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Forord

De internationale forhandlinger om liberalisering af verdenshandelen med landbrugs-
varer har gget interessen for globale modeller til beskrivelse af de gkonomiske og
handelsmeassige konsekvenser af @ndringer i landbrugspolitikken. Der er siledes ud-
viklet en mangfoldighed af modeller i nationale og internationale institutioner til img-
degéelse af behovet for analyser pA omridet. Sideordnet hermed er der udviklet nye
handelsteorier, som i et vist omfang er indbygget i de nyeste modeller. De politiske
beslutningstagere er siledes konfronteret med informationer fra stadig stgrre og mere
avancerede modelsystemer, hvilket gger kravet til vurdering af resultaternes sikkerhed
og konsistens. Den foreliggende rapport analyserer de senere &rs udvikling i model-
leringen af global handel og politik pi landbrugsomrédet. Sigtet er at give en overord-
net vurdering - set fra beslutningstagers synsvinkel - af modellernes styrke og fglsom-
hed overfor de fastlagte modelforudseetninger.

Rapporten er udarbejdet af Dr. Colin Brown, University of Queensland, Australien,
under hans ophold som g®steforsker ved instituttet. Rapporten har veret drgftet med

afdelingsleder Aage Walter-Jgrgensen, medarbejdere ved afdelingen og medlemmer af
en ridgivende gruppe vedrgrende afdelingens modelarbejder.

Statens Jordbrugsgkonomiske Institut, maj 1993

Ame Larsen



Preface

An agenda of global policy reform has led decision makers to increasingly rely on
models of global agriculture as a source of background information. A plethora of
models both in international and national organizations have arisen to meet this de-
mand. Concurrently, in efforts to better explain world trade, new theories of internatio-
nal trade have emerged some of which have been incorporated in the recent models,
Although such developments present decision makers with a more extensive and com-
plex set of models, it also challenges them to interpret the results from such diverse
and relatively untested models. This report reviews recent developments in the model-
ling of global agricultural trade and policies to provide some preliminary insights from
a decision making perspective as to model robustness and the implications of various
model assumptions.

The report was prepared by Dr. Colin Brown as a visiting senior research officer at the
Institute while on sabbatical leave from The University of Queensland. Many useful
comments on the paper were provided by Aage Walter-Jgrgensen, Head of Agricultural
Policy Research Department along with other members of the Section and various
members of a committee reviewing models within the Section.

Statens Jordbrugsgkonomiske Institut, May 1993

Ame Larsen
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1. Introduction

Agricultural trade and policy modelling has advanced markedly over the last few deca-
des. From relatively simple comparative static, single commodity models, develop-
ments have occurred to account for, among other things, multiple commodities, dyna-
mics and risk, imperfect competition, endogenous policy making and general equili-
brium effects. Despite the laudable efforts of agricultural trade modellers to keep
abreast with the rapid developments in the thecry of international trade, a development
driven itself by the need to better explain world trade, major obstacles remain in brid-
ging the gap between trade modelling, trade reality and trade negotiations. In particu-
lar, problems have arisen in operationalising new theoretical constructs and in estima-
ting data parameters needed to service these constructs. Further developments are
mooted, such developments constrained only by the data and resource requirements
needed to service the large economic models.

A parallel development has been the increasing use of models in agricultural trade and
policy negotiations. Various international institutions such as GATT and OECD be-
came progressively more involved in the modelling effort throughout the 1980s, and
have aggressively marketed the results of these models in their policy initiated debates,
Various "national" bodies have also stepped up their modelling efforts in attempts to
resolve increasingly difficult issues related to agricultural policy reform.

MacLaren (1991) argues that the reality of international trade consists of: countries
more concerned about national than global welfare; economic agents with non-zero
adjustment costs who are not compensated for losses from trade policy changes; intra-
industry trade in differentiated products; international market environments that are
strategic rather than atomistic; risk averse producers and consumers; and governments
concerned about their own political self interest. This list could undoubtedly be added
to. If this is the reality of intemational trade, it suggests that international trade mo-
dels will diverge even further in the future. Furthermore, it suggests that more com-
plex, more data demanding, less paradigmatic models making them even more remote
from trade negotiators.

Developments in trade theory and trade modelling provide a conundrum for agricultural
decision makers. In attempting to abstract less from reality, the models have become
increasingly complex, Conversely, the closer link of modelling to policy negotiations
demands a better understanding of these models by decision makers and an ability to



compare across the plethora of models. This study seeks to provide some insights into
these two seemingly conflicting developments, and provide a basis for comparing bet-
ween increasingly complex agricultural trade models,

The main objectives of the study are:

{1) To review major agricultural trade and policy models in order to examine the
variation across models in their input parameters and assumptions;

{2) To examine sensitivity of model results to variations in key model assumptions
and data parameters;

{3) To identify how variation in model assumptions and outcomes may influence
policy debate and negotiations;

(4) To see whether developments in international trade theory offer potential to agri-
cultural trade medelling and agricultural decision making; and

(5) To identify gaps between theoretical rigour, practical application and model com-
prehension.

The diversity and complexity of agricultural trade models prevents any general findings
in respect of the above objectives. Rather the study seeks to provide model users with
some guidance about the robustness of models commonly in use and how particular
assumptions in these models influence the results being reported.

A brief overview of international agricultural trade models follows in Section 2. Some
key details of selected major trade models is provided to broadly indicate the nature
of these models. Other quantitative measures used in trade negotiations are then can-
vassed. Section 3 examines differences across the models and the implications of that
variation. Three sources of variation are investigated: first, variation in key model
assumptions such as partial versus general equilibrium; second, differences in policy
simulations such as full versus partial liberalisation and commodity/country coverage;
and, third, differences in parameter estimates such as elasticities and assistance mea-
sures.

Any review must necessarily be limited to a particular time frame. In this case, only
trade models as reported to the beginning of the 1990s are reviewed here. It is impor-
tant to realise, however, that trade models, especially those attached to large institu-
tions such as the OECD, continue to evolve both in specification and data parameters.
Some of the issues and shortcomings raised in the following discussion may well be
addressed by future developments in trade modelling.



2. Agricultural Trade Modelling and Trade Negotiations

Activity in agricultural trade modelling intensified during the 1980s. Part of the reason
stemmed from national agricultural policies becoming indreasingly under the gamb_ﬁ
of multilateral trade negotiations. The complex, non-tariff barrier, nature of agricul-
tural protection and support entails the need for some form of quantitative analysis to
facilitate those negotiations. It also challenges modellers to incorporate all the com-
plexities of agricultural trade and domestic policies.

Policy reform, however, is a political process. Economic models provide only one
(small) input into that process and, for instance, cannot substitute for a detailed
knowledge of the way in which those decisions are arrived at. Nevertheless, decision
maker's beliefs and opinions are inflnenced by information, and international trade
models provide information crucial to agricultural decision makers.

Trade models are more use in a2 normative (prescriptive) sense than in a positive (desc-
riptive) sense. Difficulties arise in second guessing potential liberalisation scenarios,
and most studies report on liberalisation scenarios not considered in trade negotiations
such as full liberalisation. The models could be used in an ex-post negotiating sense
in evaluating particular negotiation proposals. Many of the model parameters, howe-
ver, are conditional on particular liberalisation scenarios and based on historical data
or prior studies. Major reform may well imply structural changes entailing different
values for these parameters. Thus, at best, models provide only a reference or normati-
ve guide to the impacts and benefits/costs of particular policy scenarios,

Agricultural models can also be misleading by not adequately focusing on ongoing
price and productivity impacts. That is, real price increases or output falls from policy
reform may well be offset by general trends arising from productivity gains. More
importantly, one of the major benefits cited for trade liberalisation is its impact on
productivity and competitiveness; yet these key links remain little modelled.

1) One exception is Anderson and Tyers (1990) who report on the impacts of a naive price-
productivity link.
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2.1 Overview of the modelling framework

The plethora of potential assumptions possible in international trade models entail a
wide diversity in models and precludes any simple taxonomy. Nevertheless, cne
simplistic attempt to group these models is presented in Figure 1. The figure is in-
complete in that not all branches are fully traced out, while not all models can be ade-
quately represented in any one category., Consequently, the figure serves only to high-
light some of the key distinguishing features between major agriculturai trade models.

Figure 1. Classification of Internat!onal Agricultural Trade Models
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In general, the models increase in complexity from the top left hand corner of Figure
1 to the bottom right hand corner. The evolution of agricultural trade models has also
followed this path. Prior to the 1970s, analysis of agricultural policies principally in-
volved single commodity, national models. The increasing interest of agriculture in
multilateral trade negotiations since that period led to the development of multi-com-
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modity, multi-country models. The initial spur for many of the general equilibrium
models centred on the need to reveal internal benefits of unilateral or multilateral li-
beralisation of agricultural policies in developed countries by outlining the adverse ef-
fects of agricultural support on non-agricultural sectors (see, for instance, various studi-
es in CIE (1988)). More recently, general equilibrium models have been developed to
indicate the impact of agricultural policy reform on developing countries where strong
intersectoral links are present. The lower branches in Figure 1 reflect developments
in modelling designed to match the emerging new theories in international trade and
the desire to better explain world trade.

2.2, Selected agricultural trade models

A plethora of agricultural trade models exist at various levels of sophistication and
development. Space and resocurces preclude any synopsis of even a subset of these
models. Instead, some selected major models, at least in terms of citation, are exami-

ned.

MTM

The Multilateral Trade Mandate (MTM) model was developed by the OECD in the mid
1980s and is outlined in OECD (1987) and Huff and Moreddu (1990). The MTM is
continually being updated both in terms of model structure and data used.? Originally
consisting of 11 countries, it now has 18 countries and 18 categories of agricultural
commodities. It is a medium term, comparative static, non-spatial model reporting
outcomes after adjustment over five years. Producer Subsidy Equivalents (PSEs) and
Consumer Subsidy Equivalents (CSEs) are the main basis for assistance measures, al-
though land set asides and production quotas are now being separately modelled. The
model was originally based on the period 1979-81 but has also been updated for the
1982-85 period. Compared to most other trade models and to actual negotiations, the

1) This evolution follows more demanding requests placed upon it by Ministerial meetings
such as the endogenization of various key policies in the major trade entities, A desire
in the 1990s to link the outlook and monitoring work of the OECD with its policy analysis
has led to the development of an entirely separate model within the OECD known as AG-
LINK. This latter model differs from the MTM model in a much fuller econometric spe-
cification of agricultural sectors in the countries modelled rather than relying on reduced
form elasticities. AGLINK also differs in being dynamic rather than comparative static,
allowing for annual commodity projections and policy analysis over various time horizons.
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liberalisation scenarios are relatively modest generally representing 10% reductions in
assistance.

WALRAS

WALRAS (World Agricultural LibeRAlisation Study) is a general equilibrium model
developed by the OECD and is reported in Burniaux et al. (1990). It includes 6
country sub-models of Australia, Canada, EC, Japan, New Zealand and the US, along
with a residual aggregate or rest of the world specified as a set of simple import de-
mand functions. The benchmark year is 1980/81 although protection levels used in the
analysis are from 1986-88. Agriculture is split into two subsectors, namely livestock
and other agriculture, while there are also three major food processing industries, na-
mely meat, dairy and other food. Thirteen consumer goods are specified. Non-
agricultural sectors are presumed tc have constant returns to scale and land is not a
factor in this sector. Primary factors of production are fixed in supply, fully employed
and partly mobile. Labour and capital are not perfectly mobile between sectors but are
within the sector. The armington specification of imports from different origins being
imperfect substitutes is adopted, although a similar degree of product differentiation
is allowed for imports and exports. Production is determined by constant elasticities
of substitution while consumption is based on an extended linear expenditure system.

ITASA

The ITASA (International Institute for Applied Systems Analysis) model is outlined in
Parikh er al. (1988). It involves linked national general equilibrium models, although
the non-agricultural sectors are not modeliled in any great detail. Together the linked
models account for 80% of the world’s food attributes. The models are used for recur-
sive dynamic simulation over a 15 year period. World prices are endogenously deter-
mined through a non-differentiable optimising algorithm. The data base is from 1961-
76 and partly extended to 1980 for crucial variables and is validated for the period
1970-78. Simulations are provided from 1980 to the year 2000. Trade liberalisation
is introduced over a five year period from 1982-86 with 1986 being the first year of
fully liberalised trade.

Five main trade liberalisation scenarios are reported in Parikh et al. (1988), namely:
all OECD except Turkey; all developing countries except China; EC only; US only;
and all market economies. One of the major differences with the IIASA model over
other trade models is in how the output is reported. Among other indicators, agricul-
tural self sufficiency, equivalent incomes and various GDP indicators are used to out-
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line the impacts of varjous trade liberalisation scenarios.

GLS

A commonly cited model not associated with a large national or multinational organisa-
tion is the GLS (Grains, Livestock and Sugar) model of Tyers and Anderson (see, for
instance, Tyers, 1985; Tyers and Anderson, 1988b; Anderson and Tyers, 1990). The
model is described as multi-country, multi-commodity, non-spatial and dynamic. The
dynamic linkages, however, are not well developed and many of the simulation runs
reported use the comparative static version of the model. Commodity coverage is limi-
ted to the major temperate commodities, namely wheat, coarse grains, rice, ruminant
animals (cattle and sheep), non-ruminants (pigs and poultry), dairy products and sugar.
The model does allow for cross effects in production and consumption and separates
food and feed demand for grains.

The model includes 30 countries or country groups. The parameters are based on eco-
nometric analysis for the period 1961-83. World prices are determined endogenously
by an iterative price clearing method. Stockholding behaviour is also determined endo-
genously. Agricultural distortions are modelled through price transmission elasticities
which measure how much of world price variations are transmitted to various domestic
prices. Provision is also made in the model for US set aside provisions. The model
can be run for different lengths of adjustment although most of the output reported are
long run impacts. Assistance levels for 1980/82 and 1988, along with projected levels
for 1995, are used in various model runs,

SWOPSIM

Developed within the US Department of Agriculture, SWOPSIM (Static WOrld Policy
Simulation) is a group of models or modelling framework rather than one particular
model (Roningen, 1986). The framework is used for various trade liberalisation mo-
dels used to examine particular trade liberalisation scenarios. Common elements of
these models are that they are partial equilibrium, static, non-spatial, net trade models
of world agriculfural trade. The model includes 36 linked country or region models
and 22 temperate agricultural commodities. It is a reduced form elasticities model with
constant elasticity supply and demand equations. Provision is made for derived de-
mand for feed grains and for cross price linkages and domestic/international price lin-
kages. However, there is no allowance for stocks. Nor does the model allow import
and export of the same generic commodity. Data for the model derives from the world
agricultural database of the USDA. Elasticities are largely derived from estimates in
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the literature and modified by officers within the economic research service of the Uni-
ted States Department of Agriculture.

FAPRI

The FAPRI (Food and Agriculture Policy Research Institute) is an example of some
more specific national agricultural trade models. Like many other trade models it is
a non-spatial, partial equilibrium model of homogeneous commodities. The structure
of the model, as typified in similar national models, is a detailed modelling of US agri-
culture, structural eguations for its important competitors and simple net trade equa-
tions for other smaller market participants. There are various FAPRI trade models
such as the FAPRI US crops model (Westhoff et al., 1989). The models include cross
price effects and feed grain effects. The number of countries or regions modelled de-
pends on the structure of the individual commodity market. For instance, there are 15
countries/regions specified for wheat and 20 for feedgrains.

VALDES

Valdes and cohorts have been involved with various world trade models essentially
developed for the World Bank (see, for example, Valdes (1987) and more recently
Zeitz and Valdes (1990). The latter model is comparative static, partial equilibrium
and non-spatial. Full price transmission is assumed in the long run. Commodities in-
clude wheat, coarse grains, rice, beef, sugar, soybeans and "all meats”. Some 22 coun-
tries including 12 developing countries are modelled. One country grouping not mo-
delled are the centrally planned economies. The base year is 1981-83 and the analysis
is essentially long-run with full adjustment response. Measures of assistance are taken
from PSEs and CSEs which are taken from OECD and USDA estimates. Elasticities
are taken from the MTM model for industrialised countries and from the [IASA model
for developing countries. Income elasticities predominantly come from the IIASA mo-
del,

2.3  Other Empirical Information

Models are not the only source of empirical information used in trade negotiations.
Another important set of empirical information, especially in the latest GATT round,
have been various aggregate measures of support such ag PSEs, as described in OECD
(1987), or their equivalents,
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The original objective of the PSEs developed within the OECD was to analyse different
policies posed by its Ministerial Council in 1982. A primary impetus for their deve-
lopment at that time was to show that transfers from agricultural policies were not
solely, or even largely, budget based. Following the 1987 Ministerial Council Mandate
of the OECD, the PSEs have formed part of the annual monitoring of agricultural
policies by the OECD and are reported in country/commodity/type detail on a regular
annnal basis.

The PSEs or related measures, however, have also been used more directly in trade
negotiations. For instance, they have also been instrumental in the latest GATT round
as a means of trying to incorporate domestic policies or "internal support” into the
GATT. Initially the US proposed the PSEs as a vehicle for identifying subsidies and
supervising and monitoring their removal. The EC adopted a related though similar
measure in the form of an aggregate measure of support. These aggregate measures
of support were a key part in negotiations in the mid term review of the GATT Urugu-
ay round and also feature in the most recent EC-US GATT negotiations in late 1992.
Other bilateral and multilateral agreements have also used various forms of aggregate
support measures. For instance, PSEs formed the basis within the Canada-US free
trade agreement for calculation of subsidy equalisation on grains to trigger relaxation
of Canadian import licenses.
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3. Examination of Model Assumptions and Data Parameters

Attention focuses in this section on the variation in assumptions across models and the
implications of that variability, Examining the sensitivity of trade models to different
assumptions is not a trivial matter. Tyers (1985) states that the large number of para-
meters in trade models makes any comprehensive sensitivity analysis resource deman-
ding. Goddard (1988) also reveals that while it is possible to disentangle trade models
to examine various assumptions such as perfect substitutability, it is difficult to engine-
er such simulations. Many of the relevant parameters have to be estimated again based
on the new behavioral equations. Changing assumptions, such as switching from parti-
al to general equilibrium, can also change the type of model output.

The problems above entail difficulties in arriving at any generalisations about the im-
pact of various assumptions. Thus the review below intends to provide only some
preliminary insights into the impacts of the various assumptions. Furthermore, because
of the problems in sensitivity analysis only selected key assumptions are examined.

3.1 Partial versus general equilibrium

A major dichotomy in agricultural trade models exists between partial equilibrium and
general equilibrium models.)” General equilibrium models explicitly model the non-
agricultural sector and gquantify the effects of a shock in one sector on another sector
along with any feedback effects, Modelling intersectoral effects in the general equili-
brium approach is theoretically more appealing in being more in line with the notions
of comparative advantage which are central to the theory of international trade. Con-
versely, intersectoral effects in partial equilibrium trade models are represented by
reduced form supply and demand elasticities. Such elasticities do not easily relate back
to specific assumptions about consumer preferences, production technology or factor
mobility.

Hertel (1990) and (1991) illustrates some potential problems that can arise. For instan-
ce, cross price elasticities of supply in partial equilibrium models are generally negati-

1) Hertel (1990) describes a number of hybrid models which model particular factor markets
but without the full closure conditions of computable general equilibrium models. Most
of the major trade models, however, fall into either the partial equilibrium or general equi-
librium category.
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ve reflecting movement around a fixed transformation curve (substitution effect}). The
negative cross price elasticities of supply often lead to the common conclusion that
elimination of agricultural support will result in a contraction of the subsidised agricul-
tural commeodity and an expansion of the less supported commodities. Hertel argues
that although this may be applicable in the short-run, as input fixities are successively
relaxed in the long-run, the transformation curve may shift and cross price elasticities
may be positive (gross complementarity). Whether the cross elasticities are positive
or negative is an empirical matter involving a trade-off between the substitution and
transformation effects. Consequently, partial equilibrinm models may understate the
consequences of trade liberalisation for resource movement out of agriculture, for
aggregate supply response and welfare changes by moving agriculture around relatively
fixed transformation functions.

A priori, general equilibrium models appear more theoretically appealing being groun-
ded in the theories of production and consumption. Computational problems, however,
often entail a gross simplification of endowments, technology and preferences. Many
assumptions, such as the distribution of factor returns, are driven more by model prag-
matics than by theoretical or empirical rigour. Key parameters in a number of general
equilibrium models such as Allen elasticities of substitution among inputs and elastici-
ties of transformation among outputs lack a sound empirical basis. General equilibrium
models such as WALRAS often review relevant econometric literature for values for
various exogenous parameters. While some of these estimates, such as elasticity of
substitution between capital and labour, coincided with a priori expectations, others
such as foreign trade elasticities did not (Burniaux et ql. 1990). For instance, price
elasticities of import and export demand for agricultural and food products were ge-
nerally lower than for manufactured products. Subsequently some of these trade elasti-
cities were raised.

In sensitivity testing of the WALRAS model, however, van der Mensbrugghe et al.
(1990) found little change in agricultural sector output or real income gains in a group
of 6 OECD countries when either capital-labour and capital/labour-land elasticities of
substitution changed 50% around the specified values. Varying agricultural supply
elasticities in the rest of the world between 1 and 100 (around a base of 2) also had
little effect for the 6 countries as a whole although there were significant variations for
individual countries. In addition, the model appeared robust to varying the degree of
factor mobility. The true values of these parameters, however, may be outside of these
ranges, while the sensitivity may be dependent on other model assumptions such as
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trade: elasticities.

In partial equilibrium models, many of these parameters are implicit in the supply
elasticities. Various authors, such as Gardner (1988} and Winters (1990) argue a case
for the empirically sounder, though theoretically less explicit, partial equilibrium mo-
dels.V)

A direct comparison of partial and general equilibrium models ignores the uses of these
models in addressing particular trade issues. General equilibrium models are more
important in outlining effects in agriculture sector dependent developing countries as
they are particularly well suited to highlighting structural effects or sectoral distribu-
tion. Intersectoral movement of resources in developing countries in the long-run can
reduce the overall adverse welfare effects along with price effects of a particular com-
modity price support by creating other economic opportunities. Although the overall
welfare effects and price effects may be small, the structural effects can be large.
Partial equilibrium models are unable to trace out these structural effects.

General equilibrium considerations are less crucial in the case of developed countries
where agricultural policies do not cause significant changes in the price of non-agricul-
tural goods. Partial equilibrium models may then be more appropriate as they enable
a more detailed modelling of particular commodity markets and allow a focus on esti-
mation of model parameters. For example, the WALRAS model considers only two
agricultural sectors, namely livestock and other agriculture. The implications of ad hoc
assumptions may also be more transparent in partial equilibrium models, while partial
models tend to be more uniform in their gpecification.

General and partial equilibrium models can lead to different outcomes although the
extent of the variation depends on the particular case under consideration and the para-
meters of interest. In general, models which do not model the full equilibrium respon-
se tend to overestimate the effects. Offsetting this is the long-run nature of many of

1} Gardner (1988) likens the decision between the two models to the choice between two
imperfect cakes: ".. The partial cake is made from a recipe that is known to omit ingredi-
ents that could be important. The general cake is made from a complete gourmet recipe
but the chef has had to put in certain ingredients blindfolded from unmarked boxes. Neit-
her cake is likely to be highly palatable but when it comes to a choice I would usually
take the former..”
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the models which can understate the short-run effects. Conversely, the lack of sector
detail in general equilibrium models, such as the use of tariff wedges as a measure of
agricultural support, may overestimate effects by not allowing for imperfect policy
transmission.

The fundamental differences in model structure and nature of the output between ge-
neral and partial equilibrium models leads to difficulties in direct comparison of speci-
fic models. Moreover, those comparisons at all possible present a mixed picture; the
results in Table 1 suggesting the general equilibrium ITASA model having larger world
price effects than its partial equilibrium counterparts in cereals markets but lower ef-
fects in livestock markets. The ambiguous comparisons are a reflection of the trade-
offs mentioned above and the remaining model assumptions and parameters which can
influence the results.

3.2 Imperfect competition

Perfect competition is a key model assumption in many trade models. An examination
of agricultural commodity markets, however, raises concems over this assumption
especially in respect of strategic trade policies. Relaxing this assumption entails that
optimal import tariffs and export taxes may be welfare improving compared to perfect
competition at least for the nation if not globally. This introduces the scope for strate-
gic trade policies on behalf of countries and for the possibility of positive economic
profits. Imperfect information, market growth, uncertainty and imperfect information
entail that import quotas and various forms of border price protection are non-equiva-
lent as is assumed in some models.

Hertel (1991) questioned conventional wisdom arising out of trade models assuming
perfect competition such as that trade liberalisation causes lightly protected sectors to
expand. His argument, based more on single country studies, is that reductions in
assistance may force imperfectly competitive industries to become more competitive
and to produce at greater quantities than they would in the more highly protected,
monopoly case and so compete more actively for resources with the lightly protected
sectors.

General equilibrium models, in particular, employ the assumption of perfect competi-
tion and in order to make them tractable. Some studies have sought to incorporate
imperfect competition into general equilibrium models, such as Delorme and Mens-
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TABLE 1. Impact of varlous unliateral and multilateral liberallzation (1980 base perlod)’

LIBERALIZATION IN:

EC us OECD OECD &
DEVELOPING
COUNTRIES
- % change in world price --
GLS MODEL
- wheat 6 1 10 (25) (51) 322
- coarse grains 5 -4 3 (3) (16) [2]
- rice 3 0 11 (18) (41) [19]
- ruminant 22 3 27 (43) (41) [23]
- non-ruminants 4 -1 8 (10) (-2) [-12]
- dalry products 33 28 61 (85) (124) {99]
sugar 8 3 11 (22) (41) [19]
MTM MODEL®
- wheat -1 -3 -1 (-4) {-6)
- coarse grafn -2 -3 -3 (-10) (-12)
- beef 9 0 15 (9) (0)
- pigmeat 0 1 3 (0 (-12)
- milk 28 8 44 (30) (29)
- sugar 6 1 10 (9) (8)
- soybeans -10 -2 -10 (-13) {-14)
IIASA MODEL
- wheat 9 18 23
- coarse graing 4 1 11 13
- rice 2 0 21 16
- beef&pigmeat 7 14 17 11
- dalry products 15 39 31 34
- protein feed 0 0 13 13
- non-food agriculture 2 -6 -2 -17
- total agriculture 5 5 9 5

' Flgures in round brackets are based on results for 1982-85 In the case of the MTM maodel and on
» ©stimated values for 1995 in the case of the GLS model.
Figures In square hrackets Indicate price sffects when liberalization of non-food policies in develo-

s Emg countries also occurs.
@sults of the MTM model's 10% ad valorem assistance reduction scaled up by a factor of 10.

Source: Anderson and Tyers (1990%. Moreddu et al. (1990), OECD (1987), Parikh et al. (1988) and
Tyers and Anderson (1988b).
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brugghe (1990). The scope of these studies, however, has been limited to particular
countries or pricing rules and they are more illustrative than applied.

A longer association of incorporating imperfect competition and strategic trade beha-
viour exists in partial equilibrium models. Initially, imperfect competition models exa-
mined the extent of monopoly power in single commodity markets. Imperfect competi-
tion has been incorporated into trade theory by relaxing the traditional assumptions of
constant returns to scale, homogeneous products and competitive markets and to view
imperfectly competitive markets as game theoretic in nature. The essence of these stu-
dies has been to remove the small country assumption and to postulate various imper-
fectly competitive behaviour between national governments on the basis of market
share.

One particular area long involved in the modelling of imperfect competition is the ana-
lysis of international wheat trade. McCalla (1966) proposed a duopoly between US,
Canada in world wheat markets. Alouze er al. (1978) extended this to a triopoly to
include Australia to account for its share of the world market, the actions of its mono-
poly Australian Wheat Board and its interactions with US and Canadian participants.
They concluded that triopoly led to higher and more variable pricing than in the case
of the duopoly. Carter and Schmitz (1979) switched attention away from major pro-
ducers to the key importers suggesting that it was Japan and the EC acting as duopso-
nists who determined world wheat prices. Carter and Schmitz acknowledged that their
model was in the formative stage requiring further empirical support. Karp and
McCalla (1983) in turn suggested that both importers and exporters are influential in
world wheat markets, and modeled the trade as a dynamic game between the key parti-
cipants whether they be importers or exporters.

The main difference between the earlier partial equilibrium models incorporating im-
perfect competition and the more recent developments is that the latter focuses not so
much on countries as on individual firms or statutory agencies. In the former case,
market power and strategic trade policies are determined by country’s excess supply
and demand curves. In the latter, conjectural variations and firm behaviour are integral
in trade patterns.

The new theoretical international trade models have not yielded major improvements
in prediction. Part of the problem is the lack of a single empirically supported model
of how oligopolists behave. Note, this was also a problem in the more traditional im-
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perfect competition trade models focusing on countries as indicated in the above dis-
cussion on the modelling of world wheat trade where various oligopolistic patterns of
behaviour were proposed. But the problem is magnified in the case of individual
firms. There is no unique ex-ante explanation of oligopolistic patterns of behaviour
and only limited ability to successfully predict specific patterns of behaviour, More-
over, many of the models lack detailed or plausible explanations of the dynamic nature
of market structure and conduct and behavioral changes through time. Many of the
trade models employ rather simplistic strategic games with key parameters such as the
number of firms taken as exogenous. Thus, the new theory is likely to extend rather
than replace existing theory,

While the intuition of perfect competition is flawed, no simple message or new para-
digm emerges from the models of imperfect competition. Indeed, MacLaren (1991)
states that the unambiguous results of optimal tariffs and export taxes are made less
certain by the new theories of international trade. For instance, optimal tariffs remain
in doubt since they crucially depend on econometric measurement of the importing
country’s excess demand function which is in turn often inflnenced by the arbitrary
choice of functional form. That is, when imports are provided by a foreign monopolist,
the price paid by domestic consumers exceeds the monopolists marginal cost, Tariffs
could extract this rent from the foreign monopolist, although the potential entry of do-
mestic firms would affect the appropriate policy. Welfare rises if the tariff revenue
exceeds the loss in domestic consumer welfare from the higher price which would be
the case with linear demand and constant marginal cost. However, even without poten-
tial entry, this result is sensitive to the demand and cost structure with the tariff decre-
asing welfare in the case of constant elasticity.

The levels of indirect policies which maximise particular social objectives and the re-
sulting equilibrium outcomes are dependent on special characteristics of timing (who
moves when), the strategic variables used by the firm (price or quantity), as well as
other characteristics of market structure such as entry and exit. The choice of strategic
variable is crucial for indirect tax/subsidy policies in the case of oligopoly. However,
whether price or quantity is chosen is irrelevant in the case of a monopoly.

All sorts of policy implications arise depending on timing, strategic variable, market
segmentation. While free trade policies may not be optimal, to identify optimal strate-
gic trade policies is risky due to the lack of detailed firm specific information. Opti-
mal strategic policies would need to be determined for each change in the supply/de-
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mand situation while the ability of interest groups and decision makers to set interven-
tion at the optimally determined level is a pragmatic and highly contentious issue.
Paarlberg (1990} argues that the imperfect competition models are very sensitive to a
number of factors including the choice of a payoff function, the reaction function of
rivals, the choice of strategic variable, the existence of capacity constraints in
supplying the market and the symmetry of trading firms. He also argues there is a
premium of detailed knowledge of the industry. Thus, in the likely situation where
information requirements to implement optimum trade policies in strategic
environments are too great, then multilateral free trade may be a desirable alternative,

Richardson (1989) argues that it is an empirical matter whether liberalised trade increa-
ses national welfare. In reviewing empirical studies, however, he concludes that trade
liberalisation has strong positive effects on welfare with gains from 2 to 3 times the
gains calculated under the setting of perfect competition. In effect trade enhances the
workability of competition. Key assumptions of free entry and exit of firms within an
industry, however, lie behind these results.

The new strategic trade theory focusing on firms and organisations complicates trade
analysis and trade reform negotiations. Apart from the problems of a lack of game
theoretic models capable of modelling strategic behaviour of intemnational commeodity
firms and of the choice of particular parameters, a further problem relates to data col-
lection. While collecting accurate and appropriate data for standard trade analysis can
be challenging, in strategic trade models it may be almost impossible. As mentioned,
Paarlberg (1990) argues that even very basic information such as market shares for the
major firms can be difficult to obtain. The information needed to service these models
is a valuable commodity to those firms engaging in the strategic behaviour hampering
efforts to obtain relevant data. Thus, developing the new theoretical models needs to
be accompanied by a much greater research effort in the more mundane task of data
collection.

Considerable obstacles need to be overcome before the new strategic trade models can
be used in trade reform negotiations. Although the models seek to make the assump-
tions of the analysis more realistic, results from the early models have proved no better
at predicting world trade than the more traditional trade models. The models yield no
consistent conclusions, the results being highly sensitive to parameters such as the
choice of strategic variable. Despite the well intentioned efforts to address the under-
lying assumptions of international trade, these models are currently not in a state ame-
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nable for use by policy decision makers. Consequently, there has been relatively few
studies on the application of imperfect competition/strategic trade models.

3.3 Endogenous policy making

Most trade models, including those based on the new pure theory of trade, investigate
the economic effects of a menu of exogenously determined trade policies. However,
it is difficult to cast all trade policies as exogenous. Consider, for instance, retaliatory
subsidies. Various studies draw on political economy theory to model endogenous po-
licy making in an attempt to more realistically describe actual trade policy determina-
tion. ! Perhaps the most differentiating part of political economy models is that by
focusing on interest groups and the political process, a wide array of welfare functions-
fobjectives are possible which can vary markedly from the more traditional models.
The political economy approach also focuses attention on income distribution rather
than, as is the case with most trade (and economic) models, efficiency.

Many aspects of the political economy, however, remain unsatisfactorily modelled if
modelled at all. For instance, few models incorporate explicit behaviour of bureaucrats
in the decision making process. More fundamentally, the determinants of agricultural
policy decisions have most commonly been modelled by policy reaction functions.
These functions are usually derived from reduced form models rather than structural
models of the political economy. Given that political markets tend to be even more
covert than commodity markets, modelling political markets can be even more deman-
ding than the non-trivial modelling of commodity markets. In general, choice of these
policy reaction functions and their associated parameters drive the outcomes of the po-
litical economy trade models. Consequently, few generalisations arise out of these mo-
dels. In tum, those models which have sought to structurally model the political eco-
nomy are limited or best interpreted in terms of the particular problems for which they
were developed.

One key advantage of the endogenous policy making models is that they can explain
the choice between different policy instruments. This is particularly important in iden-
tifying conditions where politicians would prefer non-tariff barriers to trade over
tariffs, and hence explain the trend to non-tariff barriers in world trade. The models

1} For an overview, see Carter et al. (1990).
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also allow for rent seeking (lobbying) costs and for these costs to generate different
rankings of policy instruments. Conversely, a key disadvantage with the political eco-
nomy models is that parameters such as distributional weights can be altered so as to
make any particular policy seem favourable over another. As these weights often are
reduced form revealed preferences applying only to the data set under examination,
they cannot address the underlying factors driving the political economy.

3.4 Risk and uncertainty

Risk and uncertainty are integral elements of international agricultural trade; yet they
remain poorly modelled. Agriculture exhibits significant production and market uncer-
tainty. When compounded by the distorted, artificially smaller, world markets which
heighten the market variability, then risk is a key factor. Participants along the whele
marketing chain including farmers, merchants, traders and retailers all exhibit beha-
viour influenced by risk. Many government policies, such as the Common Agricultural
Policy (CAP) of the EC, are premised on reducing or controlling that risk or uncertain-
y. D

Despite the pervading effect of risk, few studies have sought to deal with instability.
Tyers and Anderson (1988b) are one of the few, but their results are based almost ex-
clusively on a wider spreading of the price risk. Other key factors important in world
market instability such as market structure and the nature of stock holding are exclu-
ded. Failure in the markets for risk sharing, notably, moral hazard, adverse selection
and unobserveable outcomes, entails that incorporating uncertainty into trade models
may well alter the conventional conclusions about the gains from free trade.

Risk and instability undoubtedly impact on the behaviour of economic agents although
various interest groups respond differently to price stabilisation measures. Newberry
and Stiglitz (1981) suggest that consumers prefer price stability only when they are
substantially averse to income risk and when their demand is relatively inelastic. Far-
mers may be comparatively indifferent to market insulation in developing countries but
may favour it in industrial countries. Governments have implemented various policies
through time to reduce risk in order to improve efficiency. A major problem arises,
however, in that income support is often intertwined with risk reducing policies. Even

1) McClatchey and Warley (1991) argue that the “socialization” of on-farm level risk is a
near universal feature of the commodity policies of developed countries.
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policies designed at stabilisation or underwriting often develop into more direct forms

of income support, 1

Tyers (1991) offers some explanations ag to why well intentioned, risk reducing mea-
sures can lead to high levels of protection. Essentially he argues that in the absence
of risk reducing markets, insulating trading policies which reduce domestic price varia-
bility can raise net welfare. It can be self fulfilling, however, in that the aggregate
effect of all countries pursuing such policies is to heighten international price risk lea-
ding to further trade distortions. Moreover, internal prices not linked to international
prices must be set administratively offering scope for interest groups to seek protection
and higher prices. Tyers is of the opinion, though, that most of the distortionary agri-
cultural policies are responses to fluctuating world markets rather than being pursued
as a form of income transfer. Consequently, he argues that static measures of econo-
mic surplus gained and lost do not reveal the political pressure exerted for risk redu-
cing policies.

Tyers view of the importance of risk reduction compared with income support, howe-
ver, does not accord well with existing policies. For instance, although the CAP was
designed to stabilise internal prices, the same instruments of variable import levies and
export restitutions could be used to stabilise prices at much lower levels, Furthermore,
in a study of the CAP, Fraser (1991) argued that the income effects of price support
dominate the effect of price and income variability. That is, the difference between
the EC and world price is much more important to producer welfare than any reduction
in price variability. Supply response and ocutput, however, are affected by the insula-
tion affects with 2 much greater output in the more certain environment. Thus, risk
aversion of producers will not impact greatly on welfare impacts but does impact on
supply response. While supply elasticities tend to be inelastic to intervention and
world price declines, the elasticities vary greatly depending on the level of risk aver-
sion,

Market insulating behaviour has important implications for agricultural trade modelling.
The magnitude of price distortions varies from year to year as international prices fluc-
tuate, even if there is no underlying philosophical change in the protective intent of

1) One example was the ill-fated Australian wool reserve price scheme, but similar develop-
ments have arisen in many international commodity market agreements.
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these policies. As Section 3.9 will show, the results of any comparative analysis de-
pend critically on the year chosen. For trade models employing price wedges to be of
any use in ex ante policy analysis requires international prices to be forecast with con-
siderable accuracy as the results can depend critically on whether international prices
are predicted to rise or fall. Furthermore, temporary measures against external distur-
bances do not reflect the long run protection implicit in agricultural policies. In essen-
ce, trade models may be modelling natural variation in international market prices rat-
her than fundamental policy reform. This can be of critical importance in trade negoti-
ations where countries seek to justify their policies against a base of typically low in-
ternational prices.

McClatchey and Warley (1991) raise concerns about the traditional "price gap” models
which link domestic prices with world prices. Such models fail to represent policy
reform based on a fixed external reference price principle, a principle that McClatchey
and Warley consider multilateral agricultural policy reform is proceeding along.l)
In addition, they criticise models using transmission coefficients arguing that these are
inevitably too low, and would prefer to see a more direct modelling of support policies.

Tyers (1991) argues that had the GATT round discussions concluded in 1982 with ag-
reement to cease market ingulation but to retain existing pure protection, the majority
of the distortions and of the costs now being borne by the world economy would not
have arisen. Specifically, more than half of the average price distortions in the OECD
since 1982 can be related to the insulation component of agricultural policies. Up to
three quarters of the costs of these distortions were due to insulation implying that a
move to pure protection without insulation would lower much of the costs. More im-
portantly, the decline in prices beyond the base period would be substantially reduced.
Tyers blames a reliance on the standard models as part of the reason why market insu-
lating policies were not given a higher profile earlier in the current round. While ack-
nowledging that new trade models should incorporate dynamic behaviour and price
risk, Tyers argues that the effects of the pure protection and market insulating compo-
nents of food policies would then be difficuit to separate and the implications for wel-
fare difficult to measure.

1) The latest GATT agreements between the US and EC concluded in November 1992 are
also based on this fixed external price principle, namely specifying fixed base or reference
periods and specified in own currency.
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Tyers and Anderson (1988b) argue that the removal of policy induced insulation in all
industrial market countries would reduce the coefficient of variation around trend levels
of key international food commodity prices by about one third, Sarris and Freebairn
(1983) in a study of the International wheat market found that insulating policies pur-
sued by all countries increased the standard deviation of world prices by 34% with the
EC alone accounting for around one half of this volatility.l) The smoothing of inter-
national prices in these models is based on the wider spreading of the price risk. The
tendency for more stable prices is even clearer in the projections for individual com-
modity prices such as that for wheat.

Much of the MTM model results have been premised on full transmission of world
price effects. In OECD (19903), however, they consider a "partial” price transmission
in which selected countries are assumed to have either full or zero price transmission.
The impact on the outcomes of trade liberalisation of allowing some countries to insu-
late their markets is quite dramatic for some commodities. For instance, the rise in
world milk prices from a 10% reduction in assistance increases from 3% in the full
transmission case to 17% in partial transmission, Sizeable impacts also occur in the
sheepmeat, coarse grain and soybeans markets, The modelling of price transmission
has a major impact on the outcomes of a removal of the US set aside program with the
fall in world wheat prices from such a removal doubling in the case of partial transmis-
sion, and the fall in coarse grain prices almost trebling.

Instability on world markets also relates to stock holding behaviour, both of public and
private agents. Although stocks may be small relative to production they are often a
large fraction of trade. Consequently, stock management needs to be modelled when
considering trade responses, especially in the short to medium-run. Tyers (1985) in
sensitivity testing of the GLS model shows some quite dramatic effects of stock hol-
ding especially in the case where the major countries maintain their insulating policies
and leave adjustments to the smaller non-insulating countries. The small (relative to
production) size of the world wheat market entails that in the absence of stocks to off-
set market disturbances, world prices and their variability almost treble. Even in the
case where the major trading entities do not pursue insulating policies, stock holding
reduces the variability of world prices.

1} The results of Sarris and Freebairn’s cournot pricing model of the international wheat
market, however, was based on the assumption of the US and Canada pursuing free trade
policies and on data when the EC was 2 net importer.
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Konandreas and Perkins (1990) highlight the link between stock behaviour, trade li-
beralisation and world price instability. Specifically they argue that while large stocks
are concentrated in the main exporting countries before liberalisation, in a liberalised
trade regime stocks are more likely to be dispersed geographically. Furthermore, the
stocks freely available to the world market, essentially those held by the traditional
exporting countries, could be substantially reduced following liberalisation. Thus, the
effect on world price of a major shortfall in global output could be more pronounced
in the liberalised regime.

3.5 Commodity coverage

One abstraction by agricultural trade models in the interests of tractability is to consi-
der only a few major commodities (or commodities of interest) rather than the full sui-
te of commodities traded on the international market. As outlined in Figure 1, agricul-
tural trade models have evolved from single commodity studies to more extensive com-
modity coverage in recent trade models. Those modelling efforts, however, have not
kept up with developments in world trade. Specifically, international trade in agricul-
tural products has changed substantially over time, with a trend away from raw bulk
agricultural commodities to more value-added products. MacLaren (1991) indicates
that value added products have increased as a proportion of agricultural product trade
from 45% in the 1960s to over 60% in the late 1980s. Over the same pericd, trade in
bulk products declined from 30% to 20%. Thus, the "homogeneous” commodities of
traditional trade models are in reality differentiated products.l) Global developments
such as the rapid growth in Asian economies have also meant a differing composition
of agricultural trade and a new range of products.

To some extent, developments in world trade have been accompanied by developments
in international trade theory. The new theory of international trade involves more de-
tailed specification of the demand side of the economy by considering commodities not
as homogenous units. This allows a lot more intra-industry trade to be explained
which was not possible with the Ricardian or Heckscher-Ohlin theories on their own.
New sources of gains from trade then become evident. For instance, it allows for an

1) For instance, spatial equilibrium trade models, among others, assume a non-differentiated
product and a one-to-one correspondance between the domestic product and changes and
the international product and so fail to adequately represent international trade.
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increasing number of varieties, and prices of these varieties may fall as economies of
scale are exploited. In addition, differentiating commodities by origin or other means
allows scope for imperfect competition and strategic behaviour.

MacLaren (1990) identifies two models, namely a neo-Chamberlin model or love-of-
variety model or a neo-hotelling model or ideal variety of differentiated product based
on product characteristics. Although the assumptions of the differentiated products
model are more in accord with actual trade, their normative conclusions with respect
to trade policy are not robust and no general conclusions abont industry policy emerge.
Furthermore, the case for policy intervention with the neo-chamberlin model is weake-
ned as the general equilibrium structure of the model increases (greater specification
of factor markets) while the neo-hotelling model has much more complex relationships
across varieties,

As countries produce, consume and trade in a different combination of agricultural ac-
tivities, then the omission of particular commodities in any analysis of a broad based
liberalisation will bias the distributional impacts across countries. For instance, typi-
cally mediterranean products are excluded from studies of EC agricultural policy re-
forms which can markedly alter the implications from such analyses (Brown,
1990a).) A similar situation arises at the global level in the exclusion of tropical
products from most international trade models. A liberalisation of trade in tropical and
forest products, for instance, may assist food importing developing countries, whereas
the net benefits of solely liberalising temperate products are less certain. Whether na-
tional entities perceive benefits from trade liberalisation could well depend on which
commodities are included in the model. In many cases, the reason for omitting particu-
lar commodities is made for empirical or computational reasons rather than theoretical
grounds, with the omitted commodities often having less readily available data and
more complicated marketing and support arrangements.

Goldin and Knudsen’s (1990) edited book based on an international symposium jointly

1) Specifically, Brown (1990a) showed that in contrast to traditional models which incorpora-
ted the major temperate commodities only, and in contrast to some commonly held percep-
tions, that inclusion of mediterranean products entailed that the southern EC member states
received CAP transfers of a similar if not greater proportion of the gross value of agricul-
tural output than their northern member counterparts who primarily produce temperate
commodities.
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organised by the World Bank and the OECD rightly focused on the impacts of agricul-
tural trade liberalisation for developing countries. Many of the studies presented at the
symposium and reported in the book, however, largely ignore tropical products and
other commodities of interest to developing countries such as fruit and vegetables.
Thus they run the risk of not capturing the interests or incentives that developing coun-
tries face in trade negotiations and potentially, of providing a misleading perspective
of any broad based liberalisation.

Declining real commodity prices for traditional agricultural products has diverted atten-
tion to new products. Valdes (1990) notes that new products not in the existing base
or at very low values can have production and export supply elasticities substantially
higher than traditionally traded commodities. Thus the composition and overall value
of developing country exports and imports could change significantly which, in turn,
would influence the measured costs and benefits of trade liberalisation for developing
countries. Duncan (1990) adds that models will always underestimate the "gains from
trade” because they cannot include the potential activities which are excluded because
exchange rates are overvalued or because of other distortions to relative prices.

Other problems stem not from omitting commodities but from omitting cross commodi-
ty relationships. Cross commodity interactions can alter the directions and magnitudes
of trade and welfare effects. For instance, Tyers (1985) showed that eliminating cross
price effects in a multi-commodity trade model tends to overstate the trade effects of
EC liberalisation in agriculture, Specifically, the rise in world cereal and ruminant
meat prices increased by around 4 percentage points. Furthermore, while the increase
in world trade almost doubled that of the model incorporating cross effects, removing
the cross effects increased adjustments by consumers and producers and thereby decre-
ased price volatility as own price effects are not offset by cross effects when disturban-
ces are positively correlated across markets. The strengths of these relationships are
typically portrayed in cross price elasticities which are often not modelled. Single
commodity studies may approximate these relationships if they employ total rather than
partial elasticities.

One of the greatest differences in model specification arises in the modelling of
livestock-feed grain relationships (McClatchey and Warley, 1991). For instance, feed
demand in the GLS model is based on fixed input-output coefficients for each livestock
product. For the EC, the GLS model specifies the same share (.38) of livestock which
are grain fed for dairy, ruminant meat and non-ruminant meat. Conversely, feed de-
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mand in the MTM model reflects not only changes in livestock output (feed use) but
also changes in the composition of feed rations (feed rate). In the latter feed rate, sub-
stitution between different feed types is based on relative price movements, Although
feed demand specification varies markedly, it is not possible to directly attribute dif-
ferences in the output of the various models to the varying feed modelling. Substantial
variation exists across models in the world price effects of feed cereals, not only in
magnitude but also in the direction of the price changes (see, for instance, the differen-
ces between the GL.S and MTM models in Table 1). Many of the differences, howe-
ver, relate more to differences in the modelling of support policies, especially land set-
aside, than to different feed demand specifications.

3.6 Country coverage

Country coverage varies markedly across models, primarily in line with the intent of
the models and the commodity and regional issues to be considered. Major participants
examined when considering coarse grain trade differ markedly from those for wool
trade or for rubber. The variation across models, however, also reflects the level of
resources available for modelling. In general, trade models specifically model some
of the key participants of interest and then take parameters from other studies for the
remaining countries. Some inherent limitations arise from this approach. Structural
and institutional characteristics exhibit large differences across countries and support
regimes may be poorly represented by general price wedges. Modelling the peculiariti-
es of individual countries involves considerable detail and a knowledge rarely available
to any single organisation. This introduces the notion of networking of national mo-
dels as is the case with the IIASA model.

One set of country omissions likely to influence the outcomes of trade models are the
planned or previously planned economies. Countries such as China and those in the
Commonwealth of Independent States tend not to be included in trade models as the
planning system of allocating resources and distributing goods is not compatible with
the market based assumptions of the trade models.!” As China, the Commonwealth

1) For example, Zeitz and Valdes (1990) treat the centrally planned economies as exogenous,
implying that their export and import levels remain constant for each year of the simula-
‘tion/analysis. They argue this on the basis that future developments in these countries is
uncertain and attempting to model the behaviour may lead to misleading or inaccurate
predictions. The problem for Zeitz and Valdes and related models, however, is that pre-
dictions based on the status quo in these countries may also yield grossly inaccurate pre-
dictions.
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of Independent States and eastern european countries open their economies and politi-
cal systems and as more information becomes available, then more modelling is being
undertaken especially at an aggregate level. However, extreme caution needs to be pla-
ced in models using aggregated data and inappropriate or simplistic assumptions about
the systems being modelled. For instance, price reforms in these countries may not
realise the response implied in traditional, neo-classical trade models because other
economic and institutional reforms have yet to be implemented. Detailed working
knowledge of the commodity markets and economic systems in these countries are nee-
ded before they can usefully be implemented into trade models. The dilemma facing
trade modellers is that these countries are significant players in many commodity mar-
kets and cannot easily be ignored. Furthermore, the need to incorporate China and the
other reforming economies is becoming more urgent as they apply for full membership
to GATT and other trade organisations. Anocther important emerging set of countries
not yet modelled in any detail are the ASEAN countries such as Thailand and Indone-

sia.

One development in world trade in the early 1990s has been the formation or extension
of regional trading blocs or preferential arrangements. The EC and EFTA have moved
towards an enlarged European trading group (European Economic Area), a North
American Free Trade Agreement (US-Canada-Mexico) is all but in place while various
trading blocs have emerged among Central and Latin American countries (MERCO-
SUR), and African and Asian countries (AFTA- Asian Free Trade Area) (see Stoeckel
et al., 1990 and CECD, 1992). The newly formed and proposed blocs may alter trade
outcomes depending on their external barriers and the extent to which agriculture com-
pared with other sectors are included in the preferential arrangements.

Although economists have a long history in examining customs unions, the current de-
velopment in world trade calls on economists to second guess the evolution of these
trade blocs and to move into the less certain, game theoretic area. The development
of trade blocs and possible reactions can have dramatic effects. For instance, Stoeckel
et al. (1990) claim world GDP could grow by SUS 127 billion with a North America/-
Japan trade bloc or fall slightly by 5US 300 million with an expanded european trade
bloc. However, the response of various trade entities to those trade blocs could be
more important. Stoeckel er al. show world GDP varying between $US -214 billion
and $US 397 billion depending on trade strategies between the US and the EC. Hamil-
ton and Whalley (1985) argued that the key factors determining gains and losses from
a trade bloc included initial levels of protection, relative sizes of the participants and



the pattemns of trade between participating and non-participating countries. For instan-
ce, US terms of trade improved 2.5% from a bilateral liberalisation with the EC but
would have improved 3.4% if the liberalisation was with the NICs or 3.6% with less
developed countries. Interestingly, there was no terms of trade effects associated with
a free trade agreement with Canada.

One country group often used and of concem is the "rest of the world". Often this
group may be too aggregated leading to biassed and insufficiently detailed results.
Disaggregating the category, however, can be at the expense of much greater model
complexity. One approach, adopted by FAPRI for instance, is to model specific coun-
tries for specific purposes but then to use reduced form equations in the more aggrega-
te trade models. Moreddu ez al. (1990) compared the standard OECD MTM model
with a MTM-LDC version in which certain developing countries previously included
in the rest of the world were now included individually. They found that incorporating
a developing country response weakened the effect of OECD liberalisation although
the effects were fairly minor except in those commodities where developing countries
were significant, namely rice, soybeans and beef.

3.7 Liberalisation scenarios

An extensive range of policy instruments directly or indirectly support agriculture.
Warley (1990) argued that farm policies are becoming less important to the agricultural
sector than other policies such as environmental policies. In many developing countri-
es, the agricultural sector is influenced more by other sectoral policies and exchange
rate policies than by direct commodity or farm policies. Various models such as the
VALDES and GLS models have attempted to include indirect interventions and to si-
mulate exchange rate changes. According to Anderson and Tyers (1990) liberalising
other trade and exchange rate distortions would give a boost to developing country
farmers and ensure that international food prices would be higher. It would also mean
greater self sufficiency in developing countries and more import food dependence in
OECD countries.

Most trade models examine a range of trade liberalisation scenarios involving various
countries. The most common scenarios considered include: unilateral liberalisation by
one of the major trading entities (US, Japan or EC); bilateral liberalisation between the
major trade entities; liberalisation by developing countries or developed countries as
a group; liberalisation by other economic entities such as the OECD; and global libera-
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lisation. The liberalisation strategies considered reflect different uses but also different
perspectives. Models employing multilateral liberalisation seek to identify outcomes
of a GATT induced multilateral liberalisation of agricultural markets. Conversely, uni-
lateral and bilateral models tend to have a pessimistic view of the multilateral trade
negotiations and view national interests as the key factor driving trade reform.

Many of the models also model full liberalisation rather than partial liberalisation.
Although the full liberalisation is not consistent with actual negotiations it does provide
a useful benchmark. Conversely, partial liberalisation scenarios depend markedly on
the particular liberalisation strategy chosen. For instance, MTM simulations of a 10%
cut in assistance are also not in line with trade negotiations.

Policies modelled can also have an effect. For instance, in the MTM model, reductions
in US set aside programs for coarse grains have an equal (magnitude) but opposite
(sign) effect on world coarse grain prices as equivalent reductions in PSEs and CSEs
(Huff and Moreddu, 1990). Recent agricultural policies have shown an increasing ten-
dency to modify or replace price support with alternative support measures involving,
among other things, land set-aside and area and income payments. Traditional price-
wedge modelling poorly reflects the trade and production effects of these alternative
support measures, and current and future developments in trade modelling involve a
more direct modelling of these non-price support measures. With such an evolution,
model results are now sensitive to and dependent on new model parameteres such as
program participation and area and yield "slippage” effects.

The impact of the scope of liberalisation in trade models on world market parameters
is indicated in Table 1. Although considerable differences in world price impacts arise
across the models, some patterns emerge. For instance, liberalisation in the EC alone
has a significant impact on world prices in almost all commodity markets, while unila-
teral US measures impact markedly in milk product markets. However, considerable
difference arises between the world price impacts in either EC or US unilateral liberali-
sation and QECD multilateral liberalisation. Thus while much agricultural policy re-
form may be driven by internal national factors, major benefits arise for countries in
pursuing multilateral liberalisation in reducing the adjustment costs associated with that
liberalisation.

The final column in Table 1 highlights the scenario of developing countries also under-
taking liberalisation, The figures present a mixed picture in part reflecting an inadequ-
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ate modelling of the developing countries. In contrast to the two partial equilibrium
models, the IIASA model implies that liberalisation by developing countries would tend
to offset the impacts of OECD liberalisation especially for rice and meat products. The
MTM model reveals only modest differences when developing countries also liberalise.
Conversely, the GLS model using estimated 1995 support levels reveals large effects
of developing countries liberalisation. World price changes for cereals and sugar more
than double when developing countries join OECD countries in liberalising their agri-
cultural policies. Changes in world dairy prices also increase by 50% although a lower
change in meat product prices occurs. Moreover, when developing countries also li-
beralise their non-agricultural policies (such as exchange rate overvaluation) then the
world price effects are muted and, indeed for most commodities, completely offset.

3.8 Elasticities

Elasticities drive international agricultural trade models. They are a summary measure
of underlying supply and demand relationships. Knowledge of them provides a means
for forecasting trade flows and analysing the effects of government policies. For in-
stance, if export demand is elastic then programs to increase exports through a lower-
ing of border prices will be successful, whereas export growth under an inelastic inter-
national demand would be slow and the programs aimed at lowering border prices cost-
ly. Inelastic or unitary export demand elasticities, however, do suggest scope for ag-
gressive marketing strategies rather than participation as a price taker.

There are various explicit and implicit elasticities in models of international agricul-
tural trade including supply and demand elasticities, trade elasticities, transmission
elasticities, and substitution elasticities. The key aggregate elasticities are the trade
elasticities, namely the elasticities of export demand and import demand.

The response of trade to a price change depends on both the elasticity of export de-
mand and the elasticity of import demand which are themselves conditional on many
things. Not only does price and income elasticities of demand and supply for imports
and exports vary by commodity and by country, but trade price elasticities are also
temporal as imports and exports do not adjust instantly. Carter and McCalla (1990)
identify a recognition lag, a decision lag, a delivery lag, a replacement lag and a pro-
duction lag between price changes and changes in quantities traded. The response of
trade also depends on the completeness of price transmission to various foreign coun-
tries, the narrowness of product, the completeness of price transmission to domestic
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producers and consumers, the stockholding behaviour of the government and restric-
tions on domestic production and input use. Thus no single trade elasticity applies to
all products in all circumstances, leading various trade modellers such as Meyers
(1988) to argue that elasticity is a variable not a parameter. Conversely, others such
as Thompson (1988) argue that there must be a single indicator of price responsiveness,
In any event, as trade responses depend critically on the conditions prevailing at the
time of the price change, a wide variation exists in the estimated parameter values of
trade equations.

Two broad approaches, direct estimation and synthetic estimation, are used to derive
trade elasticities. Direct estimation involves regressing trade volumes directly against
border prices. Conversely, synthetic estimation draws on underlying supply and de-
mand relationships in multi-country, multi-commodity, equilibrium modelling. Trade
response and equilibrium prices are determined by aggregating the production and con-
sumption and net trade responses across countries in a global modelling framework.
Typically the trade elasticities depend on domestic own and cross price elasticities of
supply and demand in the various countries, on the shares of each country in different
markets, and on price transmission elasticities. The perfect substitutes trade models
employ the synthetic approach in which elasticities for imports and exports are obtai-
ned by combining the domestic demand and supply elasticities with information on the
level of imports and exports and the domestic production and consumption. Conver-
sely, the imperfect substitutes trade models generally employ direct estimation.

Direct estimation tends to yield relatively low elasticity estimates whereas synthetic
estimation yields high estimates. For instance, Abbott (1988) cites median estimates
from a review by Gardiner and Dixit (1986) of -2.5 and -3.3 for calculated US export
demand elasticities for wheat and coarse grain respectively compared with -0.15 and -
0.6 when those elasticities were directly estimated. Account of policy intervention
reduces somewhat estimates obtained from the synthetic approach. Synthetic models
sometimes account for border interventions through price transmission parameters.
However, they typically ignore internal price interventions separating consumer and
producer prices and the workings of non-competitive forces in international markets
such as state trading and other regulatory devices. The assumption of product homoge-
neity in synthetic models also tends to bias trade elasticities upwards as actual trade
will be influenced by the presence of different types and grades of product within a
product group.
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Direct estimates often employ time series analysis to explain changes in the level of
exports in terms of border price changes. Since exports have other determinants frequ-
ently omitted from such studies, specification error leads to the underestimation of the
ceteris paribus response of exports to border price. Specification error, however, also
arises in synthetic models, especially when identical model structures are assumed for
each country or region irrespective of the different structures. Multicollinearity pre-
vents direct estimation of a full matrix of own and cross price elasticities and so is a
problem both for direct estimation and synthetic estimation in particular multi-commo-
dity analysis. Both estimation models suffer from aggregation bias when aggregations
are made across countries with dissimilar behaviour even though they may be
geographically close. In general, the more traditional econometric issues of specifica-
tion error, identification error, multicollinearity and aggregation all bias the direct esti-
mation of elasticities towards zero.

A key model assumption in the derivation of trade elasticities is the assumption regar-
ding the elasticity of substitution. Tyers and Anderson (1988a) claim that grain export
demand elasticities for the US in their synthetic model are larger than for other studies
in part because they allow for more substitution in production and consumption, And
this has important implications for trade policy. For instance, Goddard (1988) reports
large export demand elasticities for all beef exporters under the assumption of perfect
substitutability. Under an assumption of imperfect substitutability, however, export
demand elasticities for the international beef market are all close to one, suggesting
scope to pursue strategic trade measures.

Substitution between domestic and traded products is also a critical parameter. Arming-
ton trade models assume separability between imports from various sources, and this
assumption is the basis of many general equilibrium models. Price responsiveness at
a country’s border is likely to be less in an armington model than for a spatial equili-
brium model where perfect substitution is implicit. The relatively few data require-
ments of armington models have led to their widespread use in models not assuming
perfect substitutability. Empirical testing by Alston et al. (1990), however, rejected
the assumptions of armington trade models for international cotton and wheat markets.
The same testing, however, also rejected even more sophisticated demand models such
as the AIDS demand model. The armington model duplicates results of the spatial
equilibrium meodel as the elasticities of substitution are increased, although this
generally occurs at elasticities of substitution outside the range of estimation results.
Despite the importance of elasticities of substitution and price transmission in trade



elasticities, especially in synthetic models, knowledge about these parameters is among
the poorest.

Price transmission equations capture the protection and stabilisation components of
food price and trade policies, and trade elasticities are influenced greatly by the model-
ling of this transmission. Specifically, trade elasticities would be considerably larger,
especially in the short run, if countries did not insulate their domestic markets from
changes in international prices. Tyers and Anderson (1988a) report trade elasticities
which show that not allowing for imperfect price transmission of changes in world pri-
ce or insulation of domestic markets greatly increases short run trade elasticities (short
run elasticities in the EC and US increase from -3.3 and -0.6 to -15.1 and -3.4 respec-
tively) and more than doubles long run elasticities (which increase from -18.2 and -3.3
in the EC and US to -31.1 and -6.9 respectively). In the MTM model (OECD, 1989),
falls in coarse grain and soybean prices with a 10% reduction in assistance were five
times greater assuming partial rather than full transmission. Most of the price trans-
mission effects, however, are econometrically estimated raising serious problems in that
changes in policy regimes alter the underlying relationship between domestic and inter-
national prices. The constant behavioral model assumed in most studies is unlikely,
and McClatchey and Warley (1991), among others, have called for a more direct mo-
delling of individual support policies.

Excess demand (supply) elasticities depend on the length of run being considered or
the time to adjustment allowed in the model. For instance, Tyers and Anderson
(1988a) report highly inelastic (around -0.5) excess demand elasticities facing US cere-
als with respect to adjustment within a year but elastic (greater than -3) after full
adjustment. Thus, the degree of market power and scope for strategic behaviour impli-
ed in the elasticities depends on the length of run. Even larger variations in trade
elasticities across different lengths of run are reported for other countries and commo-
dities.

Another reason why model elasticities can differ from actual trade elasticities is that
they are based on data which includes both upward and downward price movements,
thereby underestimating the response to upwards price movements and overestimating
the response to downward price movements. Country aggregation also masks trade
elasticities. Small economies have low export demand elasticities in some commodities
while large economies do not necessarily have low trade elasticities in all commodities.
Furthermore, price response in competitive markets is often not revealed in models
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using annual data compared with those using quarterly data. Finally, income elasticiti-
es are unlikely to capture the changes that policies undergo as diet improvement pro-

ceeds.

Gardiner and Dixit (1986) reviewed the literature on export demand elasticities. Long
run export demand elasticities for wheat ranged from -0.23 to -5 while coarse grain
elasticities ranged from -0.41 to -10.18. Soybean elasticities ranged from 0.29 to 2.8.
Similar variations were found for the short run elasticities. Gardiner and Dixit attribu-
ted much of the difference in the results to the treatment of transmission elasticities,

The impact of changes in trade elasticities was explored in the WALRAS model by van
der Mensbrugghe et al (1990). Varying the trade elasticities 50% above and below
base levels, aggregate real income gains for six OECD countries considered in the stu-
dy ranged between 0.4 and 1.6 per cent or $34 billion to $136 billion at 1988 prices.
As expected, income gains in New Zealand were particularly sensitive to export de-
mand elasticities while the EC and Japan were mainly influenced by import demand
elasticities,. The US with relatively lower trade exhibited less sensitivity. Van der
Mensbrugghe et al. also found that while other structural indicators such as terms of
trade changed magnitude they almost never changed sign within the 50% sensitivity
band. Directional changes, however, did occur outside of this band.

Demand and supply elasticities

Underlying the trade elasticities and explicit in the synthetic models are supply and
demand elasticities. Many of the supply and demand elasticities used in trade models,
however, are not estimated directly but are taken from other studies. The use of se-
condary sources of supply and demand elasticities in specific trade models is not with-
out problems. Just (1992) laments "...many of the studies that estimate supply and
demand elasticities for general purposes are now aging and renewed efforts to improve
or update these studies has been waning. As a result, the stock of general empirical
knowledge has been depreciating....". Furthermore, Just argues that elasticities change
over time and that flexible functional forms apply only at the sample mean. Thus, use
of secondary sources of elasticities may restrict agricultural economists from doing
forward looking analyses.

Estimates of supply and demand elasticities can vary depending on the length of run
being considered, the extent of cross commodity relationships modelled and on other
model assumptions. In particular, elasticity estimates vary because different behavioral
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models are employed. Theoretical consistency of demand relationships among markets
has led to useful and reliable estimates of cross elasticities of demand. However, the
same is not the case for supply relationships. In particular, microeconomic analysis
of acreage allocation is poor (Just, 1992). Programming models tend to produce drastic
changes in supply. Conversely, Just highlights shortcomings in econometric models
in the case where two commodities may be highly competitive and have large direct
and cross price elasticities when relative profitabilities are similar, but may not be
competitive with a 10% or 20% change in one or other of the prices. Apart from the
different behavioral models, elasticity estimates also vary because of the different data
sets used.

Three major agricultural trade models (MTM, GLS and SWOPSIMY) are examined
in this section to gain an appreciation for the variation in elasticity estimates and the
sensitivity of trade model outcomes to this variation. All three models exhibit a simi-
lar model structure being multi-commodity, multi-country, partial equilibrium models
enabling attention to be focused on the sensitivity of model outcomes to the elasticities
used. Elasticities in the MTM and SWOPSIM maodels represent medium term respon-
ses while those for the GLS model implicit in Tables 2 and 3 are long run elasticities.
Consequently, ceteris paribus, the GLS supply elasticities should be larger than the
other models. Table 3, however, reveals no consistently higher supply elasticities for
the GLS model.

The three models reveal links between elasticity estimates and model outcomes across
studies in terms of the source of those elasticities. The SWOPSIM model in particular
presents an insightful picture into the relationships across studies. Rules for selecting
elasticities within its trade liberalisation database followed the set of hierarchical rules
(Gardiner et al., 1989) outlined below. First, similar elasticities in the MTM model
and GLS model would result in the common elasticity being selected. If a difference
arose, then estimates from these two models would be compared with other studies.
As a general rule, as the elasticities in the GLS model were higher than other studi-
es,? then values between the GLS and MTM estimates were selected. Various cross

1) Elasticities for the SWOPSIM model are those specified in the US Department of Agricul-
ture’s trade liberalization database (Gardiner et al., 1989).

2) Tables 2 and 3 indicate that this is a very broad generalization applying mainly to meat
demand elasticities and cereal supply elasticities.
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TABLE 2. Varlation In estimates of own price elasticity of demand from selected trade

models
WHEAT COARSE SUGAR MILK BEEF PIGMEAT
GRAIN

AUSTRALIA 86 (-.16) 127 (-.55) 34 (-.2) 58 (-.22) a7 (-.78) 96 (-.89)
M<G<S8 G<8<M M=G<8 S<G<M G<S<M G<S<M

CANADA 10 (-.19) 10 (-.21) 86 (-.19) 76 (-.34) 26 (-77) 25 (-.86)
GeM=8 M=G<8E G<M=S S8S<G<M G<<Sc<M G<S<M

EC 95 (-.22) 60 (-.25) 117 (-.4) 112 (-.24) 23 (-.69) 13 (-.83)
M<S<@G M=G<«<8 QG<«<S<M S<M<G G<S<M M<8 <G

JAPAN 136 (-.37) 128 (-.35) 139 (-.4) 174 (-38) 35 (-1.13) 5 (-.98)
M<8<G M<G<8 Ge«S<M 8<M<G M=8S<G S<M=G

us 164 (-.18) 2 {-.29) 18 (-.22) 57 (-.26) 64 (-,72) 10 {-.85)

Mc@<8 G<M<S G<M<cS S<G<M G<«<S<M Ge<S<M

Note:  The first line Indicates the variation between model estimates with the figure in brackets in-
dicating the average of the estimates. The variation Is defined here as the difference between
the highest and lowest value expressed as a percentage of the average value. The second
line indicates the order (by absolute value} of these studles by source, where M refers to the
MTM model; G refers to the GLS modal; and S refers to the SWOPSIM model. For instance,
for US wheat, the MTM medel specifies the most inelastic demand and the SWOPSIM madel

the most elastic.

Source: Tyers and Anderson (1988a), Gardiner et al. (1989), OECD (1990b)

price estimates missing in the other studies were included. Finally, the elasticities de-
cided upon were reviewed by country/commodity analysts. They were also subject to
a number of tests to examine various properties from economic theory such as sym-
metry and homogeneity.

The approach to specification of elasticities in the GLS model is also revealing. Initi-
ally, elasticities and production and consumption equations were based on econometric
analysis for the period 1961-83. Many of the estimates of the demand and supply ela-
sticities based on this analysis, however, were replaced by estimates from "specialised
studies in the literature™ (Tyers, 1985; Tyers and Anderson, 1988b). For the MTM

model], supply and demand elasticities were taken, when available, from published sour-
ces (Huff and Moreddu, 1990). Where information was not available, then elasticities



TABLE 3. Variation in estimates of own price elasticity of supply from selected trade

models
WHEAT COARSE SUGAR MILK - BEEF PIGMEAT
GRAIN

AUSTRALIA 4(9) 57 (.84) 0(5)  104(3)  77(47) 23 (.94)
G<S<M G<S<M M=S=0 M<G<8S M<G<«<S 8<G<M

CANADA 38 (.58) 14 (.69) 46 (43) 158 (32) 80 (.45) 98 (.98)
S<«<G<M M<G<S 8S<M=38 M<S<G M<S5<G Mc<G <SS

EC 71 (.62) 81(63) 160 (25) 68(72)  64(73)  55(1.11)

McS<G McS8S<G M<S<G G<S<M S<M<G M<S<G

JAPAN 31 (.52) 43 (.51) 85 (.65) 60 (.67) 85 (.65) 60 (.9)
M<S<G M<S85<G 8S<G<M S<M=G S<G<M S<Ge<M

us 47 (.63) 54 {.59) 61(.36) 55 (.63) 10 {.69) 57 (.91)
M<8<@ M<S<G GCGc<M<S S5«<M<G S<M<«<G M<8<G

Note:  The first line indicates the variation between model estimates with the figure in brackets in-
dicating the average of the estimates. The variation is defined here as the difference between
the highest and lowest value expressed as a percentage of the average value. The second
line indicates the order of these studles by source, where M refers to the OECD MTM model;
G refers to the GLS model; and S refers to the SWOPSIM model. For instance, for US wheat
the MTM model specifies the most inelastic supply and the GLS model the most siastic.

Source: Tyers and Anderson (1988a), Gardiner ot al. (1989), OECD (1990b)

were assumed. Only in very few cases were they econometrically estimated. Feed
demand parameters at the centre of the MTM s livestock-cereal commodity interaction,
stated to distinguish it from other models, also came largely from other published souzr-
ces.

Variations between the three models in their estimates of own price elasticities of
supply and demand for five major producers/exporters are shown in Tables 2 and 3.
Table 2 reveals significant variation in the estimates of own price elasticity of demand
despite the link between elasticity estimates. Indeed, the variation in elasticities across
studies typically exceeds the variation in the mean elasticities across countries and in
some cases across commodities. This raises some interesting questions about the vali-
dity of specifying different elasticities for individual countries and commodities. Apart
from the large variation there is little pattern about the variation, Differences in elasti-
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city estimates across studies for cereals, sugar and milk generally exceed those for the
meat products. Among the three main trading entities the US has the greatest variation
across the studies in own price elasticity of demand estimates for wheat and beef but
the lowest variation in the values for sugar and beef.

None of the studies employ consistently higher or lower elasticities. For instance, whi-
le the MTM demand elasticities are the lowest for cereals, the GLS elasticities are typi-
cally the lowest for sugar and beef while the SWOPSIM demand elasticities are lowest
for milk in all countries. The SWOPSIM model has the highest elasticity estimates for
crop enterprises in North America while the MTM model has the highest estimates for
the livestock products in all countries except Japan.

The variation across studies in own price elasticities of supply is generally lower than
that for demand but, nonetheless, substantial, In contrast to demand elasticities the
variation is more pronounced in livestock products than in cereal products. Because
the average supply elasticities tend to be more uniform across the countries than the
demand elasticities, then the variation in elasticity estimates across studies tends to be
considerably larger than the variation in supply elasticities across countries. Given the
small number of similar models examined, this again raises some doubt about the em-
pirical validity of specifying different supply elasticities in different countries. The
variation in supply elasticities across studies also tends to outweigh the variation in
average supply elasticities across commodities.

Despite the large variation, little can be said a priori about the variation in elasticities
across models. The GLS model specifies the highest cereal supply elasticities in the
EC, Japan and the US but the lowest in Australia. The order of the elasticities among
the models is similar for the EC, Japan and the US in all products except sugar. For
sugar, with less cross relationships than some other commodities, there is substantial
variation in the estimates across studies both in magnitude and in order. Interestingly
the GLS model is primarily responsible for the highest supply elasticities in the US,
while the SWOPSIM model specifies some of the highest elasticities in Australia,

Some sensitivity analysis of model outcomes to these supply and demand elasticities
appears in OECD (1987). As their liberalisation scenario was modest, a 10% across
the board cut in assistance for all commodities and OECD countries, then correspon-
ding sensitivity was also small. World price changes were similar to the base case in
most commodities when elasticities were changed 50% around their base values. A
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greater impact was observed when all elasticities were set at their OECD average. For
instance, the percentage increase in world milk prices fell by 10% and sugar prices by
20%. Conversely, OECD net trade volumes varied considerably to changes in the ela-
sticities. For commodities such as beef, poultry, coarse grain, sugar, oilseeds and rice,
a 1% increase in elasticities was accompanied by a 1% increase in net trade volumes.
Equating elasticities to the OECD average, however, did not alter OECD net trade vo-
lumes as the average response was the same even if trade volumes within the individu-
al OECD countries changed.

Sensitivity testing of selected elasticities in an earlier version of the GLS model appe-
ars in Tvers (1985). Specifically, Tyers examined the sensitivity of model results of
total EC liberalisation to a 25% reduction in EC production elasticities.!” In general,
the results were relatively modest. A cut in EC production response by lowering pro-
duction elasticities by 25% reduced the rise in world wheat and coarse grain prices by
only 2% with even lower effects for rice and meats. World trade volumes were also
relatively insensitive. For instance, each 1% reduction in production elasticities redu-
ced the increase in world trade by less than half a percent for cereals and one sixth of
a percent for ruminant meat. World non-ruminant and ruminant meat prices, however,
were relatively sensitive to the cut in production elasticities (elasticities of sensitivity
of 1.9 and 5.3 respectively).

The sensitivity of model outcomes to changes in elasticities is highly dependent on the
changes made. For instance, proportional changes in all elasticities in models with few
non-linearities have little impact on model outcomes. Higher elasticities increase the
initial impact of a change in assistance on world trade and consequently world prices,
but the impact is offset by the increased countervailing or absorption response implied
by the higher elasticities. Where only selected elasticities are altered, the impact on
model results depénds on the relative size of the country(ies) whose elasticities are
changed, their relative support reductions along with their net trade position. Thus,
while elasticities impact on the outcomes of agricultural trade models, few generaliza-
tions can be made.

1) Tyers claims this is particularly important in that EC production elasticities are notoriously
difficult to estimate due to the administered price regimes in the EC. Whether a one-sided
reduction of 25% provides the necessary insights given the variation in Table 2 and 3,
however, is questionable.
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3.9 Base Year

A number of the major models exhibit different model results despite similar elasticity
assumptions. Much of the difference is attributable to the base year upon which as-
sistance is measured, The review in Chapter 2 revealed the different base years for the
major trade models. Various studies, such as Magiera and Herlihy (1988) have shown
that normalising the models to a particular base year can explain much of the variation
between models.

The choice of base year is not only important for agricultural trade models and the
interpretation of results deriving from them but also has a direct relevance to agricul-
tura] trade negotiations. Reforms or assistance reductions are normally related to a
particular base year(s). In particular, when policy monitoring or reforms are linked to
a single indicator, such as an aggregate measure of support, then the choice of base
year is crucial. For instance, in the negotiations leading up to the mid-term review of
the Ureguay round of the GATT, reductions in an aggregate measure of support in the
late 1980s were proposed against a 1986 base. However, 1986 was a year of particu-
larly depressed global agricultural markets with high implicit protection levels. Con-
versely the North American drought increased world prices markedly between 1987 and
1989. Thus, substantial nominal or stated reductions in aggregate support levels would
have required no real reforms in the 1988/89 period if support had been measured
against a 1986 base. The latest GATT agreement concluded between the US and the
EC at the end of 1992 also specifies a 1986-88 base period in respect of access arran-
gements and internal support, and 1986-90 for export commitments. The base periods
specified ensures greater ease for the major trading entities in meeting their negotiated
commitments with their existing reform programs.

To indicate the extent of the variation in commodity support levels through time, exa-
mination was made of PSEs by commodity and country throughout the 1980s. As a
measure of support, the PSEs have some severe shortcomings. Tangermann et al.
(1987), Brown (1990b) and Schwartz and Parker (1988), among others, have highligh-
ted these deficiencies of the PSEs as a measure of welfare, including non-allowance
for deadweight losses and terms of trade effects. More importantly, at least in trade
negotiations, PSEs can be a particularly poor indicator of the trade diversionary effect
of agricultural support as they focus on the cash equivalent level of support rather than
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the impact of the policies on trade or production and consumption response.l) Despi-
te these shortcomings, the simplicity and transparency of the PSE or related measures
has seen their use in negotiations. Furthermore, the PSEs are the main input to the
MTM model and many other agricultural trade models. Their use in these models ma-
kes it appropriate to examine their variation here.

Figures 2 to 4 reveal the significant variation in PSEs over the 1980s. In general,
PSEs rose from relatively modest levels at the start of the 1980s to peak in the mid
1980s and then to fall off these peak levels towards the end of the decade. For instan-
ce, the PSEs for sugar in the EC and US rose from around 10% in 1980 to almost 80%
in the mid 1980s while falling to around 50% in 1989/90. The large variation in sup-
port levels often swamps the effects of other variable in the trade model.

Figure 2. PSEs for Wheat In Selected Countries: 1980-90
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1) For instance, Hertel (1989) showed that a subsidy equal to 1% of the value of farm output
could increase US exports by almost 2% if applied as an output, durable equipment or
fertilizer subsidy. If applied as an export subsidy, however, it could increase long run
exports by 11 percent, while land retirement sufficient to raise long run land rents to the
subsidy equivalent would actually reduce exports by 0.23 percent.
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Figure 3. PSEs for Sugar in Selected Countries: 1980-30
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Figure €. PSES for Milk in Selected Countries: 1980-90
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The choice of base year is not only important with respect to average levels of support.
For instance, milk exhibited a much more cyclical pattern in support levels in contrast
to sugar. Specifically, milk PSEs fell at the start of the 1980s and rose at the end of
the decade, peaking in 1986 and bottoming out in 1982. Wheat PSEs peaked somewhat
later in 1987 but fell dramatically in the following two years. Thus, a common base
year in models or trade negotiations represent different levels of relative assistance by
commodity.

Negotiations, however, centre on country differences and it is here where the choice
of a base year is particularly contentious. For instance, sugar PSEs were roughly equi-
valent between the EC, the US and Japan over the period 1985-87. However, in 1980
sugar PSEs in Japan exceeded five-fold those in the US or EC. Models or negotiations
using these "common" base year periods of the start of the 1980s or the mid 1980s,
therefore, will arrive at different distributional consequences among countries from
sugar policy reform. Movements in milk PSEs were similar which could be expected
from such a heavily supported market. Wheat PSEs also broadly moved together bet-
ween the three countries. To highlight the country/commodity differences, however,
wheat PSEs fell in the EC from 1982-84 while they rose quite markedly in the US.

The types of support reflected in the PSEs also change as shown in Figures 5-7. De-
spite attempts in the 1980s to end unconditional price support and to decouple policies,
market price support was still the predominant form of support. Indeed, market price
suppert as a proportion of total support tended to increase throughout the 1980s. In
the EC, direct support began to emerge and replace other non-price support. In the US,
where market support as a proporticn of total support is only half that in either Japan
or the EC, the types of support varied considerably, In 1983, for instance, direct sup-
port replaced a significant proportion of market price support but the situation reversed
again in 1984,

In general, however, variations in PSEs reflect more variations in world prices rather
than changes in policy instruments per se. At the least, assistance levels tend to be
related to movements in world price. The link between world prices and PSEs is high-
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Figure 5. PSEs by Support Type: EC, 19580-90
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Figure 6. PSEs by Supponrt Type: US, 1980-90
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Figure 7. PSEs by Support Type: Japan, 1980-90
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lighted in Table 4.1 The table reveals that much of the variation in agricultural sup-
port (PSEs) for milk, sugar and cereal products, especially in the EC and the US, can
be explained by variations in the world price. For instance, 95% of the variation in
PSEs in sugar and cereal markets in the EC can be explained by variations in the world
price of these commodities. Thus, the different support embodied in different base
years does not reflect fundamental shifts in philosophies to support agriculture or to

engage in reform but rather the state of the world market. The more intensive
livestock products such as pigmeat and beef, conversely, do not reveal a link between
world livestock prices and net support levels (after accounting for higher feed prices},

1) The values in Table 4 differ in important ways from the price transmission estimates of
Tyers and Anderson (1988a) and others which attempt to define the extent of world price
changes that are transmitted through to domestic prices. Specifically, Tyers and Anderson
use nerlovian partial adjustment models to estimate long and short run price transmissions
which are a proxy for the stabilization and protective components of agricultural policies.
Furthermore these transmission elasticities compare internal prices with border prices. The
coefficients of determination in Table 4 are broader in that they examine the variation in
all agricultural support (as reflected in PSEs), in relation to changes in the world price and
not just the market price support.
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TABLE 4. Relationship between world prices and PSEs for seiected countries and com-

modities
EC JAPAN us
- Coefficient of Variation -

BEEF & VEAL 0 12 32
MILK .78 .78 .98
SUGAR .85 .89 .87
WHEAT .95 .53
BARLEY .94
PIGMEAT 0

' The percentage of the variation In PSEs explalned by variation in the world price. The regressions
of PSEs on world price were carried out on data for the period 1980 to 1990,

Source: Derived from OECD (1991).

reflecting the more complicated nature of the livestock support arrangements due to
their feed cereal link and the consequent administrative breaking of the link between
the world price of the product and its support level.

The impact that the variations in support levels have on world trade and prices is
shown in Tables 5.1-5.3. Tyers and Anderson (Table 5.1) compared the long run im-
pacts of full liberalisation of 1980 protection levels against those for 1995 expected
levels (the final column indicating the increased support implied in the 1995 levels).
World price rises in wheat and sugar from liberalisation of 1995 expected support le-
vels almost doubled those from the removal of 1980 support levels, while increases of
at least 50% occured in the case of rice, raminant meat and dairy products. Little
change occured in coarse grain and non-ruminant meats mainly because the expected
support levels in these commodities were expected to be similar in 1995 compared to
1980. In general, however, there was not a direct or common correspondence between
world price changes and protection levels across countries.

The two OECD models (Tables 5.2 and 5.3) compared the 1980 levels used in many
of the major models with the mid 1980s in the case of MTM and the second half of
the 1980s in the case of WALRAS. (Hence the latter WALRAS results come closest
to approximating multilateral trade negotiations.) The MTM results highlight that a
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TABLE 5.1. Full liberalization of agricuiturai poiicies by industrial market economles:

GLS model
1980 1995 1995:1980 price ratio’
-- % change in real world prices --

wheat 10 25 1.4
coarse grain 3 3 1.04

- rice 11 18 2.46
- ruminant meat 27 43 1.3
- non-ruminant meat 2] 10 1.08
dairy products 61 a5 1.42

- sugar 11 22 1.87
Woeighted average 16 30 1.29

1 Ratio of projected 1995 producer to border price ratio to 1980/82 producer toborder price ratio.

Source: Tyers and Anderson (1988b})

TABLE 5.2 Fuil elimination of OECD agricultural suppert: WALRAS model

1979-81 1986-88
OECD Agricuitural - per cent change -
- output -10.4 -13.6
- producer price 11 0
- imports -5.8 -4.9
- exporis 0.1 -21.6
Household real income 0.6 0.9

Source: Martin et al. (1990}

TABLE 5.3 Partial (10%) liberallzatlon of OECD assistance levels: MTM model

1979/81 1982/85

- % change in world prices --

milk 4.4 2.7

. beet 1.5 1.3
- pork 3 -2
N wheat =11 -3
. coarse grain =31 -9
sugar .98 2.5

- soybeans - -1.05 -1.6

Source: OECD (1987) and OECD {1988)
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change in base year alters not only the broad picture but also changes the impacts
across countries. World price impacts (positive or negative) for the cropping activities
were magnified when 1982/85 levels were used instead of 1980 levels, Changes in
world livestock prices, however, were lower, Given the modest nature of the 10% as-
sistance reduction in the MTM, then the impacts of the changing base year were sub-
stantial.

The WALRAS model (Table 5.2) presents a perspective from the general equilibrium
models. Sizeable impacts of changing from a 1979/81 to a 1986/88 base in modelling
the outcome of complete elimination of OECD support were noted on output and, in
particular, exports which fell by a fifth with the elimination of assistance levels based
on 1986/88 compared with a modest rise on the earlier base. Household real incomes
increased from only a .6% rise to a .9% rise. This small percentage rise in household
incomes, however, amounted to $US 24 billion.

Of the different trade liberalisation studies, Tyers and Anderson are the only ones who
have published results for a number of different base years and hence support levels.
This enables the nature of the relationship between the level of support and the change
in world prices to be examined within one particular trade model. Specifically, their
different publications present results for base years of 1980, 1990, 1995 and 2000. At
the same time they present the domestic to border price ratios (actual or projected)
associated with those base years enabling estimated world price changes to be plotted
against domestic-border price ratios used in the model. This has been done for the
seven commodity groups used in the Tyers and Anderson model in Figure 8. World
price changes from EC liberalisation for wheat and dairy products are almost linearly
related to EC domestic to border price ratios. Such a relationship, however, clearly
does not exist for the other commodities.
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Figure 8. Relationship between Suppart Level and World Price Change
{Results of Unilateral EC liberalization from various GLS model publications}
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4 Concluding Remarks

Agricultural trade models face major credibility problems in not being able to explain
actual trade. A review of these trade models highlights some of the gaps. Traditional
neoclassical economic theory may not be able to explain the intricacies of international
agricultural trade and may require other paradigms and inputs from other disciplines.

Recent international trade theory has attempted to extend the theoretical base used to
analyse agricultural trade issues. The use of game theory, political science, personal
construct theory along with demand theory have all sought to improve the underlying
assumptions about international trade, although many elements of international trade
remain unexplained. Even if the theory is an adequate representation of the reality of
international trade, however, a large gap remains between the theory and actual trade
modelling. The review of agricultural trade models suggests that the gap arises in two
ways. First, it has proved difficult to operationalise the new theory as highlighted in
efforts to incorporate game theory political choice into international agricultural trade
models. Second, much of the data needed to service these models is little known.
Thus, while general equilibrium models may better specify the intersectoral relations-
hips, little is known about the parameters that drive these models such as the Allen
elasticities of substitution of inputs. Over time knowledge of these parameters may
improve. Various researchers such as Just (1992), however argue that detailed data
generating efforts have become unfashionable with the tendency to apply flexible func-
tional forms and to draw parameter estimates from other studies which lack a rigorous
data basis. These comments apply to many aspects of trade theory and trade modelling
such as general equilibrium, imperfect competition and endogenous decision making,

Even if trade modelling could match the theory and reflect actual trade, there remains
a gap, or at least lag, in comprehension of the models by agricultural decision makers.
Increasing model complexity raises the number of assumptions and data points which
can become contentious points of debate. Decision makers generally require a large
body of literature concerning a particular model type before they will believe the re-
sults of those models or devote the not inconsiderable resources needed to understand
them. In this decision making environment, a significant trade-off arises between mo-
del simplicity and realism. Nowhere is this more evident than in the debates over an
aggregate measure of support.

Resource and data demands associated with large agricultural trade models have seen
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extensive interchange of agticultural models between national institutions. Apart from
other external benefits, the integration is useful in that various model scenarios mn by
different organisations can usefully be compared on the same basis. Lessened resource
demands on model development may also enable better data collection efforts. Pooling
the modelling effort, however, is at the expense of the check on model assumptions
implied by parallel though independent model development. Thus while all models and
their outcomes may be consistent, they may be consistently wrong.

Linkages occur in many of the parameters of trade models. For instance, elasticities
in the major trade models are often derived from each other, often obscuring the origi-
nal source of these elasticities, the reliability of the estimates and the circumstances
under which they are most applicable. Despite these linkages, significant variation still
exists in estimates of elasticities across the models. Few generalisations can be made
regarding the impact of changing elasticities on trade model results as the impacts
depend critically on the changes made. Nonetheless, world price impacts seem to be
robust to the different elasticity estimates, while trade volumes appear more sensitive
to changes in elasticities.

One critical parameter warranting close attention in the interpretation of trade models
is the choice of base year. As many policies seek to stabilise internal prices, support
levels can vary widely from year to year as world prices change. Both world prices
and trade are sensitive to changes in the base year. As the base year is also a key part
of trade negotiations, then consideration of this parameter is important in the interpre-
tation of trade model results.
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