
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


378.794
G43455
WP-524

-

ifk

 _

\e'VO:(K,L7M, ek.,,)ER O.

NALYZLNG AGRICL LTI:RAL TRADE LIBERALIZATION WrCH STNGLE-COUNTRY
COMPUTkBLE GENERAL EQUILIBRIUM MODELS

by

S E RAIAN ROBINSON

DIEPA

WAITE. MEMOMAL BOOK COLLECTON

Pkin. OF AG, AND APPUED ECONINCS

1894 BUFORD AVE. - 232 COB
UNOVERSITY OF MNNESITA

sT. PAUL, tviN 55108 USA

MINT OF AGRICULTURAL AND
ESOURCE ECONOMICS

BERKELEY

CALIFORNXA AGRICULTURAL EXPERIMENT STATE*

•

UP3ive rsity of Wonia
4



-7

DEPARTMENT OF AGRICULTURAL AND RESOURCE ECONOMICS
DIVISION OF AGRICULTURE AND NATURAL RESOURCES

UNIVERSITY OF CALIFORNIA

WORKING PAPER NO. 524

- ANALYZING AGRICULTURAL TRADE LIBERALIZATION WITH SINGLE-COUNTRY
COMPUTABLE GENERAL EQUILIBRIUM MODELS

by

SHERMAN ROBINSON

California Agricultural Experiment Station
Giannini Foundation of Agricultural Economics

January 1990



ANALYZING AGRICULTURAL TRADE LIBERALIZATION WITH SINGLE-COUNTRY

COMPUTABLE GENERAL EQUILIBRIUM MODELS

_ Sherman Robinson
_ Department of Agricultural and Resource Economics

University of California, Berkeley

January 1990

Revised version of a paper presented at a joint OECD/World.Bank Symposium on "Agricultural Trade
Liberalization: Implication." for Developing Countries," Paris, October 5-6, 1989.



Table of Contents

Introduction   1

A Single-Country, Two-Sector, Three-Good, Trade Model   2
The 1-2-3 CGE Model   2
Product Differentiation and Trade Theory   5

Trade Policy and Welfare   7
Optimal Tariff Policy   8
Rent Seeking, Imperfect Competition, and Externalities   9

Agricultural Trade Liberalization   12
Policy Environment and Empirical Results   12
Modelling Issues   14

Conclusion   17

References     19

Abstract

paper surveys recent work with single-country computable general equilibrium (CGE) models
to analyze issues of agricultural trade liberalization. This work has drawn heavily on earlier work with
CGE models of developing countries designed to analyze issues of "structural adjustment" to external
shocks. The paper argues that most trade-focused, single-country CGE models are based on the Salter-
Swan "Australian" trade model, which incorporates non-traded goods. A two-sector, three-commodity
analytic model is presented which incorporates imperfect substitution and transformability between goods
produced for the domestic and world markets. This model represents an extension of the Salter-Swan
model and provides the anlytic core for most =de-focused CGE models. The empirical work with these
models has followed two strands. The first has sought to improve the model specification with regard to
agriculture, but stay close to standard neoclassical theory. The second strand has sought to extend the
models to include phenomena such as rent seeking, imperfect competition, scale economies, and externali-
ties. The survey discusses examples of work in both strands.2
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Introduction

The current round of multilateral trade negotiations, the Uruguay Round of the GATT, has focused
policy interest on questions of the structural impact of different trade regimes in developed and developing
countries. Given that the GATT negotiations, at the request of the U.S., started with agriculture, there has
been active work using multisectoral models to explore the impact of different domestic and international
agricultural policy regimes on various economies. While linear models can capture many of the important
linkages between agriculture and the rest of the economy, most recent work has used nonlinear, price
endogenous, computable general equilibrium (CGE) models.

In both developed and developing countries, CGE models have become part of the standard tool
kit of policy analysts. One strand of work has focused on efficiency questions in neoclassical welfare
analysis —what might be called triangle counting. These models, by design, have stayed close to the
neoclassical paradigm: A second strand of work, largely applied to developing countries, has focused on
structural issues. What is the impact of different choices of development strategy on growth, structural
change, and the distribution of income? Given macroeconomic shocks, how do different choices of
"structural adjustment" policies affect the economy? Given various rigidities, distortions, and market
imperfections characteristic of developing countries, how do these countries react to different policy
instruments? These models have introduced a variety of "structuralist" features designed to capture
institutional rigidities characteristic of developing countries. In analyzing the impact of different trade
liberalization scenarios, CGE models have been built that draw on both strands of work.

While the neoclassical paradigm has provided the fundamental theoretical underpinning for trade-
focused CGE models, there has also been work to extend the empirical models to include recent theoretical
advances in trade theory. In this paper, I review some of the recent work using CGE models to address
issues of trade policy, especially the analysis of liberalization scenarios. The review is more issue-centered
than country-centered and will discuss work on both developed and developing countries. After presenting
a core CGE model, I discuss the limitations of models which stick to the neoclassical paradigm and some
examples of models that incorporate rent seeking, externalities, and imperfect competition.' I next review
the empirical results from existing models used to analyze the impact of agricultural liberalization. Given
these results, and the evolution of the GATT negotiations, I discuss recent developments in the formulation
and use of policy-focused CGE models. The review is selective, discussing examples of recent work
rather than trying to provide a broad survey.2

'This part of the review draws heavily on Robinson (1989a).

'Robinson (1989b) provides a general survey of work with multisector models of developing countries. De Melo
(1988), Roland-Hoist and Tolcarick (1989), and Whalley (1989) provide complementary surveys of trade-focused
CGE models. Devarajan (1989) surveys CGE models of taxation and natural resources applied to developing
countries. Hertel (1989b) surveys recent work on including agriculture in CGE models. Shoven and Whalley (1984)
review earlier work with tax and trade models applied to developed countries. -
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A Single-Country, 140-Sector9 Three-Good, Trade Model

De Melo and Robinson (1989a) present a simple single-country, two-sector, three-good model that
can be seen as an extension of the Salter-Swan (or Australian) trade model.' In this "1-2-3" model, the
country produces two commodities: (1) an export good, E, which is sold to foreigners and is not demanded
domestically, and (2) a domestic good, D, which is only sold domestically. The third good is an import,
M, which is not produced domestically. The model has no factor markets. The country is small in world
markets, facing fixed world prices for exports and imports.

The I-2-3 CGE Model

The model equations are set out in Table 1. Equation 1 defines the domestic production
possibility frontier and gives the maximum achievable combinations of E and D that the economy can
supply. The function is assumed to be concave. In multisector CGE models, it is specified as a constant
elasticity of transfomiition (CET) function for each sector. The constant X defines aggregate production
and is assumed fixed. Since there are no intermediate inputs, X also corresponds to real GDP. The
assumption that X is fixed is equivalent to assuming full and efficient employment of all primary factor
inputs in a model with factor markets.4 In addition to the production possibility frontier, the economy
faces a second constraint: the value of imports cannot exceed the value of exports plus exogenous foreign
bormwing. This balance-of-trade constraint is given by equation 18.

Equation 2 defines a composite commodity, Q, made up of domestic goods and imports, which
is consumed by a single consumer. In CGE models, Q is usually a constant elasticity of substitution
(CES) function of D and M at the sectoral level! Assuming that the single consumer in the model gains
utility from Q, welfare is maximized when the amount of Q in the economy is maximized. In this model,
Q defines total absorption.'

Equations 1, 2, 16, 18 together suffice to define a simple CGE model. Equation 16 adds the
assumption that supply equals demand on the market for the domestic good, D. Figure 1 presents the
model in graphs. The production possibility frontier is Liven in quadrant IV. The balance of trade
constraint is given in quadrant I, setting ic = ire = 1 and B = 0 for convenience. Quadrant 111 captures
equation 16. The consumption possibility frontier in quad= H is the locus of points that satisfy the three
constraint equations in quadrants I, III, and IV. The market equilibrium is given at point C, where
absorption Q is maximized. Solution prices are given by the slopes of the tangent lines at the production
point P and the consumption point C.

3See Salter (1959) and Swan (1960).

'Indeed, it can be shown that if we were to specify separate Cobb-
which depend on, say, capital and Ra r, then the impli prs,•luction
See Devarajan, Lewis, and Robinson (1989).

uglas production functions for D and E
ssibilin frontier is locally a CET function.

'In a multisector model, we disag egate by sectors and assume that im
sector category are imperfect substitutes, following Amington(1969).

rts an mestic gi.. in th same

°The miel would be unchanged if we.defined a utility function with toabsow ripton, as the only argument.
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Figure 1: The 1-2-3 Model

The rest of the equations in Table I complete the description of the model, including prices as
endogenous variables and explicit income and expenditure constraints for the single household,
government, and the rest of the world. To complete the macro specification, the model adds savings and
investment, with all savings done by the single household. There are also three price-wedge tax
instruments. The government collects indirect taxes and tariffs, pays export subsidies, and transfers any
net balance in a lump-sum fashion to or from the single household.

Equations 4 and 5 give the efficient export and import ratios as functions of relative prices.
Equations 13 and 14 define the corresponding prices (PI and Pq) of aggregate output X and the composite
good Q. They are the cost-function duals to the first-order conditions embodied in equations 4 and 5.
P essentially defines the GDP deflator, while Pq defines the consumer price index for the CES composite
good, which will also be a CES function.

Equation 3 defines consumer and investment demand for the composite good. In this model, it
merely states that all income is spent on the single composite good, and could be omitted. However, in
a multisector model, this equation defines how consumers allocate consumption expenditure across goods
and how aggregate investment is spent on capital goods. There is a vast literature on systems of consumer
demand as functions of relative prices and income. In the simple model, equation 3 can stand in for a
more complex system of expenditure equations and does reflect an important property of all complete
systems --the value of the goods demanded must equal aggregate expenditure.

3



Equations 6 to 9 detemaine the income flows in the economy. The model has four actors: a
producer, a household, government, and the rest of the world. Equation 6 determines government revenue
and Equation 7 determines household income. Equations 8 and 9 divide household income between
consumption and savings. The nominal flows among the actors can be tabulated in a Social Accounting
Matrix (or SAM), which is presented in Figure 2.7 The SAM shows the circular flow of income and
expenditure in the economy. Each cell represents a payment from a column account to a recipient in a
row account. The SAM is square and, following the conventions of double-entry bookkeeping, each
actor's accounts must balance —income must exactly equal expenditure. Thus, column sums in the SAM
must equal the corresponding row sums.

The SAM defines six accounts, one for each actor, one for savings and investment, and an
additional "commodity" account. The commodity account keeps track of absorption, which equals the
value of domestic products sold on the domestic market, D, and imports, M. The producer account pays
out total revenue to households and government down the column and sells goods on the domestic and
foreign markets along the row. The column sum equals gross domestic product (GDP) at market prices,
which includes indirect taxes. GDP at factor cost equals Pi.)C. Export subsidies are seen as a payment
by government to producers. Exports and imports in the account for the rest of the world are valued in
world market prices times the exchange rate.

In Table 1, the price equations define relationships among eight prices. There are fixed world
prices for E and M; domestic prices for E and M; producer and consumer prices for D; and prices for the
two composite commodities, X and Q. Equations 1 and 2 are linearly homogeneous, as are the corre-
sponding dual price equations, 13 and 14. Equations 3,4, and 5 are homogeneous of degree zero in prices
--doubling all prices leaves real demand and the desired export and import ratios unchanged.8 Since only
relative prices matter, it is necessary to define a numeraire good whose price is set exogenously. Equation
15 defines the ntuneraire price as the GDP deflator, a common choice in applied models.

Equations 16 to 20 define the market-clearing equilibrium conditions. Supply must equal demand
for D and Q, the balance of trade constraint must be satisfied, aggregate savings must equal aggregate
investment, and the government account must balance. The complete model has 20 equations and 19
endogenous variables. The five equilibrium condition equations, however, are not all independent. The
model satisfies Walras' Law and it can be shown that if any four of the five equations are satisfied, then
the fifth must also hold. So, any one of them can be dropped, and the resulting model is exactly ident-
ified.

De Melo and Robinson (1989a) analyze the properties of this model in some detail and argue that
it is a good stylization of most recent single-country,. trade-focused, CGE models. The assumption of
product differentiation on both the import and export sides is very appealing for applied models, especially
at the levels of aggregation typically used. The specification is a theoretically clean extension of the
Salter-Swan model and gives rise to normally shaped offer curves. The exchange rate is a well-defined
relative price (the shadow price on [. e balance of trade constraint). If the domestic good is chosen as

att and Round (1985) provide a good intr uction to SAM's and a number of examples of that. uses.

9F r the demand equation, one must show that nom al income doubles when prices double. inclung the
exchange rate. Tracing the elements in Equations 6 and 7, it is easy to demonsrate that nominal income goes up
propertionattily with prices.
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numeraire, setting Pd equal to one, then the exchange rate variable, R, corresponds to the "real" exchange
rate of neoclassical trade theory: the relative price of tradables (E and M) to non-tradables (D). Trade
theory models often set R to one, with Pd then defining the real exchange rate. For other choices of nume-
raire, R is a monotonic function of the real exchange rate.9

In Table 1, the balance of trade is specified exogenously. The model then determines the
equilibrium value of the real exchange rate. Alternatively, one could specify the exchange rate as an
exogenous variable and solve for the equilibrium value of the balance of trade. What the model
determines is an equilibrium relationship between the balance of trade and the real exchange rate. The
model, however, can only determine relative prices. The implication is that a macro economist is free to
specify any two, but only two, of the following three variables: the balance of trade, the nominal exchange
rate (R), and any price index (the numeraire in the CGE model).

Extending the CGE model to include many sectors, sectoral production functions, intermediate
goods, factor markets, many consumers, and macro balances is relatively straightforward. For example,
to move to many sectors, just add sector subscripts to all the output and price variables. The CET
production possibility frontier is now interpreted as a sectoral export transformation function describing
the relative degree of difficulty in producing goods for the domestic market versus the export market.
Similarly, the import aggregation function describes the degree of substitution in demand between imports
and domestically produced goods within the same sectoral category. The CGE model can also easily
accommodate downward-sloping world demand curves for sectoral exports by adding an equation
specifying a functional relationship between E and ne.1°

Product Differentiation and Trade Theory

The standard neoclassical trade model, with all goods tradable and all tradables perfect substitutes
with domestic goods, has long been a staple of trade theory, but yields wildly implausible results in
empirical applications." Empirical models that reflect these assumptions embody "the law of one price,"
which states domestic relative prices of tradables are set by world prices. Such models tend to yield
extreme specialization in production and unrealistic swings in domestic relative prices in response to
changes in trade policy or world prices. Empirical evidence indicates that changes in the prices of imports
and exports are only partially "transmitted" to the prices of domestic goods in the same sector categories.
In addition, such models cannot exhibit two-way trade in any sector ("cross hauling"), which is often
observed in empirical data at fine levels of disaggregation.

The addition of nontradables, as in the Salter-Swan model, is a theoretical improvement, but with
limited empirical applicability. Even looking at an input-output table with over five hundred sectors, there
are very few sectors which are purely non-traded; i.e., with no exports or imports. So defined, non-traded
goods are a very small share of GDP; and, in models with 10-30 sectors, there would be at most only one

9Dervis, de Melo, and Robinson (1982), Chapter 6, discuss this relationship in detail

"This approach can be seen as a reasonable approximation for a single-country model. In multi-country models,
of course, endogenizing world prices presents a number of problems.

"Empirical problems with this specification have been a thorn in the side of modelers since the early days of
linear programming models. For a survey, see Taylor (1975).
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or two non-traded sectors. Furthermore, the link between domestic and world prices does not depend on
the trade share, only on whether or not the sector is tradable.

The picture is quite different in models with imperfect substitutability and transformability. In
this case, all domestically produced goods that are not exported (D in Table 1) are effectively treated as
non-tradables. The share of non-tradables in GDP now equals one minus the export share, and all sectors
are treated symmetrically. A pure non-traded sector is one in which the share parameters in the import
aggregation and export transformation functions are both zero. In effect, the specification extends and
generalizes the Salter-Swan model, and makes it much more empirically relevant.

As de Melo and Robinson (1985) show, the link between domestic and world prices depends
critically on the trade shares, both for exports and imports. For given substitution and transformation
elasticities, domestic prices are more closely linked to world prices the greater are export and import
shares. The net effect of this specification is a very realistic insulation of the domestic price system from
changes in world prices. The links are there, but they are not nearly as strong as in the standard
neoclassical trade model. Also, the model naturally accommodates two-way trade, since exports, imports,
and domestic goods in the same sector are all distinct.

For a single-country model, the CES and CET functions capture the reasonable notion that it is
not "easy" to shift trade shares in either export or import markets. Given that each sector has eight
associated prices, the model provides for a lot of product differentiation. The assumption of imperfect
substitutability on the import side has been widely used in empirical models. Note that it is equally
important to specify imperfect transformability on the export side. Without imperfect transformability,
the law of one price would still hold for all sectors with exports. in the 1-2-3 model, both import demand
and export supply depend on relative prices.'-

The specification of imperfect substitutability on the import side has been criticized in the context
of multi-country models because it implies that every country has market power, leading to the potential
for national welfare gains from imposing trade restrictions. What is a reasonable approximation for a
single-country model has become something of an embarrassment in multi-country models desigr:
analyze the gains from trade liberalization. While attention has focused on the elasticities of substita,
the share parameters in the CES functions are really at the root of the problem. In a multi-country model,
the assumption of fixed sectoral share parameters in every country largely determines the volume and
direction of world trade, with price changes only affecting shares at the margin. It is probably more
correct to view trade shales as evolving over time in response to shocks and policy changes, with short-run
import aggregation functions sliding along long-run functions that have much higher substitution
elasticities. The problem for multi-country models is to understand why and how these shares change over
time in ways that do not depend only on shifts in relative prices.

In single-country models, the CES formulation for the import-aggregation function has been
criticized on econometric unds.13 It is certai y a restrictive form. For example, it constrains We

12Dervis, de Melo, and Robinson (1982) specified a logistic export supply function in place of equation 4 in
Table IL It can be shown at Lhcir logistic function is locally Axivalent to the function that is derived from the CET
specification.

'See, for example, Allston et al. (1989).



income elasticity of demand for imports to be one in every sector. In both single-country and multi-coun-
try models, it is probably time to explore other formulations, while maintaining the fundamental assump-
tion of imperfect substitutability. Other functional forms are certainly available. For example, Hanson,
Robinson, and Tokarick (1989) estimate sectoral import demand functions based on the almost ideal
demand system (AIDS) formulation. They find that sectoral expenditure elasticities of import demand are
generally much greater than one in the U.S., results consistent with estimates from macroeconometric
models. Factors other than relative prices appear to affect trade shares, and it is important to start doing
research on what they might be and how they operate.

Trade Policy and Welfare

Since Adam Smith, much of the literature in trade theory has explored the benefits of free trade
and the welfare costs of protection. The development of CGE models permitted the empirical estimation
of the welfare costs Of protectionist policies in a general equilibrium framework. In analyzing the
implications of agricultural liberalization, it is important to keep in mind the lessons learned from past
work with trade-focused models. In this section, I review recent work with such models.

One of the intriguing results from the now rather large body of empirical work is that the costs
of engaging in protectionist policies, or the gains from removing them, are relatively small. In a recent
conference volume, Srinivasan and Whalley (1986) compare studies of trade liberalization in a variety of
single-country and multi-country CGE models. In their summary, they note that the welfare gains from
trade liberalization are relatively small, seldom amounting to as much as one percent of GNP. They cite
Harberger's discussion of the welfare costs of distortions, which can be summarized in the often-quoted
proposition that "triangles are smaller than rectangles." They also note that, at least in developed
countries, the reforms being modelled are not really dramatic. In the conference volume, for example,
each paper explored the impact of a fifty percent cut in tariffs. Since the initial levels of tariffs in many
countries such as the U.S. are fairly low, one might expect that aggregate welfare effects of halving them
would be small. However, more dramatic changes in protection also yield small welfare effects. In a
recent thirty-sector CGE model of the U.S., Hanson, Robinson, and Tokarick (1989) explore the impact
of a protectionist policy where the U.S. adds an across-the-board fifty percent tariff to existing tariffs in
all sectors. The experiment is designed to measure the structural impact of a complete failure of the
current round of GATT talks, with the U.S. imposing protection similar to the 1930 Smoot-Hawley tariff.
The structural results are dramatic, but aggregate GDP falls by only about 0.25 percent.

The result that the static welfare costs from misallocation of resources due to prim-wedge
distortions are small in a competitive general equilibrium model represents one of the robust properties
of CGE models. Substitution possibilities in production, consumption, and trade endow the economy with
a great deal of adjustment flexibility. When markets work and factors are fully employed, even large
price-wedge distortions can be vitiated by substitution possibilities, with little effect on aggregate welfare.

Two points should be noted about this result First, the term "small" must be evaluated in terms
of the problem being analyzed. Work with CGE models focusing on tax issues indicates that welfare
losses from "inefficient" tax systems can be a large share of total tax revenue. Consider a "project" which
involves redesigning the tax system to raise the same amount of revenue more efficiently --that is, with
less dead-weight losses. Such a project can easily have a social rate of return of 20-50 percent, where the
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denominator is aggregate tax revenue. For the U.S., such welfare gains amount to b ons of dollars,
which should certainly justify work with CUE models in Le U.S. Treasury.

Second, while price-wedge distortions may generate small aggregate welfare losses, their impacts
on the sectoral structure of resource allocation, production, and trade tend to be more significant. In
general, political pressure groups are organized by sector and care about the impact of policy on the
relative position of their sector in the economy.14 The closer one gets to actual policy makers, the more
evident is the interest in measures of the structural impact of policies, rather than measures of aggregate
welfare. Any positive analysis of policy needs to take this concern into account.

Especially in developing countries, much of the work with CGE models evaluating the impact of
policies in an operational environment has tended to reflect these concerns about structure. For example,
the extensive work on CUE models of "structural adjustment" at the World Bank has tended to focus on
issues of resource allocation and "expenditure switching" rather than aggregate welfare. This concern for
analyzing the structural impact of policy changes is also evident in the recent work on trade liberalization.

Optimal Tariff Policy

Some of these problems with neoclassical CGE models are nicely illustrated by work on optimal
tariff policy in the presence of a government revenue constraint. A standard rule of thumb in policy
analysis is that countries should equalize their tariff rates across sectors. A policy of &pal tariffs across
sectors is best, getting the prices right and yielding a level playing field. Given the existence of
differentiated tariffs and a revenue constraint, it is desirable to move in the direction of equalizing tariffs.
This "uniformalist" position certainly represents the conventional wisdom at the World Bank and has been
forcefully advocated by writers such as Harberger (1988), Balana et al. (1982), and Krueger (1985).

From the public finance literature, we know that in the presence of non-removable distortionary
taxes, equalizing tariff rates is not optimal. Chambers (1989) provides a good survey of the theoretical
arguments.° Dahl, Devarajan, and van Wijnbergen (1986) discuss a theoretical model of the issue and
provide an empirical application with an eight-sector CGE model of Cameroon. Devarajan and Lewis
(1989) discuss a similar application using a thirteen-sector CGE model of Indonesia and Devarajan, Lewis,
and Robinson (1989) illustrate the empirical issues using an extension of the two-sector, three-good model
described above that includes a fourth good, an imported intermediate input.

In these models, the method used is to include the CUE model as constraint equations in a
nonlinear programming model. The objective function is the utility function of the single consumer and
is defined to be consistent with the expenditure functions in the CGE model. Then, various tax

''Recent work with "specific factors" models in international trade also tends • support this view. See, for
example, Magee (1978) who ar es that ;•-•litical pressure for import protection in the U.S. is organized along
industry lines ra er than, say, by ownership of factor of r *Auction (as would be pp:* ivied by the r-Samuelson
model). Work with CGE models supports this view. Empirically, even large shocks tend to ve little effect on
economywide wage-ren I ratios, but large effects on the sectoral com*-4sition of value added. Hanson, Robinson,
and Tolcarick (1989) discuss the issue in a model of the U.S.

151-le is the one that used the term "uniformalist." Dixit (1985) and Min (1986) g
appli to trade molicy in Oct.-11 economies,

discuss the theory



instruments are specified as variables rather than fixed parameters, so the CGE model no longer has a
unique solution. The programming problem is solved by finding the set of tax instruments that yields a
market equilibrium with maximum welfare.

From these studies, the answer is that, in a second-best world, a policy of equal tariffs across
sectors is not optimal. The results from the theory of public finance carry over into empirical models.
Moreover, a policy of moving toward equal tariffs from an existing situation of unequal tariffs is not
generally welfare improving. Based on the empirical results from the latter two studies, a better rule of

thumb would be to recommend that tariff rates for intermediate and capital goods be very low or zero,

and certainly much less than the tariff rates for consumer goods.16

These empirical results do not imply that the World Bank should cease recommending that

countries move toward equalizing tariff rates. In a world of rent seeking and administrative capacity

constraints, it is probably a good idea to simplify tariff rate structures. However, tariff equalization cannot

be justified on the basis of static efficiency gains in the neoclassical model, either theoretical or empirical,

once realistic second-best constraints are introduced. The neoclassical competitive general equilibrium

model is a powerful tool, but it is also important to describe how the world actually works, not just how

it would work in some first-best Platonic form.

In these optimal-policy applications, large variations in policy instruments yield small changes in

aggregate welfare. While it is clearly optimal to use differentiated tariffs, the improvement in aggregate

welfare is not all that large. One might argue that simplifying the structure of tariffs would save a lot of

administrative costs and reduce rent seeking, and that the resulting benefits might well exceed the welfare

losses arising from tariff equalization. While persuasive, this argument turns the neoclassical model on

its head and would probably not appeal much to the proponents of uniform taxation. It would appear that

they are being hoist on their own petard.

Rent Seeking, Imperfect Competition, and Externalities

Quantitative controls on imports have been a characteristic feature of trade regimes in many

developing countries. The seminal article on rent seeking by Krueger (1974) was motivated by her

experience in Turkey, where pervasive quantitative controls generated enormous gains to particular groups.

Those developing trade-focused CGE models of developing countries were strongly influenced by these

"stylized facts." The first of the World Bank "structural adjustment" CGE models, the Dervis-Robinson
model of Turkey, incorporated quantity rationing of imports and rent-seeking behavior." In the last
decade, the majority of CGE models applied to developing countries have focused on issues of trade and
structural adjustment, and many of them have incorporated, quantitative restrictions and rent seeking.

'This particular result depends on the nature of the second-best initial situation. In the small model, we assume
that the indirect tax rate on the domestic good is less than optimal.

"That model was developed in 1978 for a World Bank mission to Turkey, and is described in Dervis, de Melo,
and Robinson (1982).
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The empirical results from this literature indicate that the rents generated by i • licies to restrict
imports are indeed large, sometimes amounting to 10-15 percent of GDP." These results raise a number
of issues for policy analysis and modelling: (1) Who gets the rents?; (2) How do we model the trade
regime?; and (3) What are the efficiency losses due to rent seeking?

The first two questions are closely related. Dervis, de Melo, and Robinson (1981) compare the
distributional impact of two import rationing regimes: a fixprice regime where import demanders receive
a direct allocation of imports which they cannot sell and a flexprice regime where there is, in effect, a
market in quota certificates.19 In their model, typical of semi-industrial countries, imports consist largely
of intermediate inputs and capital goods, with very few consumer goods. Thus, producing sectors are the
agents most directly affected by the trade regime. Under fixprice rationing, sectors receive fewer imported
intermediate inputs and capital goods than they desire, but get them at far lower prices than they would
be willing to pay. Producers thus receive the rents, since they pay less than market-clearing prices for the
imports they use, and so are subsidized by the trade regime. In an environment where imports must be
reduced (say, in response to a decline in foreign investment or a balance of payments crisis), import-
dependent producers will tend to favor quantity rationing over a flexible exchange rate regime because
they gain a great deal from the implicit subsidies.

Under flexprice rationing, all users are assumed to pay the premium-ridden price for imports, so
rationed imports are efficiently allocated across competing uses. The rationing is implemented by an ad
valorem equivalent premium. However, the allocation of the premia rents must be handled separately.
In a CGE model, they appear as an explicit flow which must be allocated to agents in the economy. They
are computed by applying a supplemental tariff whose proceeds must be allocated to agents other than the
government. Figuring out who gets these rents in the first instance is important for policy analysis, since
it largely determines the impact effect of any change in policy. The CGE model also traces out the
indirect effects, which will work themselves out through changes in equilibrium prices and quantities.

The existence of quantitative restrictions raises the issue of spillover effects. How do agents in
the economy behave, given the quantity rationing? Is the rationing scheme incentive compatible? Dervis,
de Melo, and Robinson (1982) note the problem and argue that because of the special characteristics of
their model it is relatively unimportant in their case. Grais, de Melo, and Urata (1986), drawing on the
notion of "virtual prices" introduced by Neary and Roberts (1980), solve explicitly for the agents' behavior
on the non-rationed markets. By "reoptimizing" given the quantity constraints, their model captures the
spillover effects in a theoretically satisfying way.

The final question is whether the existence of "cha.seable rents" induces efficiency losses through
rent-seeking behavior. Bhagwati and Srinivasan (1980) generalize the notion, using the term "revenue
seeking," and argue that the magnitude of the efficiency losses will equal the value of the rents. Grais,
de Melo, and Urata (1986) make this assumption, and find that rent-seeking efficiency losses amounted
to over five percent of GDP in Turkey in 1978, in the midst of their foreign exchange crisis. In the

epresentative stui ies include: Dervis, de Melo, ; d Robinson (1982) (Turkey); Lewis and Urata (1984)
(Turkey); Condon, Robinson, and Urata (1985) (Turkey); Grais, de Melo, and Urata (1986) (Turkey); Ahmed et al.
(1985) (Egypt); Clarette and Whalley (1986) (Philippines); Kis, Robinson, and Tyson (1989) ungary); and
Robinson and Tyson (1985) (Yugoslavia). See also e1 Melo (1988).

"In their in fo.411el., the fixprice regime is m elled directly, not by using an ad valorem equivalent.
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references cited in footnote 18, a variety of assumptions are made about efficiency losses as a share of

total rents. There is no obvious answer, since one can easily think of quota allocation schemes that will

generate no rent seeking. In general, one would expect that there would be an initial period of intensive

rent seeking while the institutional rules determining the allocation of rents are settled.2° After that, there

should be no more efficiency losses from rent seeking associated with import quotas than with any other

government entitlement program.n

The literature on rents and rent seeking when there is extensive import rationing has certainly

identified an effect where the numbers are large. Pervasive import rationing, however, occurs rarely. In

the studies cited earlier, such rationing was usually a short to medium-term policy response to a crisis

situation. More common, in developing and developed countries, is sectoral protection over a long period

which is intended to restrict foreign competition. In this environment, there are potential welfare losses

because protection induces non-competitive behavior. If, in addition, the affected industries are subject

to scale economies, then potential welfare losses from protection, and the potential benefits from

liberalization, can be quite large.

. The interaction between oligopolistic behavior, scale economies, and import protection in

developed countries is an area of active research in trade theory. There are some CGE models of

developed countries incorporating these effects? 2 Work in developing countries is surveyed by de Melo

(1988) and Devarajan. and Rodrik (1989). Condon and de Melo (1986) build a stylized three-sector CGE

model loosely based on Chile to illustrate the potential effects. In their model, with import rationing, scale

economies in manufacturing, and imperfect competition (but no rent seeking), the welfare costs of import

rationing in the manufacturing sector amount to 13-17 percent of national income. In a similar, but more

disaggregated, model of Cameroon, Devarajan and Rodrik (1989) generate a much smaller number for

welfare costs, around 2-3 percent of GDP.

The models appear to provide a reasonable description of parts of the manufacturing sector in a

number of developing countries. In addition to coexisting firm-level scale economies and imperfect

competition, many developing countries are also characterized by scale economies that appear to be

external to the firm. There is some very recent work with theoretical long-run growth models incorporat-

ing Marshallian externalities that attempt to explain long-run development. See, for example, Lucas

(1988) and Romer (1986). These models, in effect, introduce increasing returns to scale at the economy-

wide level, while maintaining constant returns to scale at the level of the firm. They thus do not require

any assumptions about imperfect competition to generate equilibrium growth paths? 3 While much of

"Robinson and Tyson (1985) argue that the disruption caused by the introduction of extensive import rationing
in Yugoslavia may well have led to short-term efficiency losses that exceeded the value of the rents.

'Note that one has to be careful in defining what constitutes an efficiency loss. A bribe is a lump-sum transfer
and involves no efficiency loss. When James Watt lobbied HUD, some part of his fee represented a bribe. The only
efficiency loss was the social opportunity cost of his time, which was probably not that large.

22See Harris (1985), Cox and Harris (1985), de Melo and Tarr (1989), and work in progress by Burniaux and
Waelbroeck (1989). Dixon (1978) was an early contributor to this literature and provided some suggestive
calculations for Australia, although not in a full CGE model.

23Although see Romer (1988) who specifies a model with imperfect competition and externalities arising from

investment in R&D. See also the survey by Krugman (1989).
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this literature appears to be inspired by long-run historical industrialization in the currently developed
countries, some of the externality mechanisms they discuss are potenti y relevant for developing
countries, especially when considering the role of u anufacturing exports.24

Agricultural Trade Liberalization

The earlier work on trade-focused CGE models yields a number of lessons for those analyzing
agricultural trade liberalization. First, do not expect to find large welfare gains from models sticking close
to the neoclassical paradigm. In the long run, with flexible prices and all factors fully employed, market
economies appear able to substitute around most problems and distortions. The welfare gains, however,
may be large in comparison to the "costs" of the policy change (e.g., the change in government revenue).
Second, the sectoral structure of resource use, output, exports, imports, and income will be very sensitive
to policy choices. Third, existing structural rigidities which limit the capacity of the economy to adjust
will generate significant differential returns or rents and also affect the sectoral .structure of income. For
example, existing distortions in the operation of factor markets or quantitative constraints on trade may
generate significant potential gains from changes in policy. Analysis of the impact of policy should
incorporate any existing institutional rigidities. Welfare analysis will then necessarily involve comparisons
among second-best situations.

Work on using CGE models to analyze the impact of agricultural trade liberalization has been
underway for a few years. In this section, I provide some background on the policy environment that
motivated much of this research, briefly review the empirical results, and discuss where the next
generation of models is heading, given the current state of the GATT negotiations.

Policy Environment and Empirical Results 

At the beginning of the Uruguay round of GATT' negotiations, the United States insisted that
agriculture be discussed first and that domestic policies, as well as border policies, should be brought
under the GATT. The initial U.S. proposal was that the major trading partners should dismantle all
domestic agricultural programs --i.e., complete liberalization. The underlying view was that liberalization
would generate higher prices on world markets, which would offset the losses to farmers from the removal
of the programs. Trade liberalization, at least for agricultural exporters, would be a substitute for domestic
farm programs.

The initial round of modelling work sought to analyze the impact on various countries and on the
world economy of complete agricultural liberalintion. Work focused on two scenarios: unilateral
liberalization (in which the country removes all programs, but no one else does) and multilateral
liberalization. These scenarios were analyzed with a variety of modelling methodologies. Hertel (1989a,b)
surveys many of the CGE models and some of the empirical results. Stoeckel, Vincent, and Cuthbertson
(1989) edited a collection of pers describing analysis of a common liberalization scenarios with single-
country CGE models of various countries. The most elaimyrate models were deve1o4 d for the U.S. and

2'Helprnan (1988) surveys some of the extreFT ,iiity mis.siels and re1ates them to recent work in trade th,*q. )1)
Mello and Robinson (1989b) present a mfbel with externalities Linked to exrting which is desifned ic capture the
major features of manufacturing yrtwth in many semi-industrial countries.
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Australia? There is much less work with single-country models of developing countries?6 Bumiaux
et al. (1989) describe the results from a set of small, single-country CGE models of the OECD countries,
tied together in a world model called Walras. Results from other, non-CGE models are surveyed by
Baker, Hallberg, and Blandforcl (1989) and Gardner (1988). The results from a USDA world model are
presented in Roningien and Dixit (1989).

Policy interest centered on a few key questions (in descending order of importance). What
happens to the agricultural sectors? What happens to the rest of the economy, especially sectors linked
to agriculture, either upstream or downstream? What is the net impact on the government budget? What
is the impact on aggregate welfare?

The main empirical results are robust across different methodologies. In most countries, and
certainly in the U.S., trade liberalization is not a substitute for existing programs supporting agriculture.
Even under the most optimistic world-market scenarios, with significant rises in world prices, income
gains from higher market prices do not offset income losses due to removal of agricultural programs.
From the results of the. OECD Walras models, only in New Zealand does the agricultural sector gain under
multilateral liberalization?'

The welfare effects, while small relative to GNP, are generally positive and represent a significant

share of the change in program costs. In the U.S., for example, Robinson, Kilkenny, and Adelman (1989)
find that removal of a 20-30 billion dollar agricultural program leads to about a 10 billion dollar increase

in real GDP (in 1982 dollars). Part of this gain comes about because of removal of land set-asides,
increasing the total supply of a primary factor. Capital and labor move out of agriculture, with gains to
the non-agricultural sectors. As a group, grain importing developing countries lose from trade
liberalization, while grain exporters gain. Within all developing countries, specific groups of poor people
who are net buyers of cereals lose.28

In general, intersectoral linkages and general equilibrium effects are significant. For example, in
the U.S., about half of the benefits of programs aimed at agriculture accrue to other sectors through
forward and backward linkages.29 In Australia, Higgs (1989) finds that protection granted to the
manufacturing sectors has indirectly taxed agriculture, and if all trade policies were removed, agriculture
would actually gain. Similarly, Stoeckel (1985) finds that the Common Agricultural Policy (CAP) in the
European Community has hurt the industrial sectors and contributed to increased unemployment

2sSee, for example Higgs (1986, 1989); Hertel and Tsigas (1988); Hertel, Thompson, and Tsigas (1989);
Robinson, Kilkenny, and Adelman (1989); and Kilkenny and Robinson (1989).

"See Loo and Tower (1989) and Sadoulet and de Janvry (1989). The archetype models by Sadoulet and de
Janvry represent a major advance in CGE modelling of agriculture in developing countries in terms of specification
of agricultural technology, sectoral disaggregation, and the incorporation of income distribution effects.

"Burniaux et al. (1989), Table lla.

"See Sadoulet and de Janvry (1989).

"See Kilkenny and Robinson (1989).
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The empirical results from past work have generated a need for new approaches. Given that trade
liberalization is not a substitute for existing agricultural programs in virtually countries, it is necessary
to consider proposals for partial liberalization. The current position of the United States is to eliminate
all "distorting" agricultural programs, but allow "non-distorting" programs that serve to maintain the
incomes of farmers.3° This change in focus has a number of implications for modelers, and the next
generation of work is already underway to analyze more complicated liberalization scenarios. In the next
section, I discuss the implications of this new tlicy focus on model specification.

Modelling Issues

There have been a number of recent surveys of different technical specifications for trade-focused
CGE models.31 In particular, Hertel (1989b) has surveyed the treatment of agriculture in existing CGE
models, focusing on issues of aggregation, specification of technology (including the treatment of land),
time horizon, the operation of factor markets, and the modelling of agricultural policies.= I will not
duplicate Hertel's survey, but will instead focus on two modelling issues that arise from the recent change
in policy focus: the treatment of agricultural programs and the need for forward-looking analysis.

••

As part of the work to support the GATT negotiations, the OECD organized work to measure the
size of existing agricultural programs. After much debate, two ad valorem measures were agreed on: a
consumer subsidy equivalent (CSE) and a producer subsidy equivalent (PSE). Data on PSE's and CSE's
have been tabulated for a number of countries.33 The standard approach, with a few exceptions, has been
to model the programs as an ad valorem price wedge, analogous to an indirect tax or subsidy.34 The
model is estimated or calibrated for some base year with the wedges in place, then a liberalization scenario
is simulated by simply setting all the wedges to zero and resolving the model. One problem with this
approach is that the PSE and CSE measures include the cost of all programs to support agriculture. While
some of these programs affect incentives, some do not. The modelling issue is to decide which programs
affect incentives, and hence can be treated as a incentive wedge, and which programs should be treated
as lump-sum transfers, with no effect on production or consumption incentives.35

"The current official Position of the U.S., apparently, is that this was their position all along.

31See the references cited in footnote 2.

'2De Janvry and Sadoulet (1987) survey the treatment of agriculture in COE models of developing countries.

"See U.S. Department of Agriculture, Economic Research Service (1988).

'The exceptions are: (1) CGE models of the U.S. by Kilkenny and Robinson (1988,1989); Robinson, Kilkenny,
and Adelman (1989); and Hanson, Robinson, and Tokarick (1989); and (2) a linked set of CGE models of EC
countries and Lie Common Agncuhr.1 1 Policy (CL?) by Harrison, Rutherford, and Wooton (1989). These m.),orels
incoiii4rate the vth us programs explicitly, • it in a Wrly stylized way. The U.S. raceiels were develo - 11 at the
USDA and are implemented wi the GAMS software. The core model is described in Robinson, Hanson, and
*Ikenny (1989) and L e software is described in rooke, Kendrick, and Meeraus (1988).

35The terminoloe, used was "coupled" versus "decoupl programs. For coupled pro ms, nefits we related
to outjtug., and hence affect priliuction decisions by farmers. Docoupled pris grams have no feet on ffri4ucdon

decisions. Rausser and Wright (1987) proposed developing measures of preitucer incentive uivalengs (or PlEs).
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Even granting our ability to distinguish programs which affect supply decisions from those which
do not, the use of ad valorem equivalents raises problems. Programs to support agriculture around the
world are not, in fact, administered as ad valorem wedges. In virtually all countries, agricultural policies
involve a complex mix of programs. For example, Kilkenny and Robinson (1988) classify U.S.
agricultural policies into five broad categories, with benefits depending on instruments such as fixed target
prices and loan rates, land "set aside" requirements (with voluntary participation by farmers), government
stock accumulation, import quotas, and export subsidies. Only the last, export subsidies, are set in terms
of an ad valorem measure. 36 The question is how accurate will be empirical estimates of the impact of
liberalization scenarios when this complex mix of programs is approximated by a few ad valorem wedges?
It may be reasonable to use such an approximation when the experiment is to simulate complete
liberalization; i.e., eliminating all programs and hence setting all wedges to zero!7 However, in the
current policy environment, we must analyze the impact of partial liberalization scenarios and movement
toward non-distorting agricultural support programs. The policy challenge is to design such programs.
Policy models must reflect existing institutional arrangements and be capable of incorporating alternative
policies, if they are to be useful in supporting the next phase of policy work.38

In the first round of work on analyzing the impact of agricultural liberalization, modelers used a
comparative static approach. The model is first "benchrnarked" on a base year, preferably as recent as
possible, and is designed to reflect the policies in place at that time. Most models use 1986, but some

start from 1982 or even 1977. Analysis proceeds by changing policy variables and/or exogenous
parameters and then comparing the results with the benchmark solution. The models are used as

simulation laboratories, allowing controlled experiments to sort out the empirical importance of changes

in policies. While this approach yields useful information for policy makers, it also has serious
limitations. The impact of the current round of trade negotiations will not start to be felt until the early
1990s, and policy makers need to estimate the impact of their current decisions five to ten years into the
future. If they are to support such analysis, policy models also need to be forward looking.

Two U.S. CGE models have been used in forward-looking analyses of alternative agricultural trade
policy scenarios. Robinson, Kilkenny, and Adelman (1989) use a ten-sector model to examine alternative
scenarios for 1991, and Hanson, Robinson, and Tokarick (1989) use a thirty-sector model to explore
alternative scenarios for 1995. In order to make forward projections, these models incorporate projections
of all their exogenous variables and time-varying parameters. Their results must then be seen as
conditional on these exogenous projections. Important exogenous variables that must be projected include:
aggregate labor force; aggregate capital stock; sectoral total factor productivity; world prices of exports
and imports and/or shifts in world demand functions for U.S. exports; agricultural policy parameters such

36See Newman, Fulton, and Glaser (1987) for a comparison of agricultural policies in the U.S. and European
Community.

"Kilkenny and Robinson. (1988) compare models using the ad valorem approach and explicit modelling of
programs, and show that even when simulating complete liberalization, the ad valorem modelling approach leads to
errors in estimating the impact of policy changes.

"Whalley and Wigle (1989) and de Gorter and Fisher (1989) present models that endogenize the decision by
farmers to participate in programs which require the farmer to "set aside" land from production. While suggestive,
these approaches have not yet been implemented within a CGE model.
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as target prices, loan rates, and land set-asides; and key macro aggregates such as the balance of =61 and
the government deficit and/or aggregate investment.

In making forward projections, the models cited above drew on sector-specific and macro "baseline
projections" developed by the USDA and on similar exercises done by other groups.39 The CGE model
results turn out to depend critically on the underlying macro scenario. The 1981-85 period in the U.S.
was characterized by high real interest rates, increasing federal deficits, growing =de deficits, and
significant real appreciation of the exchange rate. U.S. agriculture suffered in these circumstances, with
declining shares in export markets and increasing costs of government programs to support agricultural
incomes.40 Most macro analysts project a reversal of these trends over the next 5-10 years, with
reductions in the federal deficit, a shift in the trade balance back to surplus, and significant real
depreciation of the exchange rate. This macro scenario implies a significant increase in U.S. exports, with
exports growing much faster than GNP.

Given the macro scenario, the CGE models are solved to determine the implications for sectoral
production, employment, prices, income, exports, and imports. The models are specified so that the
balance of =de and government deficits are exogenous variables (close in spirit to the model given in
Table 1). Both the CGE and macro baselines project a successful expansion of U.S. exports, including
agriculture. Certainly, the incentives for producers to increase exports are already strengthening and
should strengthen further over the next few years. A legitimate question is to consider to what extent the
assumptions of the macro models, and the CGE models, about the evolution of export markets are valid.
How will world markets absorb the increase in U.S. exports? What will happen to the structure of world
trade? These are questions best considered within the framework of multi-cotmtry models of world trade.
However, the U.S. model results indicate that the U.S. will be attempting to increase exports and will
actively contest world markets for agricultural goods, regardless of the outcome of the GAIT negotiations.
This is an important message for trade negotiators.

The CGE results also indicate that the cost of agricultural support programs will decline over time.
These results are sensitive to assumptions about agricultural supply responses and the speed of macro
adjustment, especially the improvement in the trade balance. If output were to grow faster than projected,
or exports expand less rapidly, then domestic prices would be lower and the programs would cost more.
Even with these qualifications, the projections indicate that the U.S. may be moving into a period
analogous to the 1970s, where real depreciation was accompanied by improved agricultural performance
and reductions in the cost of government support programs. If so, then the U.S. negotiating stance in the
GATT is stronger. Over the next decade, the U.S. should be under less budgetary strain from agricultural
programs than the European Community.

The macro and CGE results indicate a continued strong U.S. interest in furthering the current
round of trade negotiations. To reestablish macro balance, the U.S. must expand exports. Expanding
exports in a world environment of liberalized trade would be much easier than in an environment of
increasing protectionism. Indeed, a collapse of the current GAIT negotiations might generate an economic

"The US A macro model is described in Malley (1989). In addition to US
sectoral projections are given in FAPRI (1989).

A baseline projections, detailed

44Adelmm and Robinson (1988) use a CGE misieg to analyze the impact of macro shocks in the 1982
on U.S. soricultwe.
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environment of shrinking world trade akin to that of the 1930s. Hanson, Robinson, and Tokarick (1989)
simulate a scenario in which the U.S. lapses into a protectionist environment. The results indicate that
the structural adjustments required in the U.S. would be very difficult, even ignoring the likely results of
additional macro adjustment problems and increased unemployment.

Forward-looking projections with these models indicate that the approach should be fruitful.
However, it imposes new demands on models. In particular, given the importance of the macro scenarios,
there is a real need for work to integrate macro phenomena into CGE models. This is an area of active
research, especially in developing countries.4' Much of the existing work along these lines has been
motivated by issues of structural adjustment in developing countries in the face of shocks such as the need
for debt repayment or large swings in international prices (such as oil prices). There is some recent work
in this vein that incorporates asset markets and endogenous macro variables in CGE models that also
incorporate income distribution.42 In view of the past dramatic changes in the world macro environment,
and the likelihood of equally dramatic future changes, research to incorporate such changes in policy
analysis with multisector models is very important.

• •

Conclusion

• •

The analysis of trade liberalization has generated an active body of work with multisectoral,
computable general equilibrium (CGE) models. This work has drawn heavily on earlier work with trade
focused CGE models designed to analyze issues of structural adjustment in developing countries. The core
of most single-country, trade-focused CGE models can be seen as an extension of the Salter-Swan
"Australian" model of a small, open economy producing both tradables and non-tradables. The addition
of assumptions about imperfect substitution and transformability between goods produced for the domestic
and world markets represented a considerable advance, certainly in empirical realism. The resulting
models, however, are still theoretically very much in the neoclassical paradigm.

While these CGE models have proven useful in policy analysis, they have also demonstrated the
need for further work extending the modelling framework. One strand of work has sought to improve the
specification of the models in addressing issues related to agriculture and trade liberalization, while
remaining within the structure of neoclassical general equilibrium theory. Work in this strand has sought,
for example, to improve model specification of agricultural technology, factor markets, and the operation
of agricultural programs. A second strand of work with CGE models has sought to incorporate
phenomena such as rent seeking, imperfect competition, scale economies, and externalities which extend
the paradigm. Future models seeking to analyzing issues relating to agricultural trade liberalization could
fruitfully draw on some of this work.

'Robinson (1989ab) discusses the theoretical issues and surveys recent models.

This work is in response to recent policy interest in the distributional impact of World Bank and IMF structural
adjustment and stabilization packages. See, for example, Bourguignon, Branson, and de Melo (1989).. De Janvry,
Fargeix, and Sadoulet (1989) present a model of Ecuador in this tradition which has a more detailed specification
of income distribution and the agricultural sectors.
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The development of CGE models for analyzing agricultural liberalization has been st:,_ rigly
influenced by the policy concerns expressed in the GAIT negotiations. As the negotiations movrnto
the next phase, policy models need to reflect the changing concerns. To support the ongoing negotiaL--ms,
future models will need: to be forward looking, to incorporate the actual implementation of agricu,ural
policies, to provide a framework for considering the impact of different macro scenarios, and to con3ider
the links between agriculture and the rest of the economy.
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