS/GE Modd - Export Congraints

~ Endogenous export (expenditure) constraint:

SCONSTRAINT: NEX (i,r) $NEX_FLAG(i,r)
XSUBSO(i,r) * WPI(r) * MEX(i,r) =G=
sum(s$ (TXO (1, 2, 8) 1t0) | NEX(I, 1) * (=TX0(i, r, s)) rB(i, 1) *vxuD(i, 1, 5)
*[(1+XMK(1i,r,s) *NMK(i,r,s))/ (1+XMKO(i, r, S) )]
« now multiply by * OXS(i,r,s) ];
* [Mi,s) * [MPd,s) *PMSO(i,r,s)/
[ (L+4TM(i,r,s) ) * [TSHR(i,r,s) "GIP
+ (I -TSHR(i,r,s)) *
{1+XMK(i,r,s)*NMK(i, r,s)}/(1+XMKC (i, r,s))

© (1+ NEX(i,r) * TXO(i,r,s)) * P(i,r)]
J1**SIGM{(1)] 1];

» Endogenous export (quantity) constraint:

SCONSTRAINT:NQX (i, r)SNQX FLAG(i, r)
sum[s$(TX0 (i, r,s) 1t 0),
e Variable QXS(i,r,s):-
[M(i,s) * ([MP(i,s) *PMSO(i,r,s)/
[ (I+TMd, r,s)) * [TSHR(i,r,s) *GTP
+ (I-TSHRd,r,s) ) =~ (1+AMK(i,r,s) NMK(i,r,s))/(I+XMKO(i,r,s))
{1+ (NEX(i,r)+NOX(i,r)) * TXO(i,r,s)] *P(i,xr)]
] 1**SIGM(i)]

*YXWD (i, r,s) 1=G=
MQX(i,r) * sum[s$ (TXO0(i,r,s) 1t 0),VWD (i, r,9s)];
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Table 5-7: The Full MPSGE Modd - Utility, Wefare, Income, Global
Transport and Savings

SPROD:GU (r) 3:1
0:GP(r) Q: (sum(i, VGA(i,r)))
I:AP(i,r) Q:VGM(i,r)
+ P: {1+TGO (1, 1))
+ A:Y (r) T:TG(1, r)
$PROD:PU(r) s:|
0:PP(r) Q: (sumd, VPA(i,r)))
I1:APd,r) Q:VPM(i,r)
+ P: (1+TPO (i, r))
+ A:Y(r) T:TP(i,r)
$PROD:GT s:|
0:GTP Q: (sum( d,r) ,VST(i,r)))
I:P(i,r;)  Q:VST(i,r)
SPRODIGS S:l
0:GSP Q: (sum(r, SAVE(r)})
I:P("cgds",r) ((VOM("cqgds™, r)-VDEP{r)}))
$PROD:WEL(r) s:|
0:WPI(r) Q: (sumd, VGAd,r) + VPAd,r)) + SAVE(r))
I:GP(r) Q: (sumd, VGA(i,r)))
I:PP(r) Q: (sumd, VPA(i,r)))
1:GSP Q:SAVE (r)
SDEMAND:NFI (r) s:1 :
E:W(f, r)$(sum{j,SME(L,j,r)]) Q:(sum(j,SME(f,j,r)])
E:SSW(f,J,r)SSSE(£f,j,r) Q:SSE(f,]j,r)
* E:W("Capital",r) Q:EVOA("Capital”, r) R:ECAP(r)
E:P("cgds", r) Q: (-VDEP(r))
* E:P("cgds",r) Q: (VDEP(r)) R:ECAP(r)
* E:P(j, r) Q:vOoM r)$(RTS(j,r) ne 1)
D:WPI(r)
$DEMAND:Y (r) s:|
D:WPI(r)

$OFFTEXT
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54 WELFARE DECOMPOSITION

If we only need to know the aggregate welfare change then the equivalent variation
can be calculated as follows:

EV(r) WEL (1) ] (INCOME (r) ~VDEP (r) )

(wel(r) - 1) x (INCOME(r)-VDEP(r))

We can decompose EV changes according to the source of welfare gain by tracing
welfare to rea income, and then decomposing the sources of real income. Equations
142 and 15.10 imply that

~—
re

WEL(r) = Y(r) [/ wpi(r)
S0 that
EV(r) = Y(r) / wpi(r) - (INCOME(r)-VDEP(r))
= [Y(r) - (INCOME-VDEP(r))]/wpi(r)
+ [1/api(r) - 1] x (INCOME(r)-VDEP(r))

The first term in this expression is real income. while the second term is the effect that

rising prices have on welfare (i.e. the consumer surplus).

Equation 14.1 can then be substituted for Y(r) to obtain EV as a function of income

sources. For clarity, take the following income function:

Y(r) = X.EVOA{f,r) x w(f,r)
- VDEP(r) < p(“cgds”,r)
= ¥ TAKREV(i,r

where TAXREV(i 1) is the net revenue from al tax instruments for good i in regionr.

The basz income is

(INCOME (r)-VDEP (r)) >. EVOA(f,r)] - VDEP(r)

=
+ ¥~ TAXREVO (i, r)
where tax revenues in the base are denoted TAXREVO. Then
EV{r) = 3, [EVOA(f,r) *< W(f,r) - EVOA(f,r) ] /wpi(r)
- [VDEP (r)xp (“cgds”,r) - VDEP(r)] /wpi(r)

+ ¥ [TAXREV(i,r) - TAXREVO(i,r)] /wpi(r)
+ [1/wpi(r) - 1] x (INCOME(r)-VDEF(r})

This expresson can be decomposed into four terms, producer effect (PE),

deprecidtion effect (EV_DEP), tax revenue effect (TR) and a consumer effect (CE).
EV(r) = PE + EV.DEF + TR + CE
PE(r) = S, [(w(f,r)- |) ~ EVOA(f,r) 1 /wpi(r)
EV_DEP{r) = [VDEP(r)-p( cgds”,r) - JCER (Y)Y Jwpi(r)
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TR(r) Y. [TAXREV(i,r) - TAXREVO(i,r)] /wpi(r)
CE(r) [I/wpi(r) - 1] x (INCOME(r)-VDEP(r))

Decomposing the Producer Effect

The producer effect term can be decomposed by sector. Recall that
Evoa({f, r)
E(f.j.r)
Then

I, E(f,j,r)
e(f,j, r) xEVFA(f, j, r)

—
N oo
e

PE() = I [w(f,r)x X e(f,j,r)XEVFA(f,j,r) - EVFA(f,3,r)! /upi(r)
=1, I, (w(f,r)xe(f,j,r) - 1) xEVFA(f,],r)/wpi(r)

Defining EV_PE(i.r) to be the producer EV effect by sector, then

g7 PElL, ) = L. (w(f,r)yxe(f,j,r) - 1) <EVFA(f,3,r)/woi I

Decomposing the Consumer Effect
As wdfare is a Cobb-Douglas function of private and government consumption, and

savings. and as private and government consumption are both Cobb-Douglas
functions of consumption of individual goods, the welfare price index wpi(r) can be
expresed as:

wpi (r) = gsp* ™ [l ap(i)™**

where air; + ¥ d(i,ry =1

It can then be shown that

CE(r) = (1/gsp”* - 1. « (INCOME(r)-VDEF(r) )
+ 1 (1/7ap> % - 1) x (INOOME(r)-VDEP(r) )

Note that this expression is a first-order approximation to the true expression. which
indudes terms for prices in al pairs of sectors. al triples of sectors. dl quadruples of

sectors. and SO on.

The contribution of the consumer effect for good i to welfare in region r is therefore

EV_CE(i,r) = (1/ap®** - 1) x (INCOME (r)-VDEP (r) )

And a savings term EV_SAVE shows the effect of the global savings price on welfare
inregionr:

EV_SAVE() = (1/gsp®'®’ - 1) « (INCOME(r)-VDEP(r))

A “joint™ factor EV_JOINT sums the approximation errors in the consumer surplus
decompogition:

E7_JOINT(r) = CE(r) - EV_SAVE(r) - . EV_CE(i.r)

—
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Decomposing Tax Revenue

Tax revenue can be decomposed by type of tax. and by the commodity on which the

tax is levied. Tax revenue can be found from the tax terms in equation |4 |-

+ + 4+ + 4+ + + o+
MMMAMM MM M2

TAXREV(r) = TO(3,r) x Q(j,r) x p(j,r)
TFED(i,j,r) X FDD(i,j,r) x p(i,r)

TEI(i,j,r) X FDMd,j,r) x mp.(i,r)

-
-

-

TPD(i,r) x PDD(i,r) x p(i,r)
COTPICE,T) x PDM(i,r) x mp(i,r)
~ TGD(i,r) x GDD(i.r) x pd, r)

TG'(Ivr) X GDM(I,r) X mp(l’r)

s TM(i,s,r) = DM(i,s,r) x CIFPd,s,r)
s TX(i,x,8) x DX(i,r,s) x P(i,r)

-

et

The base tax revenue is

TOO(j,r) x VOM(3, r)
. TFDOd,j,r) x VDFMd,j,r)
TFIO(i,j,r) x VIFMd, j, r)
TPDO(i,r) x VDPM(i,r)
TPIO(i,r) x VIPM(i,r)
TGDO (i, r) x VDGM(i,r)
TGIO(i,r) x VIGM(i, r)
TMO (i, s, r) x VIWS(i,s,r)
TX0{i,r,s) x VEMD(i,r,s) .

TAXREVO (r) =

-

- e

w

MMM MMM Mp

+ 4+ 4+ + + + 4+ o+

[

D that

TR(r) Y, [TO(]F,r)xQ(j,r)xp{],r) - TOO(j,r)xVOM(j,r)] /wpi(r)
+ Eh] [TFDd, j,r)xFDD(i,j,r)xp(i,r) - TFDO {i,j,x)XVDRM (i, ,r)]

/wpi(r)

Ehj [TFI(i,j,r)XxFDM(i,j,r)xmp(i,r) - TEFIO(i,j,ryxVIEM(i,]j,xr)]
/wWpi(r)

ZL[TPD(mepDDU,Ux p(i,r) - TPDO (i, r) xVDPMd, r) ] [/wpi(r)

2. [TPI(i, r)xPDM{i,r)xmp(i,xr) - TPIO(i,r)xVIPM(i,r)] /wpi(r)

g

5

[TGD(i,r)xGDD{(i,r)x p(i,r) - TGDO(i,r)xVDGM(1i,r)] /wpi(r)
2. [TGI(i,r)xGDM(1i,r)xmp(i,r) - TGIO(i,xr)xVIGM(i,r)] /wpi(r)
li,s [TM(i, s,r)xDM (i, s,r)xCIFP(i,s,r)

TMO(i,s,r)xVIWS(i,s,r)] /wpi(r)
+ ZLS [TX(i,r,s)xDX(i,r,s)xp(i,r) - TXO (i, r,s) XVXMD (i, r, s) ]
/wpi(r)

+ + + + +

The contribution of tax revenue for good i to welfare in region r is therefore

EV.TRi,r) = [TO(3,r)xQ (3, r)xp(j,r)- TAD (3, r) XMM (3, r) ] /wpi (r)
+3, [TFDd, j, r)xFD(i, j,r)xp(i,r) - TFDO(i, j , £) XVDFM(i, 3. 1) ]

/wpi(r)

+Zj{TF|d,j,r)XFDWi,j,r)xmp(i,r)-TFIO(i,j, r)y xvViFm, j , )]
/wpi(r)

+ [TPD(i,r)xPDD(i,r)x p(i,r) - TPDO(i,r)xVDPM(i,r)] /wpi(r)

+ [TPI(i,r)xPDM(i,r)xmp(i,r) = TPIO(i, )XVIPMi,r) ] /wpi(r)

+ [TGD(i,r)xGDD(i,r)x p(i,r) — TGDO(i,r)xVDGM(i,r)] /wpi(r)

+ [TGI(i,r)xGDM(i,r)xmp(i,r) = TGIO(i,r)xVIGM(i,r)] /wpi(r)

+1s [TMi,s, r)xDMi,s, r)xAFP(i,s,r) - T™™0(i,s,r)xVIWS(i, s, r)]
/wpi(r)

+%, [TX (i, r,s)xDX (i, r,s)xp(i,r)- TXO(i, ¥, s) xXVXMDd, r, s) ]
/wpi(r)
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Inter preting the Welfare Decomposition
Chapters 6 and 8 will use this decomposition of welfare to interpret simulation results.
There are two points that are made here to clarify the use of welfare decomposition

techniques.

The Sources and Causes of Welfare Change
Wefare decomposition identifies the sources of welfare change. SO a positive

producer surplus in the services sector means that rea income has increased because
the service sector is either employing more factors, or it is paying them a higher wage.
This does not identify the cause of the welfare change. which is far harder to assess. If
the only change that is made to policy variables for a simulation is a reduction in a
gngle tariff then we can say that the reduction in that tariff cau.ses the welfare
changes measured by the simulation, and using welfare decomposition we can identify
the sources of gain. In partial equilibrium the sources and causes must be the same
sector, but in general equilibrium some of the sources of welfare changes will occur in

different sectors.

In a simulation where many policy instrumehts are changed, welfare decomposition
will show the sources of welfare change, but in order to measure the causes (how
much does each policy change contribute to welfare), it would be necessary to
conduct a separate simulation for each policy instrument that is changed. Even then,
the welfare changes from each separate ssimulation would not add up to the welfare
change in the simulation with al policy instruments changed simultaneously because
there is interaction between policy instruments. Chapter 6 looks for the causes of
wdfare change on a broad scale: with a large globa model it is infeasible to run a
Spaate simulation for every tariff and tax that is changed in the Uruguay Round
reforms, but it is possible to separate the reforms into broad categories such as

agricultura reforms, abolition of the MFA, and industrial market access reforms. "

18 1n the 13 region, 17 sector model used in Chapter 6 the MFA abolition accounts tor the removal of Voluntary
Expot Levies on 42 bhilateral routes. Industrial market access reforms involve tariff liberalisation on
approximatedly 1000 individua taritfs, while agricultural reforms involve tariff liberalisation on approximately
1230 tariffs, export subsidy liberalisation on around 400 subsidies. and the reform of approximately 100 output
subsidics. There are over 2500 individual policv instruments that are reformed in the complete Uruguay Round
simulation, ’
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Price  Non-Homogeneity
The welfare decomposition is not “price homogeneous’ i.e. homogeneous of degree

zero in prices, but welfare is. To explain this, recall the expression for EV:
EV(r) = Y(r) [ wpi(r) - (INCOME(r)-VDEP(r})

Here both income Y (r) and the aggregate price index wpi(r) are nomina values, so the
EV caculation is 'price homogeneous'. Multiplying al nomina vaues by the same

proportion will not change EV/(r).

The firgt step in decomposing EV was to create two terms. an income effect (this was
later decomposed into producer surplus, depreciation, and tax revenue effects) and

consumer surplus:

£V r) = [Y(r) - {INCOME-VDEP (r))]/wpi (r)
+ [Hwpi(r) - 1] x (INCOME(r)-VDEP(r: >

It is immediately apparent that these two terms are not “price homogeneous'
proportiona increases in Y(r) and wpi(r) will increase the first term and reduce the
ssoond term.

In chapter 6. the aggregate price index wpi'(r) for the EU region is used as the
numéraire. so that wpi(*eu™) = 1; there will therefore be no overall consumer surplus
change for the EU, athough there will be consumer surplus contributions from
individud goods, summing to zero. For regions that experience a rise in aggregate
prices (i.e. where the simulations result in wpi(r) > 1), consumer surplus must be
negative. and the price changes will tend to increase producer surplus and tax revenue
(dthough these may still fall). The opposite will occur in regions where aggregate
prices fall.

No atempt to correct the price non-homogeneity is made'” because (i) EV as awhole
is price homogeneous, as are al parts of the model, and (ii) any corrections would

necessrily mean that welfare decompositions are not comparable across regions.

' 1t woud be possible (but time consuming) to solve the simulation n times, where n is the number of regions in
the model. changing only the numeraire in each simulation to be wpi(r) for each region in turn and record the
wellare decomposition only for the numeraire region, ,\s wpi(r)=I for the numéraire region. there would be no
degregute price effect on the decomposition terms,
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55 CONCLUSIONS

This chapter has examined the GTAP model in more detaill than the graphical
representation given in Chapter 3. Section 5.1 introduced the standard GTAP model as
an MPS/GE model, covering both the behavioural conditions for each sector and
consumer and the accounting equations for market clearing in goods and factors.
Section 5.2 examined various changes to this structure tHat make the model more
tractable in the MPS/GE framework, and Section 5.3 presented extensions to this
modd to incorporate a degree of factor specificity, explicit Uruguay Round
congraints and monopolistic competition. Section 54 demonstrated a means of

decomposing welfare using this model.

Chapter 6 will use this model to examine various aspects of the Uruguay Round, and a
further modified model will be used in later chapters that takes advantage of the new
rleese (version 4) GTAP database.

An equivalent (and preferable because |45 time consuming) method would be to divide all nominal values '™ the
wleulation of EV_PS. EV_TR, EV_ ('S, EV_DEP, EV_SAVE and EV_IOINT py wpifr).
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CHAPTER 6

RESULTS FROM THE URUGUAY ROUND
SIMULATIONS

61 INTRODUCTION

This chapter presents the results from CGE modelling simulations conducted with the
GTAP-based model using the aggregation described in chapter 4 (section 4.6.2) and
the modd structure described in chapter 5 (after modifications). A range of issues will
be examined, from the "traditiond"" aspects of global CGE anahsis - equivalent
vaidion by region and by reform component, to less common approaches -
decomposing welfare results by sector, for example, and to comparisons with other

moddling structures. A limited number of sensitivity tests are performed.

This chapter is structured as follows: section 6.2 presents the main results from the
gmulation exercises, section 6.3 presents various welfare decompositions of the
sources of gains, and section 6.4 examines simulations that are intended to show the
causss of the gains. Section 6.5 investigates what effect various modelling assumptions
ad parameters have on the results. Section 6.6 presents the results of a model that
indudes monopolistic competition, and section 6.7 examines EU farmer welfare under

dl the scenarios presented in other sections. Section 6.8 concludes.

62 THE URUGUAY ROUND AND ITSMAIN
COMPONENTS

The fird set of experiments follows those reported in Blake et al. (1996) and other
previous studies in estimating: (i) the consequences of the full UR reform package, and
(i) the impact in isolation of each of the Agricultural Agreement. the MFA reforms

and the industrial market access provisions.

P Some of the results presented in this chapter are 1 a paper forthcoming in the Journal of Agricultural Economics,
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Table 6-1: Regional welfare gains (EV in Son and as a percentage of 1992 income)

Full Uruguay Agricultural Textiles and Industrial market
Round reforms Components . CIOt_hmg access
liberalisation
ANZ 104 (0,36) 096  (0,33) 0,20 (0,07) -0.14  (-0,05)
CAN 1.57  (0,30) 1.03  (0,20) .55 . (0,30) -1.06  (-0.20)
USA 2146 (041 2,65  (0,05) 15,99 (0,30) 255 (0.05)
PN 26.65  (0,84) 516  (0,16) -1.02  (-0,03) 22,91 (0.72)
EU 24.86  (0,42) 1137 (0.19)  11.52 (0,20) 163 (0.03)
SKT 250  (0,52) 393 (0,82 -1.60  (-0,33) 0,35 (0.07)
SHK 321 (-7.1D) 0.01 (0,02 3,59  (-7,95) 0,36 (0.79)
EIT -1.68  (-0,23) -0,29  (-0,04) -1.13 (-0,15) -0.19  (-0.03)
BRA 1.57  (0,47) 0,70  (0.21) 0.04 (0.01) .04 (0.31)
oMl -8,43  (-0,34) 0.18  (0,00) 5030 (-0.21) 298  (-0,12)
SSA -0,49  (-0,33) 0,00  (0,00) -0.15  (-0.10) 0,32 (-0,22)
CHN 6,13  (1,37) 0.11 (0,02 5,46 (1,22) 060  (0.13)
oLl 6,22  (1,49) 0.15  (0,04) 6,12 (1,46) 0,08 (0.02)
OECD 75,58  (0,50) 21,17 (0,14) 2824 (0,19) 2589 (0.17)
non-OECD 2.61 (0,05 4,79  (0,09) 0,02 (0,00) 1.06  (-0.02)
Middle Income 9,25  (-0,23) 453  (0,11) -1141  (-0,28) -1,42  (-0.03)
Low Income 11.86  (1.17) 0,26  (0,03) 11.43 (1.13) 0,36 (0.04)
World 78,20  (0.39) 2594  (0,13) 28,25 (0,14) 2483  (0.12)

Tdde 6-1 shows the regional welfare effects, measured in terms of the equivalent

vaidion (EV) from the full UR reforms and for three of the mgor components:

agriculturd reform, liberalisation in textiles and clothing trade, and improved market

acocess The estimated global gain from the full reforms is approximately US$ 78 bn.

The three largest developed 'countries’, the USA, Japan and the EU, dominate the

wdfare gains, together accounting for $72.58 bn of the $78.20 bn total world gain.

Jgen benefits the most, the major source of its gains being from industrial market

aooess reforms, with some gains from agricultural liberalisation. The USA benefits

manly from textiles and clothing liberalisation, while the EU's main gains come from

bath agricultural and textile liberalisation.




China and the “Other Low Income’ (OLI) group make the largest gains in terms of
percent of income, and in both cases the mgor source of gains is from MFA reform.
Audrdia and New Zealand (ANZ), Brazil (BRA) and South Korea/Taiwan (SKT) dll
meke moderate gains, mainly from agricultural liberalisation, while Canada (CAN)

makes moderate agricultural and textiles gains but an industrial market access loss.

Singgpore and Hong Kong (SHK) lose the most as a percentage of income. and this
loss is entirely due to a large wefare loss from textile and clothing liberalisation,
where their established market position has been protected by VERs on newer textile
ad clothing producers. Remova of these VERs opens up world competition and
erodes the market share of the established exporters. Other losers are the Economies in
Trangtion (EIT), the «Other Middle Income” (OMI) group and Sub-Saharan Africa
(SSA). this, with the exception of the OMI's smal gain from agricultural
liberdisation, coming from small losses in dl areas. The problem for these areas, and
for Sub-Saharan Africa in particular (which does not perform any liberalisation itself
ad is dso granted preferential access to deleloped markets under the Generalised
Svstem Of Preferences), is that they make only smal gains directly from tariff
liberdisation while they lose through indirect trade-diversion effects as other exporters
gan from larger tariff reductions. Losses from textile and clothing liberalisation

further worsen the position of these groups.

Table 6-2 reports on results for the EU sectors, showing the percentage change in
vaious indicators. Producer prices are net of all taxes and subsidies, while the
consume price is the aggregate price of domestically produced goods and imports.
The percentage change in the price of goods used as intermediate products is the same
as the percentage change in the consumer price (the Armington elasticities are the
sare regardiess of how goods are used). Using input-output coefficients, it is then
possble to determine what role intermediate input prices play in determining output
prices the meat sector for example uses 0.49 units of Livestock for each unit of output.
Tdde 6-2 shows that the intermediate/consumer price of Livestock fals by 0.62%.
This contributes 0.30% (0.62% x 0.49) to the 0.48% fdl in the producer price of Meat
(the resdud fdl of (0,189 reflects increases in the prices of other intermediate goods

ad increases in wages)
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As would be expected, the Uruguay Round reforms will confront al agricultural
sectors and most food sectors (with the exception of *Other Agricultural Products’)
with falling price and output, the mgor sector affected being Non-Grain Crops. Note
that Non-Grain Crops and Milk Products are constrained by Uruguay Round export
quantity commitments, that the small initial export subsidy in the Livestock sector is
eradicated, and that all other sectors are constrained by ekport subsidy programme
expenditure commitments. In all cases except Non-Grain Crops and Livestock, the
change in the ad valorem subsidy rate is lower than the 36% cut usualy implemented
in models that do not specifically model the subsidy commitments.

Table 6-3 shows the outcome for export subsidies in dl regions and sectors. There are
three possible outcomes;- The subsidies can be either eliminated, guantity-constrained,
or expenditure-constrained. In most cases (21 of the 29 subsidies) the subsidy is
giminated, in four cases the subsidy is expenditure-constrained, and in four cases the
aubddy is quantity-constrained. Six of the eight sectors where subsidies are not
eiminated are in the EU, with one sector (milk products) retaining subsidies in both
the USA and Canada. In al the eight cases where subsidies are not eliminated, the
initid ad valorem rate of the subsidy was high. In general the sectors with the highest
initid ad valorem subsidies become constrained by the expenditure commitment, as
for ay percentage change in the ad valorem subsidy, reform in the higher-subsidy
sctors will induce a larger change in cif price and therefore (generallyv) export quantity
then sectors with lower subsidies. This does not hold for al cases, however: in the EU
the milk products sector has a higher ad valorem subsidy than the meat products sector
(dthough not a large difference) but milk export subsidies become quantity-

condrained and those for meat expenditure-constrained.

b .
- .'", fact, as discussed in Chapter 5. there is a fourth possible outcome: that the commitments will be met at the
onganal udl valorem subsidy rate., requiring no reduction. This possibility does not occur in any Sector.
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Table 6-3: Export Subsidy Outcomes

Initial ad
Sector Outcome Base Vaue valorem
(Sbn) equivalent
, (%)
“ANZ  Non-Grain Crops Eliminated neg " neg
Milk Products Eliminated 0.12 005
CAN  Wheat Eliminated 0,30 7.1
Other Grains Eliminated 0.11 15.1
Non-Grain Crops Eliminated 0,06 50
Milk Products Quantity-constrained 0.12 4.1
Other Agricultural Products Eliminated 0.01 02
USA Paddy Rice Eliminated 0,02 58
Wheat Eliminated 0,85 16.7
Other Grains Eliminated 0,08 13
Non-Grain Crops Eliminated 0,01 0,003
Mesat Products Eliminated 0.07 15
Milk Products Quantity-constrained 0,21 A1
R Paddy Rice Expenditure-constrained 0,08 76,5
Whesat Expenditure-constrained 264 67,6
Other Grains Expenditure-constrained 189 70,7
Non-Grain Crops Quantity-constrained 1.33 233
Livestock Eliminated 0.01 0,7
Mesat Products Expenditure-constrained 314 44.8
Milk Products Quantity-constrained 4,30 47,7
BRA  Other Grains Eliminated neg 38
Non-Grain Crops Eliminated 0,07 25
Meat Products Eliminated 0.01 09
Milk Products Eliminated neg 17
Other Agricultural Products Eliminated 0.02 0,2
BT  Livestock Eliminated neg neg
Meat Products Eliminated 0.02 1.7
Milk Products Eliminated 0.04 92
OMI' - Milk Products Eliminated neg 0,07
notes  neg = negligible value
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63 DECOMPOSITION OF RESULTS: THE SOURCES OF
WELFARE CHANGES

Teable 6-4 and Table 6-5 show results from decompositions of welfare for the EU in the
ful Uruguay Round scenario. Table 6-4 gives the results for aggregate sectors. Table
65 those for each sector in the model. The first three columns show the welfare
decomposition Using the techniques discussed in Chapter 5. giving (net) tax revenue.
consumer effect and producer effect in each sector. Note that the "Other" row refers to
svings and joint effects (the interaction between consumer effects in different
sectiors) and depreciation effects. The next two columns give the wefare effects of
changes in export and import prices. The terms-of-trade column is the sum of these.
"Domestic" effects are al those welfare effects that are not accounted for by terms-of-
trade changes. Therefore the tax revenue plus consumer effect plus producer effect sum
to the total column. as do the terms-of-trade and domestic columns. The three
decomposed effects (TR. CE. PE) can be regarded as resulting from either terms-of-
trade or domestic effects.

Examining the total welfare effects by- sector (the final column) in Table 6-4. it is
gopaent that the textiles and clothing sector is the largest source of welfare gain.
$14bn. of which $12.4bn accrues to consumers via lower prices. Agriculture and food
together account for a $10.5bn welfare gain; for the food sectors there are welfare
gans in each category (TR. CE and PE) while in agriculture there are large (net) tax
revenue gains because of lower subsidy payments, but high losses to producers. It is
goparat that the redistributional effect of agricultural reform is much higher than the
ovadl wefare gain in these sectors. Table 6-5 shows that the redistribution takes

plece

Table 6-4: Decomposition of welfare for EU in the full Uruguay Round (Sbn)

T c q Terms-
ax onsumer  Producer Expf)rt Impprt of- Domestic  Total
Revenue Effect Effect Price Pnce Tt
rade
Agriculture 16.766 1.51 -15.13 2229 -1.69% 0.537 2619 3156
Food 2182 3723 1451 2622 -0.825 179 5568 7.363
Textiles and Clothing 1121 12416 0.52 0642 8052 741 6,647 14.057
Manufectures and 11379 -12.626 28.638 1049 -2.821 -1.773 6,405 4,632
S3vicess
Tod 8755 0000 16110 5267 2703 7970 16895 24,865
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Table 6-6: EU Base Data on Agricultural Protection

T Output Subsidy I E.xport Subsidy Tariff
Rate E.xpenditure Rate Expenditure Rate
(%0) (Shn) (%) (Sbn) (%)
[Paddy Rice 7,20 0.15 76,46 0,09 128.70
Wheat 6,30 2.29 6756 2,64 51.20
Other Grains 2,50 0,79 70.66 1,89 67.60
Non-Grain Crops 71,00 65,94 23,32 1.33 58,50
Livestock 9.16 19 46 0,66 0,01 39,24
Processed Rice * * * * 128.70
Meat Products 0,20 0,36 44,79 3.14 56.10
Milk Products * * 47.75 4,30 132.90
Other Agricultural Products * * * * 10.84

Note: *= no net subsidy

largely in the non-grain crops. the sector with the highest initia production subsidies,
as shown in Table 6-6.

Mudh of the welfare gains to the EU accrue to the services sector. in fact the gain in
this sector is '/, the total EU gain. despite the fact that there is no liberalisation taking
place in services because of the absence of GTAP data. Welfare gains occur in the
savices sector because distortions that bias production away from services are
liberdised. This underlines one of the strong points of CGE modelling: that the general

equilibrium effects of reforms can be large, and are completely missed by other forms
of analysis.

Welfare Decomposition for the USA

Table 6-8 shows the result of decomposing welfare changes for the USA. The format
of the table is identical to Table 6-4. Note that the large overall consumer gain and the
lossss from tax revenue and producer effects are a result of the price non-homogeneity
discussed in chapter 5. Table 6-7 shows the percentage change in the aggregate price in
each region, from which it can be observed that the USA experiences a small aggregate
price fdl, which will in itself transfer income from producers to consumers. The export
price, import price, terms-of-trade, domestic and total columns are price homogeneous,
ad show that the majority of the USA's welfare gains accrue in textiles and clothing.

5% of the gains accrue because of import prices (a welfare increase through import
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Table 6-8: Decomposition of welfare for USA in the full Uruguay Round (Sbn)

Tax  Consumer Producer Export Import Ter;ns— Domestic  Total
Revenue  Effect Effect Price  Price ..
Trade
Aeticulture 4,893 -0,737 0,863 1987 -0485 1488 3502 4,998
Food 0118 -1.394 0,325 0,297 -0,656 -0365 -1.477 -1.839
Textiles and Clothing 3,215 17,052 -0,159 -0,108 9,386 9,278 10,83 20,108
Manufactures and 15293 21,867  -14,123 -2785 -4625 -7,409 0137 -7,547
Sarvices
Total -7,385 35,781 -6,842 -0574 3593 3,018 18.44 21,459

price changes must mean that import prices in this sector have fallen). The benefits of
textile and clothing liberalisation to the USA are $15.99 bn (Table 6-1). while Table 6-
8 dhows that the gains in the textile and clothing sectors from the full reforms are

$20.108 bn. This implies that the textile and clothing sector must benefit significantly
trom the other Uruguay Round reforms,

Welfare Decomposition for Japan

Japanee equivalent variation (from Table 6-1) is high compared to other regions - it is
the largest in dollar terms. and the third largest in percentage terms. Table 6-9
decomposes Japanese welfare for the full Uruguay Round reforms. and shows that
mogt of the welfare gains accrue through manufactures and services. and that the gain
fram export price rises in these sectors is amost half the tota welfare gain. Note that
Japanese prices (Table 6-7) rise. leading to consumer losses and producer gains. There

Table 6-7: Percentage change in aggregate price level

CAN -0.687
UA -0.676
JPN 1889
CHN 4,040
BRA 0,437
SA 0,448
BT 0.071
ANZ 0,608
B 0 (numéraire)
XT 0.867
FHK 2,443
oMl 0,094
Ou 5873
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Table 6-9: Decomposition of welfare for Japan in the full Uruguay Round (Sbn)

Tax  Consumer Producer Export Import Terms- _
Revenue  Effect Effect Price  Price ot-  Domestic Total
S _ Trade
Agriculture -0.813 0,747 -5,845 0 2819 2823 3072 5.897
Food -0,065 3,369 2,683 -0,017 -0.849 -0865 6852 50985
Textiles and Clothing 0167 -1.362 1236 0.167 -0,326 -0.158  -0.136 -0,294
Manufactures and 4014 -34.72] 98,748 11.066 -1,845 922 39,419 48.641
Services
Total 3493 58,729 83501 |1.21 5936 5274 21377 26,651

ae dso large losses from the three components of the EV decomposition not shown in
the table - the effect of rising prices on depreciation payments. the effect of rising

prices on savings. and the «'Joint" consumer effects.”

Total Welfare Change by Sector
Table 6-10 shows the total welfare accruing to each sector in each region as a result of

the ful Uruguay Round simulation. and can be used to aid the interpretation of welfare
results overall because. despite the fact that the sources and causes of welfare change
differ. we can infer something about the causes of welfare change from the sources.

This is useful because the sources of gain are a\ailable by sector.

The economies in transition (EIT) lose from the Uruguay Round as a whole, and Table
6-1 shows that this is caused by losses in dl three main components of the reforms, but
thet textiles and clothing liberalisation is the most significant cause of welfare loss.
Table 6-10 demonstrates that the losses to EIT accruing to the textile sector are the
largest losses to this region. but by no means dominate the welfare results. There is
evidence that much of the $1.13 bn welfare loss from textile and clothing liberalisation
is borne by other sectors, as the total loss in the textile and clothing sectors is $0.495
bn. EIT agricultural sectors unambiguously gain from the Uruguay Round, but the
losss in the food processing sectors outweigh these gains by $0.44 bn. The largest
wdfare losses in manufactures accrue to the other machinery and other manufactures

sectors, with asmall gain in the energy sector.

These cffects are mcluded in the ¢olumn totals hut are not shown individually.
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The largest welfare loss from the full Uruguay Round reforms is in Singapore and
Hong Kong (SHK). a region that makes a large loss from textile and clothing
liberalisation. but small gains from both the agricultural reforms and market access

reforms. Table 0-10 shows that there are no welfare gains in any sector in this region.

Table 6-11 presents the welfare effect of terms-of-trade chénges. by- commodity and
adso in total for each region. The Singapore and Hong Kong terms-of-trade deteriorate
in every good. with the total welfare effect of terms-of-trade deterioration exceeding
the overal losses from the Uruguay Round scenario. The terms-of-trade deterioration
thet results from the fall in export price of the wearing apparel sector is over 4% of
192 income. underlying the critica importance of the abolition of the MFA to this

region.

In three of the four regions where welfare fals as a result of the Uruguay Round (SHK,
EIT and OMI). the terms-of-trade effects cause this result, in that the welfare loss from
terms-of-trade deterioration in these regions exceeds the overall wefare loss. Sub-
Saharan Africas loss of $0.487 bn is almost accounted for by a $0.438 bn terms-of-
trade etfect. implying that there must aso be other (allocative inefficiency) sources for

wdfare loss in this region.

6.4 DECOMPOSITION OF RESULTS: THE CA USES OF
WELFARE CHANGES

Tadle 6-12 shows the results for four experiments that examine the effects of the EU
meking its Uruguay Round liberalisation components in the absence of liberalisation
dsewhere. The ‘EU Agriculture Reforms column shows the effects of the CAP
reforms preceding/concurrent with the Uruguay Round reforms. while the 'EU MFA

Reforms™ column shows the effects of the elimination of VERs on exports to the EU.

Comparison with Table 6-1 shows that one third of the globa gains from the Uruguay
Round come from the EU reforms. The gains conferred on other regions from EU
liberdisation totals §11.38 bn, while the gain to the EU from other regions' reforms is
$8.34 bn. The EU's gains are dominated by gains from its own reforms. particularly in

agriculture and textiles. The industrial market access reforms give the EU a small £ain
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Table 6-12: Decomposition of regional welfare effects of EU reforms and main

components (in Sbn and as a % of regional GDP)

----- Full EU Reforms EU gff:)l::r:lsture EU MFA Reforms EURL?S:ztsnal
"ANZ 0,47  (0,16) 0,30 (0,10) © 0,09 . (0,03) 0,07  (0.02)
CAN 0.32 (0,06) 0,09 (0,02) 0,05 (0,00) 0.18  (0,03)
USA -0,89  (-0,02) 0,08 (0,00) -0,48 (0,00) -0.51 (0,00)
JPN 7,88 (0,25) -0,60 (-0,02) -0.41 (-0,01) 8,90 (0,28)
EU 16,52 (0,28) 10.14 0.17) 12.86 (0,22) -6,98 (-0.12)
SKT -0,16  (-0,03) -0.10 (-0,02) -0.38 (-0,08) 0,33  (0.07)
SHK -1,44  (-3,20) -0,10 (-0,22) -1,45 (-3,21) 0,12  (0.26)
EIT -0,84 (-0.11) -0,16 (-0,02) -1.05 (-0.14) 0,42  (0.06)
BRA 0,44 (0,13) 0,32 (0.10) 0,08 (0,02) 0,22 (0.07)
oMl -0,20 (0,00) 0,71 (0,03) -2,72 (-0.11) 1.96  (0.08)
SSA 3,54 (0,85) 0,06 (0,02) 3.17 (0,76) 0,26  (0.06)
CHN 213 (0,48) 0,04 (0,00) 1.78 (0.40) 0,31  (0.07)
oLl 0,10 (0,07) 0,12 (0,08) -0,09 (-0,06) 0,08  (0.05)
OECD 24,3 {(0.16) 10,01 (0,07) 12.11 (0,08) 166  (0.01)
non-OECD 3,59 (0.07) 0,89 (0,02) -0,66 (-0,01) 3,7 (0.07)
Middle Income -2,2  (-0.05) 0,67 (0,02) -5,52 (-0.14) 3.05 (0.08)
Low Income 5.79 (0.57) 0,22 (0,02) 4,86 (0,48) 0.65 (0.06)
World 27.90 (0.14) 10,90 (0,05) 11.44 (0,06) 535  (0.03)

($1.63 bn) overall but a loss ($6.98 bn) from its own reforms. This is caused by a
terms-of-trade deterioration in manufactured goods, and it is Japan that is the main

beneficdary from EU industrial market access reforms.

Table 6-13 shows the results from four experiments that break down the effects of
(world-wide) agricultural liberalisation into the four different classes of agricultural
rform: tariff reform, export subsidy reform, output subsidy reform. and EU set-aside

reform.

The EU, as the region where both export and output subsidies are largest, is the only
region to make a large gain from their liberalisation, although the USA makes some
gans from the liberalisation of its lower cost subsidy regime. In the EU, around two-
thirds of the welfare gain from agricultural reform come from the subsidy reforms.

Given that the EU's expenditure on output subsidies is much higher than its
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Table 6-13: Decomposition of the Agricultural Reforms (in Sbn and as a % of

regional GDP)
Import Tariff Expot Subsidy  OutputSubsidy  SetAsde
i Reforms Reforms Reforms Reforms
ANZ 0,42 (0.15) 0,30 (0,10) 0,15 (0,05) 0,00 (0,00)
CAN 0.34 (0,07) 0,39 (0,07) 0,23 (0,04) 0,00 (0,00)
Usa 0.81 (0.02) 0,86 (0,02) 0,95 (0,02) 0,00 (0,00)
PN 6.65 (0,21) -1.06  (-0,03) -0,06 (0,000 -0,06 (0,00)
[=§] 3,56 (0,06) 452 (0,08) 2,80 (0,05) -0.18 (0,00)
KT 4,37 (0.91) -0,27  (-0,06) -0,13  (-0,03) 0,00 (0,00)
HK 0,22 (0,48) -0,09  (-0,21) -0,10  (-0.22) 0,00 (0,00)
EIT 0,04 (0.00) -041  (-0,06) 0.15 (0.02) -0.0J (0,00)
BRA 0,68 (0.20) 0,06 (0,02) 0.15 (0,04) 0,09 (0.03)
OMI 150 (0.06) -1,16  (-0,05) 0.17 (0,00) 0,00 (0.00)
A 0,17 (0.12) -0,19 (-0,13) 0,05 (0,04) 0,00 (0.00)
CHN 0,15 (0,03) -0,13  (-0,03) 0,09 (0.02) 0,00 (0.00)
OLI 0,22 (0,05) -0,13  (-0,03) 0,07 (0.02) 0,00 (0.00)
OECD 11.78 (0,08) 5.01 (0,03) 4,07 (0.03) -0,24 (-0.00)
non-OECD 7,35 (0,14) -2,32 (-0.05) 0,45 (0.01) 0,08 (0.00)
Middle Income 6,81 (0,17) -1,87  (-0.05) 0,24 (0,01) 0,08 (0.00)
Low Income 0,54 (0,05) -045 (-0.04) 021 (0,02) 0 (0.00)
Woﬂgln 19,15 (0,09 2,67 (0.01) 452 (0,020 -0.17 (0,00)

expenditure on export subsidies (see table Al). the fact that the gains to the EU from
export subsidy reform are much greater than the gains from output subsidy reform is

an indication of how trade-distorting and welfare-reducing are export subsidies.*

For the world as a whole, tariff liberalisation is the most important feature of the
agriculturd  reforms although, as would be expected, the USA and agricultura
exporters such as Australia, New Zedland and Canada make significant gains from
subddy liberalisation. Food importing countries/regions such as Japan, South Korea
and Tawan (SKT) and the *QOther Middle Income’ (OMI) group suffer significant

4 Bven though export subsidies expenditure is reduced by a lesst 36% and output subsidy expenditure by
20%. 1t s obvious thet given the totd expenditure on subsidies from Table At that the total dollar expenditure on
it gubsidies is reduced by far more than for export subsidies
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Table 6-14: Decomposition of regional welfare effects of differing assumptions (-m
Sbn and as a % of regional GDP

Standard GTAP Main Model with Main Model with
Assumptions no En.dogenous no Fixed Factors Main Model
Subsidy Rates

ANZ .12 (0,38) 1.08  (0,37) 106  (0,36) 104 (0,36)
CAN 1.35  (0,26) 142 (0,27) 156  (0,30) 1.57 (0,30)
USA 20.96 (0,40) 20,76 (0,39) 21.66 (041 2146 (0,41)
JPN 30.50  (0,96) 27,17 (0,86) 29,65 (0,94) 26,65 (0,84)
EU 36,55  (0,62) 29,06 (0,50) 30.10  (0,51) 24,86 (0,42)
SKT 329  (0,68) 2,66  (0,55) 3.09  (0,64) 2,50 (0,52)
SHK -3,22 (-7,12) -3.21 (-7.11) -3,21 (-7.11) -3.21 (-7.11)
EIT 178 (-0,24) 1,92 (-0,26) 142 (-0,19) -1.68  (-0,23)
BRA 168  (0,50) .57 (0,47) 1.67  (0,50) 1.57 (0,47)
oMl -8.02  (-0,33) -8,47  (-0,34) 789 (-0,32) 843  (-0,34)
SSA -0.77  (-0.52) -0,56  (-0,38) -0,64  (-0,43) 049  (-0,33)
CHN 638  (1.43) 6.18  (1,38) 6,28  (1,40) 6.13 (1.37)
oLl 6.44  (1,54) 6,27  (1.50) 637  (1.52) 6,22 (1.49)
OECD 90.49  (0,60) 79,49  (0,53) 8403  (0,56) 75,58 (0,50)
non-OECD 4 (0,08) 252  (0,05) 425  (0,08) 2.6i (0.05)
Middle -8.05 (-0,20) -9,37 (-0,23) -7,76 (-0,19) -9,25 (-0.23)
Income

Low Income 12.05 (1.19) 11.89 (117 12,01 (1.19) 11.86 (1.17)
World 94,48 (0,47) 82.01 (041 88,30 (0,44) 78,20 (0.39)

loses from the subsidy reforms (particularly export subsidies) as the price that they

pay for agricultural imports increases when the subsidies are reduced.

65 THE EFFECTS OF THE MODELLING ASSUMPTIONS

The effects of the modelling assumptions used in deriving al the results shown above
ae examined in Table 6-14. Each column represents the full Uruguay Round reform
scenario, and the *Main Model' column replicates earlier results for comparison. The
'Standard GTAP Assumptions' column removes al of the additiona modelling
fedtures that are included in this paper but do not feature in most GTAP simulations,
uch as those employed by Harrison et al. (1995) and Francois et al. (1995). The other

two columns each remove one model assumption from the “Main Model".
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There is a clear difference petween the results from the *Standard® model and the one
used here. The former “Overestimates’ the global welfare gain by around 20%, and the
EU gan by around 50%. in comparison with the latter. The -Fixed Factors-
assumption. modelling half of each agricultural factor as sectorally-specific. 1S the
man source of difference. put it is clear that treating subsidy reductions purely as
reductions in the ad valorem rates. with no account taken of the actual commitments,

a0 overestimates welfare gains.

Teable 6-15 shows the sectoral effects of the Uruguay Round in the -Standard® model,
and should be compared with Table 6-2. The “Standard” model predicts large quantity
changes and small price changes - a consequence of the highly elastic supply curves
thet are defined by the combination of constant returns to scale and perfect factor
mobility. Examination of the columns for exports and export subsidy expenditure
makes it clear that the “Standard” model incompletely represents the subsidy

commitments entered into by Uruguay Round signatories.

The \ery elastic supply curves in the “Standard” model pass virtualy al price effects
on to consumers, and result in large quantity shifts, while the ad valorem subsidy rates
on both output subsidies and export subsidies are reduced by more than is necessary to

med Uruguay Round subsidy commitments.

Table 6-16 gives an indication of the sensitivity of the model to some of the elasticities
that must be specified before the model can be calibrated. The Armington elasticities
odine the substitutability of imports and domestic products. and aso the
substitutability between imports from different regions. The \'dues for these
dadticities are taken directly from the GTAP database. As Table 6-16 shows. the
results are sensitive to these elasticities. with higher elasticities leading to much greater
gans from liberalisation. In fact. the importance of the Armington elasticities

outweighs the differences between standard and non-standard models structures.
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Table 6-16:Decomposition of regional welfare effects for differing values of the
Armington elasticities (in Sbn and as a % of regional GDP)

Half Standard Values Standard Values Double Standard Values
ANZ 0,71 (0,24) 1.04 (0.36) 181 (0,62)
CAN 0,69 (0.13) 157 (0,30) 3,90 (0,74)
UA 12,00 (0,23) 21,46 (0,41), 42,79 (0.81)
PN 22,04 (0,70) 26,65 (0,84) 3421 (1,08)
=] 19,88 (0,34) 24,86 (0,42) 41.33 (0,70)
T 0,58 (0.12) 2,50 (0,52) 6,56 (1,36)
HK -3,46 (-7,67) 321 (-7.11) -2,65 (-5,86)
EIT -2,00 (-0,27) -1,68  (-0,23) -1.09 (-0.15)
BRA 0,78 (0,23) 157 (0,47) 357 (1.07)
oMl -11,61 (-0,47) -8,43 (-0,34) -3,65 (-0,15)
A -0.67 (-0,45) 049  (-0,33) -0,33 (-0,22)
OHN 2,37 (0,53) 6,13 (1,37) 10,02 (2,24)
ol 1.97 (0,47) 6,22 (1,49) 1100 (2,63)
OECD 55,32 (0,37) 75,58 (0,50) 124.04 (0,82)
non-OECD -12,04 (-0,24) 2,61 (0,05) 23,43 (0,46)
Midde Income -15.71 (-0,39) 925  (-0,23) 2,74 (0,07)
Low Income 3,67 (0,36) 11.86 (1.17) 20,69 (2,04)
Word 43,26 (0.21) 78.20 (0.39) 147,48 (0,73)

66 |IMPERFECT COMPETITION

A variant of the model incorporates a version of monopolistic competition that models
trade in differentiated products. The structure of the model follows the imperfectly
competitive structure used in Harrison et al. (1995), with the exception that here we do
nat calibrate the model to predefined 'cost-disadvantage ratios™.” Each non-agricultural
sctor is modelled as monopolistically competitive, but perfect competition prevails in
the agricultural sectors. Table 6-17 shows the welfare results for this model calibrated
to four different initial numbers of firms per sector (in each region). In the absence of
ay data on the firm concentration ratio at the sector/region detail of the model. we

examine how the number of firms affects the results.

‘ The conjecturd variation is -0,5 in each sector <o that each firm expects thet for cyery bwo units ™ which
'Hinereases output, competitors will reduce their combined output by oneunit.
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Table 6-17: Welfare effects with monopolistic competition

Perfect Monopolistic Competition
Competition N==10 N=5 N=3 N=)
ANZ l.o4  (036) | 117 (040) 127 (043) 142 (048) 161 (0,55)
CAN 157 (030) | 17 (033 189 (036) 210 (040) 238 (0,45)
USA 2146 (041) | 2238 (043) 2323  (044) 2444 (046) 2608 (050)
N 2665 (084) | 27.14 (086) 2758 (087) 2822 (0.89) 2413 (0,92)
EC 2486  (042)| 26.08 (044) 27.20 (046) 2885 (049) 31.06 (0,53)
XT 250  (052)| 264 (055) 276 (057) 294 (061) 3.19 (0.66)
SHK 320 (7D 322 (-7.03) 322 (-7.14) 323 (-7.15) -323 (-7.16)
EIT -1.68  (-023)| -158 (-022) -147 (-020) -132 (-018) -l.11 (-0.15)
BRA 157  (0,47) 172 (051) 186 (055) 207 (062 236 (0.70)
oMl -843  (-034) | -7.61 (031) -68 (028 -58 (-024) -449 (-0.18)
A -049 (-033) | 044 (-030) -040 (-027) -035 (-023) -027 (-0.18)
OHN 6.13  (137)| 608 (1,36) 604 (135 599 (134 5% (1393
oLl 622 (149 | 631 (1.51) 640 (153) 654 (156) 675 (1.61)

OECD | 7558  (050) | 7851 (052) 8I.19 (054) 8503 (056) 9026 (0,60)
non- 261 (005 | 39 (008) 509 (010) 678 (013) 9.14 (0,18)

Middle -925 (-023) | -805 (-0,200 -6.95. (-0.17) 54  (-0.13) -3,28 (-0,08)
Income
Low 11.86 (117 1195 (1.18) 1204 (L19) 1218  (1.20) 1242 (1,23
Income

Wold | 7820  (0.39) | 8240 (0.41) 8627 (043) 9180 (045 99,39  (0,49)

Table 6-17 demonstrates that the presence of monopolistic competition increases the
returns to liberalisation. but that the increase is large only if we are prepared to accept
very concentrated sectors. The effects on agricultural sectors (not shown here) are aso
small. partly because they are not modelled as monopolistically competitive., but also

because the effects elsewhere. including the food processing sectors, are small.

67/ EU FARM INCOME AND CAP COMPENSATION
PAYMENTS

Taole 6-18 shows the EU farm income effects of all the scenarios modelled above.
Ddlar vaue changes and percentage changes are given for the fixed and mobile

agriculturd factors separately. and together as the total farm income. In the full
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Table 6-18: EU farm income* under all scenarios (Sbn and % change)

Fixed Mobile I'olal
—mrugu;l) Round reforms 14260 (-11.65) 901  (-7,60) 23.26  (-1.66)
Agricultural Components 1467 0 (-11.99) 9,43 (-7.96) 24000 (-10.01)
I'extiles and clothing liberalisation 0.76 (0,63) 053 (0,44) 1,09 (0,54)
Industrial market access 0.01 (0.00) 0.09  (0,08) 040 (0.04)
Agriculral Import Tariff Reforms -4.78 (-3.97) -2.90  (-2.41) 768 (3 19)
Agricultural E,\port Subsidy Retorms -3,83 (-3.18) -2.34  (-1.95) -6.18 (-2.56)
Agricultural Output Subsidy Reforms -8.23 (-0.83) =519 (-4.31) -1342  (-5,57)
Agricultural Set-Aside Reforms (.37 (0.30) -040 (-0 34) -0.04 (-0 01y
Full [\l Reforms -15.020 (-12.27) -9,49  (-8.01) 24510 (-10.18)
EU Agricultural Reforms 1357 (-12.73) -9.96 (-8.41) -2553  (-10.60)
Eli "Fextile and Clothing Reforms 0.33 (0.44) 0.41 (0,34) 0.94 (0.39)
Ell industrial Market Access Retbrms 0.73 (0.61) 0,47 (0,39) 120 (0.50)
standard GTAP Assumptions -0,53  (-13.48) 24,70  (-10.43) 2523 (-10.48)
No Endogenous Subsidy Rates -19.77  (-16.13) -12.08  (-10.20) <3185 (-1322)
No Fixed factors -0,03 (-0.71) 17539 (7 43) -17.62  (-7.32)
Halved Armington Elasticities -11.62 (-9.49) -7,37  (-6.22) -I808  (-7.88)
Doubled Armington Elasticities -17.03 0 (-13.92) -10.69  (-9.03) -27,73 Il 1.531)
Monopolistic Competition (N=10) 1423 (-11.63) -8,98  (-7.58) <2321 (-9.64)
Monopulistic Competition (N=3) <1420 (Lo -896  (-7.56) -23,16  (-9.61)
Monopolistic Competition (N=3) -4 16 (-11.57) -8,92  (-7.53) -23,08  (-9.58)
Monopolistic Competition (N=2) 1410 (-11.52) -8,87  (-7.49) -2297  (-9.54)

* Exduding compensation payments

Uruguay Round scenario, total farm income falls by $23,26 bn. of which $14,26 bn is

afdl in the income of immobile factors.

Compensation payments are included in this model solely as a transfer payment from
government to *“farm households'. The GTAP modelling framework employed here has
a dngle household in each region that accounts for al private and government
consumption and savings. As such, compensation payments are a transfer of income
within this regional household. The results in table 10 are therefore for farm income
without any compensation. The compensation payments are approximately $20 bn per
year. which we assume will be paid to sector-specific agricultural factors, adding to the

income of the fixed agricultural factors.

The results here show that, in net terms, the Uruguay Round will have a small, but
pogtive, impact on fixed EU farm income after compensation, where the $20 bn
compensation payments will more than offset the $14 bn loss prior to compensation,

leeding to a $6 bn gain.
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As might be expected, the fdl in agriculture-specific factor income is greater than the
fall in payments to mobile factors in the sector," and this fal in income comes mainly
from the Agricultural Components of reform (and therefore mainly from reductions in
output subsidies). The textile and clothing and industrial market access components
increase farm income since liberaisation in other sectors increases the effective
protection afforded to agriculture. Farm incomes are increaéed by $1.20 bn from EU
indugtrial reforms, but only by $0.10 bn from globa industrial reforms. indicating that
the EU's own industria tariffs afford negative protection to agriculture, while
industrid tariffs abroad effectively protect EU agriculture.

The aternative assumption of monopolistic competition in the non-agricultural sectors
hes very little affect on farm income, largely because none of the agricultural sectors
ae directly effected by these scenarios and changes in other sectors (as seen in the
andl overal welfare changes) are small. Farm income does howe\'er show some
senditivity to the Armington elasticities. such that high elasticities. inducing greater
trade shifts. lead to a larger fam income loss (farmers here gan $3 bn after

compensation).

68 CONCLUSIONS

The main conclusions from the simulations conducted in this chapter is that the
Uruguay Round reforms increase welfare for the world as a whole by $78.2 bn, or
0.3%% of world GDP. These gains are, however, highly concentrated in the three main
de\'doped economies. While the three main elements of the Uruguay Round reforms,
agricuiture. textiles and clothing, and market access, each contribute around one third
of this global gain, the agricultural and market access reforms lead to small losses in
oly a few regions while the textiles and clothing reforms involve maor
redigributiond  effects between developing countries. While agricultura tariff and
output subsidy reforms improve welfare for amost al regions, export subsidy reforms

d involve distributional effects that are larger than the overall welfare gains.

6 Of the 7,6% fall in payments to mobile factors in  agriculture. 6.5% comes from a fdl W their

employment.
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Roughly half of the EU's welfare gains from the Uruguay Round come as a result of
agricultural reforms. with most of the remainder coming from textile and clothing
liberalisation. Of the agricultural reforms. the EU benefits the most from export
subsidy liberalisation. Export subsidies are a very costly means of supporting farm
income because of their highly distortionary nature. Farm incomes in the EU will rise
by approximately $6 bn including compensation payments. But would fal considerably

without compensation.

The USA benefits mainly from textile and clothing reforms. with large terms-of-trade
effects in the clothing sector, while Japan's welfare gains are predominantly a result of
indugtridl market access reforms. [t is aso worth noting that reform in the EU

contributes substantially to gains in other regions.

As is often the case with CGE models. varying certain central assumptions in the
modd can have a substantial effect on the results. Thus there are notable differences
between: (i) the 'Standard GTAP and the 'Main' models, with the former suggests
substantialy larger gains; (ii) scenarios that assume different values of the Armington
eladticities. Different assumptions about the (outward) mobility of a proportion of
factors initially employed in the agricultural sectors has an appreciable effect on
predictions of the impact of agricultural reform on ‘farm incomes. The assumption of
imperfect competition does not greatly change results, although there are other forms
ways of modelling imperfect competition (such as that performed in Francois et al.

(1995)) that the literature suggests would give higher welfare gains.
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CHAPTER 7

MODELLING THE URUGUAY ROUND COMMITMENTS,
AGENDA 2000 AND CAP ABOLITION IN 2005

71 INTRODUCTION

This chapter develops the model introduced in Chapter 5 with various extensions designed to take
advantage of the recent release of the version 4 GTAP database. This new database (released July
1998) is based in 1995, and includes a number of improvements over recent versions. The most
gonificant of these are the expansion in the regional and commodity classification of the
database. to 45 regions and 50 commodities. In particular, the EU, which has in previous versions
of the database been a single region, is split into six regions - the UK, Germany, Denmark,
Swveden. Finland, and the Rest of the EU. Although France. Italy and other mgor EU countries
ae included in one aggregate "Rest" region, this does represent an improvement for modellers

concaned with EU policy.

The commodity classification of GTAP version 4 includes the expansion of the detail in the
agriculture sector to 14 agricultural commodities, and 8 processed food commodities. This greatly
incessss the usefulness of the database for agricultural policy modelling. Three pairs of
agriculturd commodities and food products - Oilseeds and Vegetable Qils, Sugar cane/beet and
Processad Sugar, and Raw Milk and Milk Products - provide explicit links between agricultural
goods and processed food. The inclusion of certain products (Oilseeds, Milk, Sugar cane/beet)
whae particular CAP policies exist provides the opportunity for detailed modelling of the CAP.
Thadore compensation payments and set-aside (Wheat, Other Grains and Oilseeds) can be
moddled, and the relative impacts of reform on these three sectors can be assessed. Headage
payments on cattle can be modelled, and milk and sugar production quotas can be modelled
explictly.

With these additions to the ability of this database to represent the CAP more accurately, this
degpte extends the model of Chapter 5 to enable the modelling of three 'policy scenarios' for
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2005; the incorporafion of the commitments made in the Uruguay Round (UR) agreement, the

further policy changes to be implemented under Agenda 2000, and the abolition of the CAP.

Table 7-1 shows how the 40 regions of the database are grouped into seven aggregate regions.
There is some detail of the EU, with three EU regions, which will enable estimation of welfare
impacts on each of these tliree regions separately. There is some obvious loss of detail in the
moddling of the Cairns Group, LDCs and Rest of the World: these three regions ¢ontajn 33 Of
the GTAP regions. The aggregation into the Cairns Group (agriculture and food exporters), LDCs
(food importing LDCs), and ) the Rest of the Worid (food-importing middle/high income

countries does pay attention to the broad structure of agricultural trade in these regions.

Tdde 7-2 details the commodity aggregation, with the 50 GTAP regions aggregated into nine
agricultural, six food products. and three other commodities. The detailed structure of agriculture
ad food in the GTAP version 4 database is retained as far as possible. athough this means that

there is inevitable lack of detail in the non-agriculture/food sectors.

72 PROJECTION TO 2005
With the modelling of Agenda 2000 in mind, and as the GTAP version 4 database is for 1995,

this requires that this benchmark data be updated to 2005 by the use of projected growth in factor
endowments and productivity over the intervening period. This updated data set, constructed
uang AGE modelling so that it is consistent with the constraints of general equilibrium, will be

refarad to as the Base Cuse. and is discussed first.

Table 7-1: Regional aggregation of the version 4 database used in this study

_Aggregate Region  GTAP version 4 regions(s)
UK

UK

Germany Germany

Rest of EU Denmark, Sweden, Finland, Rest of the EU

USA USA

Carns Group Australia, New Zealand, Indonesia, Malaysia, The Philippines, Thailand. Canada, Colombia,
Argentina, Brazil, Chile, Uruguay

LDCs China, Vietnam, India, Sri Lanka, Rest of South Asia, Mexico, Central America & Caribbean,

Venezuela, Rest of Andean Pact, Rest of South America, Morocco, Rest of North Africa,

South Africa, Rest of Southern Africa, Rest of Sub-Saharan Africa. Rest of the World
Rest of the World Japan, South Korea, Singapore, Hong Kong, Taiwan, European Free Trade Area, Central
European Associates, Former Soviet Union. Turkey. Rest of Middle East
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Table 7-2: Commodity aggregation of the version 4 database used in this study

Agoregate Commodity  GTAP version 4 commodities

Agricultural

Wheet Whest

Other Grains Other Grains

Vegetables and Fruit Vegetables and Fruit

Ol Seads Oil Seeds

Suga cane’beet Sugar cane/beet

Rawv Milk Raw Milk

Other Agriculture Paddy Rice, Plant-Based Fibres, Crops nec. Wool & Silk

Catle, Sheep & Goats Bovine Cattle, Sheep, Goats and Horses

Other Livestock Animal Products nec

Food Products

Cattle Meat Bovine Cattle. Sheep. Goat. and Horse Meat Products

Othe Meat Mesat Products nec

Vegeddle Oils Vegetable Oils

Milk & Milk Products Milk& Milk Products

S Sugar

Other Food Processed Rice, Beverages and Tobacco, Food Products nec

Otha Commodities

Ote Primary Forestry, Fishing, Coal, Oil, Gas. Minerals nec

Manufactures Textiles. Wearing Apparel, Leather Products, Wood Products, Pulp Paper Products,
Petroleum & Coal Products, Chemicals Rubber & Plastics, Mineral Products nec, Ferrous
Metals, Non-Ferrous Metals, Fabricated Metd Products, Motor Vehicles & Parts,
Transport Equipment, Electronic Equipment, Machinery and Equipment nec, Other
Manufactures

Svices Electricity. Gas. Water. Construction, Trade & Transport Services. Other Private

Services, Other Government Services, Dwellings

7.2.1 Linear Expenditure System (LES) for private demand
The CES preferences used in Chapter 5 do not lead to large inaccuracies when rea income

danges are small, but would greatly misrepresent the effects of the income increases that will
ooour when the model is projected to 2005. Therefore, LES preferences are used here in order to
incorporate income elasticities (as supplied in the GTAP database) into the model.

722 Modéling Scenarios

The Umguay Round scenario is modelled as including all the Base Case factor productivity and
productivity shocks, with the addition of tariff rate reductions and constraints on export subsidies
ad (for non-EU regions) output subsidies consistent with the UR agreements. Agenda 2000
rdfams are implemented with the Uruguay Round reforms aready in place. These reforms can be

ammaisad as. reductions in intervention prices, changes to compensation and headage

7-3



payments, changes in set-aside for arable crops, and increases in j]k output quotas. The
abalition of the CAP may not be on the policy agenda. but as a ssimulation it does provide an
asvg to how much the CAP costs the EU, in terms of CAP expenditure, fam income, and

consumer welfare. All CAP instruments are fully removed.

723 Constructing the Base Case Data Set
The Bae Case data set incorporates increases in factor endowments and productivity rates to

mocd the structure of the worid economy in 2005. As is common with projected models of this
type (e.g. Frandsen et al. 1998, Hertel et al. 1995 and 1996), factor endowment growth for each
country/region (henceforth ‘region’) is included initialy, and then projected regional GDP targets
ae s, and productivity rates adjusted so that GDP meets these targets. Typically this procedure
producss low productivity growth rates. as most of the projected increase in GDP is met by factor
endowment growth. For subsequent simulations, the non-agricultural productivity levels are set at
the levels determined by the Base Case, and GDP in each region will be endogenous.

The numeraire used in the model is aso increased to account for inflation between 1995 and
2005, giving (global) inflation at a rate of 2% per annum. It is not possible to model inflation in
each region separately without greatly increas ngv the scope of the model and adding monetary
sctors Incorporating inflation does hale advantages, because many of the instruments of interest
ae denominated in nomina terms (e.g. Uruguay Round expenditure constraints, intervention
prices). As the database is dollar-denominated, the GDP price deflator in the USA is used as the
numeare, and is increased in the Base Case by the compounded rate of 21.9%, and then kept at
thet leve for all other simulations. The 2% rate of inflation does not therefore represent a
paticuar inflation rate in any country, but is a general world-wide price increase. No other prices
ae fixed, but as the model works in relative prices, average prices in other regions will increase at

goproximady the same rate.

Agriculturd productivity rates are used to ensure that agricultural productivity growth is higher
then in other sectors. This not only allows forecast productivity in agriculture to be used in the
model. but is also necessary to ensure that agricultural prices do not rise unduly in the Base Case
oenaio. There are three principal determinants of prices in this scenario: the fact that agricultural
factors become relatively more scarce will increase agricultural prices, low income elasticities for
agneultur goods will lead to lower relative agricultural prices as incomes grow, and higher

productivity growth in agriculture than elsewhere in the economy will lead to price decreases,
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Table 7-3: Annual Growth Rates, 1995-2005

r— Factor Accumulation Real Productivity Growth
GDP
— Unskilled Skilled Capital Crops Livestock
Labour Labour

WK -0.17 2,60 5.11 2,08 2.00 2,25
Gamany -0.17 2,60 3.1 2.08 2,00 2,25
Rt of EU -0,17 2,60 311 2.08 2,00 2.25
USA 0,97 3.33 2,99 2.73 1.60 1.85
[Cairns Group 1,77 4,10 5,05 5.03 1,98 2.20
BES 1,75 4,04 6,01 5.39 1.69 2.16
RON 0,04 3,46 4,19 3.03 1.80 2.19

e Culculu!cd [rom Frandsen. Jensen and Vanzetti (1998)

ceferis paribus. As aresult, it is not possible « priori to say whether agricultural prices will rise

or fa]1. but it would generally be accepted that prices will fdl in red terms.

All the CAP instruments detailed below will remain a their 1995 levels for the Base Case
scenario. but it is worth noting that output quotas will become more restrictive (i.e. the 'quota-

fred output will rise). and market intervention may occur where prices fal below intervention

prices

724 Base case Growth Rates
Tdde 7-3 shows the annual growth rates imposed on the model for factor accumulation, GDP

ad agricultural productivity, based on those given by Frandsen et al.. Note that two other factors

exig in the model: land and natural resources. Neither factor undergoes growth between 1995
ad 2005.

Fandsen et al. gives growth rates for a particular aggregation of the GTAP database; hence the
EU regions are dl given the same growth rates because Frandsen et al. has only one EU region.
Tre USA growth rates correspond exactly to those in Frandsen et ai, but the growth rates for the

ahe regions are aggregated according to factor endowments, GDP and agricultural output in the
GTAP database as appropriate.

Land is employeq in l nine agricultural sectors; natural resources are employed only jn the primary seetor
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Table 7-4: CAP Ingtruments

—

—

Uruguay Round

Agenda 2000

CAP Aboalition

Import Tariffs (MT)

Uruguay Round
liberalisation

Uruguay Round
liberalisation

Uruguay Round
liberalisation plus
elimination of all
agricultural and food
tariffs

Export subsidies
(VEL)

Variable export levies

Variable export levies

Elimination of all
agricultural and food
export levies

Market Intervention

(M1)

Stock purchases to
support market price at

intervention price level

As baseline, but with
intervention price
reductions for some

goods

17.5% (commercial)

Voluntary set-aside

Elimination of all

market intervention

Elimination of all set-

number of cattle

Set-adde (SA) set-aside, plus
) only aside
voluntary set-aside
_ Elimination of all
Compensation Area payments based " Reformed area
compensation

Payments (AP) on reference base area payments

payments

Elimination of al
Compensatory Area payments for set- Reformed area
compensatory

Payments (CP) aside land payment

payments

Set quotas for output of 2% increase in milk S
Output Quotas (OQ) Elimination of quotas
raw milk and raw sugar quotas
Payment of premium o
Heedage Payments _ Elimination of headage
for cattle based on Reformed premiums

HP) payments
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73 MODELLING THE COMMON AGRICULTURAL POLICY

The CAP is modelled as consisting of eight instruments. import tariffs, export subsidies, market

intervention. set-aside, compensation payments (arable area payments), compensatory payments

(st-agde payments), output quotas and headage payments. Table 74

lists these CAP

instruments. with a brief explanation of how these instruments are treated in the three scenarios t0

be modelled: a Uruguay Round scenario with full implementation of Uruguay Round reforms; an
Aganda 2000 scenario, which will additionally include the proposed reforms to the CAP; and a

CAP abolition scenario, which will show how the CAP shapes the EU and world economy.

Tade 7-5 shows which CAP instruments are imposed on which sectors in the Base Case.

731

Import Tariffs

Tade 7-6 shows the average tariff rates for the sectors used in the model, derived from those in

the GTAP database. The GTAP database contains separate tariff rates for each bilateral trade

Tadle 7-5: The CAP by Model Sector

Import Variable Market Set Aside Area Compens Output Headage
tariffs ~ Export  Inter- Payments -atory  Quotas Payments
Levies vention Payments
MT VEL Ml SA AP CcP 0oQ HP
Crops
WHT  Whest MT VEL Ml SA AP CcP
GRO  Other Grains MT VEL Ml SA AP CcP
VF Vegdables Fruit & Nuts MT Ml
D Oilseeds MT SA AP CP
CB  Sugar cane and best MT VEL M oQ
QAG  Other Agriculture MT VEL MI
Livesodk
CIL  Caitle, Sheep & Goats MT VEL M HP
QAF  Other Animal Products MT VEL
RVK' Raw Milk oQ
Food f'roducts
CMT  Catle Meat MT  VEL M
OMT  Other Meat MT VEL
SR Processed Sugar MT  VEL M
VO-  vegetable Oils MT VEL
MIL  Milk and Milk Products MT VEL M
0D Other Food MT
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flow; i.e. the UK tariff on any import from the USA may be different from the import of a good
fan Canada. There are three reasons why tariffs differ according to the region from which
imports are sourced, despite the Most-Favoured Nation principle of the GATT, which states that
dl trading partners should be treated equally. Firstly, the Generalised System of Preferences gives
lonver tariff rates to imports from LDCs, so that any source region partly or wholly composed of
LDCs may face lower tariffs when entering a developed region. Secondly, the sectors are
agoregated (in the case of manufactures, highly aggregated), and while the MFN principle applies
to eech good that has been aggregated into a sector, the aggregated good may be composed
differently according to the source region. Thirdly, customs unions and free trade areas have zero
taiffs internally. The calculations for Table 7-6 exclude intra-EU trade, where tariffs are zero;
the tariffs for EU regions are therefore the average tariff on imports from outside the EU. Tariffs

ae modelled as price wedges between worid c.i.f prices and domestic prices.

While the GTAP database contains very detailed tariff data. it only does so for 1995, while the
beee run requires that the Uruguay Round tariff reductions are implemented. It is therefore
necessay to take tariff reduction data from elsewhere. Table 7-7 shows tariff reduction data from

Table 7-6: Average Ad valorem Import Tariffsin the GTAP Database (%)

UK Germany Rest of EU USA Cairns LDCs ROW
Wheet 124 124 2.4 1.8 18.8 45 190,4
Othe Grains 44,2 44,2 442 0 66,0 46 264,0
Vegetables. Fruit & Nuts 6,0 5,6 54 13 85 232 13.6
Ollsseds - - - - 194 85 82
Sup cane and beet 76.6 76,6 76,6 63,8 30,0 125 64.1
Other Agriculture 71 53 9,8 3.7 20,8 21,8 89
Catle Sheep & Goats 1.2 1.2 1.2 0,01 9,2 9,0 16.4
Oha Animd Products 0,7 12 0,7 0.3 32,7 21.3 4.6
Rawv Milk
Catle Meet 1.2 111.2 1.2 0.01 20,7 12.2 41.6
Other Mest 18.7 18.7 18,7 18 21.0 11.0 41.8
Processsd Sugar - - - - 100 25,2 21.2
Vegetable Oils 116.3 116.3 116.3 51.8 48,5 16,3 100.7
Milk and Milk Products ~ 76.6 76,6 76,6 63.8 94 197 42.9
|Oher Food 10.9 107 106 7.0 14.0 34.0 73
Rimety 01 01 02 02 100 54 X
Manufectures 42 43 4.0 28 1.8 22.8 2.2
Savicss - - 0,04 - - 0,2 14

“uree: cdeulated from the GTAP database
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Harison et al. (1995). which have been aggregated to match the commodities and regions in this
modd. It is assumed that no tariff reductions have taken place by 1995. Note that these tariff
reduction data takes account of “dirty” tariffication; for most agricultural products in the EU, no
taiff reduction takes place.

7.3.2  Modelling of Domestic Agricultural Policies Outside the EU
Moddling of other agricultural polices explicidy is not possible because with the excepdon of the

USA. dl other countries are contained within aggregate regions. Therefore al other regions will
be modelled using simple reduction criteria: tariff reductions are as shown in Table 7-7. Regions
will meet AMS reductions by reducing ad valorem rate equivalents for PSE in agriculture and

food sectors.

The AMS reduction of 20% is applied to the Cairns Group, LDC and ROW regions, and for the

USA is 13.3%. because of the "blue-box" exemptions for deficiency payments.

Table 7-7: Uruguay Round tariff reductions (% reductiori) from Harrison et al.

UK Germany Rest of EU USA Cairns LDCs ROW
Wheat 0.0 0,0 0,0 69.2 82.4 215 51.2
Other Grains 0.0 0,0 0.0 0,0 70.8 0,0 53.0
Vegetables. Fruit & Nuts 0.0 0,0 0.0 0,0 16,7 15.1 85
Oilseeds 0.0 0,0 0.0 0,0 17,8 6,6 8.1
Sugar cane and beet 0.0 0,0 0.0 0.0 13.2 122 7.7
Other Agriculture 0.6 0,3 0.5 0.1 18,3 73 9.4
Cattle. Sheep & Goats 9.4 9,4 9,4 68.8 61.1 30 26.3
Other Animal Products 9.4 9,4 9,4 68.8 42.6 54 36.4
Rav Milk 0.0 0,0 0,0 0.0 0,0 0.0 0.0
Cattle Meat 9.4 9,4 9,4 68.8 58,8 14.3 36,2
Other Meat 9.4 9,4 9,4 68,8 57,0 16.5 34.9
Processed Sugar 0.0 0,0 0,0 0,0 27,4 23 55,7
Vegetable Oils 0.0 0,0 0,0 0,0 16 0,0 24
Milk and Milk Products 0.0 0.0 0,0 0,0 24,9 19 38.5
WOOd 0.0 0.0 0.0 0,0 38,4 8.9 48.1
Primary 43.8 48.4 51.4 19.0 11.8 8.2 26.1
Manufactures 38.7 38.3 39.2 319 24.7 8.1 23.9
LSC“"OGS 0.0 0,0 0,0 0.0 0.0 0,0 0.0

(*) the final tariff t¢ equals th( I-tr) where tp is the base taflll.and. L is the tariff reduction shown here.

ource calculated from Harrison et al. (1995) and the GTAP database
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Table 7-8: Export Subsidy Expenditure in the GTAP Database (1995 US$ million)

UK Germany Rest of EU USA Cairns LDCs ROW
Whest 16 37 168 99 i 0 2
Other Grains 56 178 189 0 44 0 43
Vegetables. Fruit & Nuts 0 0 0 0 0 0 7
Oilseeds 0 0 0 0 0 0 118
Sugar cane and beet 18 30 64 8 21 361 12
Other Agriculture ] 0 108 0 0 0 75
Caitle, Sheep & Goats 162 263 418 0 0 0 136
Other Animal Products 44 58 212 46 189 0 607
Raw Milk 0 0 0 0 0 0 0
Cdtle Meat 135 309 1.145 1 83 43 244
Other Meat 29 49 604 58 1.256 3 534
Processed Sugar 0 0 0 0 0 16 774
Vegetable Oils 368 1.001 4.962 438 537 I 1,696
Milk and Milk Products 158 362 1.081 226 2 23 91
Other Food 7 0 41 0 1,826 48 128

source calculated from the GTAP database

733 Export Subsidies
Tdde 7-8 and Table 7-9 show the export subsidy ‘data in the GTAP database. in value (Table 7-

8) ad ad valorem (Table 7-9) form. Export subsidies are on the same bilateral basis as import
taffs (and the EU ad valorem rates exclude intra-EU trade, where subsidy rates are zero). As
with import tariffs. there is a necessity to include data on post-Uruguay Round levels of export
subgdies because the commitments of 21% reduction in subsidised exports and 36% reduction in
expat subsidies are reductions relative to the base period 1986-90,

Tedde 7-10 contains data from USDA (1998) on the quantities of subsidised exports from the EU
trd ae permitted under the Uruguay Round agreement. Column (b) lists the commodity
categories used in USDA (1998). except where the category is in parentheses. in which case that
rowv is a summary measure calculated here to match the USDA commodity categories with the
modd commodity aggregation. The corresponding model category is given in column (a). Some
categaries (e.g. Wheat and Coarse Grains) match exactly; other categories are matched one-to-one
with mode commodities even though the match is not exact (e.g. Olive Qil is matched with VOL
» vegetable oils). In some cases the USDA categories are less aggregated than the model
categaries (e.g. the milk products) in which case the quantities are summed to match a single
mood commodity. In some cases (e.g. Sugar) the USDA categories identify commodities that the
mocd (and GTAP) commodity categorisation splits into an agricultural good (C_B, sugar cane
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Table /-v: Aa vaiorem Export éubsidy Rates in the GTAP Database (%)

UK Germany Rest of EU USA Cairns LDCs ROW
Wheet 1.0 1.0 1.0 17 03 00 09
Other Grains 30.7 30,7 30,7 0.0 29 4,0 9.2
vegetables, Fruit & Nuts 00 0,0 0,0 0.0 0,0 0,0 0,2
Oilseeds 0,0 0,0 0,0 0.0 0,0 00 149
Qugar cane and beet 43,4 43,4 434 39,0 11 165 108
Other Agriculture 03 00 35 00 00 00 12
Cattle, Sheep & Goats 52,6 52,6 52,6 00 0,0 0,0 136
Other Animal Products 157 15.7 15.7 1.8 83 00 236
Raw Milk 00 00 0,0 00 0,0 0,0 00
Cattle Mest 52,6 52,6 52,6 00 12 1.7 381
Other Mest 15.7 157 157 18 239 [4.1 135
Processed Sugar 00 00 0,0 00 00 32 41,3
Vegetable Oils 53,8 53,8 53,8 34.1 13.3 06 54,2
Milk and Milk Products 43,4 43,4 434 39,0 02 .1 174
[other Food 0.2 0,0 12 00 7.2 06 16

source calculated from the GTAP database

ad best) and a processed good (SGR, processed sugar). In these cases the resulting percentage
ddain column (g) must be used in both model sectors.

Cdumrs (c) to (f) are taken directly from USDA, and give the base quantity (column c), the
ghedue commitments both in 1995/6 (column d) and 2000/01 (column t), and the EU
natification to the WTO (column €) - the quantity that the EU declared that it subsidised in
1995/6.

As can be seen from Table 7-10. for some commaodities such as Wheat and Coarse Grains, the
EU natification for 1995/6 is substantially below its schedule commitment for this year, and for
20001 while for other commodities, such as Olive Oil and Fresh Fruit and Vegetables, the EU
wes vay close to the commitment in 1995/96, and needs large reductions in subsidised exports

by 2000/01.

Cdum (g) is calculated from columns (e) and (f), and gives the percentage increase in
ubsdisd exports that is permitted under the terms of the Uruguay Round Agreement, from the
adud quantity in 1995/96 to the 2000/01 commitment. These data will be used in the model as

the maximum increase in exports where the Uruguay Round Agreement is in force.

Thae ae obvious difficulties in using these data: the matching of commodity categories is not

pafed, but this is to be expected when using an aggregated model. Furthermore the export
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commitments gre commodity-specific commitments, so the aggregated nature of the model will
never capture the full detail of these commitments. The use of marketing years in reporting data
to the WTO is unfortunate in the current context, where the rest of the model is calibrated to a
cdendar year. Table 7-11 gives similar USDA data for export subsidy expenditure. in millions of
ECU. with the same commodity categories matched to model commodities as for Table 7-10.

Again, a percentage reduction from 1995/96 to the 2000/01 figure is calculated from the data in
the last column.

It should be noted that the use of percentage reductions is necessary. rather than transferring ECU
vaues into dollars and using the 2000/01 vaue as the constraint for two reasons: firstly, the
dfferent base year to the data means that GTAP database values do not match directly with the
UDA values. and secondly. because the -messy” commodity matching means that for some
caegories the GTAP data and USDA data are very different. When converted at the July 1995
exchange rate of 1.3311 $/ECU. for example. the GTAP wheat subsidy expenditure is 221.0 m.
ECU. corresponding relatively well to the EU notification of 118.7 m. ECU in Table 7-11, but
the totd GTAP subsidy expenditure for milk and milk products is 6.331.8 m. ECU (USDA data
fa natification is 1,562.3 m. ECU).

Thee data will be used in the model to set the EU agricultural export limits, with the exception
thet, for Wheat and Other Grains, 1995 was an unusua year in that subsidies were applied to
thexe exparts for only a part of the year, accounting for the low mtio of 1995/96 notified exports
to 1995/9 value commitment in Table 7-10. EU data for 1995 exports (22.300 for Wheat and
15724 for Other Grains) will be used, so that the EU must reduce the quantity of exports by
B3 (Wheat) and 31.0% (Other Grains) to meet the 2000/01 commitments. Table 7-12 shows

the percentage changes in allowable exports and subsidy expenditure that will be used in the
modd.

,
-From Europeen Commission (1996), in thousands of tons.
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Table 7-12: EU Export Subsidy Commitments: permitted changes in the model

Allowable increase in quantity | Ajjowable increase in export
of subsidised e.xports subsidy expenditure
Co) (o)
WHT  Wheat -35,3 +1146.0
GRO  Other Grains -31.0 : +238,7
V_F  Vegetables and Fruit -10,6 -29.7
oshb  Oilseeds 0 0
CB  Sugar cane and beet +48,7 +23,8
OAG Other Agriculture +50.6 +153
CTL Cattle, Sheep & Goats -19.4 -183
oAP  Other Animal Products -7.1 +46,2
RVK Raw Milk n/a N
CMT Cattle Meat -19,4 -18,3
OMT Other Meat -7.1 +46,2
SGR  Processed Sugar +48,7 +23 8
VOL Vegetable Oils -15.1 -17.8
MIL  Milk and Milk products -0,8 +40.0
OFD Other Food +35,9 +56,8

Moddling Export Subsidies: The Base Case
The Base Case is intended primarily to calibrate non-agricultural productivity rates, but will also

be compared with the other scenarios. Modelling of export policies prior to the Uruguay Round is

nat a concern here, so fixed ad valorem export subsidy rates are used.

Moddling export subsidies: non-EU regions under Uruguay Round constraints
Hgue 7.1 gives a graphical partia equilibrium model of an export subsidy that shows both the

vdume and the cost of subsidised exports. In the top panel, export supply, XS, and demand,
XD. would, in the absence of a subsidy, result in free-trade quantity Q; being exported. With
dhady SUB creating a wedge between the domestic price Py and world price P, , a quantity
Oo is exported. The export subsidy expenditure schedule XE can be derived in the lower panel
rdaing the quantity of exports to the subsidy expenditure. The subsidy SUB results in alevel of

sbddy expenditure E .
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Figure 7.1: Non-EU Export Subsidies

Price
XS

!
st . E
i :
Py b :
! XD
! )
! |
Subsidy E :. Exports
Expenditure i _
5 I /XE
!
E() """"""""""""""" T ------------------
]
|
]
'
1
|
i

Q Q, Exports

FHgure 7.2 represents the two Uruguay Round export subsidy commitments. From an initia
export quantity Qg , the quantity of subsidised exports must fal to at most Q*. In addition, from
the initid level of export subsidy expenditurevEQ. expenditure must fal to a most E,,

corresponding to a quantity Q.. The subsidised quantity limit is therefore the lower of Q. and

0. and in the case shown the quantity commitment Q* is the binding commitment: the per-unit

* .

ubgdy mugt fdl to P; - P,, . with a quantity Q* exported and expenditure on export subsidies of

*

E <E,.

The quantity of subsidised exports is not the same as the export quantity; there are three cases
whae a sector's subsidised exports are lower than its total exports, where subsidies are applied
on exports to some regions, Where subsidies are applied on a subset of sectoral output, and where
subddies are applied for part of a year. The first case is the only one that can be dealt with in the
modd, and applies principally to the EU because intra-EU exports are not subsidised, with some
minor instances for other regions. In these cases, the Uruguay Round constraints are applied to

subsdised exports only.
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Figure 7.2: non-EU export subsidies with Uruguay Round constraints
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Tre required percentage reductions (21% cut in subsidised export quantity for developed
countries, 14% for LDCs; 36% cut in export subsidy expenditure for developed countries, 24%
fa LDCy are calculated prior to aggregating the database, so the required rate for the ROW and
Cams Group regions, which both include developed countries and LDCs. will be between the
devdopad and LDC rates.

Maoddling Export Subsidies: The EU under Uruguay Round Constraints
Tre EU has different arrangements to meet the Uruguay Round export constraints. Because the

pupoe of variable export subsidies in the EU is to maintain a certain level of domestic market
price despite changes in world prices, the rates cannot be reduced. Instead, the variable export
aigdy will be modelled as continuing to meet the difference between domestic and world prices,
with any goods that cannot be exported under the Uruguay Round constraints held as stocks. In

the top pand of Figure 7.3, to ensure that exports do not rise above Q*, the EU intervention
apades will purchase Qo - Q* . Supply of goods is therefore unchanged at Qg , so the domestic

price will remain at Pg, The world price will till riseto P:‘v because Q" is to be exported. s the

vaiade export levy must make up the difference P&O - Pw* .
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Figure 7.3: EU Exports under Uruguay Round constraints

Price
Pd" \ - / S
\ 1
P]‘ /
W ‘
W XD
Subsidy CQ Exports
Expenditure :
XE
E,
E. /
Q. Q, 0, Q, Exports

Vaiadle export levies change the export subsidy expenditure curve, so that the export subsidy
expenditure is the product of the export volume and the difference between Pé’ and the world

price given by XD. as shown in the top panel of Figure 7.3. Even a the “tree-trade’ export

quantity Qy . the EU would still apply an export subsidy Pj) - Pf . In the case shown, the limit on

aibddy expenditure. E. . defines a volume of exports, Q.. that is less than the volume limit, Q* :

Haxe it is the subsidy expenditure commitment that is binding in this case.

It is likdy that tariff reductions and/or income growth in other countries will stimulate demand
far EU exports, and this may shift the demand for EU exports far enough to remove the necessity
far subsidies at all. The EU can then export above the Uruguay Round constraints, and possibly
above the original level of exports, at the world price, with the additional exports coming either
fran the domestic market or from stocks. Because it is not possible for the model to determine
the levd of stocks that is built up between 1995 and 2005, it assumes that any extra exports come
from purchases from the market. Thus the rules for stock purchases that apply within the model

far EU exports are one-sided: the EU can build up stocks, but cannot run them down.

7-18



734 Market Intervention

Market prices were relatively high in the EU in 1995 (relative to historica levels and to
intervention prices), with the result that purchases of stocks occurred for only a few
commodities.” Because the values of intervention purchases were low, and also because they
occurred in commodities that exist in the model as part of aggregated commodity groupings, the
mood has been calibrated to zero intervention purchases for al goods. Table 7-13 shows the

intervention price data to be used in the model.

Table 7-14 shows EU data for the ratio of market and intervention prices, and makes it evident
thet for cereals market prices were substantially higher than intervention prices in 1995, These
deta are used in Table 7-15 to show (in the first three columns) how far the market price can fall
before reaching the intervention price. Table 7-15 aso shows the corresponding data for other
sctors in the model; where price ratio data are unavailable (in most cases because of the highly

aggregete nature of the commodity categories) a 5% difference between market price and

Table 7-13: Intervention Prices (ECU/t)

Intervention Price Intervention Price

1995 Agenda 2000
WHT  Whest 119.19 95.35
GRO  Other Grains 119.19 95.35
CTL Beef 2780 1950
RVK  Raw Milk (various) 10% average reductions
CMT  Cattle Meat 2780 1950
MIL Milk and Milk products (various) 10% average reductions
O  Other Food (various) no reductions

Table 7-14: Cereals Market Prices as a percentage of the I ntervention prices, 1995 average

—_—
L UK Germany Rest of EU
Whest average 127.6 1223 126.7
- common wheat 127.6 122,2 122,8
- durum wheat 155.1 155.1 151.9
Coarse Grains average 111.2 111.7 117.1
- Baley 111.2 110.0 114.6
-Rye 110.7 110.7 110.6
« Maze . 121.2 119.8

source: European Commission (1996). table 4.1.6.2
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Table 7-15: Intervention Prices as a percentage of the 1995 Market Price

1995 Agenda 2000
UK Germany Rest of EU UK Germany Rest of EU
Wheat 78.37 81.77 78,93 62,09 65.41 63.14
Other Grains 89.93 #9.53 85,40 71.68 71,36 68,07
Cattle, Sheep & Goats 93 .00 95,00 95,00 66:64 66,64 66,64
Raw Milk 95,00 95,00 95,00 85.50 85,50 85,50
bame Meat 95,00 95,00 95,00 66,64 66.64 66,64
Milk and Milk products 95,00 95,00 95,00 85,50 85,50 85,50
Other Food 100,00 100,00 100,00 100,00 100,00 100,00

intervention price is assumed, except where small stock purchases took place in 1995. in which

cae there is assumed to be no difference between the market and intervention prices.

Tade 7_15 also shows the Agenda 2000 intervention price as a percentage of the 1995 market

price. given the 1995 ratio and the Agenda 2000 changes in intervention prices.

Moddling Intervention Prices

The modelling of intervention prices uses a simple inequality. that the market price must be equal
to or_,eqter than the intervention price. When the market price is equa to the intervention price,
docks are bought from the market, and when the market price is above the intervention price, no
dodks are bought. Like the stock buying to meet the Uruguay Round export constraints, this is

one-g9ded: stocks may be bought but are not sold. Intervention prices are modelled in al scenarios
exogt the CAP abolition scenario.

735 Compensation Payments
Teble 7-16 shows compensation payments for cereals and oilseeds. When the model is

subssouently calibrated to expenditure data for compensation payments. the payments will be
pad as asubsidy to land (with the exception of set-aside compensatory paymems, which are paid

to the land owners). The percentage rate changes from Table 7-16 can then be applied to simulate
the Agenda 2000 compensation payment changes.

3 Y281 m, EQU of fruit and vegetables. 175.6 m, ECU of wine. and 21.1 1Ll ECU of fishery products were withdrawn

d in other sectors because ot
from the market (European Commission (]9y6) table 3,4,4), Storage and disposal costs Wer€ eI
stock levels puilt up in previousyears.
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Table 7-16: Compensation Payments and Set-Aside Compensatory Payments

Crop 1995 Agenda 2000 Per centage
Caeds 262 ECU/ha 321 ECU/ha +22,52%
Oilseeds 438 ECU/ha 321 ECU/ha -26,71%
Sd-adde 334 ECU/ha 321 ECU/ha -3,89%

Moddling Compensation Payments
Compensation payments are modelled as input subsidies on land, with the exception of set-aside,

which is modelled as a direct transfer of income between the government in each EU region and
famas in each region. Arable land in EU regions is modelled as a CET function to prevent large
dhifts of land between arable and non-arable sectors,* which prevents large changes in the total
vdue of compensation payments. The elasticity of transformation (set to unity in the model)

determines the ability of farmers to transfer land between arable sectors.

736 Set-Aside
Tadle 7-17 shows set-aside areas. In 1995 the set-aside areas were comprised of compulsory set-

adde (17.5% of commercial farm land;) and voluntary Five-year set-aside. Agenda 2000
abolishes compulsory set-aside, but retains voluntary set-aside. We use a EC projection that,
uda Agenda 2000, total voluntary set-aside will be 3 m. ha., and assign this to countries in the

same proportions as was the take-up of voluntary set-aside in 1995.

Moddling Set-Aside

St-adde is modelled by the withdrawal of land. The GTAP database holds data on the 1995
ddlar value of land used by sectors. The endowment of arable land in each region (as noted
above arable land is held in a CET nest, and is separate from other land) is increased, as in 1995
endowments of land were 13.6% higher than land use. An average" of 13.6% of land is then

The «dicky factors approach.
i.e. dlowing for small fam exemption,
Kates differ between EU regions as shown i Table 7-17.
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Table 7-17: Set-Aside Areas {'000 ha)

», T UK Gemay  Ebas  EuDs
Tod Base Area 4461 10156 53561 38044
Compulsory Set-Aside 597 1321 6411 4493
13.4% 13,0% 12.0% 11.5%,
Fiveyear Set-Aside 37 151 848 660
0,8% 1.5% 1.6% 17%
Tod Set-Aside 634 1472 7259 5153
14.2%, 14,5% 13.6% 13.2%
Agada 2000: Voluntary Set-Aside 131 534 3000 2335
2,99, 5,3% 5,6% 6.0%

ource European Commission (1996) table 3.5.7,1

withdravn in the Base Case and Uruguay Round simulations; only 6% of land is withdrawn in

the Agenda 2000 simulation, and no land is withdrawn in the CAP abolition scenario.

7.3.7 Headage Payments
As a direct income support, headage payments operate in a similar method to compensation

payments, except that they are treated as a subsidy to capita in the livestock sector rather than a
ubddy to land.

Tede 7-18 shows the changes in headage payments under Agenda 2000, and Table 7-19 reports
the changes to payment ceilings. Given that expenditures on suckler cow and male bovine
heedege payments are roughly equal. the average percentage change in payment would be the
dred average of the percentage change by cattle type. With the addition of the dairy cow
paymat, the effective average rate could increase by some 100-120%. Therefore an average
increese of 110% has been used to model the effects of Agenda 2000 on headage payments.

Moddling Headage Payments
Heedege payments are treated as a subsidy to capital in the Cattle, Sheep & Goats sector (CTL),

ad cgoitd in this sector is held constant.

7.3.8 Output Quotas

Output quotas exist in the raw sugar cane and beet (C_B) and raw milk (RMK) sectors. Output of
these sectors in each EU region is fixed at 1995 levels during the Base Case and Uruguay Round
enaios A 2% increase in milk quota is accounted for in the Agenda 2000 scenario, and all

quotas are removed in the CAP abolition scenario.
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Table 7-18: Headage payments (ECU/head)

1995 Agenda 2000 Percentage Change
Suckler Cow 145 215 1807
]
Mée bovine - bull 135 368 173%
- steer 109 232 11398
aIry cow 0
Dair 70 n/a

Table 7-19: Headage payment cel lings (million animals)

Percentage 1995 Expenditure
1995 Agenda 2000 Change (m ECU)
Suckler Cow 9.976 10.285 3,1% 1046,7
Mde bovine 9.038 9,095 0.6% 957,,1
Dairy cow 0 20.250 n/a 0

74 PRODUCER SUBSIDY EQUIVALENTS

Tre GTAP database assigns al domestic support to a single output subsidy. taken from OECD
Poducer Subsidy Equivalent (PSE) calculations as an average over a number of years. As a
redt, the values in the database do not correspond with 1995 support levels. Table 7-20 shows
the producer subsidies in the data, and Table 7-21 gives these subsidies as a percentage of output.
The totd value of producer subsidies in the EU. from Table 7-20, is $49,014 m., corresponding
dosdy to the total CAP budgetary expenditure in 1995 of $49,657 m'.

Tre similarities between these total figures do however hide the fact that they are compiled in
dffeet ways (the GTAP data for example, are on the total domestic support; CAP budgetary
expenditure includes expenditure on export refunds) and with different base periods (the OECD

ceta from which the GTAP data are derived are taken as averages over severa years).

After the deduction of export refimds from CAP budgetary expenditure, expenditure on other
messures is $40,514 m., 12% of which ($4,804 m.) is expenditure on EAGGF Guidance., and a
futher 2.1% ($852 m.) is EAGGF Guarantee expenditure not related to coinmodity, such as food

ad refunds, rurd development schemes linked to market operation, and accompanying measures.

! Ihese. and the other CAP expenditure data used pere, are taken from European Commission (1996) tables 341,34 5

343 Lany V44, converted at the Julv 1995 exchange rate of 1.3311 $/ECU,
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Table 7-20: Producer Subsidies from the GTAP Database (1995 USS million)

- UK Germany Rest of EU  USA Cairns LDCs ROW
Wheet 1.527 1.787 6.212 2.166 930 836 1,121
Other Grains 841 1.983 6,361 4,248 263 1.177 848
Vegetables. Fruit & Nuts 0 412 191 0 0 0 0
Oilseeds 536 734 3,906 1,270 522 591 304
Sugar cane and beet 0 0 0 213 172 511 754
Other Agriculture 101 183 854 478 170 641 9,129
Catle, Sheep & Goats 1.813 1.393 5,094 3,433 734 106 1,527
Other Animal Products 709 2,559 3.682 1,057 688 0 2,573
Rav Milk 727 1,171 3,234 931 401 0 4,436
Catle Meat 246 6 232 0 0 12 87
Other Meat 396 8 323 0 0 0 215
Processed Sugar 52 12 127 0 0 0 0
Vegetable Oils 542 154 595 0 0 0 0
Milk and Milk Products 116 8 187 0 0 0 0
Other Food 0 0 0 0 0 0 0
Primary 0 2.120 0 0 0 0 0
Manufactures 0 0 0 0 0 0 0
Services 0 0 0 0 0 0 0

source; calculated from GTAP database

Table 7-21: Producer Subsidies from the GTAP Database as a Percentage of Output

UK Germany Rest of EU USA Cairns LDCs ROW
Whest 58,0 58,0 58.0 17,6 7.2 24 83
Other Grains 53,1 53.1 53.1 85 17 3,6 55
Vegetables, Fruit & Nuts 0,0 4,9 0.4 0,0 0,0 0,0 0.0
Oilseeds 109,5 109.5 109.5 7.6 29 17 72
Sugar cane and beet 0,0 0,0 0,0 82 0,8 1.6 9,6
Other Agriculture 31 49 24 17 0.2 04 89
Catle, Sheep & Goats 220 22,0 22,0 49 2,2 0,3 51
Other Animal Products 9.0 9,0 9.0 4,2 2,0 0,0 33
Rav Milk 89 89 89 4,0 21 0,0 1.1
Cattle Meat 29 0,0 05 0,0 0,0 01 0.2
Other Meat 3.1 0.0 05 0,0 0,0 0,0 03
Processed Sugar 4,2 0.0 0,7 0,0 0,0 0,0 0.0
Vegetable Oils 38 0.4 0,7 0,0 0,0 0,0 0.0
Milk and milk Products 3.6 0.0 1.2 0.0 0.0 0.0 0.0
Otrer Food 00 0.0 00 00 00 00 00
Primery 0.0 54 0.0 0.0 0.0 0.0 00
Manufactures 0,0 0.0 0.0 0.0 0.0 0,0 0.0
Savices 0.0 0.0 0.0 0.0 00 00 00

source calculated from GTAP database
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75 CALIBRATION
The EU agricultural sectors are calibrated to various data. After calibration, a residual factor will
be accounted for by EAGGF Guidance, EAGGF Guamntee expenditure not related to

commodity, and miscellaneous commodity costs such as storage and disposal costs.

Arable Sectors Calibration
The arable sectors are calibrated to the target area payments and set-aside compensation payments
inTable 7-22.

Cereds area payments are divided into Wheat and Other Grains in direct proportion to the GTAP
subsidies in those sectors in the whole EU-15 (50.9% and 49.1%), so that Wheat area payments
ae 5987 m. ECU, and Other Grains area payments are 5,773 m. ECU. Oilseeds area payments
ae st a 2.010 m. ECU. The set-aside target is divided into the PSE figures for wheat, other
grans and oilseeds in direct proportion to the GTAP subsidies in those sectors (39.9%, 38.5%
ad 21.7% respectively).

Sat-agde payments are made to land owners not production sectors, but in order for the database
to represent an initial equilibrium, any value deducted from production subsidy must in some way
d be deducted from firms' costs, so the set-aside payments are deducted from factor payments

in the arable sectors.

Table 7-22: Area and Compensation Payments (1995)

1995 Value (m. ECU)
Caeds Area Payments 11,760
Oilssads Area Payments 2,010
| Set-asdde Compensation Payments 2,370

Table 7-23:; Arable Sector Calibration

Area Area Set-aside Set-aside Total -
Payments Payments compensation compensation  Payments Re;ﬂsud gsnlf
m. ECU $m. m. ECU $m. $m. ) '
Wheet 5,987 7,970 945 1,258 9,526 208 9,526
Othe Grains 5,773 7,684 911 1213 9,185 288 9,185
Oilsseds 2,010 2,676 514 684 5,176 1.817 5,176
Tod 13,770 18,329 2,370 3,155 23,887 2,403 23,887
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Table 7-23 shows the arable sector calculations, with a residual value of subsidy to ensure that
the total subsidies accounted for match PSE data in the GTAP database.

Sugar Sector Calibration

Rav sugar cane and beet (C_B) has no subsidy in the GTAP database, but has an output tax of
& Following Frandsen et al. (1998). the data have been recalibrated to include a 20% ad
valorem equivalent tax to represent the sugar quota regime in addition to the existing 8% output
tax.

Raw Milk Sector Calibration
Milk quotas are also modelled. again following Frandsen et al.. by calibrating the ad valorem

equivdent of the quota to 20%. The subsidy in the GTAP database is retained in addition to the
quota

Livestock Sectors Calibration
The beef and veal sector headage payment is calibrated to 1995 expenditures on cow premiums

(1.046.7 m. ECU) plus specia premiums (957.1 m. ECU)

Table 7-24: Recalibrated Subsidy Data, S million

Area / Headage Set-aside EAGGF Storage, etc. GTAP
Payments ~ Compensation Guidance PSE
Whet 7,970 1,258 43 255 9,526
Other Grains 7,684 1.213 42 246 9.185
Vegaables, Fruit & Nuts 87 516 603
Oilssads 2.676 684 262 2.656 5.176
SQuga cane and beet 0 0 0
Other Agriculture 164 974 1138
Cdtle, Sheep & Goats 2,667 713 4.819 8,300
Other Anima Products 1,003 5.946 6,950
@Milk 741 4,391 5,132
Catle Mest 70 415 434
Other Mest 105 622 727
Processed Sugar 45 266 311
Vegetable Oils 27 163 191
Milk and Milk Products 186 1104 1,291
Other Food 0 0 0
Totals 20,997 3,155 3,589 21,273 49,014
(42.8%) (0.4%) (7,3%) (43.4%)
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Residua Calibration
The remainders after these calibrations. and the subsidies on other sectors, are counted as

resduas. EAGGF Guarantee expenditure is divided amongst sectors in proportion to the size of
the residual. with the remaining subsidy being treated as a PSE equivalent of al other forms of
subsdy expenditure from storage costs, aids for private storage. disposal costs, food aid refunds,

accompanying measures. and all other forms of CAP expenditure not accounted for elsewhere.

Table 7-24 shows the recalibrated protection data for the whole EU. The implied rates from this
teble are applied to each EU region (note that in Table 7-21 there is very little difference in EU
subgdy rates between EU regions).

76 CONCLUSIONS
This chapter has outlined extensions to the model of Chapter 5. The purpose of these extensions

isto enable full use of the additional features of the version 4 GTAP database. The inclusion of
more agricultural sectors in this database dlovvs various CAP programmes to be modelled, such
as milk and sugar quotas, and arable sector programmes. This in turn alows further analysis of
Agenda 2000 reforms, necessitating the use of a projected model and therefore modification of
consumer preferences to include income elasticities. In addition, EU export subsidy limits have
ben included in a more detailed form: rather than 21% (quantity) and 36% (expenditure)
reductions which are the rates applicable on the base period (1986-90) values, the appropriate
limits have been imposed relative to 1995 values of subsidised exports and subsidy expenditures.
Import tariff reductions have been taken from Harrison et al. (1995), accounting for 'dirty
tarrification”. In all product groups, the EU is committed to lower levels of liberalisation with
these Uruguay Round limits than in the model of Chapter 5. Chapter 8 will use this model to
provide updated estimates of the effects of the Uruguay Round, and examine Agenda 2000 and
CAP abalition.

7-27



CHAPTER 8

APPLIED GENERAL EQUILIBRIUM RESULTS FOR THE
URUGUAY ROUND COMMITMENTS, AGENDA 2000 AND CAP
ABOLITION IN 2005

81 INTRODUCTION
This chapter presents a set of the results from three policy simulations: (i) meeting the Uruguay

Round commitments, (ii) Agenda 2000 reforms, and (iii) abolition of the CAP. These are
identified in the tables as "UR". "Agenda 2000" and *CAP" respectively. We report on changes in
wdfae, the prices and volumes of commodities, agricultural incomes, land use, CAP
expenditure, the CAP budget. Welfare changes are decomposed according to consumer effect,
producer effect and net tax revenue, and also by product.

82 MAIN WELFARE RESULTS
Table 8-1 reports the main welfare results for the Uruguay Round. Agenda 2000 and CAP

Removd scenarios, showing the changes in equivalent variation in real 1995 billions of dollars,

ad as a proportion of the original EV. compared to the Base Case scenario.

Table 8-1: Welfare - Changes in Equivalent Variation Relative to Base Case

Regions UR Agenda 2000 CAP Removal

EV (%) EV {%) From EV (%) From
(Sbn) (Sbn) UR (Sbn) Agenda

L 2000
K -0.479 (-0,04) 0.105 (0,01) 0,583 1,905 (0,16) 1,800
*GE;E;{,\' 1799 | (007) | -1.520 | (-006) | 0279 | 0930 (0.04) | 2450
Eé_";)fm EU -4,163 (-0,08) -3.147 (-0,06) 1.016 6,417 (0.13) 9,564
B -6.441 (-0,07) 4,562 (-0,05) 1,879 9,251 (0.10) 13.814
UA 0,439 (0,01) 0,418 (0,000 | -0,021 3,008 (0,04) 2,590
| Cairns Group | 2,859 (0,07) 2.718 (0,07 | -0141 6,921 (0,18) 4,203
LDCs 7,287 (0,20) 7,506 (020) | 0.220 7,608 (0.21) 0.102
Reg of World §{ 21,129 (0,23 21,501 (0,23) 0,372 19,699 (0,21) -1.801
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8.2.1 The Uruguay Round
Wedfare changes for the Uruguay Round are low compared to other stydies. ad the EU has a

wdfare loss in each region. With very little tariff liberalisation in the EU. and relatively modest
reductions from 1995 needed to meet the Uruguay Round export subsidy constraints, the EU
mekes \ery little in the way of gains from its own liberalisation. |t could possibly make gains
from liberalisation in other regions, but the EU is a high-cost .producer. and With the Uruguay
Round limits on agricultural and food exports is unable to make gains from exporting to other
regions. Two main sources of loss exist for the EU: third-country diversion effects and stock
buying effects. As other regions liberalise tariffs both in agricultural and manufactured goods,
they will draw imports away from the EU, leading to fewer EU imports of these goods at higher
prices. Purchases of stocks will be necessary to meet the Uruguay Round commitments for many
agriculturd goods, and these will lead to welfare losses in this model, which measures welfare
ad equivalent variation in a static framework, and therefore does not allow for the fact that
gocks purchased will be released and consumed at a later date.

Of the non-EU regions. only the Rest of the World group makes a significant gain from the
Uruguay Round. This group. which includes Japan and the East Asian Newly Industrialised
Countries, makes large gains from liberalisation in manufactures, particularly from Cairns Group
ad LDC liberaisation. Both the USA and the Cairns Group might hope to benefit from EU
agriculturd liberalisation. both in terms of improved access to EU markets through tariff
reduction. and increased competitiveness in third markets through the liberalisation of EU export
subgdies. Neither effect is large because the EU does not liberalise significantly. The LDC group
mekes significant gains, and this is again in part due to the minor nature of EU liberalisation,

because the increase in food import prices that would lead to welfare losses does not materialise.

822 Agenda 2000
The wefare results from the Agenda 2000 scenario show that the EU will make small welfare

gans from Agenda 2000 compared to the Uruguay Round scenario. It will become apparent from
later tables that the main welfare effects of Agenda 2000 come from the reduction in intervention
prices for beef (the Cattle. Sheep & Goats sector in this model). which reduces the need to
purchase stocks to support the domestic market price, and the small (two percent) increase in milk

quotas that allow a small reduction in the welfare costs of this quota.



The smal welfare losses for the USA and Cairns Group from Agenda 2000 are a direct egyt Of
these reforms: the USA's exports of Cattle, Sheep & Goats fdl because the EU no longer buys
docks to support the market price. allowing EU consumption to use these resources. The Cairns

Group's exports of Milk and Milk Products decline as the EU quota increases.

823 CAP Removal
The CAP Removal scenario shows EU gains that are low in comparison to most estimates, but are

gmila to those in some recent studies (i.e. Harrison et al. 1995. Weyerbrock 1998). The
equivdlent variation of moving from the Uruguay Round without Agenda 2000 to complete
removd of the CAP is $15.7bn (0.17% of GDP). With the Uruguay Round results being low in
teems of EU equivalent variation because of the low level of EU liberalisation, it might be
expected that the complete removal of the CAP would have a larger effect. When comparing the
results of CAP removal in Table 81 with other studies, it must be noted that the CAP is
characterised here as using compensation payments, set-aside payments and headage payments.
Mo other studies treat al CAP instruments as ad valorem output subsidies, which are less
‘removed from production”. The benefit from removing a subsidy that is in part decoupled from
production will be lower than the benefit of removing output subsidies. In this model, 49.2%) of
EU domestic support is modelled as a decoupled or partialy decoupled payment.

83 THE BASE CASE: PROJECTING THE WORLD ECONOMY
FORWARD TO 2005
Table 8-2 shows some indicators of how the Base Case projections detailed in Chapter 6 affect

the world economy. The equivalent variation in the Base Case is set by the GDP projection, and
the USA aggregate price is the numéraire, as noted in Chapter 7. Aggregate prices are equivalent
to GDP deflator inflation, and show higher aggregate prices in the EU than in the USA.

Maket prices and output for agricultural goods are largely determined by three factors. Firstly,
the factors of production used in agriculture (land, and unskilled labour') become more scarce,

which will lead to price increases. Secondly, low income elasticides of demand depress

The scarcity of unskilled labour applies to the EU. where a small fdl is projected for this factor. Qutside the EU, factor
growth js projected for unskilled Jabour.
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Table 8-2: Base Case Summary

UK Germany Rest EU USA Cairns LDCs ROW
EV (Shi 223,454 469.622 953,696 | 2000971 | 1495768 | 1507.442 | 2365,886
(*0) 2286 22,86 22,86 3091 63,42 6911 34,78
Aggregate Prices 24.2(1 26.84 22.62 21.90 18.63 17.66 22,56
Market Prices i
Wheat 0.12 5,06 211 319 5,56 20,96 5,92
[Other Grains 0.31 5,82 2.62 3,55 10.16 2331 7,52
@uhlcx & Fruit 2,99 5,09 4.36 4.23 10,20 23.01 7,84
Qil Sceds -0.93 4,09 0,70 3,23 8,74 28,20 6,93
Sugar canierbeet 3511 44,55 30,38 4.22 5,79 25,58 7,13
Other Agriculture -0,77 2,40 .44 1.08 10,30 18.01 3,36
Cattle. Sheep & Goats -5,00 -4.90 -2,98 -10.69 4,35 14.25 -0,35
Other Livestock -3,95 -1.19 -3,21 -1.21 1.84 12.76 0,40
Raw Milk 56,89 40,67 35,68 -5,89 0,64 15,22 -1,00
Cattle Meat 12,79 19.76 9,02 -4.12 6,24 7.76 9,05
Other Meat 13.14 17,74 8,55 6,33 6.18 7.32 7,75
Vegetable Oils 17.36 20.3 15.58 10,09 10.46 1522 16,43
Milk & Milk Prods 34,76 28,46 28,64 8,59 5,59 9.19 11.94
Sugar 21.87 25,03 25.82 12,65 6,45 14.04] 15,35
Other Food 23,30 2251 22.94 18.06 13.13 12.54 23,89
Other Primary 134.29 125,27 127.08 138,80 140.85 147.96 136,58
Manufactures 2991 25.49 28,91 27,23 23,25 20,74 27,63
Services 23,76 27.49 2012 20,90 15.59 11.33 21.49
Output
Wheat 9,54 7,64 12.86 29.88 27,23 20,99 13.21]
Other Girains 12.16 0,86 1.78 6,00 20,89 21,46 10.81
Vegetables & Fruit 17.95 1137 18.25 18.52 3441 36,01 22,48
Oil Seeds 16.05 8,49 22,86 24,95 28,32 31.33 18,25
Sugar cine’beet 0,00 0,00 0,00 16.79 41,08 29,46 19.23
Other Agriculture 31.31 22,42 26,51 32,25 27,27 29,75 20,84
Cattle. Sheep & Goats 14,26 5,48 13.87 10,64 22,40 42,79 21,47
Other Livestock 10.62 6.99 17.40 15,66 35,72 55,26 26,84
Raw Milk 0,00 0,00 0,00 12.59 25,46 37.55 23,46
Cattle Meat 5,95 3,65 12,71 17.72 25,50 37,25 23,80
Other Meat 7,74 5,57 14.35 11.01 30,93 45,80 29,60
| Vegetable Oils 9,54 1.56 114 15.17 34.27 40,82 17,24
Milk & Mmilk Prods -0,15 -0,27 171 13.41 27,07 40,74 25,75
Sugar 3,00 1.70 1,80 11.87 36,95 39,96 18,46
Other Food 8,60 11.23 10,05 15,00 35,24 48.31 17,20
Other Primary 18.15 14,38 24,24 20,30 25.58 22,46 19,98
Manufactures 10,46 11.45 14.82 21.16 41.97 54,05 23.99
Services 20,10 14.60 22,47 27,39 49,30 57,88 o4
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agricultural prices as demand for agricultural products fals in relation to other goods. Thirdly,
high productivity rates in agricultural sectors depress prices, and lead to the situation eyident IN
many sectors in Table 8-2 of falling real prices and increasing output.

EU milk and sugar sectors are special cases, where the raw products are subject to quotas. This
leeds to red price increases in these sectors, and price increases above or only slightly under

aggregate prices for the fina sugar and milk produced products.

Catle, Sheep & Goats in the UK is the only sector where the Base Case projections lead to
intervention buying, with the price being supported at 5% below the 1995 market price. Chapter 6
discussed the intervention prices used in the model, and where the 1995 market price was above
the intervention price a 5% difference was assumed. except for the cereals sectors where data on
market price to intervention price ratios were available. The choice of a 5% difference between
intervention price and market price is critical when determining whether the intervention price is
reeched or not: for the UK the price of Cattle, Sheep & Goats fals 5% to the intervention price
ad intervemion purchases are triggered, but in Germany the price fdls by only 4.90% so that

intervention purchases are not triggered.

84 DETAILED RESULTS IN THE AGRICULTURAL AND FOOD
SECTORS

Tadles 8-3 ,8-4 and 85 show details for market prices, quantities, and aggregate consumer prices,
in eech case the figures are percentage changes relative to the Base Case. The results are for the
Uruguay Round, Agenda 2000 ('Ag') and CAP remova ("CAP'). (Market prices in Table 8-3
(ad the Base Case prices in Table 8-2) refer to the market prices of domestic production.)

841 Price and output changes. quota-constrained agricultural sectors
For mogt products in the EU, market prices in the Uruguay Round scenario show fairly small

changes for most products, with price increases of less than one percent and a few instances of
grdl price falls (i.e. Wheat and Other Grains in the Rest of the EU). The exceptions to this rule
ae the quota-constrained products: Sugar Cane/Beet show price increases of 8.7%, 32.1% and
[33% in the UK, Germany and Rest of EU respectively, and Raw Milk experiences price
increases of 39.9%, 49.3% and 45.5%) - dl from prices that were considerably higher than average
prices in the Base Case. With factors mobile in these sectors, supply is quite elastic so that large

increases in the ad valorem equivalent of the quota (and hence the price) are needed to restrict
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output when demand for these products rises. This happens partly because the 1995 export levels
were considerably within Uruguay Round limits, allowing further exports of sugar and requiring
only 3 small fal for milk to reach the constraints in 2005. Price rises in the Milk and Milk
Products and Sugar sectors are considerably above rises in other sectors as a result of their higher

intermediate input costs.

Output of the processed milk and sugar goods increases in the Uruguay Round in each EU region
despite the quotas on the raw products, and the milk sector is able to do so only by purchasing
raw products that were previously used in other sectors - raw sugar, unlike raw milk, is traded so

thet the Sugar sector is able to purchase more imports of Sugar cane/beet.

For dl the quota-constrained goods and their processed products, prices fal under Agenda 2000.
with the fdls for Raw Milk and Milk and Milk Products being larger as a result of the quota
increase. Prices for these goods fdl dramatically with the removal of the CAP, with small output
fdls (these sectors also benefit from CAP subsidies). Sugar cane/beet output fals by 12.9% with
CAPremoval.

842 Price and output changes: other agricultural and food sectors
Pice and output effects in sectors that are not directly affected by the CAP quantity constraints

ae generally small as a result of the Uruguay Round and Agenda 2000, with significant output
fdls dter the removal of the CAP.

The Cattle. Sheep & Goats sector in the UK is a specia case because intervention prices were
binding in the Base Case. In this sector. prices remain constant at the Base Case level during the
Uruguay Round simulation because this is the intervention price; upon the 30% reduction in
intervention prices for this sector in Agenda 2000, a small price fdl of 3.3% occurs. There are no
intervention purchases to support the domestic market price in the Agenda 2000 scenario. Output

fdlsto 11.9% below the Base Case level in Agenda 2000 because of lower prices.

Other agricultural sectors have two main forces acting upon them. Firstly, the general but small
fdl in EU wedfare in the Uruguay Round scenario, and subsequent rises in the Agenda 2000 and
CAP remova scenarios, will have both negative and positive effects on demand for all products.
Secondly, competition between sectors for inputs will tend to raise prices as a result of Milk and

Milk Products expansion in the first two scenarios, and the fal in output of Cattle, Sheep &
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Gods Sectors that compete with these sectors for both factors of production and intermediate
inputs W1l experience general equilibrium effects. The changes in aggregate consumer prices
reported in Table 8-5 reflect changes in the prices of domestic and imported goods. They are
presented here for completeness, but the analysis of their impact on consumers is carried out

subsequently in terms of changes in consumer welfare

843 Changesin EU exports and imports
Table 8-6 reports changes in aggregate exports for commodities, again as a percentage relative to

the Base Case. Table 8-7 reports changes in intraEU exports and extraEU exports separately.
Aggregate imports are reported in Table 8-8, with Table 8-9 covering intra and extra-EU

imports. The discussion below focuses on sectors where there are significant proportional

changes in aggregate exports and imports.

EU exports
Changes in a sector's exports tend to be of the same sign but in greater proportion than changes in

sectord output, a common feature in open economy models, and reflecting the same causes. The
notable reductions in exports for the EU are in Wheat and Other Grains. Cattle. Sheep and Goats
and Other Livestock under al three scenarios, with CAP abolition showing the largest fals for all
thexe sectors. Oil Seed exports rise throughout the EU under the UR and Agenda 2000 scenarios,
bu fdl sharply upon CAP abolition. Sugar Cane/Beet exports rise marginaly for the UK,
makedly for Germany but fal for the rest of the EU under the UR and Agenda 2000 regimes, but
increese dramatically upon CAP abolition. Sugar exports changes marginaly for al EU
countries/regions under UR and Agenda 2000, but fdl markedly with removal of the CAP.
Exports of Milk and Milk Products by al EU countries rise above the Base Case levels after
implementation of the UR commitments and of Agenda 2000, but CAP removal reduces the UK

expangon substantially and reduces exports by the others to below the Base Case levels.

EU imports
Implementation of the UR commitments and of Agenda 2000 result in few significant changes in

imports, save for rise in Sugar Cane/Beet imports by Germany and the rest of the EU, and afdl in
imports of Cattle, Sheep and Goats by Germany. CAP abolition leads to very large increases in
imports of Cattle, Sheep and Goats and Cattle Meat by the UK and Germany and to a lesser
extent by the rest of the EU, and to large increase in imports of Sugar throughout the EU, but to
roughly equivalent fals in Sugar imports by Germany and the rest of the EU.

8-10
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844 Agricultural land use and incomes by sector

Changesin land use

Table 8-10 shows the percentage changes in land use compared with the Base Case under the
three scenarios. In the arable sectors the mgor change due to the UR is an increase in the area
under Ol Seeds throughout the EU. with smaller increases for Vegetables etc. (except in
Germany), Sugar Cane/Beet and Other Agriculture; the areas under cereals fdl throughout the
EU. Agenda 2000 sharply reverses the fdls in the cereas area throughout the EU (as would be
expected with set-aside reducions), but whereas the areas under Oil Seeds and Sugar Cane/Beet
rise in the UK compared with the UR outcome, they fdl in Germany and the Rest of the EU.
Abandoning the CAP leads to further substantial increases in the Wheat area in gjj
countries/regions and a reduction in the area under Other Grains (mgor in the UK and Germany,
bu margina in the Rest of the EU), and further expansion in the Oil Seeds and Sugar Cane/Beet
aess in the UK and Germany, but a mgor reduction in areas under those crops in the Rest of the

EJy

Table 8-10: Changes in Land Usein the EU from Base Case (per cent)

UK Germany Rest of EU
R Agenda CAP UR Agenda CAP UR Agenda CAP
2000 2000 2000
Wheal -0,4 123 20,4 -0,3 10.4 32,3 -2.5 71 35,9
Oilier grains -1.6 1.2 31 -1.7 8,7 -1,9 -0.9 85 7,6
Vegetables, fruit & nuts 12 4.1 4.6 -0.2 <001 1.3 LI 0.7 8,2
Oil Seeds 58 6,9 157 8,0 72 17.2 85 4.6 -23,7
Sugar Cane & Beet 1.2 34 5.0 04 0,2 6,7 0,6 0,4 -5,9
Other Agriculture 18 5,6 10.0 1.6 1.7 -3,2 04 0,0 1.4
Cattle. Sheep & Goats -2,5 -10,4 -24,9 -2.5 -3,7 -25,6 -4,9 -3,5 -35.1
Other Livestock 0,0 2,7 2,0 0l 0,0 3,6 0,0 0,0 2,6
Ran Milk 1.2 55 13.0 0.4 2,2 57 0,6 24 4,3
Set Aside 0,0 -80,0 -100,0 0,0 -63,0 -100.0 0.0 -55,0 -100.0

In the other agricultural sectors, the area under Cattle, Sheep and Goats fdls throughout the EU
with the UR compared to the Base Case, while that used for Raw Milk production increases.
Compared with the UR outcome, Agenda 2000 results in reductions for Cattle etc. in the UK and
Gamany (much larger in the UK) but a small rise for the Rest of the EU; Raw Milk area rises
throughout the EU. Finaly, abandoning the CAP reduces the area for Cattle etc. very

substantidly throughout the EU, with some minor increases in Raw Milk areas.



Changes in agricultural income
Table 811 shows changes in agricultural factor income by sector relative to the Base Case for

the three scenarios for the EU and for the three countries/regions. Many of the changes from
meseting the Uruguay Round commitments are relatively minor, so attention will be focused on
those exceeding $0.5bn for the whole EU. There are fals in income in the Wheat and Other
Grains sectors for all countries, but the overall EU reductions of over $0.8bn and nearly $0.7bn
respectively are largely accounted for by the Rest of the EU. These fdls in arable income are
more than offset for the EU as a whole by the increase for the Sugar Cane/Beet sector of over

$2.2bn, although here Germany's increase exceeds that in the Rest of the EU.

Income for the Cattle, Sheep and Goats sector fdls by nearly $I,4bn for the EU as a whole, with
much of this occurring in the Rest of the EU. However EU-wide income from Raw Milk
increases by over $31bn. of which the UK gets $4.38bn, Germany $7.7bn and the Ret of the EU
$19.2bn. These increases in Raw Milk income are largely responsible for the overall increases in

agriculturd incomes in each country/region of the EU under the UR scenario.

Agenda 2000 reduces agricultural incomes relative to the UR outcomes in al countries/regions,
ad in the case of the UK to below the Base Case income. Although there are losses for all
countries in most arable sectors. the magor source of these changes is a fdl in Raw Milk income

rddive to the UR outcome.

Aboalition of the CAP reduces total agricultural incomes for the EU as a whole by nearly $79bn,
with the falls being $11.7bn for the UK. $16.9bn for Germany and $50.3bn for the Rest of the
EU. The Rest of the EU loses substantially in every sector (the range being from nearly $lbn in
Vegetables, Fruit and Nuts to $24bn in Raw Milk). The mgor source of the fal in agricultural
income for the UK is also in Raw Milk ($6.8bn), but there are also substantial reductions in Cattle
ec. ($1.7bn), Wheat ($0.9bn). Other Grains and Sugar Cane/Beet (almost $0.6bn each). German
income reductions are also dominated by those in Raw Milk ($8.8bn). and there are also
substantial losses in Sugar Cane/Beet (almost $2.6bn), Wheat, Other Grains and Cattle etc.
(around $Ibn each).
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85 CAP EXPENDI TURES AND COUNTRY/ REG ON NET CAP
BUDGETS

Table 8-12 gives estimates of the effects of the UR. Agenda 2000 and CAP abolition on the
net CAP budget for the UK, Germany and the Rest of the EU. Tables §-134 and §-13b give a
breakdown of changes in CAP E.xpenditure by country/region compared with the Base Case,
in $bn and ECU bn respectively, while Table 8-14 gives a breakdown by sector. The UR
commitments result in an increase of some 5.2 bn ECU for the EU as a whole compared with
the Base Case, largely due (as Table 8-13b shows) to increases in purchases into stock to meet
the UR export subsidy commitments (Table 8-15 shows EU stock purchases as a percentage
of 1993 output), but also due to an increase in other FEOGA Guarantee expenditure. Agenda
2000 more than reverses the increase in CAP expenditure due to the UR. CAP abolition, of

course. results in avery substantial saving, estimated at over 48 bn ECU.

Table 8—12: Net CAP Budget (Sbn, real 2005 dollars)

1995 Base Data Base Case Uruguay Round| Agenda 2000
UK
CAP E.xpenditure 8,490 10.081 10,535 8.623
Taritf ~ Levies Contribution 6.311 9,606 7,943 7,694
Resource Contribution 3,000 1.591 3,374 2.670
Net Budgetary Gain -0.821 -1.116 -0,782 -1.742
Germany
CAP Expenditure 12,757 12.460 14.218 12.715
Taritf + Levies Contribution 7,717 12.199 8,652 8.606
Resource Contribution 9,280 4,922 10,436 8.259
Net Budgetary Gain -4,240 -4.661 -4,869 -4.150
Rest of EU
CAP Expenditure 39,956 41,436 46.131 41,745
Tariff + Levies Contribution 16.243 25,767 19,503 19.253
Resource Contribution 21,436 11.369 24,107 19.079
Net Budgetary Gain 2,277 4,300 2.521 3,414
AllEU
CAP Expenditure 61,203 63,977 70,884 63.083
Tariff + Levies Contribution 30,272 47,571 36,098 35.553
Total Resource Contribution 30,932 16,406 34,786 27.531
Net Budgetary Gain 0,000 0,000 0,000 0.000

In the results presented in Table §—12, the total over the EU of resource contributions to the
CAP budget is calculated as total CAP expenditure for the whole EU less the tota of tariff

plus levies contributions. Each region has a constant share of the total resource contribution,
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these shares being 9.7% for the UK, 30.0% for Germany, and 60.3% for the Rest of the EU.
The net budgetary gain for each region is calculated as regional expenditure less the regional
tariff + levy and resource contributions.

For the UK the national CAP expenditure is some $1.5bn higher in the Base Case than in
1995. The tariff + |evies contribution is higher in the Base Case by $3.3bn, but the resource
contribution is lower by $1.4bn. so that overall the UK’s net budgetary loss in the Base Case
isjust under $0.3bn higher than in 1995. Nationa CAP expenditure would rise by $0.5bn
compared with the Base Case under the UR scenario, largely due to the costs of meeting UR
commitments. The tariff + levies contribution would fal by just over $1.6bn, but the resource
contribution would rise by nearly $1.7bn. The net budgetary loss under the UR scenario
would thus be slightly lower than in the Base Case at just under $0.8bn. Finally. comparing
the UR scenario with Agenda 2000. the UK would see a$l.9bn reduction in its CAP
expenditure. with aminor fal in its tarift + levies contribution and just over a $9.5bn cut in its

resource contribution, resulting in a net budgetary loss for the UK of $1.742bn.

Far Germany there are relatively small changes in its CAP expenditure and net budgetary loss
between the Base Case and 1995. but substantia (and almost off-setting) changes in the
patern of its contributions. The UR scenario results in a $1.8bn increase in its CAP
expenditure compared with the Base Case, a reduction in its tariff + levies contributions of
S35bn. but arise in its resource contribution of some $5.5bn, so that its net budgetary loss
increases marginaly, by about $0.2bn. The Agenda 2000 results show a $1.5bn fal in
Germany's CAP expenditure compared with the UR expenditure. little change in its tariff +
levies contribution, but a reduction of over $2bn in its resource contribution. so that its net

budgetary loss is reduced by just over $0.7bn.

The Rest of the EU has higher CAP expenditure in the Base Case than in 1995 but, like the
UK and Germany, amost offsetting switches between its tariff + levies and resource
contributions, so that its net budgetary gain increases by approximately the same amount as its
CAP expenditure. The UR scenario shows a $4.7bn increase in CAP expenditure, a fall in
tariff + levies contribution of over $6bn but a rise in the resource contribution of just under
$13bn.so that the Rest of the EU finds its net budgetary gain reduced by some $1.8bn
compared with the Base Case. Agenda 2000 reduces the CAP expenditure by over $4.4bn
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compared with the UR outcome, leaves the Rest of the EU taritt - levies contribution almost
unchanged, but does result in a $5bn reduction in resource contribution. Yielding a net

budgetary gain of just under $0,9bn compared with the UR.

As Tables 8-13a and 8-13b show, the increases in CAP expenditure due to meeting the UR
commitments are largely due to increases in intervention buying to constrain subsidised
exports and in “Other FEOGA Guarantees'; these are offset to a limited extent by reductions
in expenditure on those export subsidies and in compensation and headage payments and

intervention to support market prices.

Table 8-13a: Changesin CAP E.xpenditure by Country from Base Case (Sbn)

UK Germany Rest of EU All EU
UR [Agenda] CAP UR |Agenda| CAP UR [Agendal CAP UR |Agenda| CAP

2000 200(1 2000 2000
E\pQrt Subsidies 00121 -0.135] -1.108| 0.055] 0.037| -2.494| -0.398] -0,409 |-10.051] -0.454| -0,507 |-13.652
Comp=Headage Pavments| -0.310( (1,486 -2 428| -0.316[ -0,350{ -2,633 | -1.126] -0,653 [-11.374| -1.732] -1 489(-16.435
Set Aside Payvments 0,000] -0,226| -02X2| 0.000{ -0,426{ -0,654| 0,000| -1,293| -2.291| 0,000]| -1943] -3.227
Intery ention (support)d -0.153| -0.X78| -0.X7X| 0,000f 0,000f 0,000{ 0,000| 0,000] 0,000| -0.153] -0,878{ -0,878
Intervention (cxpnrt)b 0468 0,303 0.000| 1.175( 0,753 0,000 3,997 ! X29 0.00(1] 5640| 2885]| 0,000
other FEQCGiA Guarantee®| 0.4x7| -0,023} 4601 | (w727 0.211| -5.709] 1.901] 0.716]-15.161]| 3.116{ 0,904 [-25.471
FEOGA Guidance 0,082] -0,004{ -0,776] 0.123} 0,036{ -0,963{ ©.321| 0.1211 2,558 0,526| 0.1533] -4,297
TOIAL 0,463 | -1.448]-10.072| [.764] 0.261]-12.454| 4695 0.310]|-41.435] 6.923| -0,878|-63,961

g appart buying: b purchasss into godks to meet UR commitments on subsidisad evports ¢ misodlaneous

Table 8—13b: Changes in CAP Expenditure by Country from Base Case (Ecu bn)*

UK Germany Rest of EU All EU
UR |Agenda] CAP UR [Agenda| CAP UR |Agenda| CAP UR |Agenda| CAP

2000 2000 2000 2000
Export Subsidies -0,084| -0,101| -0.832| 0.041| 0.028| -1.874] -0,299 -0,307 | -7.551| -0.341| -0.381 (-10,256
Comp+Hceadage Payments| -0,233} -0,365] -1,824| -0,237| -0.263| -1,978| -0,846{ -0.491| -8,545| -1.316| -1.119-12,347
Set Aside Payments 0,000| -0.170| -0.212] 0.000| -0,320] -0,491| 0,000{ -0.97{ -1.721| 0.000| -I.461| -2,424
Intervention (support)" -0.115| -0,660{ -0,660| 0,000| 0,000] 0,000] 0,000{ 0,000{ 0.000| -0.115]| -066(1 -0,660
Intervention (cxport)b 0,352| 0,228 0,000| 0.883| 0,566| 0,000 3,003| 1374| 0.000| 4.237( 2.167| 0,000
Other FEOGA Guarantee€| 0,366 -0.017| -3.457| 0,546 0.159| -4289| 1428| 0,538|-11.390} 2.341| (1,679)-19,135
FEOGA Guidance 0,062| -0,003| -0,583| 0,092] 0,027| -0,723| 0.241| 0,091 -L922} 0.395 ©.413} -3,228
TOTAL 0,348{ -1,08x | -7,567| 1.325] 0,196 -9.356| 3,527 (1.233|-31.128| 5,201 -0.660 -48.051

* Daivad from Tables-13 a anexchangeraeof 1Eu =8 1.3311.
a uppart buying; b: purcheses into gocksto met UR commitments on subsdissd exparts ¢ misodlaneous

Agenda 2000 marginally reduces CAP expenditure compared to the Base Case for the EU as a
whole, but this is a case of a reduction in UK expenditure outweighing increases elsewhere.

Abolition of the CAP necessarily yields large reductions everywhere.
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Tabic 8-14:Changes in Total CAP Expenditure by Commodity from Base Case (Shn)

—
Wheat Other Grains Oil Seeds Set Aside
UR Ag CAP UR Ag CAP UR Ag CAP UR Ag CAP
[Export Subsidies -0.322 | -0,325 | -0,365 | -0,381 | -0.391 | -0,618 | 0,000 | 0,000 { 0.000{ 0.000 | 0,000 | 0,000
FEOGA Guidance -0.002 | -0,002 | -0,049 | -0.001 | -0,002 | -0,044 | 0,016 | 0.016 | -0.318 | 0.000 | 0,000 | 0,000
FEOGA Guaranteed -0.011 | -0.012 ] -0.291 | -0,009 | -0,009 | -0,260 | 0,094 | 0,006 | -1.886 | 0.000 | 0,000 | 0,000
Compensation + Headage| -0,667 | -1,225 | -6,340 | -0,577 | -1,055 | -5,762 | -0.116 | -0,522 | -2.237 | 0,000 | 0,000 | 0,000
Set Aside Payments 0,000 | 0,000 { 0000 | 0,000 | 0,000 | 0,000 | 0,000 [ 0,000 | 0.00(1] 0,000 | -1945 | -3.227
Intervention (support)d 0,000 | 0,000 | 0,000 | 0,000 | 0,000 [ 0,000 | 0,000} 0,000 | 0,000 | 0,000 0.000}| 0,000
Intervention (export)© 0,147 | 0.143 | 0,000 | (1444 | 0,439 | 0,000 | 0,000 | 0,000 { 0.000 { 0,000 | 0.000 | 0,000
TOTAL -0,855 | -1.420 | -7.045 [ -0.523 | -1.018 | -6,684 | -0,005 | -0.410 | -4.442 | 0.000 | -1.945 | -3,227
Vegetables, Fruit & Nuts Sugar Cane & Beet Cattle, Sheep & Coals Other Agriculture
UR Ag CAP UR Ag CAP UR Ag CAP UR Ag CAP
Export Subsidies 0,000 | 0,000 | 0,000 | 0.043 | (1,043 | -0,096 | -0.781 | -0,809 | -1,313 { 0(100 [ 0.000 | 0.000
FEOGA Guwidance 0.000 { 0,000 | -0.104 | 0,000 | 0,000 [ 0,000 | -0.013 | -0-048 | -0.881 | 0,000 { 0.000 | -0.210
FEOGA (juarantee? -0,003 | -0.001 | -0,614 | 0,000 { 0,000 | 0,000 | -0,089 | -0,284 | -5,222 | -0.081 | 0,000 | -1.247
Compensation + Headage| 0,000 | 0,000 | 0,000 [ 0,000 [ 0,000 | 0,000 [ -0,393 | 1.313}-2,095 | 0,000 | 0,000 | 0,000
Set Aside Payments 0,000 | 0,000 | 0,000 { 0,000 | 0,000} 0,000 | 0,000 | 0,000 [ 0,000 | 0,000 [ 0,000 [ 0,000
Intervention (support)b 0,000 | 0,000 | 0,000 | 0,000 | 0,000{ 0,000 |-0.153 | -0,878 | -0,878 | 0,000 | 0,000 | 0,000
Intervention (cxpt)rt)C 0,000 [ 0,000 { 0,000 [ 0.158 { 0.173 | 0,000 | 0,303 | 0.296 { 0.000 { 0,000 [ 0,000 { 0,000
TOTAL 0,003 | -0,002 | -0.717 | 0,200 | 0.216 | -0,096 | -1.127 | -0,409 {-10.388 | -0,001 | 0,000 | -1,458
Other Agric Products Raw Milk Cattle Meat Other Meilt
UR Ag CAP UR Ag CAP UR Ag CAP UR Ag CAP
Export Subsidies 0,461 | -0.469 | -0.503 | 0,000 | 0000 | 0,000 | -0,459 | -0,459 | -1.757 | -0.836 | -0,840 | -0,898
FEOGA (Guidance 0001 | -0.002 | -1.103 | 0.471 | 0.163 | -1,036 | 0,001 ] 0,000 | -0.085 | 0.002 | 0,001 |-0,129
FEOGA Guaranteed 0,007 | -0,012 | -6.539 | 2,792 | 0,965 | -6,140 | 0,002 | 0,000 | -0,502 | 0,009 | 0,006 | -0,764
Compen.sation + Headage| 0,000 | 0,000 | 0.000 | 0,000 | 0,000 [ 0,000 | 0,000 | 0,000 | 0.000 { 0,000 | 0,000 | 0,000
Set Aside Payments 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
Intervention (support)b 0,000 | 0,000 | 0,000 | 0,000 [ 0,000 { 0,000 | 0,000 | 0,000 | 0,000 [ 0,000 | 0,000 | 0,000
Intervention (export)C 0.119 | 0.119 | 0,000 | 0,000 | 0,000 | 0,000 0,770 | 0,712 | 0.000 | 0,298 | 11247 [ 0,000
TOTAL 0,333 | -0,365 | 8,145 | 3.263 | 1127 | -7,176 | 0.314 | 0,252 | -2,344 ) -0528 | -0,585 -1.791
Vegetable Oils Milk & Milk Products Sugar Other Food
UR Ag CAP UR Ag CAP UR Ag CAP UR Ag CAP
Export Subsidies 0.000 | 0,000 | 0,000 | 2443 | 2.443 | -6,420 | 0,300 | 0,300 | -1,682 | 0,000 | 0,000 | 0,000
FEOGA Guidance 0.001 | 0,001 | -0,035 | 0,050 | 0.022 | -0,246 | 0,003 | 0.004 | -0.057 0,000 | 0,000 | 0,000
FEOGA Guaranteed 0.006 | 0,006 | -0,200 { 0,297 | 0.129 | -1.459 | 0,021 | 0,022 {-0.338 | 0,000 | 0,000 0,000
Compensation + Headage{ 0,000 | 0,000 | 0,000 [ 0,000 0,000 | 0,000 | 0,000 | 0,000 0,000 | 0.100 | 0,000 { 0,000
Set Aside Payments 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 0,000 { 0.000 [ 0,000 { 0,000
Intervention (support)® | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 { 0,000 | 0,000 | 000 | 0.000 | 0,000 0,000
Intervention (export)¢ 0.000 | 0.000 | 0,000 | 2.849 ] 0.175 | 0,000 | 0,552 | 0,579 | 0,000 | 0,000 | 0,000 0,000
[TOTAL 0.007 | 0,007 | -0.244 | 5,640 | 2,769 | -8,125 | 0,876 | 0,906 | -2.077 | 0.000 } 0,000 | 0.000
a miscdlaneous; b: support buying; c: export subsidies
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Table 8-15: EU Stock Purchases as a percentage of 1995 output

Base Case Uruguay Round Agenda 2000
Whest 0,87 0,86
[ Other Grains 2,48 248
"Suger cane/beet 0.96 1.03
Catle, Sheep & Goats* 2,45 2.85 0,82
| Other Livestock 0.16 0.16
Cattle Meat 0.84 0,70
Other Meat 0,24 0,20
Vegetable Oils 0.04 0,03
Milk & Milk Products 1.42 0,10
Sugar 104 1.09
Other Food 0,08 0,06

a Cattle. Sheep & Goats includes purchases to support the intervention price in the Base Case and
Uruguay Round scenarios. All other stock purchases are those necessary to meet the Uruguay
Round commitments.

»

86 THE DECOMPOSITION OF WELFARE GAINS FOR THE EU
861 Changesin EV

Table 8-16 gives a sectora decomposition of the EV changes for the EU and its member
region53 This (discusson will, because it is the (dominant reform as far as the UK is concerned,
concentrate largely on the effects of abolishing the CAP. The most obvious features are that
dl the identified EU members experience a substantial net loss in the Agriculture sectors that
dominates a substantial gain in the Food sectors. Nevertheless, all EU members enjoy a strong
ovedl gain from CAP removal. For the UK the mgor source of gain is in the Services sebtor
while for Germany it is in Manufactures, and for the Rest of the EU there are gains in both
(although the Services sector yields the greater gain). Note that the gains and losses in the
individua groups of sectors most affected are substantial relative to the overall gain: inter-

sectord transfers exceed net gains by a large multiple.

2 The decomposition is @ first-order approximation, hence the 'Other Terms' row in the table. A Ful _decomposition
woud require the calculation of the etfects Of interactions between @l possible pairs of sectors. @l possble triples. 4|
posible quadruples ...

8-22



£C-8

9160

L€ obt o G/8'o €82 o sor L60°0- 90'0- S0IAIBS
106 t- 062 5" Yoy 5 €65 - tst |- €8 0" Ceso- P0E0- S 30U
288 - 6ET 0 185 o 6E6'< Sie ] L+30 ¢ lo- sLT'0- pood
YoV o Gl o Gl o 120 0" 6Tl =< 30 L 0'0- a1-3no By
886 0" oy 5- t615 961 0" RE $8co BbL 0" LSG'0- Sl Josulio]
1626 296 - It+9- LIt9 LtL == 0560 0551~ €010 A3 [e10]
608 - ¥8e' 1 255 091°0- G€8°0 <6 lo- - 650 €500 suus | _ylo
90g 1 | 112'0 98/ 5 GZG's 68" | L 61" 20L'3 L0 301 AJBS
19L°¢ AL 02L'9- 226 s 181 ¢ 8¢ 85 €3=70 g8 bo s - S A1 %) LB
08E == 88’1~ | 120'62- | ¥.9'oC Itt9- 9T L o £ L =v'0- poo4
188'07- | 6/91] 09G" % vrS'Ge- | 198'e = L06 S T 1YY
000 ¢ 0001 0002 000Z.
e VD epusis v N <V.D epussy dv) epusby epuab vy
NA Ny NAJ01s9° 8 £ o Mo MN

(3se) =3 wouy ss3o oyd

oq$ 11¥) NF 2y) 10§ ocomgod ¥od3 0 A 91— PIqEL




86.2 Wseélfare gains and transfers in agriculture and food
Table 8-17 and Table 8-18 provide details. for the EU, of the decomposition into producer

effect. consumer effect and tax revenue changes of the losses and gains in EV in the
agriculture and food sectors respectively in the EU. They should be read together with Table
8-16 as they illustrate two of the points made earlier: that the general equilibrium effects of
reform in one sector may dominate the gaing/losses in thét sector. and that transfers

(redistributions of welfare) almost always exceed efficiency gains by a substantial multiple.

As an initial example of the first point. note from Table 8-16 that, for the UK. the individual
EV changes due to the abolition of the CAP in the agriculture and food sectors, though
individually substantial (a $5.771bn loss and a $5.443bn gain respectively) they virtualy
offsst one another. It may also be seen from Table 8-16 that the net gains elsewhere in the UK
economy (notably in Services) dominate the small net loss in the agricultural and food sectors.
That is. the main gains do not come from gains in the sectors directly affect by the abolition of
the CAP. but from changes in other sectors. and there are substantial transfers between the

directly-affected sectors.

As a further example of the relative dominance of transfers. consider the aggregated changes
from Table 8-17 and Table 8-18 for the agriculture and food sectors in producer and
consumer effects and tax revenue (the conventional partial equilibrium components of welfare
changes). Abolition of the CAP would reduce producer prices, leading to a producer effect of
$-12.076bn. and would benefit consumers by $7.278bn and taxpayers by $4.470bn. All these

transfers dominate the net loss in agriculture and food.

86.3 Agenda 2000 in 2005 compared with CAP abolition in 2005
The first of our scenarios assumes that the EU will meet its Uruguay Round commitments.

Given that, it is interesting to ask how far that Agenda 2000 reforms of the CAP go towards
redisng some of the welfare gains to the EU countries that would come from the complete
abalifion of the CAP. [n terms of its EV (consumer) effects, Agenda 2000 does not perform
vay well. Using the data in Table 8-16, we observe that while Agenda 2000 does give EV
gains relafive to the UR scenario ($0.58bn for the UK, $0.28bn for Germany. $1.02bn for the
Rest of the EU), they are minimal compared to the gains from CAP abolition ($2.38bn for the
UK, $2.63bn for Germany. $10.6bn for the Rest of the EU).
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87 CONCLUSIONS

Table 8—1 shows a net loss relative to the Base Case for the EU (-0.07 per cent of EU GDP) and
for al its identified members from the Uruguay Round agreement in terms of the equivalent
variation measure of welfare for 2005; the UK loss is the smallest of the three (-0.04 per cent of
GDP). It has been argued that one of the reasons for this is that the EU did not liberalise
significantly. even in its agricultural policy, where relatively little reductions in its subsidised
exports were in fact required. Indeed, all EU countries (households) gained in terms of the
agricultural sectors. although these gains were largely offset by losses through changes in the
food. manufactures and services sectors. There were substantial distributional changes
(dominating the EV gains). both within agriculture itself, and between agricultural producers (the

gainers) and food producers, consumers and taxpayers (the losers).

The Agenda 2000 reforms would. in 2005, change the UK's loss from the Uruguay Round into a
andl gain relative to the Base Case (0.01 per cent of GDP).. and would reduce the losses for
Germany and the Rest of the EU. These changes again involve substantial redistributional effects.
The gains are small compared with those that would come from the abolitién of the CAP (0.10
per cent of GDP for the EU as a whole relative to the Base Case. 0.16 per cent for the UK, 0.04
per cent for Germany and 0.13 per cent for the Rest of the EU).
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CHAPTER 9

CONCLUSIONS

This thesis has considered the evaluation of agricultural policy using computable
general equilibrium modelling. The man focus of this study has been two
applications. hoth of which are concerned with agricultural policy in the European
Union. Chapter 6 presented the results from a model of the Uruguay Round that
contained certain original features. and chapter 8 presented results from an updated
model using a new database. and was concerned with the modelling of the Uruguay
Round. Agenda 2000 agricultural reforms. and the total costs of the Common
Agricultural Policy. The consideration of the Uruguay Round reforms included the
modelling of non-agricultural policy changes. reinforcing the need for a genera

equilibrium approach to modelling.

There is a "standard” means of modelling trade reform in CGE models, characterised
by static modelling. perfect competition with constant returns to scale, perfectly
mobile factors within regions. and the use of ad valorem taxes and subsidies. The last
decade has seen several major improvements in terms of the modelling of imperfect
competition and the incorporation of projections and steady-state dynamics into CGE
models, but al these improvements have focused on trade in manufactured goods with

little consideration of the structure of the agricultural economy.

This thesis has presented extensions to this framework that attempt to bring a more
realistic characterisation of the agricultural sectors. The incorporation of factor
immobility in agriculture is necessary unless agriculture is to be treated as simply
another manufacturing sector, and setting a proportion of agricultural factors to be
sub-sector specific both improves the modelling of supply response in agriculture and
allows the income of farmer households to be measured. This treatment has
advantages over more traditional factor immobility models where one factor is sector-
specific, because in those models the factor intensity ratios determine how far the

immobility affects different sectors. The use of ad valorem tax and subsidy rates in
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agriculture has been adapted to enable the modelling of Uruguay Round constraints,
and chapter 5 introduced the modelling of set-aside. The model of chapters 7 and 8
defined severa CAP instruments explicitly - compensation and headage payments,
output quotas. set-aside and set-aside compensation, intervention prices and support
buying - and introduced a new means of modelling the Uruguay Round export subsidy
commitments for the EU.

Chapter 1 described the Uruguay Round agreement. with particular attention being
paid to the Agricultura Agreement. of which there are three main areas of reform:
market access, export subsidies. and domestic support commitments. The market
access commitments involve the conversion of non-tariff barriers to tariffs, and the
reduction of these and existing tariffs. “Dirty tariffication' and various exemptions to
the market access commitments such as the continuation of Japanese rice import
guotas, are likely to water down the effects of the tariff reductions. but the inclusion
of agriculture into GATT/WTO disciplines is certainly a large step forward and lays
the foundation for future tariff reforms. The reform of export subsidy and domestic
support commitments will aso not have as Ilarge an effect as was expected at the
beginning of the Uruguay Round negotiations, mainly because the base periods for

reductions were ones where agricultural support was at historically high levels.

Chapter 2 examined the construction of computable genera equilibrium models. from
basic functional forms to issues of product differentiation and modd closure. This
discussion laid the foundation for chapter 3, which considered the Globa Trade
Anaysis Project (GTAP) model. and presented the results from se\eral papers that
use this model for the analysis of the Uruguay Round. as well as other Uruguay
Round CGE models. The results from these models vary widely. depending on the
commodity and regional classification of the models. the market structures, the

approaches to dynamics and projections, and the representation of the reform package.

The GTAP version 2 database was examined in chapter 4. The structure of trade
patterns and of agricultural protection in each of the 24 regions of the database was
discussed as the basis for an aggregation of the GTAP database that has the specific
emphasis of modelling agricultural policy. Chapter 5 discussed the standard GTAP
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model, and made modifications and extensions to this model. The modelling of
specitic-factors and endogenous subsidy rates was developed here, as was a means of

decomposing welfare changes in the GTAP model.

Chapter 6 presents the results from modelling the Uruguay Round with the
aggregation and model developed in chapters 4 and 5. The main results for these
simulations show that the global welfare gain (0.39%) and regional gains to the EU
(0.42%). the USA (0.41%) and Japan (0.84%) are comparable to the other studies
discussed in chapter 3. Agriculture, textiles and clothing and market access for
industrial goods are found to each provide around one third of the globa gains, but
with a great degree of inter-regional differences. Agricultural import tariff reforms
have far greater importance for the world as a whole than subsidy reforms. but in the

EU export subsidy reforms are the most important aspect of the Uruguay Round.

On the level of aggregate weltare. the modelling extensions developed here lead to
dightly lower welfare impact from reforms. but on a sectoral level the results from
usng a "standard" model and the ‘main model' of chapter 6 are very'different for
agricultural sectors. and for farm income. The modelling of imperfect compefition.

meanwhile. changes the farm income results very little.

The recently released GTAP version 4 database provides greater commodity detail in
agricultura sectors. which allows modelling of CAP policies on a detailed basis, and
chapter 7 developed the framework for this, in the context of modelling the Agenda
2000 reforms. The model developed in chapter 5 was augmented with producfion
guotas for milk and sugar, explicit compensation and headage payment modelling,
intervention price and support buying, and a model of the EU export subsidy
commitments where the EU maintains the domesfic price of exports via a variable
export levy and ensures that Uruguay Round commitments are met through support

buying.

Chapter 8 provided results for simulations using this updated database and CAP
policy modelling in a projected model. The main results are that the Uruguay Round
leads to welfare losses in the EU. which are partially reduced through Agenda 2000.
The Agenda 2000 reforms are very small considered against the complete abolition of
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the CAP. The main reason why the Uruguay Round results in this chapter differ from
those in chapter 6 is that the characterisation of the Uruguay Round Agricultural
Agreement in chapter 6 is “optimistic’, whereas the tariff liberalisation and export
subsidy commitments detailed in chapter 7 result in far less reform of EU agriculture.
The MFA reforms, which could lead to overal welfare gains, were aso not modelled
in chapter 8, and the industrial sector was not disaggregated; which has probably lead
to underestimation of the welfare gains from the Uruguay Round. In al three
counterfactual scenarios modelled in this chapter, the redistributional impacts of

reforms are far greater than the overall welfare results.

Opportunities for future research exist in several areas of the work conducted here.
Modelling of the CAP could be improved by including milk subsidies and modelling
compensation payments as specific subsidies to land (in chapters 7 and 8 they are ad
valorem subsidies to land). Explicit modelling of agricultural policies outside the EU
presents many opportunities for more detail to be included into the modelling
tramework. particularly in the USA and Japan. The Uruguay Round_ Agricultural
Agreement contains several areas that have not been modelled here. such as minimum
import access commitments. and the remal ning guotas on Japanese rice imports. The
inodelling of imperfect factor mobility in agriculture could aso be expanded to more
than create a 50-50 split between perfectly mobile and immobile factors. with the
possibility of using data on the proportion of fam owners in the agricultura
workforce to determine the rafio of specific agricultural factors. Then there are

possibilifies of modelling other categories of agricultural labour with varying degrees
of mobility.

On a wider scale, there are ‘new” areas of CGE modelling such as multi-period
dynamics and the use of trade restrictiveness indices that are applicable to al forms of
CGE modelling. Multi-period dynamics have only been used in small dimension CGE
models because of the rapid increase in model size that they dictate, but with
techniques similar to those used in chapter 5 to compress the model, it may be
possible to generate multi-period dynamics for large sclle CGE models. The trade
restrictiveness index is a means of incorporating the effects of tariff or tax vanafions

within an aggregated commodity grouping. and may be crucid in CGE models where
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the level of aggregation means that tariff peaks are hidden in large commodity groups
with low(er) average tariffs.

There exist possibilities to augment the GTAP database with data on agricultural
goods at a far more detailed level. 1t is possible to formulate a large global model
where the commodity classification is expanded for a subset of the regions in the
model. enabling for example grains production in. and tradé between. the EU. USA
and Canada to be disaggregated into a dozen categories, while retaining a more
aggregate classification in other regions. This would also be of importance to the
livestock and milk sectors in the EU and other regions., and to non-food crops (coffee,

cocoa. €tc.) in LDCs. Only when this level of detail is reached will CGE models be
able to generate serious commodity forecasts.

While the modelling of imperfectly competitive markets has tended to concentrate on
manufacturing and services sectors. there are possibilities for future research to
develop Models that incorporate forms of imperfect competition that are more relevant
to ggriculture. Monopsonistic competition (concentration of buyers) is a feature of
food processing sectors. Where food retailers have market power over the goods that
they purchase from the agriculture sector. The implications of this and monopolisfic
compefition among multi-product food retailers could also be investigated in a CGE
framework. 8 could market concentration in the trading sector - there is a high

concentration of international companies trading in cereals, for example.
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