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PREFACE

The final consolidated report of the programme "co-ordinated studies in view of the future round of
multilateral trade negotiations in the agriculture and food sector" is the last deliverable of a project
which started in March 1998,

At that moment, the common view was that both the commitments agreed upon in 1994, within the
Uruguay Round Agreement on Agriculture (URAA), and the next round of multilateral trade
negotiations, scheduled to start by the end of year 1999, would be likely to impose further constraints
on the Common Agricultural Policy (CAP) and require additional adjustments in Common Market
Organisations (CMOs). This is in that context that this programme started with the aim of co-
ordinating a task force working on the preparation of the coming round of multilateral negotiations

under the auspices of the World Trade Organisation (WTO).

The main purpose of the project was to provide a set of studies, in connection with policymakers,
involving a comprehensive economic analysis of the main issues of the next round of multilateral
negotiations, as well as their consequences for the future of the CAP, and quantitative assessments of

the likely effects of WTO proposals on the European Union (EU) agriculture.

Such a purpose gave the project a somewhat specific status. On the one hand, it was clear since the
beginning that the proposed analyses would be policy-oriented and that the task force involved would
work closely with EU decision makers. To this regard, one very positive aspect of the project is that it
has benefited, during its overall lifetime, of the sustained following and support from the DG
Agriculture. On the other hand, as a FAIR programme, the project should not be limited to market and
policy expert evaluation but also include genuine research work. It was therefore for all partners a
challenge to develop analytical tools, based on economic theory, which outcomes would be directly

useful for EU trade negotiators and decision makers.

The financing by the European Commission has allowed us to design a set of tools and to carry out
work for making them relevant to analyse the main issues of multilateral negotiations, their
consequences in terms of CAP reforms and the effects of various policy options for EU agriculture.
Provided tools are different in nature. They include databases, synthetic indicators, theoretical models
and applied simulation models. The financing by the European Commission also made it possible to
co-ordinate our efforts in using these tools for providing policymakers with sound economic and
policy-oriented analyses, with a view to support trade negotiations and assist planning in the EU

agricultural and food sector.



This consolidated report presents methodologies used, models developed and main findings per

research task.

Finally, as co-ordinator of the project, I want to thank the European Commission for financing this
research. I hope that the outcome is meeting the expectations and that our results are useful for EU
trade negotiators and policymakers. I also want to express my gratitude to DG Agriculture for the help
and support we benefited all along the project's life. I am particularly indebted to Marina
Mastrostefano for her constant following. Her involvement and her active contribution to our meetings
as well as to our work have constituted an invaluable support for the co-ordinator in leading this
project through to a successful conclusion. Moreover her kindness and her sustained encouragement

were a great help for the co-ordinator in doubtful moments.

Lastly, I would like to thank involved partners. The good finalisation of this project relies on their
excellent scientific contributions. I greatly thank all researchers and assistants that have participated to

this project for the sizeable and high-quality work they have carried out.
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INTRODUCTION

The background to the FAIR5-CT97-3481 programme

The FAIR5-CT97-3481 programme started on the beginning of 1998. At that time, the consequences
of the basic provisions of the Uruguay Round Agreement on Agriculture (URAA) for the European
Union (UE) and the Common Agricultural Policy (CAP) were well documented in the literature (e.g.,
Josling and Tangermann, 1992; Guyomard and Mahé, 1993; Helmar et al., 1994; Guyomard et al.,
1996; Swinbank, 1996; Tangermann, 1996). And all existing studies agreed that the major constraint
the AAUR would impose on EU agriculture would lie in the export commitments. The commitments
to reduce domestic support would impose no adjustment needs on the CAP because of the
accommodating treatment of AMS (Aggregate Measure of Support) reductions, in particular the
exclusion of 1992 CAP reform compensatory payments from AMS computation. In the same way,
tariffication of border measures and the new access provisions in the form of current access and
minimum access tariff quotas would marginally improve the price competitiveness of imports into the

EU over the six-year implementation period.

The common view however was that, although the immediate quantitative effects of the URAA on EU
agriculture would likely to be modest, its significance should not be underestimated. In fact,
"recognising that the long-term objective of substantial progressive reductions in support and
protection resulting in fundamental reform is an ongoing process", Article 20 of the Agreement
includes a commitment to engage in a new round of multilateral agricultural negotiations before the
end of 1999. Thus, the placement of agriculture on the agenda of multilateral negotiations and the
definition of a negotiation framework in the form of three main areas, i.e., internal support, market

access and export competition, are two features of major significance of the URAA (Vanzetti, 1996).

Then, at the beginning of 1998, it was expected that the next round of World Trade Organisation
(WTO) talks (the so-called Millenium Round) would use again the negotiation framework of the
Uruguay Round and that the proponents of reform (particularly the United States and the Cairns
group) would push for further commitments in terms of internal support reduction, market access
improvement and export subsidy cut. In addition, by announcing that all the support provided to
farmers under the Federal Agriculture Improvement and Reform Act of 1996 would qualify for the so-
called "green" box, the United States (US) had indicated their willingness to challenge the exemption
of a large share of EU farm support from reduction commitment (the so-called "blue box" issue). On
the other hand, the mandate given to the US Trade Representative by the Agriculture and Food
Consultative Committee suggested that EU internal regulations relative to competition, norms, quality

standards, etc would likely to be challenged in the Millenium Round.



From the EU perspective, it was expected that not only the URAA commitments would probably
require a significant adjustment of European agriculture around the year 2000, but the next round of
WTO negotiations would be likely to impose further constraints on the CAP, and require larger
changes in Common Market Organisations (European Commission, 1997; FAPRI, 1998; USDA,
1998; OECD, 1999).

The objectives of the FAIR5-CT97-3481 programme

In that context, the aim of the FAIR5-CT97-3481 programme was to co-ordinate a task force working
on the preparation of the Millenium Round. The purpose of the programme was to provide a set of

studies, in connection with policymakers, involving:

- comprehensive economic analyses of the main issues of the next round of multilateral negotiations;

- databases and indicators on trade and tariffs for the EU as well as other major trading countries;

- assessments of the world market environment and prices as well as of the forecasted effects of WTO

reform proposals;

- quantitative assessments of the economic impact of WTO proposals on EU agriculture, including
simulations on reforms of Common Market Organisations (CMOs) which could be necessary to

comply with these proposals;

- assessments of the effects of proposed "regulatory reforms" on the EU agro-food industry, with

special attention paid to the trade effects of food standards and food labelling.
More specifically, the following operational objectives have been retained:

1. Assess the current international trade environment, which will form the basis of the next round of

multilateral negotiations.

2. Develop effective measures of trade restrictions, encompassing domestic support as well as tariffs
and non-tariff measures such as food safety and quality standards, and develop effective measures of

decoupled domestic support.

3. Evaluate the impact of trade reforms on world markets and, in turn, the implications for European

agriculture and the food processing industries.

4. Assess the degree to which food safety and quality standards act as impedance to trade and the

implications of regulatory reforms on trade flows.



5. Define an appropriate classification of Non-Tariff Barriers (NTBs) which assesses the degree to
which such measures impede trade and/or actually address market failures, which can be applied to

assess the impact of regulatory reforms.

6. Overall, to provide a comprehensive analysis of policy reforms and trade in agriculture and food
products within the European Union to support future trade negotiations and aid planning in the

agricultural and food sectors.

Presentation of tasks and subtasks

In order to achieve the above-mentioned objectives, the research has been organised into three tasks,
further divided into subtasks to facilitate effective management. For each task or subtask, a co-
ordinator has been appointed who was responsible for the methodology, co-ordination and final

analysis (see Table 1.1).

Table 1.1. Tasks, subtasks and co-ordinators

e Task 1: Analysis of the international trade environment for agricultural and food products
- Subtask 1.1: Development of a database on trade (co-ordinator: partner 2, INRA-ESR Grignon)

- Subtask 1.2: Constructing indicators of trade restriction, measures of protection and support, and assessing the

consequences of choosing a particular indicator (co-ordinator: Partner 1, INRA-ESR Rennes)

- Subtask 1.3: Assessing the development of the world market environment and world market prices using a revised

and updated version of the TRADE model (co-ordinator: partner 3, University of Bonn)

e Task 2: Quantitative assessments of the economic impact of policy reforms on agriculture and the food sector in

the European Union
- Subtask 2.1: Arable crops (co-ordinator: partner 1, INRA-ESR Rennes)
- Subtask 2.2: Dairy (co-ordinator: partner 5, University of Wageningen)
- Subtask 2.3: Beef (co-ordinator: partner 1, INRA-ESR Rennes)
- Subtask 2.4: Wine (co-ordinator: partner2, INRA-ESR Grignon)

o Task 3: Effect of proposed agreements in the area of regulatory reform on the EU agro-food industry

(co-ordinator: partner 4, University of Reading)
- Stage 1: Survey of regulatory requirements
- Stage 2: Interviews
- Stage 3: Postal survey

- Stage 4: Estimation of market effects




Additional background elements during the course of the FAIRS5-CT97-3481 programme

Since the beginning of 1998, two main features have marked the background to the FAIR5-CT97-
3481 programme. First of all, in March 1999, the EU adopted a CAP reform package (Agenda 2000).
This reform basically extents the 1992 reform and introduces more decoupling in the system of
compensatory payments to COP (cereals, oilseeds and protein crops) producers. The Agenda 2000
reform was largely motivated by EU export commitments under the AAUR and the expectation that
these commitments would be strengthened in the Millenium Round (Desquilbet et al., 1999).
However, smoothing the EU East enlargement process and easing CAP budget pressures were also

important concerns supporting the Agenda 2000 reform.

Secondly, in December 1999, the Seattle ministerial conference marked the opening of the Millenium
Round. The first phase of multilateral negotiations (which ended in March 2001) has consisted of
countries submitting proposals containing their starting position for the negotiations. Hence, since the
early 2000, 125 WTO member governments have submitted 45 proposals from which it is possible to

deduce the issues that are likely to be the major focus of the second phase of negotiations.

The synthesis of the overall received proposals provided by the WTO Secretariat (WTO, 2001)
globally confirms the main issues that were expected at the beginning of the FAIRS-CT97-3481
programme. On the market access side, further tariff reductions should be negotiated, but how the
reductions will be handled is still undecided and appears as a major negotiating area. It is widely
recognised that the Uruguay Round (UR) calculated equivalent tariffs were very often too high to
allow real opportunity for imports. Hence, the discussion is likely to focus on various ways to define
and apply reduction rates, for market protection to be effectively reduced. ! Regarding tariff-rate
quotas (TRQs) there are several proposals for either replacing them with low tariffs or increasing their
size, but at the moment the discussion almost turns on quota administration. Many countries advocate
for increased scrutiny of methods used for giving exporters access to quotas. They add that it should
be clarified which methods are legal or illegal under WTO rules. On the export competition side, as
expected further reductions in export subsidies should be negotiated. Currently, some countries
propose the total elimination of export subsidies while others are prepared to negotiate further
progressive reductions. Finally, on the domestic support side, the received proposals deal with the
three "boxes". As expected further reduction of "amber box" measures should be negotiated. As in the
case of tariffs, how this additional reduction will be applied seems to be a major concern in
discussions. To this regard, some countries advocate that ceilings should be set for specific products

rather than having overall aggregated ceilings. Proposals dealing with the "green box" are of three

! The US for example proposes that the negotiations to reduce tariffs starts with applied tariffs instead of
generally higher corresponding bound tariffs.
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types. Unsurprisingly, some countries push for increased scrutiny of measures currently included,
arguing that some of them, in certain circumstances, could have an influence on production and prices.
Others think that the "green box" should not be changed because it is already satisfactory. The last
ones argue for a broadening of the "green box" to cover additional types of measures. Finally, as
expected, some countries want the "blue box" to be scrapped because it involves payments that are
only partly decoupled from production. Obviously, some other countries oppose scrapping it
completely and maintain that the "blue box" is an important tool for supporting and reforming

agriculture, and for achieving certain "non-trade" objectives.

The synthesis of proposals by the WTO Secretariat points out a certain number of other issues. These
were also expected issues at the beginning of the FAIR5-CT97-3481 programme. However, we paid
lower attention to them when developing this programme. This is the case of, mainly, the extension of
the export subsidy discipline to all forms of subsidies (including the effect of state trading enterprises,

food aid and export credits) as well as "non-trade" concerns and multifunctionality.

All these additional background elements, which punctuated the programme's life, did not make us to
depart from the original plan. However, they contributed, in the finalisation stage, to bend the work
undertaken for integrating them into our analyses. Thus, as far as the Agenda 2000 reform is
concerned, we decided when defining the reference runs of all developed models, that they should
include this CAP change. It results that, within both subtask 1.3 and task 2, the analyses carried out
with, respectively, the world trade (the so-called WATSIM) model and the EU sectoral models for
arable crops, dairy and beef start with an examination of the impacts of the Agenda 2000 reform

package in each of these EU sectors.

Secondly, the proposals submitted by countries to the WTO oriented our work in mainly two areas. On
the one hand, they helped us to specify the policy scenarios to be simulated with the various models.
Hence, within subtask 1.3, we retained, as a stylised liberalisation scenario, a policy scenario
replicating the main provisions of the URAA, which in view of the submitted proposals appears as a
possible outcome of the Millenium Round. Furthermore, as submitted proposals confirm that the
decoupling issue will be a major focus of the Millenium Round, this issue being of key importance for
the future of the CAP, we decided to integrate the decoupling dimension in most of our simulated
scenarios. Therefore, still within task 1.3, all simulated scenarios that were originally designed
assuming coupled CAP direct payments have been supplemented by alternative scenarios assuming a
greater degree of decoupling of these payments. In the same vein, within task 2, some policy scenarios
have been defined in order to shed some light on the degree of decoupling of the Agenda 2000 CAP
direct payment systems. On the other hand, following the growing debate around multifunctionality in



WTO submitted proposals, we oriented our last work undertaken on decoupling within subtask 1.2

towards this issue.

Outline of the report

In chapter 1, methodologies used for the different subtasks are described. Chapter 2 refers to subtask
1.1 and deals with the database on tariffs and trade. The modalities adopted to construct this database
as well as its content are first described. Then, a thorough assessment of the implementation of the
Uruguay Round market access discipline is provided. Chapter 3 refers to subtask 1.2 and focuses on
market protection indicators. Using the Trade Restrictiveness Index (TRI) and the Mercantilist Trade
Restrictiveness Index (MTRI), a comparison of EU and US tariff structures before and after the
URAA implementation is proposed. This allows to assess and compare the improvement in market
access that was permitted in both countries by the Uruguay Round commitments on tariffs. In
addition, the effects of the actual URAA commitments are compared to alternative schemes of tariff
reductions such as the "Swiss formula" and the uniform tariff reduction. This makes it possible to
assess and compare the impact of the uneven allocation of tariff cuts across commodities implemented
by the EU and the US under the URAA. Chapter 4 also refers to subtask 1.2 and is concerned with the
decoupling issue. The first part of the analysis gives an overview of the main advantages and limits of
decoupling. The second part deals with the "green box" decoupling criteria as defined in Annex 2 of
the URAA. Two theoretical models are developed in order to compare the degree of decoupling of
various internal income support instruments, and in so doing to examine whether the corresponding
"green box" decoupling criteria are well-designed. Using an extended version of one of the above-
mentioned theoretical models, the last part of the analysis addresses the question of the relative merits
of traditional income support instruments as regards to the promotion of multifunctionality. Chapter 5
refers to subtask 1.3 and reports the analyses carried out with the WATSIM (World Agricultural Trade
SIMulation) model. Firstly, a detailed description of the model is provided. Secondly, the reference
run of the model is presented and analysed, emphasising the likely developments of the world market
environment, as the background to the Millenium Round. Thirdly, the results of a stylised

liberalisation scenario, as a fictitious outcome of the Millenium Round, are described and discussed.

Chapters 2 and 5 contribute to the first objective of the programme (assess the current international
trade environment which will form the basis of the next round of multilateral negotiations). Chapters 3
and 4 are devoted to the second objective of the programme (develop effective indicators of trade
restrictions and develop effective measures of decoupled domestic support). The third objective of the
programme (evaluate the impact of trade reforms on world markets and their implications for
European agriculture and the food processing industries) is dealt with in the last part of chapter 5 and
in the following chapters 6 to 10.



Chapter 6 refers to subtask 2.1 and reports the analysis carried out with the EU sectoral model for
arable crops. Chapters 7 and 8 both refer to subtask 2.2. Chapter 7 is concerned with the model of the
EU's dairy and beef producing sector and related policy simulations. While chapter 8 concentrates on
the model of the EU's milk processing sector and related performed simulations. Chapter 9 refers to
subtask 2.3 and focuses on the analysis carried out with the EU sectoral model for beef. Finally,
chapter 10 refers to subtask 2.4 and addresses the question of the welfare effects of an Appellation of
Origin using a software depicting a regional market regulated through an Appellation of Origin. In all
these chapters, the model developed is presented first. Then, the reference run of the model is
described and the obtained results are discussed. Finally, alternative simulations performed with the
model are proposed and results are analysed. In chapters 6 to 9, alternative simulations corresponds to
policy change scenarios, while in chapter 10 they involve changes in some characteristics of the

regional market considered.

Chapters 11 and 12 both refer to task 3. The assessment of the impact of technical measures (or
standards) on EU agricultural and food exports to the United-States is the subject of chapter 11. The
chapter starts with an analysis and a review of literature centred on the definition and the classification
of technical measures, the impact of such measures on trade, the available methods for quantifying this
impact and the existing studies devoted to estimate this impact in the context of trade in agricultural
and food products. Then, the impact of US technical measures on EU agricultural and food exports to
the US is assessed combining various methods. Chapter 12 focuses on the economics of non-tariff
barriers. It proposes several analytical frameworks allowing to analyse the welfare effects of domestic
food quality and safety regulations and to examine their ability to address market failures. A particular

attention is paid to market failures resulting from risk and imperfect information.

Chapter 11 contributes to the fourth objective of the programme (assess the degree to which food
safety and quality standards hinder trade, and the implications of regulatory reform on trade flows).
Chapter 12 relates to the fifth objective of the programme (define an appropriate classification of non-
tariff barriers that assesses the degree to which such measures impede trade and/or actually address

market failures).

The overall report contribute to the sixth objective of the programme (to provide a comprehensive
analysis of domestic policies and trade reforms in agriculture and food products in the EU, with a view

to support future trade negotiations and to assist planning in the agricultural and food sector).






1 - MATERIAL AND METHODS

As indicated in the introduction, the research was divided into three tasks, further divided into eleven
subtasks (or stages, as far as task 3 is concerned). In this report, results of these eleven subtasks are
reported in chapters 2 to 12. However for purpose of rationalising the presentation, one chapter does
not necessarily correspond to one subtask, even if this is most often the case. In fact, when one subtask
contributes to several objectives or, at reverse, when several subtasks contribute to the same objective,
results are presented according to the objectives rather than according to the subtask they refer to. As
there is an obvious relationship between material and methods used and pursued objectives, applied

methodologies for this project are described following the framework of chapters 2 to 12.

It is important to emphasise that in next sections, material and methods used are described without

going into too much details since further descriptions are provided in each of chapters 2 to 12.

1.1. The database on tariffs, tariff-rate quotas (TRQs) and trade (chapter 2)

Subtask 1.1 consists in the development of a database on tariffs and trade. The database has been
constructed with the principle of matching all the relevant information to each country's official

schedule on bound tariffs, as submitted under the URAA.

As a result, the developed database is organised on the basis of the 8-digit Harmonised System (HS)
classification, for chapters 01, 02, 03 to 24 (that is, all food products with the exception of fisheries
products), and for selected items of chapters 29, 31, 35, 38, 40, 41, 50, 51 and 52 (that is, non-food
agricultural products, such as skins for leather, etc). This introduced a lot of difficulty for gathering the

relevant information, since the list of commodities include some 2800 items.

The database has been constructed for a set of countries, namely Australia, Brazil, Canada, the EU,
Japan, Korea, Norway and the US. Datasets have been completed in a satisfactory way for Canada, the
EU and the US. For other countries, datasets remained flawed because of problems in the
correspondence between the various sources of information. It was decided then, together with the
Commission's representatives, to focus on the Canada, the EU and the US, and to provide less

sophisticated data for other countries.

Hence, for Canada, the EU and the US, the constructed datasets include, in addition to the schedules
on base (1995) and bound tariffs (2000), import values, import quantities, unit values of imports
(under and out of the Most Favoured Nation status) and applied tariffs, for each year since 1995.

Moreover, as during the project's life the Commission's representatives highlighted the fact that the



tariff-rate quotas (TRQs) are an important issue in the WTO negotiations, TRQ information have been

added to countries' datasets.

For the EU, data sources are mainly COMEXT for import values and quantities, and both the TARIC
and the UNCTAD's TRAINS databases for applied tariffs. Furthermore, obtained applied tariffs were
checked against the applied tariffs published in the Official Journal of the European Communities. For
the US, trade and tariff data come mainly from the USITC (US International Trade Commission)
database, while for Canada most of the data are extracted from the Statistics Canada database. Finally,
for all three countries, the main sources for information on TRQS are the URAA schedules as well as

notifications that were obtained from the WTO Secretariat,

1.2. Market access indicators (chapter 3)

The part of subtask 1.2 devoted to market access is aimed at constructing indicators of trade restriction
and, on the basis of these indicators, assessing and comparing the improvement in market access that

was permitted in the UE and other countries by the URAA.

This part of subtask 1.2 has been carried out by first conducting a thorough review of literature on
available methods to measure market protection. Relying on this review, the approach proposed by
Anderson and Neary, which develops theoretically consistent measures in terms of a given criterion of
equivalence among trade barriers, has been retained. More specifically, two indicators have been
retained : i) the TRI (Trade Restrictiveness Index), which corresponds to the uniform tariff equivalent
in terms of welfare (Anderson and Neary, 1994) and ii) the MTRI (Mercantilistic Trade
Restrictiveness Index), representing the uniform tariff equivalent in terms of imports (Anderson and

Neary, 1999), and which might be more relevant regarding trade negotiations.

The second step corresponds to the empirical implementation of the TRI and the MTRI in order to
assess and compare the change in market access in the EU and other countries due to the URAA.
Because the empirical estimation of indicators such as the TRI and the MTRI is very demanding in

terms of data and parameter requirement, it was decided to focus on the EU and the US.

The analysis involves three stages. Firstly, the rates of change of the UE and US TRI and MTRI
between 1995 and 2000 are computed using the base and bound tariffs of both countries as submitted
under the URAA. This first stage allows to assess and to compare how much liberalisation was
achieved in both countries by the end of the implementation period of the URAA, compared to the
initial situation. Secondly, the rates of change of the EU and US TRI and MTRI between 1995 and
2000 are computed using two other schemes of tariff reduction: the "Swiss formula" and the uniform

tariff reduction. In the case of the "Swiss formula", the resulting changes in the TRI and MTRI reflect
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the impact of tariff reduction commitments that would have focused more on reducing tariff dispersion
than the actual URAA tariff cuts. For the uniform tariff reduction, the resulting changes in the TRI and
MTRI measure the impact of tariff reduction commitments that would have focused more on reducing
tariff average than the actual URAA commitments. Hence, this second stage allows to assess and to
compare the impact of the uneven allocation of tariff cuts across commodities implemented by the EU
and the US under the URAA. Thirdly, the levels of the EU and US MTRI are computed for the years
1995 and 2000, using the same three schemes of tariff reduction than within the second stage. This
third stage adds information on the EU and US tariff structures at the beginning and at the end of the
URAA implementation period.

Prices, base and bound tariffs and import quantities required for computing the EU and US TRI and
MTRI were extracted from the database on tariffs and trade developed within subtask 1.1. Regarding
tariffs, for some commodities the EU and US schedules include a combination of ad-valorem and
specific tariffs, with sometimes thresholds on one or both tariff components. Therefore, specific
components were converted into ad-valorem equivalents by using the average 1995-1998 unit value of
imports (or exports when imports were not available, or a unit value of the most similar commodity as
a proxy when there was no trade in any of the four years). When tariff lines mentioned a threshold, the

highest possible tariffs were considered.

Data on total expenditures were taken from the GTAP (Global Trade Project Analysis) database
(version 4, Mc Dougall et al., 1998).

EU and US import elasticities were estimated econometrically. The estimation of these parameters
raises a lot of problems, so that simplifying assumptions had to be adopted. First of all required data
for a sufficiently long period were available only at the level of the so-called SITC classification (from
the OECD's NEXT database), which is more aggregated than the 8-digit HS level. Hence, import
elasticities were estimated for the commodity aggregates of the SITC classification. Consequently the
single elasticity estimate of each aggregate was attributed to all 8-digit level commodities composing
the corresponding aggregate. Secondly, due to the very large number of considered commodities, the
specification of import demand functions as well as the estimation procedure had to be simplified.
Thus, import demand functions were specified in double log form, with the domestic own price (unit
value) of imports deflated by the domestic consumer price index and the domestic real income as the
only explanatory variables. In other words, cross price effects were not taken into account, which is
clearly a limitation of the study. Finally, import demand functions were estimated over the period
1973-1996 using the OLS method.

Due to these adopted simplifying assumptions, the estimated elasticities for any particular commodity

can obviously only be considered as very crude estimates. Hence a sensivity analysis has been
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conducted in order to check how responsive are the TRI and MTRI estimates to the magnitudes of

import demand elasticities.

1.3. The decoupling issue (chapter 4)

The part of subtask 1.2 devoted to internal support is aimed at contributing to the debate on the
decoupling of internal support instruments and the related WTO "green box" definition.

The analysis starts with a thorough review of literature on decoupling. Based on the general theory of
welfare economics, the theoretical foundations of the principle of decoupling are reviewed. Then, the
main limits of this principle when applied to domestic agricultural sectors and policies are discussed.
These limits mainly relate to practical concerns and efficiency concerns. On the practical side, the
different mechanisms through which internal support policy instruments affect production and trade
are reviewed. From the economic efficiency point of view, the question is raised of the efficiency of
highly decoupled policy instruments when concerned domestic economies are far removed from the
theoretical first-best economies and when objectives assigned to agricultural policies are not confined
to supporting agricultural incomes. This last point directly refers to the question of the

multifunctionality of agriculture.

The second step of the analysis addresses the issue of the measurement of the degree of decoupling of
internal support policy instruments and of the consistency of the "green box" decoupling criteria as
defined in Annex 2 of the URAA. The analysis is focused on income support policy instruments and
on corresponding "green box" decoupling criteria (i.e., point 6 of Annex 2). This part of the analysis is
carried out by developing two different theoretical frameworks allowing to determine the effects on

domestic production and trade of various income support policy instruments.

The first model is directed at emphasising the key role of production technologies and factor mobility
assumptions as regards to the effects on domestic production (i.c., the degree of decoupling) of
alternative income support policy instruments. The proposed model, inspired from Hertel (1989),
considers two mono-product agricultural sectors, each using an aggregate variable input whose price is
exogenous, a specific factor and a factor whose price is endogenous. Both sectors are competing for
this last factor which is alternatively considered as homogeneous and perfectly mobile or
heterogeneous and so imperfectly mobile between sectors. Comparative static results allow to show
how the effects of policy instruments on domestic production are sensitive to adopted assumptions on
production technologies and factor mobility. They are also used to check whether specific decoupling

criteria of point 6 of Annex 2 of the URAA are well-designed.

12



The second model has as its aim to examine the effects of various income support policy instruments
on domestic production and trade when both the number of farmers and the price of land are
endogenous. The proposed model, inspired from both Hughes (1980) and Leathers (1992), considers
one mono-product agricultural sector and consists in three equilibrium equations: the equilibrium
condition in the output market, the equilibrium condition in the land market and the entry/exit
condition. Comparative static results allow to compare the degree of decoupling of alternative policy

instruments.

Finally, the third step of the analysis extents the second step by taking into account the multifunctional
dimension of agriculture. More specifically, the second model is extended for allowing to examine the
effects of income support policy instruments not only on domestic production and trade (i.e., their
distortion effects) but also on indicators (such as farmers' profit, the number of farmers or yields)
relating to various objectives that may be assigned to agricultural policies. In that case, comparative
static results are derived on a constant cost/support basis, which allows it to classify instruments
according to their relative ability to achieve each policy objective while minimising induced trade

distortion effects.

1.4. Assessing the world market environment: The WATSIM model (chapter 5)

Subtask 1.3 is aimed at assessing the international trade environment, which will form the basis of the

Millenium Round, and the impacts of trade reforms on world agricultural markets and trade.

This subtask has been carried out using a revised version of the WATSIM (World Agricultural Trade
SIMulation) model. WATSIM is a partial equilibrium, multi-region and multi-commodity simulation
model of the world agricultural markets and trade. The current version covers 10 countries and
regional aggregates accounting for the whole world. For each region, 29 commodities are included,
covering 4 cereals, starchy products, sugar, pulses, 4 oilseeds, 4 vegetable oils, 4 oil cakes, 4 meats,
eggs, milk and 3 dairy products. The model is a comparative static framework. Starting from the 1997
base year situation, it is solved for a given set of target years, with no information given on the path of
adjustment between base and target years. Most parameters used to describe supply and demand
behaviours are not estimated but borrowed from other models or literature. All parameters are subject

to careful calibration to meet microeconomic theory.

The initial version of the model has been revised with respect to two main areas. On the one hand its
original net trade representation has been changed to now consider endogenously gross imports and
gross exports on a same market. On the other hand, and based on the gross trade approach, the model's
representation of tariff barriers and export subsidies has been improved. In addition, tariff-rate quotas

(TRQs), that have become particularly relevant since the URAA, are now explicitly modelled.
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The implementation of the gross trade approach within the WATSIM model has been conducted in
two stages. Firstly, the former WATSIM database has been updated and adapted to the new gross trade
structure of the model. The new WATSIM database consists now in two subsets: the former non-
spatial database and the spatial database. The non-spatial database brings together data from various
sources on production, demand, trade and prices of agricultural commodities, macroeconomic and
sectoral data as well as policy data. It includes long time series, covering the period 1961-1997 (with
some series extending up to 1999), available at the single country level for some 110 agricultural
commodities. Programming routines have been developed, that allow to easily and quickly check for
data consistency as well as aggregate data according to the model's regional and commodity structure.
Available time series are extracted mainly from the FAOSTAT (FAO of the United Nations) and PSD
(Production, Supply and Distribution, USDA) databases, the World Development Indicators (World
Bank's database), the World Population Prospects (United Nations) and the Producer and Consumer
Support Estimates (OECD).

The spatial database has been developed by adding bilateral trade flows and prices between the
model's regions to the non-spatial database. The spatial database includes time series covering the
period 1988-1997, available at the model's regional and commodity aggregate levels. Required
bilateral trade flows are extracted mainly from the COMTRADE database (United Nations Statistics
Division). A major task in the construction of the spatial database was to ensure consistency within
this database and compared with the non-spatial database. The experience shows that the "double
reporting" in bilateral trade flows statistics (i.e., importer quotation and exporter quotation) does not
necessarily yields in mutual confirmation. In addition, in our specific case, the added gross imports
and exports data (issued from the COMTRADE database) did not necessarily match the resulting net
trade data of the non-spatial database (issued from mainly the FAOSTAT and PSD databases).
Therefore, in order to ensure data consistency, the WATSIM spatial database has been constructed

using an entropy-based approach, namely the cross-entropy approach (Golan et al., 1996).

The second stage consisted in the re-designing of the WATSIM model in order to incorporate gross
trade representation. Based on the Armington assumption (Armington, 1969), import demand
functions and export supply functions have been specified for each geographical zone and each
commodity. Such functions closely rely on elasticities of, respectively, substitution and
transformation. Due to data restrictions and resources limitations, these parameters have been
"guesstimated". So, sensivity analyses aimed at investigating the impact of the adopted levels of these

elasticities on the model outcome were carried out.

Since the new version of the WATSIM model represents explicitly gross imports and gross exports, it

became possible to improve the modelling of trade policy instruments such as import tariff barriers,
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TRQs and export subsidies. In very general terms, for each country and commodity, domestic
"incentive prices" and import prices are linked to the corresponding world price through linear price
transmission functions. Specific and ad-valorem tariffs are represented by simple linear elements in
transmission functions from world to domestic import prices. Flexible levies are also explicitly
modelled. They lead to non-differentiable price transmission functions. Thus, the exact relationship is
smoothly approximated in order to allow for solubility. Just like import tariffs, export subsidies are
specified as an element of price transmission functions on the export side. They can either be
represented by a linear element or reflect a minimum domestic export price. In this last case, flexible
export subsidies are modelled in a way similar to flexible levies on the import side. In addition, limits
on subsidised exports are explicitly taken into account. For that purpose, two endogenous adjustment
options are introduced in the model solution: in the case of a minimum export price, the model forces
administrated stock purchases to adjust for subsidised exports do not exceed the corresponding limit;
in the case of a constant export subsidy, the model forces the per-unit export subsidy to adjust for
subsidised exports meet the bound. Lastly, TRQs are represented through two-tiered tariff lines:
preferential tariffs for within quota imports and MFN (Most Favoured Nation) tariffs for over quota
imports. The effective tariff (i.e., real protection) is then determined endogenously. It is at the
preferential tariff level as long as the quota is unfilled, at the MFN tariff level when over quota
imports occur and between both tariffs when the quota is just binding. This effective tariff function is

non-differentiable and is approximated through smooth sigmoid functions.

1.5. MECOP: A model of the EU's producing sector of cereals, oilseeds and protein crops
(chapter 6)

The main objective of subtask 2.1 is to develop a sectoral model of arable crops for the EU in order to
provide quantitative assessments of the impacts of reform proposals of the Common Market

Organisation (CMO) for arable crops.

Subtask 2.1 has been carried out by developing a model of the EU's producing sector of cereals,
oilseeds and protein crops (the so-called MECOP model) and then using this model for simulating

alternative policy scenarios.

The MECOP (Maximum Entropy for Cereals, Oilseeds and Protein crops) model is centred on EU
supply of cereals, oilseeds and protein crops (COP). A special feature of the model is that it considers
explicitly the main policy instruments currently in force in the CMO for arable crops (i.e., price
support, area payment system, set-aside requirement). A second distinctive feature of MECOP is that

behavioural parameters are calibrated using the Generalised Maximum Entropy (GME) approach.
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The MECOP model describes the supply behaviour of a representative COP producer. The
specification of the model relies on duality theory in the presence of allocatable quasi-fixed factors. A
multi-output restricted profit function where total land is fixed but allocatable to the various crops is
defined. Then, via the envelope theorem, one obtains crop supply, variable input demand and land
allocation functions. Using crop supply and land allocation functions, it is thus possible to derive
yields per hectare functions. As the profit function incorporates the main policy instruments of the
CMO for arable crops, these instruments are arguments of crop supply, variable input demand, land

allocation and yields functions.

Hence, MECOP corresponds to a system of crop supply, variable input demand and land allocation
equations. The functional form retained for the profit function to specify these equations is the
normalised quadratic function. Behavioural parameters involved in these equations are calibrated
using the GME approach (Golan et al., 1996). Data used for the calibration process (i.e., output
quantities, cultivated areas devoted to each crop, total cultivated and idle areas, output and variable
input prices and area payments) are time series covering the period 1973-1997, taken from the
Eurostat CRONOS database and from the French joint-trade organisation ONIC (Office

Interprofessionnel des céréales).

MECOP has been implemented at the national level for 6 EU Member States: Denmark, France,
Germany, Italy, Spain and the United Kingdom. Ten crops have been retained: 6 cereals (soft wheat,
barley, maize, durum wheat, oat and rye), 3 oilseeds (rape, sunflower and soya) and one protein crop
(field peas). As the 6 above mentioned Member States are the main EU COP producing countries,
MECOP nearly covers the overall EU15 supply for the retained crops.

1.6. A model of the EU's dairy and beef producing sector (chapter 7)

The main objective of subtask 2.2 is to develop a sectoral model of milk and dairy products for the EU
in order to provide quantitative assessments of the impacts of reform proposals of the Common

Market Organisation for milk and milk products.

Subtask 2.2 has been carried out by developing two models, which have then been used for simulating
alternative policy scenarios. Both models depict the whole EU milk and dairy sector, but the first one
is more specifically centred on the milk producing segment while the second one pays particular
attention to the dairy processing segment. In addition, a supporting study aimed at estimating quota
rent levels in the French dairy sector provided some empirical evidence for the calibration of initial

quota rents in both models.
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This section deals with the first model: the model of the EU's dairy and beef producing sector. The
methodology used for the supporting study (reported in the appendix to chapter 7) is also briefly

described.

The EU's dairy and beef producing sector depicts the supply behaviour of a representative dairy
producer. However, an aggregate demand for milk is added. This allows the model to cover both the
supply side and the demand side of the dairy sector, and almost to make the market price of milk

endogenous following certain policy changes such as a quota removal for example.

A special feature of the model, on the supply side, is that dairy and beef production are fully integrated
in the model, both as regards to the underlying decision making model and in specifying the
constraints and trade-offs between the two types of production. The specification of the model relies
on duality theory in the presence of output constraints. A restricted profit function where the milk
output is fixed is defined. Then, Hotelling's lemma yields beef and veal output supply and variable
input demand functions. Using the conditional shadow price functions, one can derive the equations
for the optimal level of each of the quasi-fixed factors (i.e., grazing and forage area, suckler cow stock
number and dairy cow stock number). It is assumed that quasi-fixed factors need more than one period
to adjust to their optimal levels and that they adjust according to a partial adjustment mechanism. In a
similar way, the conditional shadow price function for the rationed milk output yields the shadow milk
supply equation. As the milk supply response depends on the quantities of quasi-fixed factors, it is
possible to define different "levels" of supply response, from the short-term (no adjustment of quasi-

fixed factors) to the long-term (all quasi-fixed factors adjusted to their optimal levels).

The functional form retained for the profit function to specify all these equations is the normalised
quadratic function. Behavioural parameters involved in these equations are estimated econometrically.
A mixed-estimation procedure was applied, which allows sample and non-sample information to be
combined. The non-sample information consists of the usual (non-stochastic) theoretical constraints
and other forms of prior information. Other prior information reflect prior ideas regarding specific
model coefficients, based on previous research (input and output price elasticities for example), or
agronomic characteristics (feed conversion characteristics, milk yields per cow for example). Unlike
the theoretical restrictions, which are assumed to hold exactly, the prior parameter values are imposed

in the form of stochastic relationships to reflect a priori uncertainty about the validity of these values.

Estimation was done separately for the 15 Member States of the EU. Data used for the estimation
process are time series covering the period 1973-1995, taken from the SPEL database, and from the
Official Journal of the European Communities as far as policy variables are concerned. The aggregate
milk demand equation was not estimated but instead calibrated using an extraneous estimate of the

demand elasticity. The shadow milk supply function cannot be estimated econometrically. The milk
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output supply function is based on the expression for the shadow price of milk, which is derived by
algebraic means from the profit function. Hence, this derivation gives those parameters of the milk
supply function that describe the responsiveness of milk supply to changes in milk price, other prices
and quasi-fixed factors. Therefore, only the "position" of the milk supply function was calibrated. This
has been done using exogenous information about quota rents and structural features of the milk
producing sector in each EU Member State. This exogenous information were both derived from the

Eurostat FADN database and taken from existing studies.

Finally, the model of the EU's dairy and beef producing sector allows for analysing a wide range of
policies targeting the milk sector: supply control (changes in the levels or removal of milk quotas);
direct payment systems (payment per head for different types of animal, payment per ton of quota,
payment per hectare); price support (for milk and for cereals through the adjustment of the price of
feed).

1.7. A spatial equilibrium model of the EU's dairy industry (chapter 8)

The model of the EU's dairy industry is a spatial equilibrium model of a vertical multi-market sector.
Hence, the EU dairy sector is modelled as a vertical structure involving milk supply, milk processing
into final dairy products and final demand for dairy products. The processing technology is modelled
as a Leontieff allocation mechanism of milk components (milk fat and protein) among final dairy
products. From this allocation mechanism, one can derive the raw milk derived demand function and
the dairy product supply functions of the processing industry. The raw milk supply function and the
dairy product final demand functions are specified as stylised functions relying on constant own-price

elasticities.

Equilibrium is determined using the general framework of a competitive resource allocation problem
involving various geographical regions and assuming transport costs for trading from one region to the
other. Hence, the spatial structure of the model results from the assumption that trade across regions
imply transport costs that differ according to the origin and the destination of trade flows. This
competitive market equilibrium framework extends the interregional model proposed by Samuelson
(1952) and Takayama and Judge (1971). Chavas et al. (1998) have shown that this extended version of
the initial interregional model generates a competitive resource allocation equilibrium. Bouamra-
Mechemache et al. (2001) show how this framework may be modified in order to incorporate the EU
dairy policy so as to represent distorted competitive market equilibria under alternative policy

scenarios.
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Thus, the model of the EU's dairy industry is a comparative static model which, from the base year to
the target year and conditionally to relevant policy instruments, solves instantaneously for regional
shadow prices of implicit milk components, milk and dairy product prices, production, consumption

and trade.

The empirical application of the model considers raw milk and 10 final dairy products: butter,
skimmed milk powder, condensed milk, fluid milk, fresh products, casein, hard and semi-hard cheese,
processed cheese and other cheese. The EU is divided into 9 regions: Belgium-Luxembourg,
Denmark, France, Germany-Austria, Italy-Greece, Netherlands, Spain-Portugal, Sweden-Finland and
United Kingdom-Ireland. An exogenous "Rest of the World" is also added in order to make world
prices endogenous and be able to depict the EU trade policy instruments. The structure of the model
allows to represent explicitly the main policy instruments currently in force in the CMO for milk and
milk products: milk quotas, intervention prices (butter and skimmed milk powder), ceiling quantities
for public intervention, consumption subsidies (butter and skimmed milk powder), production

subsidies (casein), export refunds, import tariffs and quotas.

The model is calibrated on 1995 quantity and price data. All parameters and initial quota rents are

derived from the existing literature.

1.8. A model of the EU's beef producing sector (chapter 9)

The main objective of subtask 2.3 is to develop an EU sectoral model for beef in order to provide
quantitative assessments of the impacts of reform proposals of the Common Market Organisation for

beef and veal.

This subtask has been carried out by developing national supply models for the main EU beef

producing Member States, and then using these models for simulating alternative policy scenarios.

A generic national analytical model has been developed first. The main feature of this generic
framework is that it takes into account simultaneously the demographic structure and the biological
relationships that drive bovine production, as well as the impacts of economic and policy variables on

these dynamic demographic links.

Three subsets of inter-related biological and behavioural relationships are defined. The first one
focuses on calves, the second one on female animals aged one year and over and the third one on male
animals aged one year and over. In each subset, each animal in the herd at the beginning of a period
may be either bred, slaughtered or exported during the period. Arbitration among alternative decisions
applies to sub-categories of animals (such as heifers, suckler cows and dairy cows for female animals

and bulls and steers for male animals) and generate for each sub-category various variable rates such
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as the calf crop rate, replacement rates and slaughtering rates. Finally, based on the slaughtered
quantities of each category of animals and the corresponding average slaughtering weights, the net

production of beef and veal meat is determined.

Variable calf crop, replacement and slaughtering rates are key variables of the model since they reflect
the dynamic links between all variables of interest. In the same way, average slaughtering weights are
of key importance since they depict the linkage between the demographic adjustments of considered
herds and meat supply. Therefore, a particular attention has been paid to the specification of these
variables. Variable rates and average slaughtering weights are assumed to be dependent on economic
and policy variables. However, as they must also enforce biological constraints, they are specified as
logistic functions of explanatory variables. Such a specification allows for setting upper limits, fixed

according to empirical observation and common knowledge, for the levels of the considered rates.

The main policy instruments currently in force in the CMO for beef and veal (i.e., intervention price
and headage payments for the various categories of animals) are introduced as explanatory variables in
variable rates and average slaughtering weight equations. Therefore, the model is able to capture the

effects of changes in all these instruments on bovine production and beef and veal meat supply.

This generic analytical model has then been applied to 4 EU Member States: France, Germany, Italy
and United Kingdom. These 4 Member States account for nearly two third of the EU 15 beef and veal
production. All parameters of the national models (except biological upper limits) have been estimated
using traditional econometric techniques applied to annual aggregate time series data covering the
period 1973-1999. Data used were taken mainly from the Eurostat CRONOS database and from the

Official Journal of the European Communities as far as policy variables are concerned.

1.9. A software for depicting the regional market of an Appellation of Origin (chapter 10)

Subtask 2.4 is aimed at developing an EU sectoral model for wine in order to provide quantitative

assessments of the impacts of reform proposals of the Common Market Organisation for wine.

Due to the great heterogeneity in vineyard specificity as well as in production and oenologic practices,
that underlies the extensive differentiation of wines produced all over the EU 15, constructing a proper

integrated sectoral model for the EU wine sector is a highly, if possible, difficult task.

On the other hand, one of the main feature of the new CMO for wine (implemented on the beginning
of year 2000) lies in the shift from a price support policy to a quality support policy. This reorientation
of support towards the improvement of vineyard and wine quality is associated with the strengthening
of systems of supply regulation implemented at the regional level. Such a decentralised regulation

increases the role of producers' unions and "interprofessions" in managing the structure of vineyards,
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regulating yields and adjusting wine quality. Hence, the new orientation of the CMO for wine
implicitly gives a prominent role to the system of Appellations of Origins, which is the most

widespread example of a regional supply regulation system managed by an "interprofession”.

The status of Appellations of Origins constitutes precisely an issue widely discussed within the WTO
negotiations. Hence, the status of Appellations of Origins could be an important stumbling block
between the WTO multilateral negotiations and the new orientation of the CMO for wine. Actually,
the non-recognition of Appellations of Origins from the WTO point of view would seriously challenge

the new orientation of the CMO for wine.

In that respect, it has been decided, instead of developing an EU sectoral model for wine in order to
assess the impacts of changes in the CMO for wine, to focus the analysis of subtask 2.4 on the
economics of Appellations of Origins. Our objective is to examine the welfare effects of the
implementation of such a regional supply organisation, based on a bardér to entry for producers
outside the appellation, allowing inside producers to regulate yields and to adjust wine quality. In
doing so, we intend to contribute to justify on economic grounds the implementation of regional

supply organisations such as Appellations of Origins.

For that purpose, the analysis starts with some theoretical work (Giraud-Héraud et al., 1998; Arnaud,
Giraud-Héraud and Mathurin, 1999; Arnaud et al., 1999) aimed at developing a general analytical
framework formalising the functioning of an Appellation of Origin. This first stage allows to show that
this kind of supply organisation is similar to a problem of decentralised supply regulation. More
specifically, the barrier to entry imposed to producers outside the appellation allows inside actors (i.c.,
the "interprofession") to behave as a "local monopoly" maximising its intertemporal profit. Then, by
comparing the "local monopoly" situation to the perfectly competitive situation, it is possible to
highlight the welfare effects of the implementation of such a decentralised supply regulation regime.
Thus, it is shown that the possibility for the "local monopoly" to stock wine in order to achieve a given
level of quality (i.e., to manage strategically a so-calléd qualitative reserve) decreases the total wine
quantity supplied but improves the average quality of wine proposed to consumers, with respect to the
perfectly competitive situation. This results in an increase in the market price of wine. These
adjustments relative to the perfectly competitive situation are welfare increasing for producers and
welfare decreasing or increasing for consumers, depending on the structure of their preferences with

respect to wine quality. Consequently, the overall welfare effect may be positive or negative.

The second stage of the analysis of subtask 2.4 is directed at developing a regional software for
empirically assessing the above described welfare effects of the implementation of an Appellation of
Origin and, in doing so, emphasising the key parameters and assumptions as regards to the sign and

magnitude of these effects. The main features of the proposed model are the following.
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On the supply side, the uncertainty on quantity and quality of the yearly output supply, that
characterises wine production, is taken into account. The "interprofession" disposes of a fixed
vineyard area and of an upper-bounded stocking capacity. The stocking capacity is used as a
qualitative reserve aimed at managing the quality of wine to be sold on the market. It is assumed that
the "interprofession" knows perfectly the random distribution of yields and of the quality level. Each
year, the "interprofession" has to decide the share of available supply to be kept in stock (and
consequently the share to be sold on the market), provided the state (in terms of quantity and quality)
of the qualitative reserve. This yearly arbitration is directed at maximising the expected intertemporal

profit of the "interprofession”.

On the demand side, a vertical product differentiation model, inspired from Musa and Rosen (1978), is
adopted in order to take account of the heterogeneity in consumers' tastes. In addition, the potential
competition exerted by wines produced outside the considered region is considered within the

modelling of demand.

Thus, the software solves an optimal command problem where the series of the states of the qualitative

reserve is a Markov process.

The empirical application of the software requires data (on the supply side and on the demand side)
referring to a specific vineyard. Such data are extremely difficult to obtain. Hence, it has been decided
to apply the software on two differentiated stylised vineyards: a Northern and a Southern vineyard.
Data and parameters underlying these stylised vineyards have been calibrated on the basis of available

empirical observation and common knowledge.

1.10. Assessment of the impact of food quality and safety standards on EU-US trade in
agricultural and food products (chapter 11)

This part of task 3 is aimed at assessing the impact of current food quality and safety standards on EU-
US trade in agricultural and food products. More specifically, we focus on the impact of US food
quality and safety standards on EU agricultural and food exports to the US.

This part of task 3 has been carried out by first completing a thorough review of literature on technical
measures. This literature review successively addresses the questions of the classification of technical
measures, their effects on trade and the available methods for measuring these trade effects. Finally,
existing studies that have attempted to measure the effects of technical measures in the context of trade

in agricultural and food products are reviewed.
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Relying on the literature review, it has been decided to retain the classification of technical measures
proposed by Roberts et al (1999) in the remainder of the analysis, dedicated to the assessment of the
impact of US standards on EU agricultural and food exports to the US.

The literature review suggests that there are four basic approaches commonly used to evaluate the
trade impact of technical measures: frequency/inventory-based measures; price-comparison measures
(or tariff equivalent estimates); compliance-cost measures; quantity-type measures. The impact of US
standards on EU agricultural and food exports to the US has been assessed combining the first three
approaches. In addition, an analysis of US detentions of EU agricultural and food exports has also

been carried out.

Frequency/inventory based measures attempt to estimate the number of technical measures applied by
a country, by type across product categories. These measures typically make use of inventories of non-
tariff measures, including technical measures, which detail the number and type of measures by tariff
line. This approach has been applied to the US and the EU in order to identify differences in both
countries' food safety and quality standards. First, a detailed inventory database of food safety and
quality standards in the US and the EU has been constructed. The database consists of 825
governmental regulations and standards laying down requirements (534 for the US and 291 for the
EU) identified from an undertaken review of official publications (the Code of Federal Regulation in
the case of the US and the Official Journal of the European Communities in the case of the EU). Based
on this database, a comparison of the number and types of measures applied, as well as concerned
categories of products, in both countries has been carried out. Secondly, the UNCTAD database on
Trade Control Measures has been used in order to evaluate the frequency of technical measures by
tariff line in the US and the EU.

Price-comparison measures attempt to quantify the price effect of technical measures. Technical
measures alter relative prices between world and national markets. Hence, by comparing the domestic
price of a product, which imports are subject to a technical measure, to some reference world price
(inclusive of transport costs and any tariff applied by the considered country), provides some
indication on the net effect of the technical measure. This price wedge is termed a tariff equivalent
because under conditions of perfect competition, an ad-valorem tariff at the same rate would create the
same wedge between the domestic and the reference world prices. A tariff-rate equivalent computed
through this approach can thus be interpreted as the tariff rate that would restrict trade to the same
level as the corresponding technical measure. The price-comparison method has been empirically
implemented for some products exported by the EU to the US. A number of product case studies were
undertaken. However, the majority of these were not successful, reflecting the inherent problems with

the price wedge approach. A successful example was nevertheless obtained and is presented in this

23



report as an illustration. It concerns the estimation of the tariff-rate equivalent of hygiene requirements
for poultry meat in the US. The case study refers to US imports from the EU and relates to high value
poultry meat as typically exported by the EU to the US. The tariff-rate equivalent is obtained by
comparing the US wholesale price for poultry meat to a calculated EU CIF export price to the US.
Data used are quarterly time series covering the period 1996-2000 taken from USDA-ERS as far as the
US wholesale price and the transport and insurance costs are concemed and from Eurostat for the EU

wholesale price.

Compliance-cost measures attempt to estimate directly the additional costs that are imposed on an
exporter for complying with the requirements induced by a technical measure applied by an importing
country. Hence, the compliance-cost approach involves identification of the specific changes and
procedures that businesses are required to undertake to comply with the considered technical measure.
The process which suppliers follow in order to comply with technical requirements typically consists
of two stages: adaptation of the production processes and/or the final product to facilitate compliance
with the specified standard; production and supply of the product complying with the specified
standard and compliance with conformity assessment procedures (Henson, 1997). Stage one is
associated with non-recurring costs (i.c., one-off expenditure required to achieve initial compliance
with the standard, such as investment in new capital for example) whilst stage two is associated with
recurring costs (i.e., more permanent production and other supply costs required to supply the product
that is in compliance and to demonstrate compliance has been achieved, such as product testing

requirements for example).

The compliance-cost approach has been implemented in order to assess the problems and the
associated costs for EU exporters to comply with the technical requirements for agricultural and food
products in force in the US. For that purpose, a survey was undertaken of EU exporters of agricultural
and food products. A questionnaire was defined involving three distinct parts. The first part aimed to
identify the main characteristics of the exporting firm. The second part aimed to assess the importance
of technical requirements relative to other factors influencing agricultural and food exports to the US.
The third part aimed to assess the costs of compliance and associated problems incurred by EU firms
to export to the US. In this third part, questions were asked separately about four main stages of the
compliance process: prior approval of production facilities; product reformulation and/or change in

production, packaging and labelling; impact on production costs; border procedures.

A sample of 1800 exporters of agricultural and food products were selected from across 6 Member
Stales (namely, Belgium, France, Germany, Italy, Netherlands and Unitcd Kingdom). An cqual
number of exporters (i.e., 300) was selected from each Member State. The survey was undertaken

during the period April to July 2000. A response rate of 18% was achieved.

24



Finally, an analysis of US detentions of EU agricultural and food exports has also been carried out.
The objective of this last phase was to complement previous analysis in identifying those products for
which problems are actually experienced by EU exporters due to US technical measures. The US Food
and Drugs Administration (FDA) publishes data on border detention of products for which it is
responsible. These data provide some indication of the problems experienced by EU exporters, both in
terms of those product categories most subject to detention and the reason for detention. Hence, a
database of US border detentions of EU agricultural and food exports observed from 1997 to 1999 was
constructed on the basis of the FDA published data. Then, an analysis of US detentions according
three criteria: concerned Member States, concerned product categories and reasons for detention was

completed.

1.11. Non-tariff barriers and market failures: Risk and informational aspects (chapter 12)

This part of task 3 focuses on the economics of non-tariff barriers. It aims at developing an analytical
framework allowing to analyse the welfare effects of domestic food quality and safety regulations and

to examine their ability to address market failures.

Indeed, the legitimacy of public intervention, and in particular of border protection, can be found in
the alleviation of market failures. Regarding food quality and safety regulations targeted market
failures most of the time pertain to imperfect information (this includes risk but also uncertainty of
consumers about the quality of the product). Hence, integrating this consideration in the regular
framework of normative economics appears as a necessary building block in the effort to classify non-
tariff barriers (NTBs) according to the degree to which they actually address market failures and/or
impede trade.

The methodology that was used for this part of task 3 relies on three fields of the economic theory
literature. The first one is the literature in International Economics, which tackles the issue of non-
tariff barriers (NTBs) albeit in specific ways, i.e., mainly as quantitative restrictions (quotas, voluntary
export restrictions) and minimum quality standards. The second one is the literature in Industrial
Organisation, which gives a central role to market failures resulting from imperfect competition and
imperfect information. The third one is the literature in Public Economics and welfare analysis, which
investigates the effectiveness of regulations in the sense that they should protect consumers and
alleviate market failures while minimising overall welfare loss. Law was also used in the part of the

work devoted to the analysis of the US system of food safety regulation.

The general idea that is supported in this part of task 3 is that the beneficial effects of trade
liberalisation may be attenuated by spontaneous market inefficiencies. The logical consequence is that

when it can be shown that a domestic regulation successfully addresses these market inefficiencies,

25



even though it might result in restricting trade flows, the international community should acknowledge

that there is a form of legitimacy which should be reflected in trade agreements.

Hence, combining elements of the three above-mentioned fields of literature, several analytical
frameworks were developed in order to, first, illustrate how trade liberalisation may result in
spontaneous or increased market inefficiencies. There are numerous possible cases where trade
liberalisation may induce market failures. Two of them, that are particularly relevant in the context of
food quality and safety standards, were retained: the presence of sanitary and phytosanitary risk and

imperfect information on the quality of products.

The first three developed models build on the literature on both trade in a context where consumers
face imperfect information on the quality/safety of the product and on quality/safety revelation and
quality/safety effort (Akerlof, 1970; Shapiro, 1983; Donnenfeld et al., 1985; Donnenfeld, 1986;
Grossman and Shapiro, 1988; Falvey, 1989; Daughety and Reinganum, 1995 and 1997). All three
models consider that production, consumption and trade take place over two periods and assume
imperfect competition on the supply side. In all three models, two qualities of the single considered
product are distinguished: a high quality (or safe product) and a low quality (or unsafe product). On
the demand side, the first two models consider a single consumer who purchases either zero or one
unit of the product and whose willingness to pay is zero for the low quality or unsafe product and
positive for the high quality or safe product. The third model considers a group of consumers and

adopts the usual vertical differentiation framework proposed by Musa and Rosen (1978).

The first developed model investigates the welfare impact of trade liberalisation between two
countries experiencing different levels of sanitary risk and production cost, the consumers being
unable to detect the origin of the product sold on the market. The second developed model relies on a
similar framework but put special emphasis on the impact of trade liberalisation on the behaviour of
sellers in terms of testing and signalling the quality of their product. In this case, both countries exhibit
equal levels of sanitary risk and production cost, but differ in their ability to control product's safety.
The third model explores the economic mechanisms affecting product safety when consumers face
different information structures. Three cases are considered: the search good situation; the experience

good situation (as defined by Nelson, 1970); the credence good situation (Darby and Karny, 1973).

The fourth developed model is specifically designed for addressing the EU-US hormone-treated beef
dispute. It corresponds to a particular case of the previous third model considering only one period,
assuming perfect competition on the supply side and where the considered product is a credence good.
This fourth model is used for investigating the welfare effects of opening the domestic market (i.e., the
EU market where hormone-free beef is perceived as of higher quality) to foreign products (i.e., US

hormone-treated beef) that are perceived as lower quality goods.
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In a second stage, these four theoretical models are used to explore the effectiveness of different types
of public regulation aiming at increasing consumer protection and circumventing market failures. A

particular attention is paid to labels.

The second part of the analysis further examines some issues related to labelling policies. Indeed,
there are several ways to implement a label and this second stage of the analysis aims to further
examine the effectiveness of various labelling strategies. More specifically, three main questions are
addressed: when should a regulator promote public labelling and when should labelling be a
mandatory or a voluntary programme? How should public labelling be financed? Under which
conditions a label "does contain" is more effective than a label "does not contain"? Lessons are drawn
from developed analytical frameworks similar to the ones of the third or fourth model previously
described, but complemented in order to take into account various types of labels and the associated

labelling costs.

The third part of the analysis proposes an assessment of the US sanitary and phytosanitary legislation,

from the point of view of the WTO rules. A special emphasis is paid to the so-called Delaney clause.
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2 - THE DATABASE ON TARIFFS, TARIFF-RATE QUOTAS (TRQs) AND TRADE

Jean-Christophe Bureau

Partner 2: INRA-ESR, Grignon

2.1, Introduction

The objective of this part of the project was to develop a comprehensive database on tariffs and
imports which would make it possible to monitor the effect of past Uruguay Round (UR) market

access commitments as well as future proposals for trade liberalisation.

The purpose of the trade database was twofold. First, the aim was to provide the basic material to other
sections of the project, in particular the one dealing with market protection indicators (chapter 3) and
the one centred on the trade model (chapter 5). The construction of market protection indicators
requires precise estimates of the tariff commitments decided upon in the Uruguay Round Agreement
on Agriculture (URAA) as well as corresponding detailed data on imports. The world trade simulation
model also relies on precise quantification of the trade barriers (i.e., UR tariff and tariff-rate quota
commitments but also applied tariffs, which are often lower than bound tariffs) which requires
aggregating the many tariff lines into an average tariff that represents the trade obstacle faced by

exporters.

Second, the trade database in itself was believed to be useful to the Commission's policy makers
during the current Millenium Round. Indeed, many aspects of WTO negotiations in the field of market
access are very technical, and crucial aspects are most often "in the details". For example, the product
classification that was used to define UR tariff commitments is of particular importance because the
way tariffs are defined and reduced can lead countries to find a way around the spirit, and even the
discipline of the agreement. ® It is presently extremely difficult to assess how the various WTO
countries have fulfilled their UR tariff commitments, since the WTO has not provided detailed figures
on applied tariffs that matched the bound tariffs. The difficulty is that no comprehensive data is
available on these issues, and that, unless challenged by a third country, a country that does not fulfil

its commitments has no particular sanction to face.

? Details and technical aspects of the tariff schedules have proved important in recent years. For example,
imports of gluten flew into the United States in 1998 in spite of countervailing duties because of a loophole in
the definition of products at the 8 digit level of the trade classification.
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Because of these technical aspects, which will prove important during the Millenium Round, the trade
database was constructed with the principle of matching all the relevant information to each country's
official schedule on bound tariffs, as submitted to the WTO. This has resulted in a database organised
on the basis of the 8-digit Harmonised System (HS) classification. This introduced difficulties for
gathering the relevant information, since the list of commodities includes some 2800 items. It is
however a sine qua non-condition for being able to assess how the various countries have fulfilled
their WTO commitments. Hence, unlike most other efforts, such as those of Agriculture Canada, US
Department of Agriculture, Food and Agriculture Organisation for example, which attempt to
aggregate the official WTO tariff commitments, the emphasis was put on working at a very detailed

level of the classification, so that no information would be lost.

This chapter is organised as follows. The content of the database on tariffs and trade is described first.
Then the modalities adopted and the main sources used for constructing this database are presented.
Thirdly, the dataset on tariff-rate quotas that was developed independently from the database on tariffs
and trade is briefly described. Finally, a thorough assessment of the implementation of market access
discipline of the Uruguay Round is provided. Some lessons for the Millenium Round are drawn in the

concluding section.

2.2. The content of the database on tariffs and trade

The database is organised on the basis of the 8-digit HS classification for chapters 01, 02, 03 to 24
(i.e., all food products with the exception of fisheries products) and for selected items of chapters 29,
31, 35, 38, 40, 41, 50, 51, 52 (i.e., non food agricultural products, such as skins for leather, etc). It
matches, for each country, the following information for each year since 1995 (unless otherwise

specified):

1. The schedules on base (1995) and bound (2000) tariffs.

2. Import values, in national currency.

3. Import quantities.

4. Import quantities in secondary units (i.e., pieces, heads, dozen, hectolitres, etc and not kilos).
5. Unit values of imports under the Most Favoured Nation (MFN) status.

6. Unit values of imports non MFN.

7. Applied tariffs MFN.

8. Average applied tariffs non MFN.
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9. Tariff-rate quotas (TRQ) information
10. Fulfilment of TRQs (for the EU only)

11. Import elasticities (for 3 countries only: EU, US, Canada)

The database on tariffs and trade was constructed for a set of countries. While datasets were completed
in a satisfactory way for the EU, the US and Canada, the datasets for other countries remained flawed
because of problems in the correspondence between the various sources of information. It was thus
decided to focus on the EU, the US and Canada, and to provide less sophisticated data for the other

countries (namely, Australia, Brazil, Japan, Korea and Norway).

One may underline that the database on tariffs and trade developed under this project has been used as
part of the contribution of the EU Commission to the co-operative Agricultural Market Access
Database (AMAD) project. This co-operative effort, involving the EU Commission, the Organisation
of Economic Co-operation and Development (OECD), the Economic Research Service (ERS) of the
US Department of agriculture (USDA), the Food and Agriculture Organisation (FAO), the United
Nations Conference on Trade and Development (UNCTAD) and Agriculture Canada, aims to put
together data on agricultural tariffs, tariff-rate quotas and trade gathered by the various institutions.
This effort has led to the constitution of a large database that is now available online (www.amad.org).

2.3. Modalities adopted and sources used for constructing the database

2.3.1. Modalities and conventions adopted

Because the database is oriented towards a real-time use in trade negotiations, the UR schedules of
official tariff commitments were the starting point. A major difficulty was found in the revision of the
official classification used in the WTO negotiations. Under the URAA, countries' base and bound
tariffs are notified on the basis of the 1992 version of the Harmonised System. Since then, the WTO
has asked member countries to submit a revised version of their tariff commitments in the new HS-
1996 classification. When the database was being constructed, these revised tariff commitments were

not available for many countries.

In many countries, some tariffs are specified in values per kilo, liter, or head of animal, i.c., as
"specific" tariffs. This is particularly the case in the EU, the US and Japan, but the problem does exist
in many other countries. One cannot perform any aggregation, computation and economic analysis on
the basis of such tariffs. Therefore, they were converted into ad-valorem equivalents. Such a
conversion requires import price data, available at the same level of disaggregation, which is a major

obstacle. For the present case, the following conversion rules were adopted:
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- the average 1995-98 unit values of imports were used as import price data;

- when these import unit values were not available, they were approximated by corresponding export

unit values;

- for those commodities that were not traded in any of the four years, the average unit value of imports

of the most similar commodity was used as a proxy;

- for those tariff lines combining an ad-valorem and a specific tariff with a threshold mentioned (i.e., a
minimum or a maximum tariff), for which either the ad-valorem component or the specific component

is binding, the highest possible tariff was considered.

It is important to note that there is no solution that is fully satisfactory for converting specific tariffs
into ad-valorem equivalents. One will always have to use a local approximation that is not necessarily
robust to changes in tariffs. The AMAD group and the USDA have adopted different conventions
from ours. Particularly, they convert HS-8-digit specific tariffs by using more aggregated price data.
From our point of view, such a procedure introduces artificial tariff peaks in computed ad-valorem

tariff equivalents (see Gibson et al, 2001).

2.3.2. Sources used

2.3.2.1. The European Union

For the EU 15, the UR schedule (WTO submission, HS96-8-digit), that covers 1764 tariff lines,
determines the list of commodities included in the database. Practitioners call this list the "Geneva

list".

Import quantities and values come from COMEXT. As the Eurostat COMEXT database is based on
the NC-8-digit classification, this latter was matched manually to the HS96-8-digit classification. It is
noteworthy that both classifications differ significantly and that this raised a lot of problems for
matching tariff data to trade data. Note that the matching between the "Geneva list" and COMEXT

resulted in non correspondence of the codes for roughly 15% of the tariff lines.

Data on applied tariffs come from various sources. In the EU, roughly 53% of imports (in value) are
imported under preferential agreements, at a tariff that is most of the time much lower than the WTO
(i.e., MFN) tariff. Tariffs under preferential agreements were extracted from the TARIC (NC-12-digit)
database. Information on applied tariffs was also extracted from the UNCTAD’s TRAINS database (at
8-digit level) and was checked against the applied tariffs published in the Official Journal of the

European Communities. Although there were some discrepancies between the various sources, it was
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possible to match the data with the 8-digit level data on import flows and to convert specific tariffs in

ad-valorem equivalents. *

2.3.2.2. The United States

In the case of the United States, the UR schedule was also the starting point. The limitation here is that
by the time the project was completed, the official schedule in the HS96 classification was still not
notified to the WTO. Therefore, the starting point was the initial HS92 based schedule that showed

some discrepancies with the HS96 data on trade flows.

Import quantities and values come from the US International Trade Commission (USITC).

Unlike the EU schedule, the US schedule includes in-quota tariffs. In order to make things
comparable, a separate dataset was constructed for the US only with the Most Favoured Nation tariffs.
That is, the US tariff dataset covers 1377 tariff lines.

2.3.2.3. Canada and other countries

For Canada, starting from the UR schedule, the other used data source is the Statistics Canada
database on trade.

For other countries, the information gathered was more partial. Still starting from UR schedules, other
data sources include the United Nation's COMTRADE and TRAINS database (both at the 6-digit
level). However, the data were quite poor and in most cases the product codes of the trade data did not

match the product codes of the tariff data, in spite of the so-called "harmonised" system.

2.4. The dataset on tariff-rate quotas

Following a request from the Commission’s representatives, highlighting the fact that tariff-rate quotas
(TRQs) were an important issue in the WTO negotiations, an extensive dataset gathering together
available information on TRQs was completed. This dataset covers the 35 countries that have notified
tariff-rate quotas to the WTO. The main source was the WTO schedules and notifications that were

obtained from the WTO Secretariat.

In the meantime, the AMAD group started and extensive collection of data on tariff-rate quotas.
Hence, the dataset on tariff-rate quotas developed under this project was made available to the AMAD

group and is now included in the AMAD database.

* There is no import data available at a more detailed level because of confidentiality of information, since it
would be possible to track the individual importer.
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In addition, one may underline that, during the project's life, an assessment of the implementation of
UR tariff-rate quotas in various countries has been carried out by the International Agricultural Trade
Research Consortium. Following a request from the Commission’s representatives, researchers
involved in this section of the project provided the database for the study and wrote the EU section in
the report (Bureau and Tangermann, 2000). This work allowed for feeding the dataset on tariff-rate
quotas with information on fulfilment of TRQs for the EU.

2.5. A thorough assessment of the implementation of market access discipline of the Uruguay

Round

The database on tariffs and trade has made it possible to compare the structure of protection chosen by
the EU to that retained by other WTO countries. Because the data spans from 1995 to 2000 (data on
import flows span from 1994 to 1998 for most countries), it also gave the possibility for a thorough

assessment of the implementation of market access discipline of the Uruguay Round.

2.5.1. Technical arrangements made it possible to minimise the constraints that resulted from UR

market access commitments

As a first evaluation of the market access provisions of the URAA, various studies had pointed out
that, in spite of the highly significant potential benefits in the long term, the impact during the 1995-
2000 implementation period would be low (IATRC, 1994 and 1997; Josling, 1998; OECD, 1995;
Tangermann, 1995 and 1996). It is commonly admitted that almost all WTO member countries have
acted to minimise the constraints of market access commitments, using a combination of factors such

as":

- The over-estimation of the tariff equivalents at the time of the conversion of quantitative restrictions
on imports into bound tariffs (this phenomenon denominated "dirty" tariffication has led to an unused

protection identified as the "water" in the tariff).

- The presence of very high tariff peaks which completely prevent imports for certain products, in
spite of average rates of protection relatively low when they are calculated on the whole of the agro-

food products.

- The setting of very low thresholds to the special safeguard clause, which are used to grant

supplements of protection in relatively normal market situations.

4 These factors are discussed in details in the FAIRS-CT97-3481 document: Véganzones, Bureau and Hofstetter
(1999).
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- The lack of transparency of some tariff structures, which allows statistical manipulations that make it
possible to dissimulate the failure to decrease particular tariffs or to reallocate particular products

under more protected headings, with the favour of a change in the nomenclatures.

- The strategic repartition of tariff reductions between tariff headings, so as to reduce as little as
possible the protection on sensitive products, and to achieve the average reduction objective by large
tariff cuts on products of marginal importance or initially very little protected (this phenomenon is

called the "dilution" of tariff reductions).
- Questionable methods of calculation of the level of the tariff-rate quotas.

- The restriction of access to tariff-rate quotas sometimes to a predetermined list of countries, in spite
of the spirit of the Agreement which supposes an allocation according to the clause of the most

favoured nation.

- Restrictive methods for allocating import licenses that result in underutilised quotas, which therefore

show low fill rates.

These provisions legally do not constitute violations of the Agreement insofar as they in general
respect the commitments entered into in the official Lists (which have legal value), even when those
did not correspond to what was envisaged by the Modalities. Thus, even with a careful examination of
the schedules of the various countries, the researchers involved in this section of the project did not

observe infringements at the rules of the WTO.

Many points were however raised which show that countries used significant degrees of freedom when

complying to the rules initially laid down in the WTO Modalities. One can quote:

- The compatibility of the allocation of tariff-rate quotas under minimum access with preferential
agreements such as NAFTA. As an example, preferential duties under NAFTA seem lower than the
corresponding in-quotas tariffs in Canada. This could result in making it easier to import from the
United States than from other countries, which should normally access the Canadian market under the

minimal access provisions.

- The maintenance of tariff peaks which keep isolating the Canadian dairy sector and turn tariff-rate

quotas into simple quantitative restrictions (normally eliminated during the Uruguay Round).
- Pigmeat imports regulations in Japan, which de facto maintain a variable levy.

- Taxes levied by the Japanese state import monopolies, which add to tariffs and result in a lack of
transparency (more generally, the complexity of the whole of commitments makes it extremely

difficult to perform a decent evaluation of the implementation of the Uruguay Round provisions).
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- Minimal reductions in tariffs for processed products (initially more protected) in Australia, which

suggest that there is a significant amount of tariff escalation.

- Implementation of tariff schemes at an excessively detailed level of the statistical classification (up

to 11 digit) in Korea that makes it possible to minimise the scope of the Uruguay Round commitments.

- The persistence of non tariffied commodities in Israel that makes an exception to the general rules of

the WTO.

Without being challengeable under the WTO (since the schedules are the legally binding
commitments), these provisions are questionable and appear to be in opposition with the spirit of the

initial rules of the WTO.

Hence, the assessment of the implementation of the URAA that was made here using the database on
tariffs and trade and the dataset on TRQs sheds a different light on the compliance to the spirit of the
Agreement across countries. From the point of view of the setting of the tariff-rate quotas, of the
management and allocation of import licenses, of the transparency of the notifications to the WTO, the
European Union has a better record than most countries of the sample. The European Union is one of
the few countries, with Morocco and Argentina, which has not used (or very little) a strategic
allocation of tariff reductions across the tariff lines covered by the Agreement. In most countries, one
observes large cuts in those tariffs set on products of minor importance in terms of consumption. This
made it possible to achieve the 36% average goal of reduction with limited reductions of tariffs set on

most sensitive products.

The database on tariffs and trade shows no visible increase in flows of imports over the period of
implementation of the URAA that seems to have resulted from the Agreement. The fact is that it was
possible to work only on a very limited number of years corresponding to a period where the
implementation of the Agreement was not completed (the most recent statistics that were used were
for the year 1998). It seems, however, that the average 36% decrease in tariffs was a not very active
binding during most of the 1995-2000 period. In most countries, the main result of the Agreement in
terms of market access was the minimal 15% cut in tariff that was implemented on the bulk of

products in large demand.

The improvements of the access to agricultural and food markets, which took place, are undoubtedly
more due to the tariff-rate quotas than to the decrease in bound tariffs. It is noteworthy, for example,
that observed growth of some import flows takes place under tariff-rate quotas that resulted from
minimal access provisions (milk and margarine in Canada; dairy products and rice in Japan; cheeses
and other dairy products as well as chocolate in the United States). Nevertheless, the European Union

is seldom in the situation of being a serious competitor of exporters like the Cairns group or the United
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States in supplying of these quotas. The reasons are multiple: in certain cases that is due to the lack of
competitiveness of the European products (corn, butter); in other cases to the geographical proximity
between the import and the export markets (Asian markets are closer to the United States or
Australia); in other cases, this is caused by the existence of preferential agreements, NAFTA in
particular, or the ability of the US administration to obtain a preferential treatment from state trading

enterprises (in Japan, Korea or Israel).

2.5.2. Implementation and management of TRQs

A particular attention was paid to the way the EU has opened tariff-rate quotas after the Uruguay
Round. > The URAA minimum access commitments were made through the use of tariff-rate import
quotas, with a lower tariff (in-quota tariff) for imports within the quota, and a higher tariff rate (out-of-
quota tariff) for imports exceeding the quota. A total of 35 countries including all OECD member
countries (except Turkey) have scheduled 1370 tariff-rate quotas.

TRQs were put in place to deal with the fact that tariffication of existing quantitative restrictions
would have shut off all trade in many cases. All countries were expected to allow access to their
domestic markets for imports equivalent to at least 3 percent of domestic consumption in the 1986-
1988 base period. This proportion was to rise to 5 percent by the year 2000 (developed countries).
These provisions refer to "minimum access". When traditional imports did not represent a sufficient
percentage of domestic consumption, TRQs were applied so as to meet URAA minimum access
commitments. In addition, the URAA agreed that pre-existing market access had to be preserved. That
is, access conditions for historically established import quantities would be maintained by a provision
referred to as "current access". Hence, for a number of products, countries opened up TRQs in order to

meet the obligations of current access.

No specific provisions were approved in the URAA regarding the administration of TRQs, although
relevant WTO rules were to apply. In practice, the complexity of the tariff structure in the presence of
TRQs results in a certain lack of transparency. In the tariff schedules, it is often difficult to identify the
duties that particular imports will face, given that there are two tariffs, a quota and several specific
situations like over-quota imports, quota under-fill and preferential quotas and tariffs. TRQs were
defined so as to respect current access, or to ensure minimum access to the domestic market for
imports. In practice, TRQs under current access can be restricted to traditional importers. TRQs under
minimum access should be opened to would be exporters on the MFN basis. However most countries

have not notified which quota is under which regime.

5 This paragraph builds on the document prepared for the IATRC report on tariff-rate quotas: Bureau and
Tangermann (2000).
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In terms of administering TRQs, WTO member countries use a host of different methods. Countries
have basically two ways of allocating their TRQs: the first one is global, the second one is country-
specific. Global allocation applies on imports regardless of country of origin, all countries being free
to compete. Under the country-specific allocation, the importing country grants one part of the TRQ to
an exporting country. In this case, WTO rules require that all substantial suppliers (defined as
countries with a market share of over 10 percent, see par. 7 of Article XXVIII:1) have to receive a
share. Licenses are often used as a means of administering TRQs, and can be assigned to importing or
exporting firms (or to both such that an importing firm needs to present both an import and an export
license to import authorities). Allocation can follow different forms, from "first-come first served" and
licenses on demand to auctioning, lottery, etc. These different methods of administering TRQs may
lead to different inefficiencies and inequities. In addition, other conditions placed on TRQ

administration like quota limits per firm also have the potential to generate inefficiencies.

In most countries, TRQs have mainly been used to maintain traditional import flows but have not led

to a large increase in trade. This can be explained by several factors:

- URAA commitments were based on the Modalities established by the WTO, which were not
incorporated as part of the URRA. What countries actually agreed upon was what they respectively
submitted in their schedules, whether or not it reflected the application of the Modalities. As a result,
the Modalities discipline was not always followed in practice, and the operation of TRQs was left to
individual countries' discretion. For example, some countries calculated their TRQs in a way that do
not always correspond to 3 percent of domestic consumption. This also made it possible to minimise

market access increases for more politically sensitive commodities.

- TRQs were often set for products characterised by tariff peaks, so the out-of-quota tariffs remain

prohibitive.

- Commitments as well as management of TRQs lack transparency in many countries. This creates
grey areas that allow some countries to get around some of the URAA disciplines. One example is the
latitude given to (or taken by) countries either to use different (and sometimes inconsistent) statistical
classifications or to define products at a level of very fine detail, restricting access to quotas for

particular products from specific origins.

- TRQs under minimum access are not always allocated on a Most Favoured Nation (MFN) basis as
was specified in the Modalities. Countries have used existing freedom to fill not only current access
but also, sometimes, minimum access TRQs with imports under preferential agreements. In such
cases, one or a few countries are allowed access to the TRQ concerned and can take advantage of the
new trade opportunities. Where this is the case, it considerably limits the scope of the current

functioning of the URAA in terms of trade liberalisation. In some cases, quotas are allocated to
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countries that are unlikely to be able to export the relevant commodity. In other cases, tariffs under
preferential agreements are lower than the in-quota MFN tariffs so those minimum access quotas are,

de facto, filled with preferential imports from particular countries.

- Even though countries are obligated to open their markets to imports at particular tariffs within the
TRQs specified in their schedules, they are not required to import quantities corresponding to the
TRQs. Market conditions may preclude a 100 percent quota fill rate. In some cases, only a small share
of the TRQ quantities is actually imported because of the manner in which TRQs are administered.

This translates into a low fill rate for such quotas.

The EU created a large number (87) of TRQs after the Uruguay Round. Unlike those of nearly all
other countries, quotas in the EU’s schedule are clearly categorised as minimum access or current
access TRQs, providing transparency in this regard. Roughly two-fifths of the EU’s TRQs come under
current access. They usually provide continued access, on a bilateral basis, for exporters who in the
past enjoyed preferential access to the EU or who had low or zero tariff access to EU markets for
products under voluntary restraint agreements. As far as quantities are concerned, the EU’s current

access quotas tend to be much larger than those created under minimum access.

In establishing the TRQS, it appears that the EU has generally not deviated from fundamental rules in
the Modalities. As in many other countries, there was a bit of "dirty quotification" in the EU, both in
terms of product specification and calculation of minimum access quantities based on domestic

consumption.

In the EU, the relationship between in-quota tariffs and out-of-quota tariffs differs greatly between
current and minimum access. Under current access, in-quota tariffs as percentages of above-quota
tariffs vary widely across products, because the individual TRQs reflect their historical origins and,
hence, the (usually) low levels of protection that the EU had historically agreed upon with the
exporting countries concerned. For most minimum access TRQs, on the other hand, the EU has set in-
quota tariffs at a universal percentage (32 percent) of out-of-quota tariffs, and has not distinguished
between less and more sensitive products. For both current and minimum access quotas, in-quota
tariffs remained constant during the URAA implementation period, so that over time they have risen

relative to the declining out-of-quota tariffs.

In administering license allocation under the TRQs, the EU has not been particularly inventive, either
in using approaches that make it difficult to import the products concerned or in devising innovative
approaches or methods, such as auctioning, that are economically more convincing than the other,

more frequently used, approaches.
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Fill rates for TRQs in the EU have been reasonably high and have increased over time. It is interesting
to note that some of the larger current access quotas have exhibited relatively low fill rates, more so
than have minimum access quotas. This was particularly so with current access quotas for feedstuffs
that in the past was used as cereal substitutes in the EU. With the significant cut in EU cereal support
prices, it is no surprise that import demand for these feedstuffs has declined noticeably. As far as we
can see, no case has been identified in which the EU has deliberately used quota management

procedures to make access to its markets more cumbersome than expected under a TRQ regime.

Overall, it appears that the EU has played a reasonably fair game as far as TRQs are concerned.
Concerns do remain, though, as to the exact articulation of the Europe Agreement and the quotas
under minimum access. The EU has indicated in its schedule that imports under the (preferential)
Europe Agreement could be counted against certain quotas. Even though this provision is used when
preferential tariffs under the Europe Agreement and in-quota (MFN) tariffs are similar, other countries
fear that this could result in Central and Eastern European countries taking greater advantage of the

EU increase in market access under the minimum access provisions.

2.6. Conclusion: Lessons for the Millenium Round

Even if there is not or few infringements to the rules of the WTO as far as market access provisions of
the URAA are concerned, lessons for the Millenium Round can be drawn from the many deviations to
the spirit of the Agreement which were observed. The European Union over-estimated the tariff
equivalents during the "tariffication process" and set relatively lenient thresholds for the triggering of
the safeguard clause. However, the EU did not use much the various mechanisms making it possible to
minimise the scope of the Agreement, compared to its trading partners. In the next round, it is likely

that it would be in the interest of the European Union to:

- Base future commitments on a further reduction of tariffs and an increase in minimal access using
the Uruguay Round benchmarks, rather than defining new reference values and periods. Because of
the changes in the EU consumption of grains experienced since 1995, and because of the fall in the
cereal intervention price, the definition of new commitments on minimal access would result in large

grain imports.

- Tighten the constraints so that tariffs be reduced in a more uniform way. This would make it possible
to avoid the strategic allocation of the bulk of higher reductions towards the least sensitive products.
Indeed, in the Uruguay Round, these degrees of freedom were used in a larger extent by other

countries than the European Union.

- Promote reduction in tariff peaks. This would create difficulties in some sectors such as the beef and

veal, and would require a reform of the corresponding Common Market Organisations. Nevertheless,
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it looks like the only way to open third countries' markets to European products such as wines and

spirits, which still face prohibitive tariffs, in particular on Asian markets.

- Press for more transparency in the schedules and in the tariff reduction procedure, to make sure that
the possibilities of manipulating classifications and statistical series will be limited. This could bring
the EU representatives to defend the idea that WTO commitments on tariffs should be specified at the
6-digit level of the United Nations Harmonised System of classification (the only level for which there
is a true international harmonisation. Beyond the 6-digit level, the codes are no longer harmonised
across countries). The countries which least opened their market are those which could exploit the

flexibility of engagements with 8, 9 or 10 digits.

- Strengthen the disciplines on the methods of management of tariff-rate quotas. There too, restrictive
procedures were used by other countries in a larger extent than in the EU. The European Union could
gain in particular with the prohibition of the management of these quotas by public monopolies,

sensitive to political interference and discretionary import authorisations.

With regard to the strategic interest for Europe "to push" for a decrease in tariffs or, on the contrary, to
an increase in tariffrate quotas, it is quite difficult to answer. Large decreases in tariffs in the EU
would require a substantial reform of some Common Market Organisations where producers are still
well insulated from world prices. An increase in the level of current tariff-rate quotas would lead to
limited benefits for European exporters. These quotas seldom relate to products where Europe has a
real comparative advantage. In the future, the European Union could even less benefit from these
quotas because of the foreseeable end of export refunds. Moreover, an increase in the level of tariff-
rate quotas would not mean necessarily more opened markets, insofar as third countries seldom fill
their quotas at 100%. Nevertheless, the most promising markets for the European exporters (Asia)
remain protected by extremely high customs duties. It is not likely that a cut in these tariffs, that would
necessarily remain limited, would allow a significant improvement in the access to these markets,
unless measures of crest lowering of the tariff peaks are taken. The extension of tariff-rate quotas
undoubtedly remains the only realistic prospect to penetrate these short-term markets. It will then be
necessary to give a very detailed attention to the mode of calculation of these quotas, and to the related
methods of management so that TRQs are actually opened with the some products on which Europe
can be competitive. Statistical methods of calculation of minimum access should ensure the opening of
quotas on processed products, on which the European Union seems to have a capacity of stronger
export. It is indeed on these products that one observes significant progressions of European exports
since 1994.
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3 - MARKET ACCESS INDICATORS

Assessment and comparison of tariff structures chosen by the European Union and the United

States under the Uruguay Round Agreement on Agriculture

Jean-Christophe Bureau and Luca Salvatici
Partner 2: INRA-ESR, Grignon

Partner 6: University of Rome "La sapienza", Dipartimento di Economia Pubblica

3.1. Introduction

The general objective of this part of the project was to construct indicators of trade restriction and, on
the basis of these indicators, to assess and compare the improvement in market access that was

permitted in the UE and other countries by the URAA.

The proposed analysis focuses on tariff commitments under the URAA and on the EU and the US. It
aims at measuring how much liberalisation UR tariff commitments allowed to achieve in both the EU

and the US by the end of the implementation period, compared to the initial situation.

The analysis retains the TRI (Trade Restrictiveness Index) and the MTRI (Mercantilistic Trade
Restrictiveness Index), proposed by Anderson and Neary (1994 and 1999), as indicators of trade
restriction. Both indicators are empirically implemented for the EU and the US. The empirical analysis
involves three stages. Firstly, the rates of change of the EU and US TRI and the MTRI between 1995
and 2000 are computed using the base and bound tariffs of both countries as submitted under the
URAA. This first stage allows for assessing and comparing the extent of the improvement in market
access that was permitted in both countries by the URAA. Secondly, the rates of change of the EU and
the US TRI and MTRI are computed using two alternative schemes of tariff reduction: the "Swiss
formula" and the uniform tariff reduction. This second stage allows for assessing and comparing the
impact of the uneven allocation of tariff cuts across commodities implemented by the EU and the US
under the URAA. Thirdly, the levels of the EU and the US MTRI are computed for the years 1995 and
2000. This third stage adds information on the EU and the US tariff structures at the beginning and at
the end of the URAA implementation period.

This chapter is organised as follows. In section 2, the various families of measures of trade
restrictiveness are reviewed, emphasising the pros and cons of the different existing types of measures.

Section 3 is dedicated to the empirical implementation of the TRI and the MTRI. In section 4 results
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obtained for each of the previously described three stages of the empirical analysis are successively

presented and discussed. Section 5 concludes and draws some policy recommendations.

3.2. Available measures of trade restrictiveness: A review

First of all, let's specify that to narrow the discussion, only production and consumption distortions are
considered in our review. That is, we exclude the possibility of gains or losses due to changes in the
terms of trade or in the scale of firms emphasised by the recent theories of imperfect competition and
trade (see, Krugman, 1979). Secondly, policy instruments that are referred in the course of the analysis

are principally import barriers, in particular tariffs.

One may distinguish two main families of measures of trade restrictiveness: incidence measures and
outcome-based measures (Pritchett, 1996). In order to understand the crucial difference between the
two approaches is important to keep in mind two points. Firstly, the two questions "how much
protection is given" and "how much distortion is induced as a result" are distinct. Secondly, the effects
of trade policy are the result of the interaction between the level of protection and the structural

features of the economy.

3.2.1. Incidence measures

Incidence measures are based on the direct observation of the policy instruments. They provide an ex
ante measure, since they ignore any second-round effects of the policies on the market (economy)
under examination. In a sense, they attempt to measure the level of protection without considering the
rate at which the level of protection is translated into market (economy) specific trade distortions. The
level (or dispersion) of tariffs and the frequency of the various types of non-tariff barriers (NTBs) are

typical examples of incidence measures.

Apparently, the mere count of NTBs, such as in Olechowski (1987), can be considered only suggestive
of the severity of the distortions and is unreliable for cross-country and intertemporal comparisons of
the level of protection. The height of tariffs, on the other hand, is less prone to subjective evaluations
than the "counting” of NTBs. Nevertheless, as we will see, even in this case it is difficult to define an

unambiguous aggregation procedure.

The distinction between the two metrics mentioned above — protection and distortion—, as a matter of
fact, would not matter if they gave the same results, that is if the restrictiveness of trade policy could
unambiguously be measured by the height of the tariff. When tariffs apply to more than one good,
there is something intuitive about the idea that the effects of protection must be related to the mean of
the tariff schedule. For example, the URAA requires each member country to reduce the simple

average tariff by 36%.
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However, it is clear that the same (average) height of the tariff can have very different impacts
according to the number of imported goods it is applied to. The easiest solution, and the one often
adopted in practice, is to aggregate tariffs by weighting them by the imports (valued at border prices)
of each good. This approach immediately runs into difficulties if there is a positive correlation
between import demand elasticities and tariff levels. If this is the case, high tariffs receive a low

weight whereas low tariffs receive a high weight.

Another measure of trade restrictiveness is the coefficient of variation of tariffs. This is based on the
intuition that a greater dispersion of the tariff structure implies larger distortions. For reasonable
parameter values, however, it can be shown that this is a no more satisfactory measure than the trade-
weighted average tariff (Anderson, 1995). More generally, all purely statistical measures (i.e., tariff

moments) have serious drawbacks on a theoretical ground.

A diagram (Figure 3.1) can be used to provide a graphical illustration of the possible inconsistencies
arising from tariff moment measures. Following Neary (1995), let us assume that in a small open
economy there are 3 goods: good 0, the untaxed numeraire, and goods 1 and 2, which are net

substitutes and traded subject to ad-valorem tariffs (respectively, t; and t,).

Figure 3.1. Inconsistent measures of a tariff reform

t V(t)o

-

If we assume that for each value of t; and t, there is a unique second best optimal value of the other

tariff, we can draw the iso-welfare contour U. The iso-welfare loci (U9, U!) have always a negative
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slope, so that second best "perverse" results are excluded. Welfare increases moving towards the

origin.

The curves labelled M(t) illustrate the loci of tariff factors along which the import-weighted average
remains constant. Their shape depends on the substitution properties of the economy, and they are

necessarily downward sloping in this case.

V(t) are iso-variance contours. Since the partial derivative of the variance with respect to tariff factor i

is equal to:
dv)/dt; = 2(t; - M(t))/n ¢))
the contour's slope is equal to

dty/dty = -(t - M)/t - M(1)) @

In this case the partial derivatives must have opposite signs, hence the slope is positive. The variance

increases with distance from the uniform tariff locus (UTL).

The index 0 and 1 indicates the effects of a tariff reform from A to B. Points A and B lie on two
different iso-welfare contours and the reform is welfare-increasing, since U>U0. If we used the mean
tariff index, we would register a rise in protection, since point B is on an higher locus (M(t)!>M(t)0).
On the other hand, the coefficient of variation would show a reduction of dispersion (lower variance —
V(t)!-, higher mean). However, it should be noticed that area AFE represents a set of (possible) tariff
reforms, which are welfare improving, but lead to higher coefficient of variations (lower mean, higher

variance).

3.2.2. Outcome-based measures

Outcome-based measures assess the deviation of the actual outcome from what the outcome would
have been without the trade barriers. These instruments provide an ex post measure, since they take
into account (at least some of) the effects of trade policies. This means that the economic effects
provide the weights used in the process of aggregation across markets or across policy instruments.
One commonly distinguishes two types of outcome-based measures: those based on trade intensity and

those based on the equivalence among trade barriers.

3.2.2.1. Trade intensity measures

Trade intensity measures are based on a structural model of trade, and then investigate how trade
barriers affect trade flows. The basic measure of openness is the trade intensity ratio: exports plus
imports divided by GNP (Leamer, 1988).
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In order to attribute to trade barriers any differences among countries in the level and pattern of trade,
it is necessary to control for differences in terms of resources, tastes and natural barriers. Leamer
(1988), for example, specified an Hecksher-Ohlin-Vanek model of trade flows, and used the
differences between the predicted and the actual trade intensity ratios as an indicator of the level of

openness.

The measures developed within this approach differ according to the set of variables, the functional
form and the model chosen in constructing the counterfactual of what would have happened under an
alternative policy (for example, free trade). As it can be expected, the results obtained are very

sensitive to the choices made for the estimation of the trade equations.

With this approach, trade data are used as circumstantial evidence of barriers. This means that data on
trade barriers do not appear explicitly, and the restrictiveness is evaluated by the residuals in the
estimated trade equations. Since the interpretation of the statistical and economic significance of these
residuals is not obvious (Harrigan, 1991; Feenstra, 1995), a better approach might be to include
measures of tariff and non-tariff barriers in the equation, and to measure their restrictiveness in terms
of their contribution to the determination of trade. However, there is a simultaneity problem, since
high tariffs are often introduced in those industries with high imports. There are examples of studies
that explicitly recognise the endogeneity of tariffs and non-tariff barriers, modelling these within a
political economy framework (Trefler, 1993). Nonetheless, the data problems and the model

construction difficulties remain formidable.

3.2.2.2. Measures based on the equivalence among trade barriers

The starting point for this second type of outcome measures is the acknowledgement that the idea of a
"trade distortion" cannot be considered a simple, undifferentiated concept. It includes different
elements that can be captured by different indicators. As a matter of fact, there is a long tradition in the
analysis of border policies to convert various protectionist instruments and particularly non-tariff
barriers into tariff equivalents. For example, the equivalence between tariffs and import quotas has
attracted a large body of research which shows that "full equivalence" (that is, equivalence in terms of
all relevant economic effects) is almost never valid, since it requires very stringent assumptions
(Bhagwati, 1965).

Although there is not a conceptual framework where all possible impacts are taken into account, it is
possible and indeed useful to construct consistent measures defined in terms of a single type of effect.
As soon as we think about the problem of finding a single number capable of summarising a set of
policies applied in different markets, it is necessary to specify the type of information we want to

summarise. This means that in the process of aggregation we want certain basic information

47



maintained or, put in a different way, that the final single number is equivalent to the original multiple

data in terms of the information we are interested in.

According to Anderson and Neary (1996), a general definition of a policy index is as follows:
depending on a pre-determined reference concept, any aggregate measure is a function mapping from
a vector of independent variables - defined according to the policy coverage - into a scalar aggregate.
Consequently, the elements that define a theoretically consistent policy index of trade restrictiveness

include the following:
- the policy coverage (e.g., tariffs, import quotas, border and domestic policies, etc);

- the reference point for the "equivalent-impact" we are interested in (e.g., iso-welfare measures, 1s0-

income measures, etc);

- the scalar aggregate, that is the policy instrument into which are translated the policy measures
covered (e.g., tariff equivalent measures, subsidy equivalent measures, quota equivalent measures,

etc).

The greatest advantage of this class of measures is that they are theoretically consistent, since the
equivalence among policy instruments is determined according to a fundamental economic structure.

Secondly, it can be pointed out that they are unequivocal, because their definition is predetermined.

Compare these fixed definition indicators with the incidence measures. Such measures are defined by
the formulas or techniques embodied in their generation, but the interpretation is questionable and it is
not easy to say exactly what information is conveyed. The notion of a theoretically consistent indicator
is to prevent any problems of interpretation, although there could be many problems in terms of
practical implementation. Consequently, this approach changes the terms of the professional debate.
The discussion is over the practical feasibility or how best to calculate the indicator, whereas the

interpretation and the properties of the indicator are predetermined by its definition (Josling, 1990).

Finally, in terms of use of indicators in trade negotiations, we have already seen that commitments
under the GATT were traditionally expressed in terms of a simple incidence measure like the average
tariff. A major obstacle to the political use of outcome measures in place of incidence measures is that
while the latter reflect only a change in policy, the former reflect both a change in policy and a change
in exogenous market conditions (e.g., world prices, exchange rates, structural parameters, etc). Thus,
governments are reluctant to commit themselves to attaining or maintaining a negotiated level of an
indicator that is only partly under each country's control. Nonetheless, theoretically sound measures
can be very useful in order to assess the impact of different types of commitments and to evaluate the

implications resulting from the choice of alternative tariff reduction formulas.
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In this part of the project we retained outcome-based measures as indicators of trade restriction
because these are theoretically consistent measures. More specifically, we retained two different types
of measures based on the equivalence among trade barriers: the TRI (Trade Restrictiveness index, i.e.,
the uniform tariff equivalent in terms of welfare, Anderson and Neary, 1994) and the MTRI
(Mercantilistic Trade Restrictiveness Index, i.e., the uniform tariff equivalent in terms of imports,
Anderson and Neary, 1999).

3.2.3.The TRI and the MTRI

3.2.3.1. The TRI

Let the index i denote goods i = (1,...,N) that are sold at the international price vector p*= (p,*.....px*)
and at the domestic price vector p = (p,,...,pn). The vector z includes all the variables assumed
exogenous, such as the world prices ("small country assumption") or the fixed endowment of factors
of production. It should be noticed that assuming —like we do in the following— a small economy with
perfect competition and constant returns to scale does not allow for terms of trade gains due to the
trade policies. In other terms, we focus on the deadweight loss from distorting production and
consumption decisions, ignoring possible gains from improving the terms of trade, or from shifting

profits between countries due to changes in the scale of firms (Feenstra, 1995).

A representative agent represents the trade behaviour of the economy. Distributive issues are ignored
and protective purposes are set exogenously by the government, which returns its net revenues from
trade policy to the agent. It makes no essential difference whether imports are for final consumption or
intermediate input use, nor does it matter whether export as well as import trade policies are

considered.

The optimal behaviour of the representative agent can be expressed through the trade expenditure
function, E(p, U, z), and is obtained as the difference between the consumer's expenditure function,
e(p, U), and the gross domestic product function, R(p, z). Making use of the properties of duality, we
know that:

- the derivatives of the consumer's expenditure function with respect to prices equal the levels of

consumption;
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- the derivatives of the gross domestic product function with respect to prices are the economy's

general equilibrium net supply functions®;

- the trade expenditure function is homogeneous of degree one in prices and its derivatives with

respect to prices are the compensated import demand functions, Z,(p, U, z), which are homogeneous of

degree zero in prices.

Given this structure of supply and demand, the other element of the model is provided by the external
budget constraint. The constraint is expressed through the balance of trade function, B(p, U, 2), that
summarises the three possible sources of funds for procuring imports: earnings from exports, earnings
from the distortion of trade, G, and international transfers. Assuming that the latter are equal to zero

and that tariffs (vector £) are the only trade policies, we get:

B()=G-E() =0 ©)

Total differentiating the external budget constraint (3) using the small country assumption (dp = df)

implies:

BydU + B,d, =0 )

The first term (BydU) is the change in net trade expenditures at constant prices that could take place,
for example, as a consequence of a gift from abroad. The second term (B,d,) is the marginal cost of
tariffs, which is positive if tariff increases are inefficient. This is quite an intuitive assumption, but it
should not be taken for granted, even if we have ruled out possible gains due to imperfect competition
or due to terms of trade changes. In case of partial liberalisation, as a matter of fact, cross price effects

can make the marginal cost negative.

The TRI is a uniform tariff equivalent, iso-welfare measure. In terms of policy coverage, for the sake
of simplicity, the following presentation deals only with tariffs. Although the inclusion of import
quotas introduces some analytical complications (for example in terms of how the quota rent is shared
between the importing and exporting country, Anderson and Neary, 1992), both price and quantity
import restrictive policies can be included in the TRI, as well as domestic policies (Anderson,

Bannister and Neary, 1995).

® Accordingly, each derivative can be equal either to the supply function or to minus the input derived demand
function if the good is an intermediate input. Treating imports and domestically produced goods as imperfect
substitutes (i.e., the "Armington assumption") and considering only final consumption, the derivatives of the
gross product function with respect to prices of tariff constrained goods would be equal to zero.
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The TRI(denoted A) is defined as the uniform scaling factor (or uniform price deflator) that, when
applied to period 1 prices, permits the representative consumer to attain his initial level of utility »°

while holding the balance of trade constant at its original (period 0) level:
A(p',uo,z)E[A:B(p'/A,u°,z)=0] )

If new tariffs are equal to zero, (//4 - 1) is the uniform tariff which is equivalent in efficiency to the
original trade policy. More generally, 1/4 is the scalar factor of proportionality by which period 1
prices would have to be adjusted to ensure balanced trade when utility is at period 0 level. Notice that
this is not the same as raising tariffs by a uniform proportionate rate (except when we deal with a full

liberalisation).

Since A deflates period 1 prices and quantities to attain period 0 utility, it is a compensating variation
type of measure. The purpose of any compensating variation index number of border policies is to
consistently map some alternative setting of tariffs and quotas into a uniform tariff and quota setting
which supports the base level of utility. Under certain conditions that will be discussed later, the TRI
provides a consistent measure that is monotonically related to efficiency for all comparisons of

possible alternative border policy settings.

Although the TRI focuses on a crucial dimension for economic analysis, namely the impact on
domestic welfare, it is important to notice that the concept of “trade restrictiveness” assumed in the
definition of the TRI is a very precise (and limited) one. It is related, but nonetheless very different
from the one that could be considered, for example, in the context of trade negotiations. In that case,
the trade volume displacement due to a certain set of policies may very well be more relevant to cross-

country comparisons than the effects on domestic welfare.

Figure 3.2 provides a graphical example of the differences in terms of trade volumes resulting from
alternative definitions of trade restrictiveness (Salvatici et al., 1999). We consider a partially
decoupled set of policies that includes a tariff and a production quota fixed exactly at the same level of

production which would have occurred under free trade.

In the quantity space of a two-good economy (y;, y;), A is the production bundle and FT is the
consumption bundle under free trade. As a consequence of the introduction of the tariff-cum-quota set
of policies, the consumption bundle shifts from FT to TQ, while the production quota y,”* does not
allow the production bundle to change. On the other hand, if we replace the tariff-cum-quota with a
tariff equivalent in terms of welfare (that is, the type of counterfactual experiment used in the

construction of the TRI), the economy will produce at D and consume at 7E. Clearly, in the latter case
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both imports (TE-C < TQ-B) and exports (D-C < 4-B) are lower than under the tariff-cum-quota case,

although the economy is on the same indifference curve Ul,

Figure 3.2. Comparison between different tariff equivalents

¥i1

It is possible to draw the tariff-equivalent in terms of the volume of trade for the tariff-cum-quota set
of policies, obtaining the point £ and M where, by construction, M-H = TQ-B and H-E = B-A (in this

case, however, the level of welfare achieved by the two policies is different, with U>uh.

3.2.3.2. The MTRI

A trade restrictiveness index which employs a reference point different from welfare is the MTRI,
since it operationalises the idea of finding a uniform tariff which yields the same trade volume as the
original tariff structure. The definition of the MTRI shares the same basic assumptions of the TRI:
single representative agent, small country, perfect competition, and constant returns to scale. The
MTRI relies on the idea of evaluating trade policy using trade volume as the reference standard. As a

matter of fact, the MTRI is equal to the uniform price deflator ( £ ) which, when applied to the new set

of distorted prices, p!, yields the same trade volume (at world prices) as in the initial equilibrium

(MO):

p.(pl,Mo,Bo)E[u-'M(p] /p,p*,B°)=Mo =M(p°,p*,B°)] 6)
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The scalar import volume function M is defined as:
i .

M(p,p*B)=) pI" ™
i=l

where I denotes the uncompensated (Marshallian) import demand function. If p/ equals its free trade

values p*, (I/u - 1) is the uniform tariff (1) which yields the same volume (at world prices) of tariff

restricted imports as the initial vector of (non uniform) tariffs. Accordingly, the MTRI uniform tariff
7 would lead to the same volume of imports (at world prices) as the one resulting from the uneven

tariff structure denoted by the N dimensional tariff vector # whose elements are ¢;. That is:

S il (98] 31l 0.0 ®

i=l

The MTRI can be computed by solving equation (8) for 7 .

The MTRI derived from (8) provides a measure of trade restrictiveness relative to a free trade

reference. If we want focus on the change in the tariff structure, from the initial equilibrium
corresponding to the price vector p° = p'(1+t°) and the new (still distorted) equilibrium
corresponding to the price vector p' = p° (l+t' ), rather than free trade, we define the "uniform tariff

surcharge" v which, when applied to the prices in the new equilibrium, p, yields the same volume (at
world prices) of tariff restricted imports as the old equilibrium M’ (Anderson and Neary,1999).
Formally:

v:M[(1+v)p',B°|=M° = M(p°,B°) ©)

While the levels of TRI and MTRI are most interesting for policy analysis, comparing their levels is
very demanding in terms of data. In the two first stages of the following empirical analysis, then, we

follow a "local approach” estimating changes in A and p resulting from the different patterns of tariff

reductions (Bureau, Fulponi and Salvatici, 2000).

3.2.3.3. Rates of change in the TRI and MTRI

Looking at the definitions of the TRI and MTRI in implicit form provided in equations (5) and (6), it
appears that proportional changes in the indices can be expressed as weighted averages of the

proportional changes in domestic prices, that is:

. N
pi=3o,p, L
i=1
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where the point above a variable denotes a proportional change. 7 Obviously, the weights o, in
equation (10) will be different for each index. For the TRI, the weights turn out to be the share of
marginal deadweight loss due to each tariff, and these depend on the partial derivatives of the balance

of trade function with respect to prices, that is:

m OB v OB
N=——>>p./ — 11
Gx p: (Z}:\ ap; p)‘ ( )

Clearly, the marginal cost of tariffs is positive if tariff increases have a negative effect on welfare.

In the case of the MTRI, proportional price changes are weighted by their marginal volume shares:

i _ OM - OM
ot =2 p | Y 2p, (12)
op, " ,Z::‘ap; g

The rates of changes in TRI and MTRI can be interpreted as follows. Assume that between period 0
and period 1, all tariffs are reduced, though not all by the same percentage. We move from a protected
structure where p? > p;,Vi to a less protected structure where p; > p;2p;,Vi. In order to
compensate for the change in the tariff structure, it is necessary to impose a uniform tariff, which
would raise prices to the point that would restore welfare or the volume of imports to their initial
levels (that is, before the change in the tariff structure). The introduction of the uniform tariff
surcharge implies that A or p must be less than 1. This means that the reduction in trade distortions

and market protection is signalled by a reduction in the TRI and MTRI, respectively. 8

7 Totally differentiating equation (5) for a given reference level of utility u® gives the effect on the TRI of
changes in the period 1 distortions, AB,'dp-B,'pdA =0, which can be readily converted to an expression in terms

of proportional changes. Starting from equation (6), an expression for the proportional rate of change of the
MTRI can be easily derived along the same lines.

i Formally, using the Implicit Function Theorem, the following can be shown to hold:

A _ Bly; . Qe M

@ @Bl & Ml

Since the numerator and denominator of these expressions are of opposite signs, A and p decrease as tariff
reductions reduce the difference between domestic and world prices.
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3.3. Empirical implementation of the TRI and the MTRI

In the empirical analysis, only the level of the MTRI is computed, while the rates of change in both

indices are estimated.

3.3.1. Empirical implementation of the MTRI in absolute terms

For the calculation of the MTRI in absolute terms, we model the consumer's preferences through a
Constant Elasticity of Substitution (CES) utility function. Although this functional form imposes
rather restrictive separability assumptions, it is widely used in CGE models (Hertel et al, 1997).

We assume that the overall basket of goods can be partitioned into J aggregates denoted j=1,...J and
that the utility function of the representative consumer is separable on this partition. Hence, it can be

written as a sum of J functions ¢, :
U)= b, b ) 03

That is, the overall utility function U is built up from lower level sub-utility functions %;. Each vector
x; contains N; elements. We assume that ; is a CES function in x;. We use the popular Armington
(1969) assumption that imports are imperfect substitutes of domestic goods. We partition the
consumption vector x; within the /™ group into an aggregated domestic good denoted with a suffix d

and N;- traded goods denoted with an index i. Hence:

1

u j(x)=(b,,,(xdj)"’ +Zb,,.(x,,)"f)°_’, i=1,..N; (14)

Denoting o, = the elasticity of substitution within the /™ group, the expenditure devoted to

1-p,
each aggregate J is:

o pa)=(Ba(pe) + 20400 |, a9

The parameters 3, can be calibrated to the initial values of the expenditure shares in the base data,

when all domestic prices are set to 1. After deriving the indirect utility function by inverting equation

(15), the demand functions of each of the i=1,.., N;-I imported goods can be found by Roy's identity:
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-a;

Py
X, = :

=By (ij (pdj )“"f + Z B; (p., )HU ]

e, (16)

Denoting P; the price index that corresponds to the denominator of the right-hand side, the import

volume function for the /™ aggregate, valued at world prices, is:

Nj
. . 1 .
2 Pi%y =ZPUBU{___U,-J € i=1,..., Ni=1 17
i=] i Pj Py

When the initial total expenditure e? (expenditures on both domestic and imports in ;) is used in the

expression (17), we obtain the demand function at the initial level of imports. Since the import volume
function is homothetic, defining a uniform tariff equivalent requires selecting an untaxed good as a
reference. ° As in Bach and Martin (2001), we solve the problem by taking the domestic good as a

numeraire.

The MTRI uniform tariff equivalent z; for each aggregate j is found by setting the value of the import

volume function with the uniform tariff equivalent equal to the initial value of imports (evaluated at

world prices):

2. PiBy 7<) s je? =>.p;; (18)
n Py 1+1‘, 7

where 1,5} are the volume of imports in the initial period (i.e., 1995 or 2000 in our numerical

applications), and P is the price index:

P! =(B.,,-(p,,,-)“°’ +ZB,-,-(p;(1+r,-))""’) ’ (19)

The uniform tariff equivalent for each aggregate commodity j is found using an optimisation routine in
GAMS® package (Brooke et al, 1998), solving for 7 ; in equations (18) and (19).

% More generally, Neary (1998) shows how the failure to select a reference untaxed good leads to misleading
results in the theory of trade policy.
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The indicators t; are by themselves relevant for the analysis of trade policy. In addition, the t; can

be used as aggregate tariffs in any trade model with a commodity aggregation and an import demand
structure which is consistent with our assumptions.'® However, rather than using a full CGE model, we

can readily compute an overall MTRI 7 that corresponds to the uniform tariff that would keep the

overall (i.e., on all j=1,..,N sectors) import volume equal to the initial value. This can be obtained by

modifying equation (18) as follows:

9

(B.,,. ()™ + 3B, (p 1+ r))""’)
2. 278y ‘ ;=2 pl; (20)

j P,, (1 + T) F

In the same vein, the overall MTRI uniform tariff factor surcharge can be obtained solving for x in

equation (21) below:

(B.,,.(p,,,.)""f + 2.8, (py 1+ 1) ™

py(1+p)

ZZ’_:p;ﬁij ] e =Zj:Zp,;I,,°. Q1)

3.3.2. Empirical implementation of the rates of change in the TRI and the MTRI

Calculation of the percentage change in the TRI and the MTRI requires a number of simplifying

assumptions, given the detailed tariff schedules on which the calculations are based.

3.3.2.1. Empirical implementation of the rates of change in the TRI

The derivative of the balance of trade function with réspect to domestic prices can be expressed as a
function of the (compensated) import elasticity matrix, whose elements are e;‘.,,. =0InI,/0np,.
Assuming that this matrix is diagonal, we obtain:

0B/ 8p, = L)y o 2)
2

' Bach and Martin (2001) discuss the different tariff aggregators that should be used in different components of
a CGE model.
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The assumption that the matrix of import elasticities is diagonal is a heroic one, required by the
impossibility of estimating a full 1500 by 1500 matrix when working at the level of detail
corresponding to the URAA tariff commitments (roughly 1500 tariff lines for the agricultural and food
sector). By assuming a diagonal matrix we ignore cross-effects. This is clearly a limitation of the
study, because we ignore the possibility of "second best results" such as the case where a piecemeal
reform decreases welfare because of substitutions between imported goods (see Hatta, 1977).
However, the econometric problems are so formidable that similar simplifying assumptions have also
been adopted in other partial equilibrium applications of the TRI (Anderson et al., 1995; Fulponi,
1996, even though the latter study uses a few cross price elasticities available in the literature). Using

the import elasticities, the change in the TRI can be written as:

p,-0B/ dp, ._z”: (p,—p/ )]
Z pfaB/a "Z (p.l pJ)If87

b, (23)

This is the expression used in the actual calculations. Since we focus on the change in the tariff
structure between the beginning and the end of implementation period of the URAA (1995 and 2000),
the change in the TRI is calculated as follows: .

Yo (pP-p)lel (pX°-p)
A2000/1995 Z

95 h (24)
> (P) - P p’

Finally, it was necessary to make assumptions about the parameter values in the year 2000. We
assume linear demand functions, thus the slopes remain constant over the period, while an alternative

assumption is used in the sensitivity analysis (reported in the appendix).

3.3.2.2. Empirical implementation of the rates of change in the MTRI

According to equation (10), the proportional rate of change of the MTRI is equal to:

e i oM,/8p,p, . & pal/dpp, (25)

Y oM, /ap, HY pjoIy /op,

The change in the MTRI is calculated as a function of the uncompensated import demand elasticities

g} , thatis:

" The final estimates of TRI and MTRI rates of change presented in Table 3.2 are geometric averages of 1995
and 2000 weighted changes between p” and p**
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N *ros_m 2000 95

} pil e (pi" —-p)

M 2000/ 1505 :Z N +i95 m 95 (26)
i=t ZH p;I; €] b

Again, we assume that the slopes of the demand functions remain constant over the period.

3.3.3. Data and parameters

Price and quantity data required for computing the MTRI in absolute terms and the rates of change in
the TRI and the MTRI for the EU and the US were extracted from the database on tariffs and trade (cf.
chapter 2).

The computation of the MTRI in absolute terms requires data on total expenditures. These data were
taken from the GTAP (Global Trade Project Analysis) version 4 dataset (McDougall et al., 1998). We
therefore adopted the commodity GTAP classification as a basis for computing the levels of the EU
and US MTRL

GTAP provides a comprehensive dataset that is widely used in applied analysis, and researchers might
be interested in tariff aggregates that match the GTAP classification for simulation purposes.
Moreover, the conversion tables from detailed tariff structures (HS-8-digit) to the GTAP sectors are
fully available, which makes it possible to aggregate the very detailed list of tariffs of the URAA
schedules into a restricted number of products that correspond to the GTAP system of classification.
Finally, the dataset provides the information that is necessary for distinguishing between expenditure
spent on domestic products and on imports for the various aggregates. It also provides elasticities of

substitution o; that match the list of aggregates.

The original GTAP dataset distinguishes J=20 agricultural and food aggregate products. In order to
include non food other commodities listed in the URAA schedules (mainly agricultural goods listed in
chapters 25 to 53 of the HS classification) we defined an extra aggregate, which does not exist in the
original GTAP classification (see Table 3.1). We ignored one GTAP sector (raw milk), because there
is no trade for the corresponding commodity. Overall, we aggregated 1764 tariff lines in the EU and
1377 tariff lines in the US, at the 8-digit level of the HS classification up to 20 aggregate products
described in Table 3.1. It is noteworthy that the number of tariff lines in each commodity aggregate is
very uneven. Table 3.1 shows, for example, that there are only three tariff lines in the aggregate
"paddy rice", while the aggregate "fruits and vegetable" tariff includes 183 tariff lines listed in the EU

schedule.
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Table 3.1. GTAP agricultural commodities and HS-8 tariff lines

Commodities (raw milk, GTAP

code 20, is excluded because of GTAP Number of tariff lines EU  Number of tariff lines US
absence of trade) Classification

Paddy rice 1 3 3
Wheat 2 3 3
Cereal grains 3 13 12
Vegetables, fruits, nuts 4 183 186
Oilseeds 5 31 16
Sugar cane, sugar beet 6 3 2
Plant based fibers 7 4 7
Other crops 8 111 116
Cattle, sheep, goats, horses 9 14 12
Other animal products 10 73 50
Raw wool, cocoons and hair 12 9 17
Meat: cattle, sheep, goats, horses 19 77 34
Other meat products 20 199 61
Vegetable oils and fats 21 112 70
Dairy products 22 121 118
Processed rice 23 2 3
Sugar 24 10 15
Other food products 25 580 489
Beverages and tobacco 26 87 84
Non-food items (goods listed in

URAA, beyond chapter HS 24) giher e [

Source: Bureau and Salvatici (2001).

EU and US import elasticities were estimated econometrically. The estimation of these parameters
presents a number of problems. Lack of sufficiently long time series data at the level of disaggregation
of the tariff schedules (that is the 8-digit level) did not permit the use of rigorous estimation
procedures (the EU, for example, adopted the Nomenclature Combinée, a local version of the
Harmonised System, only in 1987). Import data for a sufficiently long period were available only at
the more aggregated levels in the so-called SITC classification; these data (from the OECD's NEXT
dataset) were used in the estimation of the elasticities. Consequently, a single import price elasticity is

used for the several commodities that compose the aggregates at the 4-digit level.

In addition, because of the large number of commodities, estimation procedures were simplified.
Import demand was assumed to depend only on own price and income. Import demand functions were

estimated over the period 1973-1996 in double log form by OLS, using data on import quantities,
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domestic unit values deflated by the consumer price index (CPI), and real domestic income. This
specification yields the Marshallian import demand elasticities that were used in the MTRI's rates of
change calculation (equation (26)). These can only be considered approximations to the (compensated)
elasticities that should be used in the calculation of the TRI's rates of change (equation (25)). The
uncompensated elasticities for food commodities however, should not differ greatly from the

compensated ones as the income effects at the 4-digit level are likely to be quite small.

In general, given the method of estimation and data limitations, the elasticities for any particular
commodity can only be considered as very crude estimates. Therefore, a sensivity analysis were
carried out in order for checking how responsive are the TRI and MTRI estimates to the magnitudes of

import demand elasticities. Results of this sensivity analysis are reported in the appendix.
3.4. Empirical results for the EU and the US

3.4.1, Three alternative tariff reduction schemes

The TRI and the MTRI are used to assess the impacts of the URAA tariff reduction commitments for
the UE and the US. However, since we also want to assess the relative effects of reducing the tariff
average and the tariff dispersion, we consider two other tariff reduction schemes in addition to the
actual UR scheme implemented by both countries. The three simulated scenarios are called "Uruguay

Round", "Swiss formula" and "Uniform tariff reduction".

All three scenarios start from the same tariff structure. In other words, the initial vector of domestic
prices p;* is the same for all scenarios. It is obtained by multiplying each world price p, (i.e., the

average CIF unit value of imports over the period 1994-1996) by the corresponding ad-valorem base

tariff retained by the EU and the US for the year 1995 in their respective UR schedules. ' However,
the three scenarios rely on different final vectors of domestic prices p*°. These may be summarised

as follows:

- In the "Uruguay Round" scenario, the final vector of domestic prices p*® is the one that results
from the implementation of the actual UR tariff reduction provisions. It is obtained by multiplying
each world price p, by the corresponding ad-valorem bound tariff consolidated by the EU and the US

for the year 2000 in their respective UR schedules. As we previously explained, the resulting tariff
structure reflects the obligation of a 36% non-weighted average reduction, but with no constraints

placed on the mix of reductions to achieve the overall average, except that each tariff line must be

2 EU and US average CIF import unit values as well as base and bound tariffs are extracted from the database
on tariffs and trade described in chapter 2.

61



reduced by at least 15%. Therefore, in the "Uruguay Round" scenario, the TRI and MTRI measure the

actual impact of the URAA in terms of, respectively, welfare and volume of trade.

- In the "Swiss formula" scenario, the final vector of domestic prices p;*® is the one that would have
resulted from the implementation of a tariff reduction scheme where higher tariffs would have been

subject to larger cuts. It is obtained by multiplying each world price p; by the corresponding ad-

1995
i

valorem tariff with ¢°° calculated according to the following expression (with ¢, the corresponding

initial base tariff):

120 =Ct™ (C+1 ) @7

The parameter C was chosen to obtain the same non-weighted average reduction of 36% in tariffs as
specified in the URAA. This led in practice to choosing C=34 for the EU and C=12 for the US. This
approach, known as the "Swiss formula", was used in the Tokyo Round for manufactured goods. ** In
the "Swiss formula" scenario, the TRI and MTRI reflect the impact of commitments that would have

focused more on reducing tariff dispersion than the actual URAA tariff cuts.

- In the "Uniform tariff reduction” scenario, the final vector of domestic prices p;** is the one that
would have resulted from the implementation of a uniform 36% tariff reduction for all tariff lines. It is
obtained by multiplying each world price p, by the corresponding ad-valorem tariff with 7 equal

to the 36% reduced base tariff. This reduction scheme obviously results in the same average reduction
as specified under the URAA, but it does not permit countries to allocate the adjustment across
commodities. In the "Uniform tariff reduction" scenario, the TRI and the MTRI measure the impact of

reducing the mean tariff without changing the tariff dispersion. "

3.4.2. Impact of the Uruguay Round and counterfactual scenarios: Analysis in terms of TRI and
MTRI rates of change

Table 3.2 presents the estimated rates of change in the TRI and the MTRI resulting from the

implementation of the three scenarios (each scenario making it possible to achieve a 36% average

B In the Tokyo Round, one parameter, C=16, was used for all countries. We did not retain this option since we
want to isolate the effect of reducing tariff dispersion. Hence, we calibrated C so that the "Swiss formula”
scenatio results in the same average reduction than both other scenarios.

!4 One may underline that in all three scenarios, world prices are assumed to be constant. As a result, the
measure focuses on changes in tariffs ceteris paribus, and is not affected by exogenous price variations.
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aggregate tariff reduction). The larger the decrease in the TRI, the more distortions affecting welfare

were reduced. The larger the decrease in the MTRI, the more domestic market access increased. '°

Table 3.2 also reports traditional measures of tariff reductions using weighted and non-weighted
averages, for each of the three scenarios. The comparison of the TRI and MTRI with a widely used
indicator, the Trade-Weighted Tariff (TWT) average reduction (defined by equation (28) below)
makes it possible to assess whether the latter provides a good approximation to the theoretically
consistent indices. We also compare the TRI and MTRI to the Trade-Weighted Tariff Factor (TWTF)

average reduction (defined by equation (29) below).

N * r95 2000 95 N 795 2000 95
: D 1.' (t,. _t,' ) D, Ii (p —D; )
TWT2000/1995 . N er05 15 = N eros 195 . (28)
i Zj=lp11j J . Zj:l prl b =P
N " 95 2000 95 N * 195 2000 95
’ pili (T, _I:' ) piIi (pi -p )
TWTF 09 1905 =Z N o5 T - N v o5 95 i (29)
=l Zj:lpjlj 4 =l Zj:lpf]i b

Note that, unlike the TWTF change, the TWT change given in equation (28) is not a function of
proportional changes in domestic prices. It is therefore fundamentally different from the MTRI and
TRI expressions (24) and (26).

'* In the rest of the text, we simply refer to the indicators for simplicity, it being understood that they refer to
their percentage change.
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Table 3.2. Estimated tariff reduction indices under the three scenarios (percentage changes)

URUGUAY ROUND US EU

Non-weighted average tariff reduction -36.6 -38.3
Non-weighted average tariff factor reduction -2.6 -6.6

Trade-weighted tariff reduction (TWT) -24.8 -339
Trade-weighted tariff factor reduction (TWTF) -0.9 -4.5

TRI 2.7 -124
MTRI -1.0 -5.7

SWISS FORMULA

Non-weighted average tariff reduction -36.2 -37.9
Non-weighted average tariff factor reduction -54 -10.5
Trade-weighted tariff reduction (TWT) -13.8 -24.6
Trade-weighted tariff factor reduction (TWTF) -11 -84

TRI -4.4 -25.5
MTRI -1.1 -10.6
UNIFORM TARIFF REDUCTION

Non-weighted average tariff reduction -36.0 -36.0
Non-weighted average tariff factor reduction 3.3 -7.1

Trade-weighted tariff reduction (TWT) -36.0 -36.0
Trade-weighted tariff factor reduction (TWTF) -1.0 -5.0
TRI -3.8 -16.6
MTRI -1.0 -6.3

Source: Bureau, Fulponi and Salvatici (2000).

Results reported in Table 3.2 may be synthesised in seven main points:

i) Under the "Uruguay Round" scenario, the non-weighted tariff reduction exceeds the trade-weighted
one for both the EU and the US. This suggests that under the URAA, both countries implemented
larger reductions for those goods that had smaller import flows. The same is true for tariff factor

changes.

if) The TRI and MTRI estimated under the "Uruguay Round" scenario indicate that the UR tariff
provisions resulted in an increase in both domestic welfare and market access in the EU and the US
(remember, however, that we ignored possible import substitutions that could have resulted in a

decrease in welfare).

iii) The percentage changes in TRI, MTRI and TWTF obtained by the EU are much larger in absolute
terms than those of the US. We can explain this by noting that the initial tariff structure of the EU has

a larger mean and greater variance and these characteristics should imply higher initial values for both
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the TRI and MTRI. This is confirmed, at least for the MTRI, by the results presented thereafter in
Tables 3.3, 3.4 and 3.5.

iv) Under the "Swiss formula", the fact that the non-weighted average tariff and tariff factor reductions
exceed the trade-weighted ones is not surprising, since in this case, the largest reductions are applied
to the highest tariffs, which are often those applied to the smallest import flows. Though the difference
between the two averages is much larger in the US case, it should be recalled that the formulas used in

the calculations are different (the parameter C differs).

v) The comparison of the rates of change in the TRI obtained under the "Swiss formula" and the
"Uruguay Round" scenarios suggests that both the US and the EU would have reaped larger benefits in
terms of welfare using the Swiss formula reduction scheme rather than the tariff reduction scheme
actually used in the URAA.

vi) The rates of change in the MTRI resulting from both scenarios indicate that in the EU, market
access improvement would also have been greater under the Swiss formula reduction scheme
compared to the actual URAA situation. In the case of the US, there is less difference between the
MTRI rates of change obtained under both scenarios than in the EU. This suggests that, compared to
the URAA commitments, additional reductions in tariff dispersion would have had little impact on

market access in the US.

vii) Comparing the "Uniform tariff reduction" and the "Uruguay Round" scenarios, it is possible to
assess how the EU and the US used their "degrees of freedom" in allocating tariff reduction
commitments across commodities and how this "strategic allocation" affects both welfare and market
access. Table 3.2 shows that the URAA has increased access to the market in a way that is very
comparable to what would have resulted from a uniform tariff reduction. This means that both the EU
and the US have not allocated tariff cuts in a very "strategic" way. The results also confirm the finding
that the "dilution" of tariff reduction effect was limited in the EU, as it could have expected since most
tariffs were cut by 36% and no tariff was reduced by less than 20%. In welfare terms (TRI results), the
uniform tariff reduction scheme is not as effective as the Swiss formula scheme. Nonetheless, it leads
to a larger increase in welfare than the actual UR commitments. This is explained by the fact that with
a uniform reduction we obtain a tariff structure with both a lower mean and dispersion than under the
URAA (Tables 3.3 and 3.4 below). These results show that the uneven allocation of the tariff
reductions limited the welfare gains that could have been obtained from the Agreement. The
difference between the TRI estimates in the URAA and uniform tariff reduction cases measures the
magnitude of the welfare costs of the "strategic" allocation of the tariff reductions. This outcome could

also be interpreted as a willingness to protect the more politically sensitive sectors.
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3.4.3. Impact of the Uruguay Round and counterfactual scenarios: Analysis in terms of changes in
MTRI levels

Tables 3.3 and 3.4 provide a set of aggregated statistics that allow for characterising the tariff structure
in, respectively, the EU and the US prior to implementation of the URAA (i.e., for the year 1995) and
at the end of the implementation period of the Agreement (i.e., for the year 2000, under the "Uruguay
Round scenario"). This set includes the computed MTRI levels (or MTRI uniform tariff equivalents

1), the non-weighted and trade-weighted average tariffs and the standard deviations of tariffs.

Table 3.5 reports the computed EU and US MTRI levels for each aggregate of the GTAP
classification. MTRI levels are calculated for the year 1995 and for the year 2000 under the three

considered scenarios.

Table 3.3. EU aggregate statistics for the years 1995 and 2000

Tariff structures (ad-valorem Non-weighted | Trade-weighted Standard MTRI level (%)
equivalent, in percentage) average tariff (%) | average tariff (%) deviation

1995 (base rates) 26.7 25.5 38.6 324

2000 "Uruguay Round" 17.9 17.8%* 26.8 25.6

2000 "Swiss formula" 11.1 8.4+ 7.8 134

2000 "Uniform tariff reduction" 17.1 16.3** 247 24.7

**weighted by 1995 import values
Source: Bureau and Salvatici (2000).

Table 3.4. US aggregate statistics for the years 1995 and 2000

Tariff structures (ad-valorem Non-weighted | Trade-weighted Standard MTRI level (%)
equivalent, in percentage) average tariff (%) | average tariff (%) deviation

1995 (base rates) 9.7 33 18.3 35

2000 "Uruguay Round" 7.1 2.2%* 15.5 24

2000 "Swiss formula" 3.5 1.7%* 35 1.9

2000 "Uniform tariff reduction” 6.2 2.1%* 11.7 24

**weighted by 1995 import values
Source: Bureau and Salvatici (2000)
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Table 3.5. Computed MTRI uniform tariff equivalents in 1995 and in 2000 under the 3 scenarios

Non- Trade- MTRI level | MTRIlevel | MTRI level | MTRI level

weighted weighted | in 1995 (%) | in 2000 (%) | in 2000 (%) | in 2000 (%)

average tariff | average tariff "Uruguay "Swiss "Uniform

in 1995 (%) | in 1995 (%) Round" formula" tariff

reduction”

Commodities EU US |EU US| EU US| EU US| EU US| EU US
Paddy rice 586 3.0 [ 805 1.7 |8.8 17 |519 11 |239 15 |520 1.1
Wheat 578 49 [1140 45 (1140 45 | 73.0 29 |262 33 |730 29
Cereal grains 456 1.1 | 84 08 |88 08 (599 05 (241 07 |607 05
Vegetables, fruits, nuts | 16.8 69 [ 575 42 [ 689 45 [581 30 |215 23 |516 3.0
Oilseeds 0 23.6 0 4.0 0 6.6 0 5.5 0 2.1 0 5.5
Sugar cane, sugar beet | 40.3 2.9 142 3.7 148 3.7 120 23 9.5 2.8 9.8 23
Plant based fibres 0 11.1 0 2.8 0 29 0 1.9 0 1.9 0 1.9
Other crops 75 37 | 18 1.7 | 80 1.8 | 34 1.2 [ 60 10 | 53 12
Cattle, sheep, goat, horse | 30.2 2.1 362 01 | 515 01 [389 0.1 |188 0.1 |394 0.1
Other animal products | 4.9 1.1 22 03 | 26 03 1.9 02 1.8 02| 19 02
Raw wool, cocoons, hair | 0.1 3.5 0 54 0 54 0 3.5 0 3.6 0 35
Meat (cattie, sheep, goat, horse) | 62.1 7.0 | 940 1.1 |103.2 1.1 | 705 07 (249 0.8 | 707 0.7
Other meat products 351 48 [ 247 19 |[264 20 |175 13 | 136 14 | 179 13
Vegetable oilsand fats | 145 4.5 | 57 31 | 68 3.1 53 21 | 42 21 | 49 21
Dairy products 720 265 (697 81 | 764 114|530 90 |230 30 |521 9.0
Processed rice 99.2 7.8 |1264 34 |1276 34 (823 22 (269 26 |83 22
Sugar 392 260 | 639 139|675 152 (553 104 (219 55 | 452 104
Other food products 2800 11.8 | 19.7 56 |237 60 | 187 40 | 126 3.0 [171 4.0
Beverages and tobacco | 158 7.2 [ 282 23 |367 24 |254 16 | 164 18 |27.0 1.6
Non-food items 86 30 | 36 21 | 3.7 21 14 14 | 3.0 14 | 24 14

Note: All indices compare the actual or a counterfactual tariff structure with free trade.

Source: Bureau and Salvatici (2001).

First of all, the comparison of Tables 3.3 and 3.4 makes it possible to point out the four following

points:

i) The initial tariff structure of the EU has a larger mean and greater variance than the one of the US.
In 1995, the non-weighted average tariff is 26.7% in the EU and 9.7% in the US, while the
corresponding standard deviations are, respectively, 38.6 and 18.3. This results in a substantially
higher initial MTRI value in the EU compared to the US (32.4% and 3.5%, respectively). In other
words, the initial level of trade restrictiveness is much higher in the EU than in the US. This explains
the larger percentage changes in TRI, MTRI and TWTF obtained by the EU relative to the US,

reported in Table 3.2.
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ii) The comparison of the MTRI levels in the base period and in the year 2000 under the "Uruguay
Round" scenario confirms that the UR tariff provisions increased market access in both the EU and the
US. One may underline that under the "Uruguay Round" scenario, the mean and the standard deviation
of tariffs decrease in both countries as well. These results are the consequence of the commitment to

reduce each tariff by at least 15%.

ii{) The "Swiss formula" scenario generates a tariff structure with a lower mean and a smaller standard
deviation than the "Uruguay Round" scenario in both countries. Hence, it is not surprising that also the
EU and US MTRI levels decrease more following the implementation of the Swiss formula reduction
scheme rather than the UR actual one. In the US however there is less difference between the MTRI
values than in the EU. This result confirms that market access improvement would have been greater
under a Swiss formula reduction scheme than under the actual URAA case in the EU. In the case of
the US however, the adoption of a tariff reduction scheme, such as the Swiss formula, that would have
focused more on reducing tariff dispersion than the actual URAA tariff cuts would have had little

impact on market access.

iv) The "Uniform tariff reduction” scenario also generates a tariff structure with a lower mean and a
smaller standard deviation than the "Uruguay Round" scenario. Nevertheless, the decrease in the levels
of these statistics relative to the "Uruguay Round" scenario induced by the "Uniform tariff reduction"
is relatively low (almost as compared with the one observed with the "Swiss formula" scenario). As a
result, the "Uniform tariff reduction" scenario leads to a very limited decrease in the MTRI levels
compared to the "Uruguay Round" scenario in both the EU and the US. This result confirms that the
EU and the US have not allocated UR tariff cuts in a very "strategic" way, so that in both countries the
URAA has increased access to the market in a way that is very comparable to what would have

resulted from a uniform tariff reduction.

Secondly, dealing with Table 3.5 makes it possible to analyse the trade impact of the actual UR tariff
provisions as well as of the tariff cutting strategies of both the EU and the US at a more desaggregated

level. The four following points deserve to be emphasised:

i) Table 3.5 shows that it is not surprising that, in the initial situation, the aggregated non-weighted
average tariff and the aggregated MTRI level are lower in the US than in the EU (9.7% vs 26.7% and
3.5% vs 32.4%, respectively) since one may observe lower US non-weighted average tariffs and

MTRI levels relative to the EU's ones in nearly all sectors. 1 The only exceptions correspond to three

16 The non-weighted average tariffs that are presented here differ significantly form those computed by Gibson
et al (2001), even though we use the same initial tariff data, i.e., the WTO schedules. The main difference lies in
the convention for converting specific tariffs into ad-valorem equivalents. We use a 4 year average of unit values
of either imports or exports (when imports are small or inexistent) at the 8-digit level, while Gibson et al use
world prices at a more aggregated level. We believe that with our convention, we minimise the risk of
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product categories (oilseeds, fibres and wool) which face zero tariffs in the EU. 7 The gap between the
EU and the US non-weighted average tariffs and MTRI levels is particularly wide in the grain

(including rice), meat, dairy and sugar (cane and beet) sectors.

ii) Table 3.5 confirms that the actual UR tariff provisions increased market access in both the EU and
the US. Indeed, the "Uruguay Round" scenario induces a decrease in the EU and the US MTRI levels,
with respect to the initial situation, in each of the 20 considered sectors. Once again, this illustrates the

consequence of the commitment to reduce each tariff line by at least 15%.

1ii) The comparison of EU and US MTRI levels obtained under the "Uruguay Round" scenario and the
"Swiss formula" scenario confirms the result previously mentioned among which the market access
improvement would have been greater under the Swiss formula reduction scheme compared to the
URAA case in both countries, but to a much larger extent in the EU than in the US. Table 3.5 however
allows to further highlight the trade-off between the tariff dispersion and the tariff level. If the Swiss
formula had been applied, the Uruguay Round would have led to considerable increase in market
access as measured by the MTRI in the EU. More specifically, the Swiss formula implementation
would have led to dramatic decrease in trade restrictions in EU highly protected sectors such as grains
(including rice), ruminant live animals and meat, dairy and sugar. The US market would also have
been more opened at the aggregate level, but there are quite a few instances (mainly dairy and sugar,
sugar, meat) where the Swiss formula does perform better than the actual URAA, while this is nearly
always the case for the EU. Such results suggest that by using the Swiss formula the EU could have
achieved the same market access improvement (or welfare gain) as the one achieved through the
URAA, with an average tariff reduction of less than 36%. However, this would have required cutting
more dramatically the highest tariffs. This might of course have been difficult, since some tariffs are
particularly sensitive from a political standpoint, especially when a significant reduction of the border

protection would require a drastic reform of the corresponding Common Market Organisation.

iv) The comparison of EU and US MTRI levels obtained under the "Uruguay Round" scenario and the
"Uniform tariff reduction" scenario also confirms the result already mentioned among which the
"dilution” of tariff cuts has had overall a limited impact on market access in both the EU and the US.

However, if we compare, in Table 3.5, the ranking of sectors according to the initial MTRI levels with

constructing artificial tariff peaks, which is often the case when one converts specific tariffs into ad-valorem
using reference prices for more aggregated commedities. It is also worth recalling that the US schedule includes
specific tariff lines for in-quotas tariffs (in the case of commodities subject to a tariff-rate quotas). These tariff
lines were excluded from our analysis.

1" Table 3.5 shows that three product categories in the EU face zero tariffs while all aggregate tariffs in the US
face a strictly positive average tariff. However, this mainly reflects the particular structure of the GTAP
classification. Overall, the original 1995 EU tariff schedule included 245 lines with zero tariffs, while the US
schedule included 303 lines with zero tariffs. If we focus only on those items with non-zero tariffs, the average
non-weighted base tariff was 12.7% in the US and 31.4% in the EU.
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the ranking resulting after the URAA implementation, there is evidence of a more "strategic"
allocation of tariff cuts by the EU. Table 3.5 shows that there is only one change in the US (wheat
trading place with vegetables, fruits and nuts), while there are quite a few changes in the EU, where
vegetables, fruits and nuts, sugar, other food products, vegetable oils and fats and other animal
products gain positions, while paddy rice, dairy, other meat products, other crops and non-food items

move down in the ranking.

Finally, if we want to check the consistency of the numerical results with those presented in Table 3.2,
we need to turn the MTRI-uniform tariff surcharges as indicated in equation (9). The results for the

aggregate agricultural and food products are presented in Table 3.6.

Table 3.6. MTRI-uniform tariff surcharges (absolute values)

European Union United States
Uruguay Swiss Uniform Uruguay Swiss Uniform
v 54 16.8 6.2 1.0 1.3 1.0

Note: All tariff indices compare the initial (1995) tariff structure with the new (2000) ones.
Source: Bureau and Salvatici (2001).

Given the differences in the methodological approaches followed for the computation of the tariff
surcharge and of the MTRI rate of change, the results are surprisingly similar. Only in the case of the
Swiss Formula, the difference is substantial, especially in the case of the EU. This is the scenario that
implies the largest change in tariffs: in such a case, then, the higher substitutability implied by the CES

functional form leads to a higher impact.'®

3.5. Conclusion: Discussion and policy recommendations

3.5.1. How reliable are the a-theoretic indicators?

From the results in Table 3.2, it is obvious that any attempt to measure the impact of trade
liberalisation through synthetic indicators should use changes in tariff factors. Changes in the level of
tariffs do not correctly reflect the impact of trade reforms on the economy. For example, if one focuses
only on the trade-weighted tariff reduction, one would conclude that the Swiss formula would be less
effective than actual Uruguay Round commitments, while the theoretically consistent indicators show
the opposite both in terms of trade and welfare. On the contrary, the average tariff factor reductions

provide a consistent ranking of the different tariff reduction schemes. This is not surprising, since the

18 1t should be recalled that Bureau, Fulponi and Salvatici (2000) assume linear import demand functions and a
diagonal matrix of import elasticities.
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TRI and the MTRI changes are also weighted averages of tariff factors. Focusing on tariff factors
allows us to account for the obvious fact that a 50% reduction in a 2% tariff rate does not reduce
protection as much as reducing a 40% tariff by 50 % (Finger and Schuknecht, 1999). ** A similar
percentage tariff reduction can have very different impacts on market access and welfare between

countries with a different initial tariff structure.

An interesting observation is that the difference between the TRI and the TWTF (Trade-Weighted
Tariff Factor) reductions is considerable in Table 3.2. Comparing expressions (24) and (29), the
weights of the TRI include the factors (p;- p;*), which magnify the effect of the uneven tariff
structure. In the TWTTF, the reductions in high initial tariffs have weights that are smaller than in the
TRI. That is, the TWTF under-estimates the welfare change effect that is related to the variance of the
tariff structure (Anderson, 1995, shows how the welfare change due to a tariff shift is related both to
the mean and to the variance of the tariff structure).

On the other hand, results reported in Table 3.2 show that the change in the TWTF is able to mimic the
change in the MTRI. This suggests that the TWTF is a decent indicator of the trade impact of a tariff
reduction, at least under our assumptions. This can be explained looking at equations (26) and (29)

which show that the MTRI rate of change corresponds to the TWTF reduction if the uncompensated

import demand elasticities are equal across commodities (i.e., 8}" =g" ,Yj).

The empirical finding in Table 3.2, are confirmed by Table 3.5 which shows significant differences
between the MTRI uniform tariffs (or levels) and the non-weighted average tariffs, while the values
for the trade-weighted average tariffs are often quite close to those given by the MTRI uniform tariffs.
This empirical finding converges with those of Anderson and Neary (1999) and Bach and Martin
(2001) who show that the trade-weighted average tariff is a linear approximation to the tariff
aggregator based on the expenditure function. In other terms, the trade-weighted average tariff plays
the same role as the Laspeyres price index in consumer theory, providing a fixed-weight
approximation that underestimates the “true" height of tariffs because it neglects substitution induced

by tariff changes.

This empirical finding can be explored a bit further in the particular case of a CES aggregator
function, where the trade-weighted average tariff corresponds to constant expenditure shares. Constant

shares correspond to the special case of a Cobb-Douglas sub-utility function, where o ;=1.Insuch a

case, it can be shown that in the base equilibrium (that is, with all domestic prices equal to 1), the

' Both reductions would be equal to 50% in terms of tariff changes, while computing the tariff factor changes
we would obtain less than 1% when a 2% rate is cut in half, and more than 14% when a 40% rate is cut in half,
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MTRI uniform tariff coincides with the trade-weighted average tariff (Bureau and Salvatici, 2001).
This proposition clarifies the linkage between our MTRI estimates, using a CES aggregator function,

and the trade-weighted index. Since the values of the ¢; in the GTAP dataset rank between 2.2 and

3.8, it is not surprising that the MTRI for the aggregate level is sometimes close to the value of the
trade-weighted average tariff.

However, the MTRI uniform tariff is more likely to be higher than the trade-weighted average tariff
the more elastic is the demand for tariff-constrained imports. On the basis of empirical calculations
with a CGE model, Anderson and Neary (1999) are able to confirm this basic insight. Our empirical
use of the MTRI in order to construct sectoral tariff aggregates leads to similar conclusions. 2 In the
specific case of a CES aggregator function, it can be shown that the MTRI uniform tariff exceeds the
trade-weighted index, when the elasticity of substitution of the CES aggregator function is greater than
1 (Bureau and Salvatici, 2001).

Looking at Tables 3.1 and 3.5, it is also obvious that the MTRI uniform tariff and the trade-weighted
index give very similar results when the number of tariff lines in the aggregate is very small, or when
there is little dispersion in tariffs within an aggregate. For the aggregates with a large number of
products, the gap between the two indices can be very large. In the dairy sector (which aggregates 121
tariff lines in the EU and 118 in the US), for example, the trade-weighted average tariff underestimates
the trade restrictiveness (as measured by the MTRI uniform tariff) of the pre-URAA tariff structure by
29% in the US and by 9% in the EU. This is also the case in the cattle sector and in the beverages
sector in the EU (underestimation of 29% and 23%, respectively), and in the oilseed sector in the US
(underestimation of 40%). Overall, in the EU, for six aggregate products out of twenty, the trade-

weighted average underestimates the MTRI uniform tariff by more than 10%.

In brief, the trade-weighted average tariff can be a satisfactory approximation of more theoretically
consistent indicators of market access only under very specific conditions, and for specific values of
the substitution elasticities. In more general cases, when the aggregate includes a large number of
heterogeneous tariff lines and when the substitution elasticities differ from unity, the trade-weighted

average is a poor indicator of the restrictiveness of the tariff structure.

Finally, the difference that we observe between the MTRI uniform tariff and the non-weighted average

tariff suggests that CGE or trade models that rely on aggregate tariffs constructed as simple averages,

2% More precisely, Anderson and Neary proved the following proposition: "The MTRI uniform tariff exceeds the
trade-weighted average tariff if: (i) the compensated arc elasticity of demand for the composite tariffed good
exceeds one; (ii) the composite tariffed good is normal; and (iii) the trade expenditure function is implicitly
separable in tariffed and other goods." (Anderson and Neary, 1999).
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use poor estimates of the actual tariff structure. This bias is likely to affect a large number of studies,
since it is common practice to construct aggregate tariffs as simple averages of the detailed tariffs
applied by custom officers, who sometimes work at a level of details corresponding to the HS10 or
HS12-digit level (case of the European Union). Constructing the aggregate tariffs used in CGE or
trade models as trade-weighted averages is obviously more satisfactory. However when one
aggregates a large number of goods with a large tariff dispersion into a single commodity, this method
also results in significant bias, most of the time an underestimation of the aggregate tariff, as measured
by the MTRI uniform tariff.

3.5.2. Policy implications

The results presented in this chapter should be used with some caution in policy analysis.

The TRI and the MTRI are the correct way to measure the economic consequences of tariff barriers,
under a certain number of restrictive assumptions. These assumptions allowed us to measure the
impact of various tariff reduction schemes on economic efficiency and on the volume of imports for
the EU and the US, but they should be kept in mind when interpreting the results, since they may not
hold in reality. This is obviously the case for the small country assumption. The theoretical
assumptions underlying the construction of the trade balance functions (single utility-maximising
consumer, competitive markets) are often made, but are nonetheless restrictive. In the computation of
the rates of change, we ignored the substitutions and complementarities that may exist between
imports; while in order to be able to compute the MTRI level we needed to assume a specific

functional form for import demand.

On the empirical side, figures used for the year 2000 do not give a proper image of trade
restrictiveness of agricultural trade policy in the US and the EU. The main reason is that, for the
purpose of comparison between scenarios, the world prices were kept the same as in the initial (1995)
situation. In addition, we did not account for policy changes, particularly in the EU, like the fall in the
intervention price for grains that has an effect on the level of tariffs (the entry price capped to 155% of
the intervention price). Moreover, the actual protection of EU agriculture is clearly overestimated
since we focused on the MFN tariffs. That is, we ignored preferential tariffs that account for roughly
50% of the value of EU imports. Imports under regional agreements face very small tariffs in general,
and in-quota tariffs are roughly around one third of the corresponding MFN tariffs in the EU (see
Bureau and Tangermann, 2000). Finally, as already mentioned, given the method of estimation and
data limitations, import elasticities used in our empirical application can only be considered as very
crude estimates. On this point however, the sensivity analysis that was carried out indicates that
alternative assumptions on the elasticity values do not significantly modify the outcomes (cf.

appendix).
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Nevertheless, the results make it possible to refine the analysis of the impact of the Uruguay Round on

market access.

First, while the relative change results suggested that the Uruguay Round had led to a larger increase
in market access in the EU than in the US, relative to the pre-Uruguay Round situation, the
computation of the absolute level of the MTRI uniform tariffs shows that access to the EU market is
still far more restricted than the US one, at least for countries that do not benefit from a preferential
treatment. This is the case for all GTAP commodities aggregate (except plant base fibres). The
difference in market access level is particularly large for grains and meat, but is still significant for
those commodities that are protected by relatively high tariffs in the US, such as dairy products and

sugar.

Computing the absolute level of the MTRI uniform tariffs leads to reconsider dramatically the image
of the relative rates of protection of the EU and US agricultural sector. Indeed, on a non-weighted
basis, the overall average tariff on agricultural and food products was 26.7% in the EU and 9.7% in the
US in 1995, while the trade-weighted average tariff was respectively 25.5% in the EU and 3.3% in the
US. On the other hand, the MTRI uniform tariffs measure a degree of trade restrictiveness of 32.4%
for the EU and 3.5% for the US. That is, the difference between the MTRI uniform tariff and the non-
weighted average tariff is much larger in relative terms (and of opposite sign) in the case of the US
than in the case of the EU. This suggests that the high tariffs in the US apply on a restricted set of very
particular goods, most of them being imported in small quantities. In point of fact, very high tariffs are
concentrated on specific types of processed food (peanuts, preparations with meat or processed
vegetables). High tariffs are also set on dairy products, but the bulk of imports, namely tropical
products and live animals that accounts for large import values faces almost zero tariffs. By contrast,
most of the commodities imported in large quantities in the EU face significant tariffs, at least under

MFN treatment.

Secondly, our results suggest that the strategy of tariff reductions implemented in both the US and the
EU, with a selective differentiation of tariff cuts across commodities, limited the welfare gains that
could have been reaped by the Agreement. However, this strategic allocation of tariff cuts has not
significantly prevented market access improvements. The comparison of the MTRI in the "Uruguay
Round" and "Uniform tariff reduction” scenarios shows that the uneven allocation of tariff cuts had a
limited effect in the EU. Thus, the market access effects of the UR provisions are not very different
from those resulting from a uniform 36% reduction in tariffs. This suggests that partner countries have
not suffered from this uneven allocation. 'I'he limited impact of the uneven allocations of tariff cuts, as
measured by the MTRI, might be explained by the fact that the EU did not use its degrees of freedom
for allocating tariff cuts in a very strategic way. All EU tariff reductions were at least 20%, and 665
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tariff lines (i.e., roughly half of the total number of tariff lines) experienced a 36% decrease. This is in
contrast to most other countries that appear to have applied only a 15% reduction to their most

sensitive products and that display a greater variance in their tariff rate cuts.

The US schedule shows more variability in cuts across tariff lines. However, a comparison of the
reductions in the MTRI across all the three considered scenarios, each hovering around 1 per cent,
suggest that the "strategic" allocation of tariff cuts in the US has not had a major influence on market
access either. The explanation lies in the initially low tariffs for most commodities. With initial low
levels of protection, the US choice of a particular tariff cutting formula does not make much difference
to the results. The choice of any specific tariff cutting procedure matters less here than in countries
where the tariff structure is initially more distorting. In this respect, one might expect that the United
States is unlikely to resist adopting one formula rather than another in the next round of negotiations.
This also means that third country exporters to the US market would also not gain much from any
particular option. The EU tariff structure suggests that the choice of a particular tariff cutting formula
makes a greater difference to the EU than to the US, and may be more of a contentious issue if market

access is a major objective.

Thirdly, the use of the TRI/MTRI concepts also sheds light on the relative importance of reducing the
average tariff and tariff dispersion. The TRI changes under counterfactual scenarios leading to a lower
coefficient of dispersion of tariffs suggest that the EU and US would have experienced larger welfare
gains if such tariff reduction schemes had been retained rather than the one resulting from the actual
UR commitments. *' Results for the MTRI in the EU also show that market access would be increased
significantly if most protected commodities were subject to larger tariff cuts. In the next round of
negotiations, proposals for tariff cutting schemes that set an identical tariff on large groups of
commodities ("tariff bands"), or proposals for binding tariffs at a 4 or 6-digit level of the classification

would contribute to reduce dispersion. They deserve more attention in the Millenium Round.

Finally, one may acknowledge that it is difficult to envisage the actual use of the TRI and/or MTRI in
order to express tariff reduction commitments in future rounds of negotiations. These indices are too
demanding in terms of data requirement, and their complexity makes them less appealing to policy
makers than simple trade-weighted averages. Even if the theoretically sound indices are not explicitly
used to express commitments, they can provide a benchmark for evaluating more readily computable

tariff indices. In this respect, our results show that the trade-weighted average tariff factor reduction

2! The welfare gains depend on substitutions between commodities that we ignored in this study. Note however
that the sign of the overall effect of the substitution is ambiguous. Accounting for substitutions could show either
smaller welfare gains or show even larger gains when dispersion is reduced depending on the goods that are
complements and substitutes, and the magnitude of the tariffs to which they are subject.
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could be a proxy for assessing market access improvements (although it would clearly under-estimate
the welfare impact). It is clear, however, that commitments expressed in average tariffs (rather than

tariff factors) are less meaningful, when one focuses on market access improvement.

76



APPENDIX

Sensivity analysis

As the TRI and MTRI use elasticities as weights in the aggregation procedures, it is necessary to ask
to what extent these parameters may affect our MTRI/TRI estimates. Previous work on the TRI and
percentage change in the TRI indicates that alternative assumptions on the elasticity values did not
significantly modify the outcomes (Anderson and Neary, 1994; Fulponi, 1996). Nonetheless, we
undertook a limited number of sensitivity tests to examine the possible effects of different elasticity
values on the measurement of TRUMTRI changes. Elasticities were drawn at random from a uniform
distribution for each commodity. The parameters of the distribution were set at the minimum and
maximum levels obtained from estimations, i.¢., [-0.2,-2.5]. ?* For both the US and the EU, 100 draws
of each elasticity were done and the changes in MTRI/TRI calculated. The results of the experiments
are shown in Table 3.7. Average values and standard deviations of the 100 experiments for each

indicator are presented.

Table 3.7. Sensitivity tests of the computed TRI and MTRI rates of change to import demand
elasticities (Mean values and standard deviations of TRI and MTRI rates of change in percentage,

based on 100 estimates with elasticities drawn from a uniform distribution)

European Union United States
Uruguay Swiss Uniform Uruguay Swiss Uniform

TRI-constant -12.40 -26.61 -17.39 -2.23 -4.90 -4.39
slope (-0.39) (-2.41) (-0.82) (-0.12) (-0.44) (-0.34)
TRI-constant -12.21 -23.80 -16.42 -2.21 4.67 -4.31
elasticity (-0.37) (-2.13) (-0.84) (-0.12) (-0.41) (-0.33)
MTRI -4.29 -1.79 -4.73 -0.91 -1.11 -0.94

(-0.28) (-1.02) (-0.45) (-0.06) (-0.10) (-0.06)

Source: Bureau, Fulponi and Salvatici (2000).

Compared to the results of Table 3.2, we find that average values differ by about 15-20 per cent
compared to the "base" calculations in almost all cases, except for the EU-MTRI were the average

values are about 35 per cent lower. The rankings of the alternative tariff-cutting formulas are

22 I the normal case, the income effect reinforces the substitution effect, so that in absolute value the own-price
Marshallian elasticity could provide an upper bound for the sensitivity analysis. Due to the poor data availability
at the level of the commodity detail appearing in the schedules, the upper bound of the interval used in the
sensitivity analysis was set at a slightly higher level than the average maximum estimated Marshallian
elasticities.
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preserved for all indicators. Overall, we find that the percentage changes in the indices are not

significantly affected by the values of elasticities. **

In terms of sensitivity to the import demand functional form, we computed an alternative form of the
TRI rate of change. Rather than assuming a linear demand function, we assumed an hyperbolic import
demand, so that the elasticities were constant between 1995 and 2000, rather than slopes. Table3.7

confirms that the results are not fundamentally affected by the choice of a particular functional form. 2

As far as the MTRI uniform tariff computation is concerned, since our results are based on
unsophisticated estimates of substitution elasticities (the ones taken out of the GTAP dataset), it is
necessary to ask to what extent these parameters may affect the computed MTRI levels. In Table 3.8
we compute the overall MTRI uniform tariff equivalents making different assumptions about the
values of the substitution elasticities. The elasticities are assumed to range from one third to three

times the original values.

Table 3.8. Sensitivity of MTRI uniform tariff estimates to alternative assumptions on the values

of the elasticities of substitution

European Union United States
Base Uruguay Swiss Uniform Base Uruguay Swiss Uniform
0.3* o, 26.0 174 93 16.6 3.1 2.1. 1.8 2.1
1.3* o, 36.5 29.0 14.9 28.0 3.6 2.6 2.0 25
2% o, 45.5 36.5 17.3 354 43 31 23 31
3* o, 59.8 47.0 18.9 45.5 6.2 4.9 32 5.0

Source: Bureau and Salvatici (2001).

The comparison with Tables 3.3 and 3.4 shows that even though the ranking among different scenarios
remains the same for the various elasticity assumptions, the MTRI is obviously quite sensitive to the
assumed degree of substitution between products. Since the large values of the index are more

sensitive to the assumption on substitution, the results are more affected by changes in o; in the EU

than in the US, where the agricultural sector is less protected.

3 Although our rcsults confirm that the TRI is robust to changes in the elasticities, there is some evidence that
the index is far more sensitive to changes in model specification (O'Rourke, 1997).

24 In the case of the MTRI, we assume that only the slope of the demand functions remains constant over the
period, since the other assumption (import demand elasticities remain constant) would lead to the same weights
in computing the 1995 and 2000 values for the MTRI.
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4 - MEASURES OF INTERNAL SUPPORT

The decoupling issue

Alexandre Gohin, Hervé Guyomard and Chantal Le Moué&l

Partner 1: INRA-ESR, Rennes

4.1. Introduction

In the Uruguay Round Agreement on Agriculture (URAA), internal support measures which are
considered as decoupled are eligible for the so-called "green box" and accordingly excluded from the
Aggregate Measure of Support (AMS) calculation, so from the commitments to reduce domestic
support. As a result of the Blair House compromise between the European Union (EU) and the United
States (US), the 1992 CAP compensatory payments and the 1990 FACT Act deficiency payments,
although not decoupled in the sense of the green box definition, fell in the so-called "blue box" and

accordingly were not included in the AMS.

The Seattle ministerial conference held at the very beginning of December 1999 marked the opening
of the new round (the so-called Millenium Round) of multilateral trade negotiations under the World
Trade Organisation (WTO). From the US perspective, the blue box exemption is now redundant since
the Production Flexibility Contract (PFC) payments of the US 1996 FAIR Act may be considered as a
green box measure. The Agenda 2000 CAP reform adopted in March 1999 basically extends the 1992
reform and introduces more decoupling in the system of compensatory payments to COP (cereals,
oilseeds and protein crops) producers. However, the new regime of compensatory payments adopted
for arable crops, beef and milk producers does clearly not comply with the requirements (as defined in
Annex 2 of the URAA) for being included in the green box (see e.g., Guyomard et al., 1999;
Swinbank, 1999).

Hence, during the Millenium Round, it is likely that the blue box issue will be put on the table and the
privileged status of the CAP compensatory payments challenged. Furthermore, it is also likely that the
Cairns Group and the US will push for increased scrutiny of policy measures currently included in the

green box and so exempted from international discipline.

The proposals, containing the starting positions of member countries for the negotiations, submitted to
the WTO during the first phase of the Millenium Round, confirm these expectations (WTO, 2001).
Regarding the green box, unsurprisingly, some countries push for increased scrutiny of measures

currently included, arguing that some of them, in certain circumstances, could have an influence on
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production and prices. Others think that the green box should not be changed because it is already
satisfactory. The last ones argue for a broadening of the green box to cover additional types of
measures. Finally, as expected, some countries want the blue box to be scrapped because it involves
payments that are only partly decoupled from production. While other countries oppose scrapping it
completely and maintain that the blue box is an important tool for supporting and reforming

agriculture and for achieving certain "non-trade" objectives.

To this regard, the multifunctionality issue appears as a rising concern within member countries
proposals and their respective position regarding the way to deal with this issue directly relates to their
positions relative to the green box issue. More specifically, although there is still considerable
confusion within WTO member countries about what is really meant by the term multifunctionality,
all countries agree that agricultural production provides food and non-food outputs. Some non-food
outputs are not valued by market transactions and hence can be under produced relative to what
society may desire. Multifunctionality proponents claim then that production-linked payments are
necessary to obtain socially desired non-food benefits because of jointness relationships between
agricultural production and non-food benefits. They argue that countries should have more flexibility
in the domestic policy design relative to what is currently provided by the provisions of the URAA.
Hence, multifunctionality proponents belong to the group of countries supporting the broadening of
the green box. On the other hand, multifunctionality opponents argue that the green box provides
sufficient flexibility to address non-food benefits, i.e., non-trade concerns, with the least distortions on
trade. For these countries, mainly the US and the Cairns Group, multifunctionality is not a sufficient
basis for continuing to pursue production-linked policies, i.e., trade distorting policies according to the
URAA classification of support policies. In their view, non-food benefits are better addressed through

specific instruments directly linked to public goods and/or positive externalities. %

The objective of this chapter is to contribute to the debate on decoupling and multifunctionality issues,
in relation with the current URAA green box definition. More specifically, two main questions are

addressed.

First, are the decoupling criteria of the green box well-designed? We focus on the green box specific
criteria for decoupled income support as defined in point 6 of Annex 2 of the URAA. Our purpose is
to examine whether these criteria do ensure i) that a domestic income support policy instrument
complying with these criteria is decoupled, that is has actually "no effect, or at most minimal, trade

distortion effects or effects on production"; ii) that a domestic income support policy instrument which

%5 For a more complete discussion on this opposition, see Lankoski and Miettinen (2000). See also Paarlberg et
al. (2000).
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does not comply with one or more of these criteria is less decoupled than an instrument in full

compliance with all criteria.

Second, what are the relative merits of various traditional income support policy instruments as
regards to the promotion of multifunctionality? Our purpose is to classify alternative income support
policy instruments according to their ability in achieving traditional goals of agricultural policies and

to their induced trade distortion effects.

We address both these questions by developing two different analytical frameworks allowing to
analyse the effects of policy instruments on production and trade. The first model puts emphasis on the
key role of factor mobility assumptions as regards to the effects of alternative income support policy
instruments on production (i.e., their degree of decoupling). The main feature of this model lies in the
fact that it involves two agricultural sectors competing for land, which is considered as a fixed but
allocatable factor, and which is alternatively assumed to be homogeneous and perfectly mobile or

heterogeneous and imperfectly mobile between sectors.

The second model puts emphasis on the key role of adjustments in the number of farmers and on the
land market as regards to the effects of alternative income support policy instruments on production
and trade. The main features of this second model are: an endogenous price of land and an entry/exit

condition that makes the number of farmers endogenous.

Both models are used to deal with the first above-mentioned question relating to the decoupling and
the green box criteria issues. The second question dealing with the multifunctionality issue is
addressed using the second model, where target variables relating to traditional goals of agricultural

policies are defined and considered within the comparative static analysis.

This chapter is organised as follows. Section 1 provides a thorough review of literature on decoupling.
Section 2 relies on the first above-described theoretical framework. It aims to examine the consistency
of the specific decoupling criteria of point 6 of Annex 2 of the URAA, putting emphasis on the key
role of factor mobility assumptions. In section 3, the second above-described theoretical model is used
to analyse the production and trade effects of alternative income support instruments that comply more
or less with the specific criteria of point 6 of Annex 2. It aims to show that, when the impact of
instruments on both the price of land and the number of farmers is taken into account, policy
instruments that do not comply with some of these criteria may nevertheless have minimal trade
distortion effects, and/or even lower trade distortion effects than instruments in better compliance with
these criteria. Section 4 deals with the multifunctionality issue and aims to analyse the relative merits
of traditional income support policy instruments as regards to the promotion of multifunctionality.

Using the model of section 3, the analysis of the effects of instruments on an equal cost/support basis
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allows to classify these instruments according to their ability to achieve various goals traditionally

assigned to agricultural policies, and according to their induced trade distortion effects.

4.2. Decoupling agricultural income support: Economic issues

From an economic point of view, the principle of decoupling internal support measures directly relates

to the three basic theorems of the general theory of welfare economics:

i) In a first-best economy where no distortion does exist, free market forces lead to an efficient
allocation of resources, so that a Pareto (or first-best or social) optimum is achieved within the
economy. This first theorem originated the free market and trade recommendations that international
organisations such as OECD (Organisation of Economic Cooperation and development) strongly
advocate. It is also at the basis of the world trade liberalisation process the WTO has been promoting

for several decades.

It is well-admitted however that free market forces may result in a domestic income distribution,
which is "unfair". As, in virtually all economies, social equity is a major concern for governments,
these latter may desire to modify the domestic income distribution once the free market equilibrium is
established. It is shown in that case that the first-best optimum resulting from the free market forces
may be preserved, though the domestic income distribution is changed, provided that this change is
achieved through lump-sum transfers. By definition, lump-sum transfers allow to redistribute income
between economic groups in order to achieve a socially desired distribution, without affecting
previously obtained market equilibria. Hence, a lump-sum transfer, which is by definition the typical
example of a fully decoupled instrument, is the most efficient instrument for addressing this

distributional problem.

ii) In a second best economy, where distortions do actually exist, free market forces may lead to a
resource allocation, which is not socially efficient. In that case, the private optimum deviates from the
social one and policy intervention is required in order to restore the social optimum within the
economy. This second theorem constitutes the main justification for policy intervention in domestic

sectors or economies.

iif) When policy intervention is required to correct one distortion in order to restore the social
optimum within the economy, the most efficient instrument is the one, which directly addresses the
source of the distortion. This third argument, from which the targeting rule is derived, is the most

specifically related to the principle of decoupling. 2

26 The targeting rule stipulates that the best response to distortions is to use as much instruments as existing
distortions to be corrected, each of these instruments tackling the consequences of the corresponding distortion
in the most direct way possible (Bhagwati, 1971).
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The increasing importance devoted to the notion of decoupling in the current debate regarding future
agricultural policy design®’ clearly follows from the application of the three above basic theorems of
the general theory of welfare economics to domestic agricultural sectors. More specifically, if the main
objective of agricultural policies is to ensure a fair level of income to farmers relative to other
domestic economic groups, then the most efficient instrument is a lump-sum transfer from the latter to
the former, i.e., a transfer as decoupled as possible from agricultural production and market

conditions.

The objective of this section is, on the basis of existing literature, to shed some light on the main limits
of this notion of decoupling, issued from the theory of welfare economics, when it is applied to
domestic agricultural sectors and policies. These limits mainly rely on practical concerns and on
efficiency concerns. On the practical side, it is now well-recognised that, in practice, and at least as far
as agricultural production is concerned, fully decoupled policy instruments do not exist since it is
virtually impossible to break the link between income support to farmers and their production
decisions. This is a key issue as regards to the definition of decoupling as well as to the measurement
of the degree of decoupling of various policy instruments. On the other hand, the economic efficiency
of lump-sum transfers totally relies on the first-best economy assumption. Such an assumption does
clearly not correspond to the reality of agricultural markets, and more generally of contemporary
economies. Thus, one may raise the question of the validity of the efficiency argument as a
Justification for decoupling agricultural income support instruments when concerned domestic
economies remain far removed from the theoretic first-best economy. In the same vein, the economic
efficiency of lump-sum transfers is ensured only for distributional purpose. If supporting farmers
income is a major objective of agricultural policies, particularly in developed countries, one may not
be unaware of the many other objectives (such as environment goods provision, landscape
preservation, rural employment and development, food quality, etc), which are usually assigned to
agricultural policies. Hence, lump-sum transfers or, more generally, highly decoupled policy
instruments are not necessarily the most efficient measures for achieving these other objectives. This

point is closely related to the multifunctionality issue.

4.2.1. The efficiency argument for decoupling agricultural income support: A graphical illustration

Figure 4.1 below depicts the domestic market of an agricultural product. Curves denoted O and D
figure respectively the domestic supply and demand of this product. Without loss of generality, we

%7 As well as during the Uruguay Round negotiations, which finally gave a concrete expression to this notion of
decoupling through the definition of the "green box" measures included in the URAA. The green box measures
are those measures, which result in no, or at most, minimal trade distortion effects or effects on production (point
1 in Annex 2 of the URAA). Hence, because they are considered as decoupled from production and market
conditions, they are exempted from reduction commitment.
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assume that the considered country is a small country so that the world price of the product p° is fixed

and exogenous on the home market.

In the free trade situation, the domestic market equilibrium price equals the world market price p’.

Hence, the domestic supply corresponds to 0’ , the domestic demand to D", while the excess supply
0" - D" is exported on the world market. Thus, at free trade equilibrium, domestic consumers' surplus
is area abp” and surplus of domestic producers corresponds to area p'cd . Let suppose now that such a

surplus distribution is considered as unfair for domestic producers within the home country. Then,
policy intervention is required in order to increase domestic producers' surplus. Obviously, many
policy instruments, from the most coupled (such as a guaranteed market price) to the most decoupled
(such as a lump-sum transfer to producers) may be used for achieving this increase in domestic
producers' surplus. In the following, we show that, in our adopted simplified framework, increasingly
decoupled instruments are increasingly efficient in transferring surplus to producers, in the sense that

for a given amount of transfer they induce a decreasing welfare cost for the home country.

Figure 4.1. The market and welfare effects of three different producers' income support instruments:

the guaranteed market price, the production subsidy and the production quota-subsidy

P
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D* o* o* O
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4.2.1.1. The guaranteed market price: Coupling and induced market distortions

Let suppose that in order to increase the domestic producers' surplus, the home government chooses

the guaranteed market price policy instrument at level pg on Figure 4.1. In that case, the new
domestic market price p, is higher than the world market price p°. Therefore, the domestic supply
increases from O° to O, while the domestic demand decreases from D’ to D,, resulting in an

increase in the home excess supply from O°-D" to Og —Dg. A variable export subsidy is then

needed for the price competitiveness of the domestic product to be restored, and the home excess

supply to be exported on the world market.

Thus, Figure 4.1 clearly shows that the guaranteed market price instrument may be considered as fully
coupled to production and market conditions since it affects simultaneously supply, demand and so

trade quantities, while insulating the home market from world market signals. **

Following the guaranteed market price implementation, the surplus of domestic producers increases
from area p‘cd to area Pged , thanks to a transfer from domestic consumers who now pay a higher
price for the product and from domestic taxpayers who bear the export subsidy expenditures. Then, the
domestic consumers' surplus decreases from area abp” to area ajp, , while the cost of export subsidies
for taxpayers is represented by area jefg . One easily verifies that the surplus gain for producers is

lower than the sum of the consumers' surplus loss and the export subsidy budget expenditures. In other
word, following the guaranteed market price implementation a share of the induced transfer from both
consumers and taxpayers to producers is lost for the overall home country. This net welfare loss is

measured on Figure 4.1 by areas jbg and cef . Both areas correspond to the welfare cost of the two

distortions (one on the supply side and one on the demand side) generated by the guaranteed market

price policy.

4.2.1.2. The production subsidy: Coupled to production only and less market distorting

On Figure 4.1, the production subsidy shifting the domestic producer price from p* to p, allows to

ensure home producers the same level of surplus than the previous guaranteed market price. The main

difference between both instruments is that with the production subsidy, the domestic market price

remains at the world price level p'. It results that the production subsidy instrument does not affect

% One may underline that the domestic market can remain sensitive to world market signals if the export subsidy
is fixed, ie., if the guaranteed market price is ensured through a fixed production subsidy and a fixed
consumption tax, both implemented at the same level.
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the home consumption of the product relative to the free trade situation. In addition, the excess supply

(e, O, - D’) may now be exported without the aid of an export subsidy.

Thus, Figure 4.1 shows that, in our simplified framework, the production subsidy may be considered
as less coupled than the guaranteed market price. In fact, both instruments induce the same effect on
the domestic supply quantity, but the production subsidy leaves the demand quantity unchanged
relative to the free trade situation. Therefore, the total effect on trade is lower with the production
subsidy than with the guaranteed market price. In addition, the production subsidy does not entirely
insulate the home market from world market signals since domestic demand and, in turn, trade remain

sensitive to world market price fluctuations. o

Finally, the production subsidy leaves the domestic consumers' surplus unchanged with respect to the
free trade situation (i.e., area abp"). Domestic producers benefit from the same surplus level than in

the previous guaranteed market price regime (i.e., area pged ). While budget expenditures for the

production subsidy, as measured by area pgefp' , are borne by taxpayers. Then, Figure 4.1 shows that

with the production subsidy instrument the surplus transfer to domestic producers is entirely borne by

domestic taxpayers.

With respect to the free trade situation, the production subsidy induces a net welfare loss equals to area

cef . This loss corresponds to the welfare cost of the distortion induced by the production subsidy on

the supply side. Therefore, the production subsidy is less distorting than the guaranteed market price
since it induces no distortion on the demand side. Hence, the production subsidy is more efficient than
the guaranteed market price in transferring surplus to domestic producers since for the same amount of

transfer, it implies a lower welfare loss for the home country.

One may emphasise that the previous analysis of the impact of both the guaranteed market price and
the production subsidy legitimates the two basic criteria adopted in the URAA definition of the
"green-box" measures. Firstly, it has been shown that the production subsidy induces no distortion on
the demand side. Then, this result legitimates the basic criteria (ii) of point 1 in Annex 2 of the URAA:
"the support in question shall be provided through a publicly-funded government programme...not
involving transfers from consumers". Secondly, we have shown that the production subsidy and the
guaranteed market price both generate a domestic distortion on the supply side because they provide

producers a price support leading them to increase their supply quantity. This second result legitimates

% Once again, it can be noted that the domestic supply may also remain sensitive to the world market signals if
the production subsidy is fixed.
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the first basic criteria (i) of point 1 in Annex 2 of the URAA: "the support in question shall not have

the effect of providing price support to producers".

4.2.1.3. The production quota-subsidy: A decoupled instrument?

Starting from the previous production subsidy situation, one sees on Figure 4.1 that constraining
domestic producers to continue to produce O instead of expanding their production level to o,
would prevent the distortion on the supply side to be generated. One way to break the link between the
price support provided to domestic producers by the production subsidy and the output supply level

would be to implement a production quota, fixed at level O". In that case, however, the production
subsidy should be increased with respect to the previous situation, in order to ensure domestic

producers the same level of surplus.

On Figure 4.1, when the domestic production is fixed at 0" through a production quota, the unit
production subsidy p 0~ p' implies a level of producers’ surplus (i.e., area pyicd ) equal to the one
previously obtained with the guaranteed market price or with the unit production subsidy

Py~ p‘(i.e., area pged). On the other hand, with the production quota-subsidy instrument, the

domestic market price still remains at the world market price level p*. Hence, the domestic demand is

still unchanged at its free trade level D", while the excess supply O° - D* may be exported without
any export subsidy.

Therefore, it is clear from Figure 4.1 that such a production quota-subsidy instrument may be
considered as decoupled since it does not affect the product market equilibrium relative to its free
trade situation. It results that the production quota-subsidy instrument allows to transfer surplus to
domestic producers without generating any distortion. In fact, the production quota prevents the output
supply to expand due to the production subsidy incentive, so that no distortion is created on the supply
side. Finally, one sees that the production quota-subsidy is efficient in transferring surplus to
producers since it allows to ensure them a certain level of surplus without creating any distortion, i.e.,

with no welfare cost for the home country.

One may emphasise that, at least at the sectoral level, when the quota is fixed at the free trade output
quantity level, the production quota-subsidy instrument is very similar to a fixed lump-sum transfer.

Starting from the free trade situation, the production quota-subsidy may be assimilated to a fixed unit

payment p,, - p" applied to a fixed eligible output quantity O corresponding to a historical volume
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of production. *°. In other words, such a production quota-subsidy allows to duplicate the effects ofa
lump-sum transfer policy, the subsidy acting to transfer surplus to producers without generating a
distortion on the demand side, while the quota fixed at the free trade output level ensures that no

distortion results on the supply side.

However, it is important to note here that the production quota-subsidy instrument, such as represented
on Figure 4.1, is decoupled and efficient only in our simplified framework, i.e., in a short-term, static,

and mono-product partial equilibrium with no risk.

It is very easy to see on Figure 4.1 that the production quota-subsidy instrument turns to be less

efficient and less decoupled than previously when the analysis becomes dynamic. Let suppose for

example that the world price of the product decreases from p’ to p". Then, the free trade output

quantity decreases to 0" . Consequently, if both the production quota and the production subsidy
remain applied at the same levels than previously (i.e., 0" and Pgo~ p', respectively), then they now

generate a distortion on the supply side, resulting in a welfare loss for the home country. *'

Hence, at this stage, two main ideas are in order. Firstly, the production quota-subsidy instrument may
be considered as decoupled and efficient for transferring surplus to producers if and only if the quota
level is continuously adjusted to the changes in the free trade output quantity resulting from the
changes in the corresponding world price. Obviously, this implies the unit production subsidy to be

adjusted too in order to still ensure domestic producers the same final level of surplus.

Secondly, and more importantly, this suggests that criteria adopted in the definition of decoupled
income support instruments (point 6 of Annex 2 of the URAA) as part of the URAA definition of the
"green-box" measures do not actually ensure that these income support instruments are no production
and trade distorting. More precisely, criteria (ii), (iii) and (iv) in point 6 stipulate that for income
support to be considered as decoupled, "the amount of such payments in any given year shall not be
related to, or based on (ii) the type or volume of production, (iii) the prices, domestic or international
and (iv) the factors of production employed, in any year after the base period. The previous production

quota-subsidy instrument clearly conforms to these criteria. In fact, as already mentioned, the fixed

unit subsidy pg - p’ may be considered as a unit payment calculated on historical domestic and

world market prices observed during a given base period, while the quota level 0" may be analysed as

30 Such a historical volume of production may be the supply quantity observed during a given base period or
may be calculated as the product of a historical yield and a historical volume of a production factor employed
(such as a land base area or a livestock base number for example), observed during the same given base period.

31 1t is implicitly assumed here that the production quota-subsidy instrument remains constraining following the
world price decrease, i.e., p'.-l-(pgg - p')> r.
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a fixed eligible output quantity corresponding to a historical sectoral volume of production observed
on the same given base period. Then, although the production quota-subsidy instrument conforms to
the criteria (i1), (iii), and (iv) of point 6, the previous analysis clearly shows that such an income
support policy is however production and trade distorting when world market price fluctuations are
taken into account. Furthermore, the previous analysis suggests that contrary to the requirements of
criteria (ii), (iii) and (iv), the production quota-subsidy instrument would remain no production and
trade distorting (i.e., decoupled) in a dynamic framework only if the quota level, i.e., the base period
volume of production (or the base period yield and/or volume of factor employed) is continuously
adjusted to the world market conditions observed "in any year after the base period". In the same way,

it is easily shown on Figure 4.1 that when the level of the quota is adjusted to the new free trade output

quantity 0", an increase in the unit production subsidy in order to still ensure domestic producers the
same final level of surplus does not induce any distortion on the domestic market. Hence such an
adjustment of the unit production subsidy in response to the current decrease in the world market

price, though in contradiction with criteria (iii) of point 6 is actually not market and trade distorting.

4.2.1.4. The fixed lump-sum payment. efficient and "decoupled™’

Let suppose now that to ensure domestic producers the same level of surplus than in the previous

cases, the home government adopts a system of fixed lump-sum payments based on historical criteria.

Thus, on Figure 4.1, the total amount of payments given to producers corresponds to area ngicp‘.
This amount may be defined as a fixed unit payment Peo — p", applied to a base volume of production

0", or equivalently to the product of a base yield and a base volume of a given production factor (this

latter varying according to the chosen eligibility criteria for the fixed lump-sum payment).

Hence, in our simplified framework, the fixed lump-sum payment instrument may clearly be
considered as decoupled since it does not affect the product market equilibrium relative to its free
trade situation. Moreover, like the production quota-subsidy, the fixed lump-sum payment is efficient
in transferring surplus to producers since it allows to ensure them a certain level of surplus without

creating any distortion, i.e., with no welfare cost for the home country.

The main difference between the fixed lump-sum payment and the production quota-subsidy is that the

former remains efficient and decoupled even when shifting from a static to a dynamic framework. It is

easily shown on Figure 4.1 that when the world market price decreases from p° & p", the home

output supply decreases from 0" to 0", which corresponds to the new efficient allocation of

%2 Guillemets here mean that although the following analysis suggests that the fixed lump-sum payment is a fully
decoupled income support instrument, such a result heavily depends on our simplified static, mono-product
partial equilibrium framework with no risk. This framework does not take into account many factors contributing
to reduce the degree of decoupling of the fixed lump-sum payment instrument (cf. paragraph 4.2.2).
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resources on the supply side. It can be noted here that if the total amount of payments remains

unchanged, the domestic producers benefit from the same transfer of surplus than previously but their

final level of total surplus is reduced (from p icd to (p"+(p . p'))icd ). However, like in the case

of the production quota-subsidy, the final level of producers’ surplus can be maintained thanks to an
increase in the total amount of payments without generating any distortion on the home market
(though, once again, such an adjustment in the total amount of payments to producers contradicts

criteria (ii), (iii) and/or (iv) of point 6 of Annex 2). *

Finally, the graphical analysis of this section confirms the theoretical result among which in a first-
best situation, decoupling agricultural income support from production and market conditions
constitutes the most efficient way to transfer income to domestic agricultural producers. In our
simplified framework, the fixed lump-sum payment instrument based on historical criteria appears as a
fully decoupled and efficient policy. In addition to the efficiency argument, the fixed lump-sum
payment exhibits other advantages that cannot be illustrated through Figure 4.1. Firstly, when it is
fixed, the lump-sum payment does not depend on domestic and world market conditions so that the
total budget cost of such an income support policy is easy to foresee and monitor. This is obviously
not the case with the guaranteed market price as well as with the production subsidy. Secondly, by
clearly defining the criteria of eligibility for payments, a fixed lump-sum payment policy allows to
better determine which economic group is the target of the income transfer. Hence, a fixed lump-sum
payment may be easily targeted on domestic agricultural producers while it is well-admitted that
income support provided through more coupled instruments spreads upstream and downstream from
agricultural producers, and partly benefits to both the domestic agricultural input and food processing
sectors. Moreover, while income support may be easily targeted on specific groups of agricultural
producers (such as "small" producers or producers located in less favoured areas) through a
conveniently design fixed lump-sum payment system, it is nearly impossible to select the beneficiaries
of the support provided through a guaranteed market price or a production subsidy. Therefore, it is
easier to achieve a fairer income distribution across domestic agricultural producers through a fixed

lump-sum payment system than through more coupled instruments.

One may underline however that the real situation of agricultural markets is far more complex than the
one illustrated on Figure 4.1. Even if the fixed lump-sum instrument appears as fully decoupled on this
figure, it has actually, in practice, effects on the risk perception of producers, on their individual
decision to stay in or to leave the agricultural sector, on markets of variable inputs and primary factors,

on markets of other agricultural outputs (all agricultural input and output markets being strongly

% It is interesting to note that the fixed lump-sum payment system based on historical criteria considered here
results, in our simplified framework, in the same effects on the product market equilibrium than a Production
Entitlement Guarantee (PEG) system fixed at level O".
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interrelated), etc. ** In fact, all these effects potentially induce shifts in domestic supply and demand
curves which are not taken into account in Figure 4.1. Obviously, when these indirect effects on
domestic supply and demand, through shifts in the corresponding curves, are taken into account, the
fixed lump-sum payment instrument appears as less decoupled than in the previous analysis. Of

course, this conclusion applies to all other policy instruments.

4.2.2. In practice, income support policy instruments are never fully decoupled

The previous analysis suggests that the fixed lump-sum payment based on historical criteria is fully
decoupled. In particular, it is shown that such an instrument has no effects on the domestic producers'
decisions. However, this result is conditioned by the simplified framework used, which strongly relies
on rather restrictive assumptions. Hence, in this paragraph, we analyse more specifically the links
between farmers' income and their production decisions when some of these restrictive hypotheses are
relaxed. We show how even predetermined and fixed lump-sum payments do change producers'
decisions so that they are not practically fully decoupled. In addition, the following analysis
constitutes a first step as regards to the problem of measuring the degree of decoupling of income
support policy instruments since it emphasises the main directions where further research, and

particularly further quantitative assessments, are needed in order to address this question.

4.2.2.1. The fixed lump-sum payment and the individual decision to stop producing: The "cross-

subsidisation” effect

When production is required in order to perceive a fixed lump-sum payment, then this policy
instrument may affect the output supply of less efficient agricultural producers by providing them an
incentive to stay in the home agricultural sector and continue to produce. This mechanism, which is
called the "cross-subsidisation" effect, is illustrated on Figure 4.2. The curves CTM and Cm denote

respectively the total average cost and the total marginal cost of a specific mono-product farm.

When the domestic producer price equals PO, then the considered farmer produces the quantity Q0

for an induced profit corresponding to area abed . If the producer price decreases to Pl, then the
considered producer suffers from a negative profit whatever level of production he chooses. In

particular, the output level Q1 results in a negative profit measured by area efgh on Figure 4.2. In this

case, the producer will decide to stop producing and to leave the agricultural sector.

N Obviously, these effects are different according to the definition of the historical criteria retained to calculate
the fixed lump-sum payment (the basis of the payment, the definition —at the individual farm level, at the
national level or at other geographical zone levels- of the base eligible output volume, or the base yield and input
quantity volume, the requirement to produce or not in order to benefit from the payment, etc).

91



Let suppose that, still facing the price level P1, the considered producer now perceives a fixed lump-
sum payment based on historical criteria, i.e., in particular, which amount does not depend on the
volume of output currently produced. If this producer is not required to produce in order to benefit
from this payment, then he will stay in the agricultural sector for remaining eligible to the lump-sum
payment but will continue to produce nothing. When, at reverse, production is required in order to
perceive the fixed lump-sum payment, two cases may occur. If the amount of the payment remains

lower than the loss induced by the production activity at level Q1 (i.e., area efgh on Figure 4.2), then

the producer will decide to leave the agricultural sector. At reverse, if the amount of the payment is

greater than the loss resulting from producing the quantity Q1, then the lump-sum payment will act as
an incentive for the farmer to stay in the agricultural sector still producing output level Q1. Indeed, in

that case his induced profit is positive and equal to the amount of the perceived payment less the loss
resulting from the production activity. In such a case, there is "cross-subsidisation" since the fixed
lump-sum payment and the related eligibility conditions lead the agricultural producer to continue to
produce a positive quantity of output whereas regarding market conditions he is inefficient. Therefore,
in the absence of the lump-sum payment he would have decided to stop producing and to leave the

agricultural sector.

Finally it is interesting to note that the above result legitimates criteria (v) of point 6 of Annex 2 of the
URAA, which stipulates that for income support to be considered as decoupled, "no production shall

be required in order to receive such payments".

Figure 4.2. The "cross-subsidisation" effect
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4.2.2.2. The fixed lump-sum payment and labour decisions of agricultural households

Fixed lump-sum payments may induce a change in production decisions through their indirect effects
on labour decisions (derived demand of family and hired labours on farm, supply of family labour on

and off farm) of agricultural households.

Let's take the case of an agricultural single household, simultaneously producer and consumer, using a
production technology with fixed capital and land factors and variable labour factor. As a producer,
this household chooses his output supply (i.e., what and how much to produce) and the corresponding
derived demand of variable inputs. As a consumer, the considered household chooses his final demand
of goods and his labour supply. Hence, as fixed lump-sum payments increase the household's income,
they affect both his output choices and his output level decisions through an income effect on his
labour decisions. Fixed lump-sum payments affect the household's derived demand of family and hired
labour on farm as well as his family labour supply on and off farm (Benjamin and Guyomard, 1998).
Such a mechanism is illustrated on Figure 4.3 in the simplified case where the considered single

household does not supply his own family labour off farm.

Figure 4.3. An illustration of the effects of a fixed lump-sum payment (¢;) on the labour
decisions of an agricultural single household (no off-farm family labour)
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Figure 4.3 shows that starting from the initial equilibrium E!, the considered agricultural household

perceiving a fixed lump-sum payment ¢, benefits from an increase in his income which makes him to

adjust his labour decisions. This income effect leads to the final equilibrium E”. Hence, with respect to
the initial situation, the fixed lump-sum payment induces: i) a decrease in the quantity of labour used
on farm (from L' to L?) and ii) an increase in the leisure time, the total income and the utility level of

the household.

4.2.2.3. The fixed lump-sum payment and investment decisions

Fixed lump-sum payments may also affect both producers' output choices and output level decisions
through their potential positive effect on producers' investment decisions (we adopt now a long-term

perspective and consider that capital and land factors are variables).

This positive impact of fixed lump-sum payments on agricultural investment may result from two
different effects. On the one hand, fixed lump-sum payments increase farm incomes over returns from
the market alone. Then, in the absence of perfect capital and information markets, a significant amount
of these payments are likely to be invested in the farm (Phimister, 1995; Roberts, 1997). On the other
hand, fixed lump-sum payments increase farm wealth. Hence, they may modify investment decisions

by providing farmers improved credit facilities.

Finally, this potential positive impact of fixed lump-sum payments on farmers' investment is likely to

facilitate farm access to improved technology, to increase farm input use and then to increase farm

output supply.

4.2.2.4. The fixed lump-sum payment and risk

Due to the risk perception of agricultural producers, fixed lump-sum payments may affect output
choices and output level decisions when risk is taken into account. More precisely, as fixed lump-sum
payments increase farm incomes they may induce two effects related to the risk perception of
producers. The first effect is an income effect, which implies a shift of the profit distribution function
to a lower range of risk aversion in the producer's utility function. 35 The second effect is an insurance
effect resulting from a reduced income variability, ceteris paribus. Both the income and the insurance
effects contribute to increase agricultural output supply and input utilisation relative to a situation

where fixed lump-sum payments would not exist (Hennessy, 1998).

» Assuming, as it is well-admitted, a decreasing absolute risk aversion.
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4.2.2.5. The question of the measurement of the degree of decoupling of income support policy

instruments

Predetermined fixed lump-sum payments may affect output choices and output level decisions of
farmers, so that they cannot be considered as fully decoupled, because: i) they modify labour decisions
of agricultural households, ii) they influence farmers' investment decisions and iii) they reduced risks

facing agricultural producers.

Obviously, these three effects may also be observed when income support is provided through more
coupled policy instruments. Hence, the main question at stake is the one of the magnitude of these
three effects when income support to agricultural producers is provided through fixed lump-sum
payments relative to more coupled policy instruments. Of course it is difficult to answer this question
on a general ground and it is likely that only pieces of answers, on a case by case and empirical basis,

can be provided.

There are few analysis, and moreover of available quantitative assessments, of the effects of direct
payments to agricultural producers on their output choices and output level decisions. For French
cereal farms (with risk excluded from the analysis), Benjamin and Guyomard (1998) show that the
CAP 1992 compensatory payments have little effects on the probability of off-farm labour
participation of agricultural households' wives. A study of acreage responses in the US by Chavas and
Holt (1990) finds that elasticities of area planted in soybean and com with respect to farm incomes are
more than half those relative to the own output prices (for example, their estimated elasticity of com
area is nearly 0.10 with respect to income and nearly 0.30 with respect to corn price). Hennessy (1998)
examines the impact of the US 1990 deficiency payments for a 400 acres Iowa farm specialised in
corn mono-production. His analysis takes into account risk faced by the producer and distinguishes,
within the total impact of the US deficiency payments on nitrogen fertiliser use and on yield, the
effects related to risk (i.e., the above-mentioned income and insurance effects) from the coupling
effect. Hennessy shows that, among the effects related to risk, the estimated income effect on nitrogen
fertiliser use and on yield remains very low while the estimated insurance effect on these two variables
is substantial and markedly greater than the coupling effect. With respect to a free market situation, the
considered US deficiency payments make the nitrogen fertiliser use and the obtained yield to increase
by respectively 17% and 3.1 %, the coupling effect explaining only 10 to 20% (according to various

assumptions on the level of policy variables and on the producer's preferences) of these changes.

It is difficult to conclude definitely from these few studies, but one may however emphasise that even
supposedly decoupled income support instruments may have substantial effects on output choices and

output level decisions of agricultural producers.
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4.2.3. Decoupling income support policy instruments: The limits of the efficiency argument in a

second-best world

The efficiency argument for decoupling agricultural income support instruments is established only
under the first-best assumption, i.e., when no distortion do actually exist within the considered
economy. In practice however, in all economies, market and policy distortions do exist. Hence, real
agricultural markets and sectors remain far removed from the theoretic first-best situation. Therefore,
in this paragraph, we show how the efficiency argument for decoupling agricultural income support

may be questioned when the rather restrictive first-best assumption is relaxed.

4.2.3.1. The fixed lump-sum payment and the marginal cost of taxation

In the previous paragraphs, it is implicitly assumed that the total amount of lump-sum payments
granted to domestic agricultural producers equals the total amount of tax levied on domestic taxpayers.
In other words, it is assumed that the opportunity cost of public funds (or the marginal cost of

taxation) equals zero.

In practice, the opportunity cost of public funds is most often different from zero, i.c., one monetary
unit levied on taxpayers allows less than one monetary unit paid to agricultural producers. It is clear
that in all economies, the income distribution problem addressed by national governments goes far
beyond the only objective of supporting agricultural producers. In fact, governments intervene in order
to redistribute national income across all domestic economic agents and activities, i.c., the various
production sectors, the various types of consumers and the various types of taxpayers. To this regard, a
share of the national income must be levied on specific groups to be redistributed to other groups.
Operated levies do not induce distortions, nor national net welfare loss, only when they result from
lump-sum taxation. In practice, lump-sum taxation implementation is impossible since it requires
governments to know perfectly all the characteristics of all economic agents. Hence, practically,
indirect taxation systems, based on, for example, consumption of the various goods, wages, individual
income, etc are always used. As, such indirect tax instruments affect individual behaviours, they
induce distortions and lead to a net welfare loss (i.¢., the loss of surplus of levied agents exceeds the
gain of surplus of agents benefiting from the income redistribution) for home economies. In other
words, used taxation systems are distorting and the marginal cost of taxation is usually different from

Ze10.

Several studies provide empirical estimates of the marginal cost of taxation for various countries.
Their results vary substantially and suggest that the marginal cost of taxation ranges (according to the
country, the time period and adopted hypotheses) from few percents to more than 50% of each levied
monetary unit. Findlay and Jones (1982) find that in 1978-79, the marginal cost of taxation in

Australia ranged from 0.1 to 0.56 cents of each levied Australian dollar, their favourite estimate being
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0.4. Ballard et al. (1985) show that in 1973, the US opportunity cost of public funds ranged from 0.17
to 0.56. Browing (1987) estimates that in 1984, the US marginal cost of taxation lied between 0.32 to
0.47.

Thus, all these studies indicate that the marginal cost of taxation in the various countries is likely to be
different from zero. In this case, the efficiency of the fixed lump-sum payment for supporting
agricultural income is questioned. In fact, the higher the marginal cost of taxation, the greater the
national welfare loss induced by lump-sum payments, or more generally, decoupled policy
instruments, ceteris paribus. This raises the question of the relative efficiency of more coupled policy
instruments in economies characterised by high marginal costs of taxation. The Moschini and Sckokai
(1994) answer to this question is mitigated. In fact, they show analytically that when the home's
government objective is to ensure a minimum level of income to domestic producers in presence of a
positive marginal cost of taxation, the fixed lump-sum payment to producers always belongs to the
optimal policy instrument package. More specifically, they show that the optimal policy is a lump-sum
payment to producers, associated with two more coupled instruments: an export tax in order to
improve the terms of trade of the home country and a consumption tax in order to correct the distortion

induced by the marginal cost of taxation.

4.2.3.2. The fixed lump-sum payment and externalities

Agricultural production is a well-known source of negative and positive externalities. In other words,
market distortions do actually exist on agricultural markets. Such distortions are not taken into account
in previous paragraphs, so that the free trade equilibrium constitutes the most efficient equilibrium for
the considered home country. Consequently, the fixed lump-sum payment, which as a decoupled
instrument does not change the initial free trade market equilibrium, appears as the most efficient
instrument for supporting domestic producers' income. However, it is a well-known result that when
market distortions do exist, the free trade equilibrium is no longer efficient for the home country.
Specifically, in presence of negative and positive externalities related to the domestic agricultural
production, the free trade market forces lead to an "over-production” of negative externalities and an

"under-production” of positive externalities, relative to the social optimal corresponding quantities.

Thus, starting from such an initial situation, if the home government's concem is still to transfer a
certain level of surplus to domestic agricultural producers, is the predetermined, fixed lump-sum
payment the most efficient policy instrument? More generally, is the decoupling of agricultural
income support instruments justified, in welfare terms, when the national agricultural policy seeks

simultaneously various objectives?
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In the following, we show that more coupled instruments may be more efficient than fixed lump-sum
payments for transferring surplus to agricultural producers when the domestic agricultural production
generates positive externalities (such as landscape preservation or rural employment and development,
for example). Figure 4.4 below illustrates this point. An important hypothesis in Figure 4.4 is that the
generation of positive externalities increases with the production volume of the considered agricultural

output (i.¢., the agricultural output and the positive externalities are joint in production).

In Figure 4.4, the supply curve resulting from the domestic producers' optimisation programme, i.e.,
the aggregate private marginal cost curve, is denoted O. The aggregate public marginal cost curve is
denoted OP . This curve corresponds to the output supply curve, which would be observed if domestic

producers were paid for the positive externalities they produce in conjunction with their output supply

quantity. In the free trade market situation, for a world market price p*, the home net welfare loss due
to the positive externality distortion corresponds to area cfg. The domestic supply is O°, whereas the

required social optimal quantity is OP" . Hence, the free trade market equilibrium is not optimal from

the social point of view since it leads to an under-provision of positive externalities.

Starting from this situation let suppose that the home government decides to support domestic
producers' income through a guaranteed market price p,. Then, domestic output supply increases to
O, . As already mentioned, the guaranteed market price induces a welfare loss on the supply side

(triangle cef ) and a welfare loss on the demand side (triangle jbg ). However, Figure 4.4 shows that

following the guaranteed market price implementation the under-provision of positive externalities is

reduced with respect to the initial situation, so that the related welfare loss is now limited to area ff7n.

Therefore, the guaranteed market price may lead to a net welfare gain for the home country if the gain

resulting from the correction of the positive externality distortion (i.e., area ¢fn&) is greater than the
welfare loss due to the price support instrument (i.e., areas cef and jbg ). If this is actually the case,

thus the coupled guaranteed market price instrument is more efficient than the decoupled fixed lump-

sum payment (ensuring domestic producers the same transfer of surplus than the guaranteed market
price, i.e., corresponding to area ngicp' ), which does not change the situation of the home country in

terms of welfare relative to the initial situation. >

36 1t is important to note that the production subsidy instrument is still more efficient than the guaranteed market
price since for an equivalent surplus transfer to producers, it does not generate a welfare loss on the demand side.
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Such a result indicates that in a second-best world, coupled policy instruments may reveal more

efficient than decoupled measures. *’

Figure 4.4. The relative efficiency of the coupled guaranteed market price and the decoupled
fixed lump-sum payment when output production generates positive externalities

Price
r 3

4.2.3.3. Decoupling agricultural income support instruments in a multi-output, multi-instrument

Jframework

In most developed countries, numerous policy instruments are in force on agricultural markets. Hence,
it is rather uncommon that for national governments, the initial situation for policy intervention
corresponds to the free trade market equilibrium. Moreover, in a lot of developed countries, support to
agricultural producers is still partly provided through coupled policy instruments. And most often
decoupled internal support instruments are implemented in order to replace previous more coupled

instruments.

*7 One may underline that this result is contingent to the assumption of jointness relationships between the
agricultural output and the positive externalities that we adopted in our analysis.
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In the following, we show that, in a multi-output framework where price support instruments are
initially in force on considered markets, the replacement of some of these coupled instruments by
"decoupled" direct payments does not necessarily allow to correct previously existing production and
trade distortions. It can even be shown that in some cases, those existing distortions are aggravated

following such a partial decoupling process.

For simplifying the presentation, we suppose that the considered country produces only two
homogeneous agricultural products, a vegetal product and an animal product, on a fixed land area L.
Let suppose first that a coupled policy instrument, such as a guaranteed market price or a production
subsidy, is implemented in order to support the domestic vegetal producers' income. In such a case,
policy intervention in the vegetal sector induces, ceteris paribus, an increase in the domestic crop
supply and an increase in both the variable input use and the volume of primary factors employed in
the vegetal sector. Regarding the land factor, as the domestic total land area is fixed, the policy
intervention implies a change in the acreage allocation, favouring the vegetal sector to the detriment of
the animal sector. Let suppose now that the previous coupled instrument is replaced by a fixed lump-
sum payment. At least three effects will contribute for this decoupling process does not allow to

remove previous production and trade distortions resulting from the coupled instrument.

Firstly, due to the fact that the income support in the vegetal sector was previously provided through a
coupled policy instrument, a time delay is needed for the domestic vegetal output supply to adjust on
its free trade level. Particularly the stock of stockpiled capital, resulting from past investment decisions
driven by the previous coupled policy instrument, will continue to partly determine the vegetal output
volume produced on during a certain time period. In fact, it has been shown (Johnson and Pasour,
1981) that the lower the depreciation rate of capital, the longer the time delay for the output supply to

adjust down (ceteris paribus).

Secondly, taking into account risk, the risk diversification effect according to the so-called portfolio
choice model is likely to appear. Clearly, fixed lump-sum payments granted to vegetal producers may,
ceteris paribus, reduce the variability of profits resulting from the vegetal production. Therefore, it is
very likely that the decoupling process in the vegetal sector will not allow to restore the free trade
market equilibrium, the vegetal sector being still favoured to the detriment of the animal sector in the

final situation.

Thirdly, a more general effect, related to the coexistence of various support policy instruments in force
in the different agricultural sectors, must also be emphasised. Such an effect is illustrated on Figure
4.5. The free trade equilibrium corresponds to point E where the marginal return to land used in
vegetal production equals the marginal return to land used in animal production. Then, at point E, the

acreage allocated to the vegetal sector is LVE'=VE' while the acreage devoted to the animal sector is
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LAE'=AE'. Let suppose now that the national government chooses to support producers' income in
both sectors through direct payments per hectare, scv for the vegetal sector and sca for the animal
sector. For simplification purpose, we assume in Figure 4.5 that these direct payments per hectare
induce no distortion in acreage allocation. *® Hence, the new equilibrium situation corresponds to point

F located just above point E.

Starting from the F equilibrium, we assume that the national government replaces the direct payment
per hectare by a fixed lump-sum transfer in the animal sector. Hence, the new acreage allocation
equilibrium corresponds to point G on Figure 4.5. Consequently, the decoupling process in the animal
sector induces an increase in the vegetal sector acreage (from LVF'=VF'=VE' to LVG'=VG') and a
decrease in the animal sector acreage (from LAF'=AF'=AE' to LAG'=AG"). Thus, it is easily shown
that the final equilibrium G corresponds to a more distorted acreage allocation, with respect to the free
trade equilibrium E, than the initial equilibrium F, though for the overall domestic agricultural sector
the share of total support granted through decoupled instruments increases when shifting from the F to
the G situation. Thus, Figure 4.5 suggests that production and trade distorting effects may be
aggravated when implementing decoupled agricultural support instruments while coupled instruments

remain in force.

This last result is very important as regards to future discussions on eligibility conditions to the "green
box" which are likely to occur during the Millenium Round. In fact, it suggests that agricultural
support measures should not be judged on an individual basis, as implied by the current URAA green
box definition, but as part of a policy package. In the same way, supposedly decoupled measures
should not be automatically included in the "green box" since their practical production or trade

distorting effects may be far different from their theoretical ones.

® Obviously it does not mean that the considered support policy does not generate any distortion on the
corresponding agricultural markets. Furthermore, in a situation where the total agricultural land area would not
be fixed, the considered support policy would lead to increase the land area used in agricultural production to the
detriment of alternative uses (such as forestry or recreational purposes for example), due to the increasing
marginal return to land used in agriculture.
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Figure 4.5. Effects of the fixed lump-sum payment on acreage allocation in a multi-output,

multi-instrument framework

Marginal return to land used in vegetal Marginal return to land used in animal
production production

A T
SCv {

4.3. Are the green box decoupling criteria for direct payments to producers well-designed:

Taking into account adjustments on the land market and/or in the number of farmers

Annex 2 of the URAA provides the eligibility criteria to the green box. As far as direct payments to
producers for income support purpose are concerned, Annex 2 states that such instruments are
considered as decoupled from production and trade if they meet the two basic criteria set out in point
1:

(i) the support in question shall be provided through publicly-funded government programme ... not

involving transfers from consumers;
(ii) the support in question shall not have the effect of providing price support to producers;
plus the five policy-specific criteria set out in point 6:

(i) eligilibity for such payments shall be determined by clearly-defined criteria such as income, status

of producer or landowner, factor use or production level in a defined and fixed base period;

(i) the amount of such payments in any given year shall not be related to, or based on, the type or
volume of production (including livestock units) undertaken by the producer in any year after the base

period;
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(iii) the amount of such payments in any given year shall not be related to, or based on, the prices,

domestic or international, applying to any production undertaken in any year after the base period;

(iv) the amount of such payments in any given year shall not be related to, or based on, the factors of

production employed in any year after the base period;

(v) no production shall be required in order to receive such payments.

In the previous section it has been shown that these green box decoupling criteria duplicate the
working of the theoretical lump-sum payments, provided that the considered framework corresponds
to the one traditionally used in the welfare theory. But, as soon as one relaxes one or more hypotheses
of this usual simplified framework, even fixed lump-sum payments do have effects on producers'
decisions, so that they are not fully decoupled. In other words, in practice, and as far as agricultural
production is concerned, fully decoupled policy instruments do not exist since it is virtually impossible

to break the link between income support to farmers and their production decisions.

In this section, contrary to most existing studies, we hold the hypotheses of the usual model of the
welfare theory. Then, we show that even within this usual framework, one may question the

consistency of the green box decoupling criteria.

4.3.1. The key role of factor mobility assumptions

In this paragraph, the analysis relies on an analytical framework, which allows it to highlight the key
role of factor mobility assumptions in determining the effects on production of alternative income
support policy instruments. The proposed model expands the one developed by Hertel (1989) by

considering two sectors. *°

4.3.3.1. The theoretical model

The proposed framework is a static partial equilibrium model with two perfectly competitive

agricultural sectors indexed by j=a,v. Each sector is characterised by a mono-product, constant
returns to scale production technology. The production level of sector j is denoted y’. Each sector
uses three inputs: an aggregate variable input x’ (such as fertilisers, pesticides, feed, etc.), a specific

primary factor of production available in fixed quantity K’/ = K’ (such as an aggregate of labour and

capital, for example), and another primary factor of production // (such as land, for example). Total

supply of the variable input is perfectly elastic at price w’, whereas total supply of land (Z) is

* Our proposed model is concerned with the supply side only while Hertel's model takes into account both the
supply and the demand side.
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assumed to be fixed. Hence, production technologies of both sectors are interrelated only due to

competition for the available land. This latter may then be considered as an "allocatable fixed" factor.
Each sector determines its output supply and input derived demands by maximising its profit n’

subject to technological and market constraints. It is assumed that output prices p’ are exogenous.

Public intervention in both sectors can take various forms: production subsidies (Spj ), variable input

subsidies (sv’ ) and direct payments to producers based on primary factors of production (sa’ for the

allocatable fixed factor and sf’ for the specific factors).

The profit-maximising programme of each sector proceeds as a usual two-stage process (see, €.g.,
Chambers and Just, 1989). In the first stage, the output and variable input optimal quantities are

determined for a given land allocation. This first sub-programme may be written as:

n‘(pf.sp’,wf,sv’,lf,Kf)

=r:i¢‘::,}c[(p} +sp’)yj —(w’ —svj)x’ sy =f’(xj,lj,F) j=ayv O

where y/ = f/\x’/, I/ K7 is the production function of sector j .
p

Programme (1) defines a restricted profit function which is linearly homogeneous and convex in prices
and subsidies; monotonically increasing in the output price, the output subsidy and the variable input
subsidy; monotonically decreasing in the variable input price, and monotonically increasing and

concave in land and the specific factor.

In the second stage, optimal land allocation is determined by solving the following sub-programme:

ﬁj(p’,spj,wj,svj,K’,saj,Kf)

=maxn’ j,sp/,wj,svj,lj,Kj)+saj.lj—kj.lj j=av
Iz

@)

where N is the price of land in sector j, as defined later. The first-order conditions of the

maximisation sub-programme (2) yield:

nf(P",spj,w",svj.l".E’T)’fS“j‘W =0j=av ®)

where ‘rc,’() denotes the partial derivative of the restricted profit function with respect to land.

Equations (3) implicitly define the derived demands for land of both sectors:

Idj(.)=ld’(pj,sp’,wj,sv’,saj,F,k") j=av 4)
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The derived demand for land of sector j depends on output and input prices and subsidies prevailing
in sector j, as well as on the land-based direct payment and the specific factor level observed in this

sector. All arguments of the land derived demand functions (4) except the price of land A, are

exogenous. In fact, the land prices A/ are endogenous and determined through the land market-

clearing equations.

The issue at stake is thus to specify land supply functions for both sectors. Most agricultural
production analyses consider land as a homogeneous factor (see, e.g., Coyle, 1993; Guyomard et al.,

1996; Oude Lansink and Peerlings, 1996). In this standard case, the total supply of land is fixed at

level L and the land market-clearing equation is simply:

>d/()=L )

J=ay
Thus, the equilibrium price of land is the same for both sectors:
M= =2 6)

Therefore, using equations (4), (5) and (6), the equilibrium price of land, as well as the optimal land

allocation to each sector can be written as functions of exogenous variables:

X(.)=}»(p";p”,sp",sp“,w”,w“,sv",sv",sa",sa",F,K“,Z) )

Ij(.)=l"(p",p",sp",sp",w“,w“,sv",sv“,sa",sa”,K",K”,L) j=av 8

Optimal output supply functions and variable input derived demand functions of each sector are then
obtained by applying Hotelling's lemma to each sector-specific profit function (1), evaluated at the

optimal land allocation (8):

. {p.sp? W sV, .
)=y —|i=av ©)
l’(p",p",sp",sp",w",w",sv",sv",sa”,sa",K',K",L)K’

, (p’.sp’, W sv7,
—x’()=x’ p. P —_——\— | j=av (10)
I ",p",sp",sp“,w",w",sv”,sv“,sa",sa",K",K",L)K’
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Hence, due to the land constraint, optimal allocation of land to one sector, as well as this sector's
output supply and variable input derived demand, depend not only on prices, subsidies, the land-based
direct payment and the specific factor level prevailing in this sector but also on prices, subsidies, the

land-based direct payment and the specific factor level observed in the other sector.

Although the land homogeneity assumption is very common in applied agricultural models, essentially
because of its tractability and its parsimony, it is not realistic and moreover embodies strong
assumptions on price elasticity of supply (Hertel, 1999). The capacity of a given plot of land to
produce a particular farm product varies with soil type, location in the watershed, and climatic
conditions. These characteristics all combine to determine the yield, given a certain level of nonland
inputs. Models based on the homogeneity assumption of land will then overstate supply response,
since they do not take into account the agronomic and climatic constraints placed on the production of

specific farm commodities.

Computable General Equilibrium (CGE) models focused on agricultural sectors usually attempt to
capture these constraints in a tractable fashion. 0 To our knowledge, three main approaches have been
used to model heterogeneity of land, and more generally, of primary factors of production. The first
one consists in specifying a transformation function, which takes total land as an input and distributes
it among various sectors in response to relative rental rates. The standard parametric function used in
CGE models is the Constant Elasticity of Transformation (CET) function, where the elasticity of
transformation is a synthetic measure of land heterogeneity (see, e.g., Hertel and Tsigas, 1988;
Peerlings, 1993). The second approach has been developed by Robidoux et al. (1989) in their
Canadian CGE model. They assume different types of land, which substitute imperfectly each other in
the production of a given agricultural good. The third approach, which has been used for example in
the Walras model (Burniaux et al., 1990), is based on the specification of migration functions that

determine factor flows between the various considered sectors. 4

For parsimony considerations, we follow the Walras model approach by distinguishing two types of

land and specifying migration functions. More specifically, we assume that total available land L may
be broken down into two land types, so that both sectors face two land supply functions. These

functions are indexed by j =a,v in order to indicate that each type of land is more well-suited to the

specific production process of the corresponding sector. However, land is not a specific factor for each

“® In partial equilibrium (PE) models, a continuum of land types is often assumed (see, e.g., Lichtenberg, 1989;
Antle and Just, 1990; Caswell et al., 1990). Depending on data availability, this continuum is summarised by an
observed index, such as the Land Capability Class in the US.

“! This approach has also been used by Abler and Shortle (1992).
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sector since "land migration" between sectors is allowed. Therefore, due to this migration possibility,

each land type supply function depends on the prices of both land types. Thus, we have:
lo"()=lo"(A*,") (11)

10°()=Z 10" ()= ~Io"(1*, %" ) =lo* (u*, 1) (12)

where the supply function of land type j, lo’ (), is increasing in its own price A’, decreasing in the

price of the other type of land and homogeneous of degree zero in land prices.

In other words, the derived demand for each type of land (resulting from the optimisation programme
of the corresponding sector) depends only on its own price whereas the supply of each type of land is a
function of both land type prices. One may notice that the land homogeneity assumption corresponds
to a particular case of the more general heterogeneity assumption, where land supply functions (11)
and (12) are perfectly elastic with respect to both land type prices. In the following, we will carry on

with the general land heterogeneity specification.

Finally, the total profit of each sector is defined as:

. (p!.sp! W, sv’, —
#()=n| 77 \— |+sf KT j=av  (13)
l’(p",p",sp”,sp",w”,w",sv",sv",sa",sa",K",K“,L),K’

This profit is homogeneous of degree one with respect to the specific factor K. Hence, we may

write:

n:(—j(.)+sf’=p’j=a,v (14)
where p’ denotes the opportunity cost or the shadow value of the specific factor in sector ;.

4.3.1.2. Comparative static analysis
The comparative statics of land allocation, land prices and specific factor shadow values are obtained
by total differentiation of equations (3), (11), (12) and (14), and solving for dl’,d\’,du’. The

corresponding system is reported in appendix 1. The comparative statics of each endogenous variable

is given by**:

“ n",; () denotes the second partial derivative of the restricted profit function of sector j (corresponding to

programme (1)) with respect to variables qj and z7. Exponent j of variables has been omitted for simplicity.
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1| to} .(n;, (dp* +dsp’ )+ m, {aw ~dsv' J+n dK” +dsa")

dr =— s - (15)
d | 110!,z (dp* +dsp )+ d? ~dsv" )+t K +ds Jems 107, dL
L [ (o +dsp )+ law —dsv' )+ dK° +dsd) -
~d] o, [t +dspp )+ (o —ds?)emse AR +asd Vi 207, ~1)d
o] ~(i+1a, nj’,l(:-t;;,(dp"+d9p’)+n}'w(a‘vd—dsﬂ)+n"- dF+dsd] -
~d| 1, 7 [t i +dsp) 7 (vt~ ) K +dsd )1, dL
n;;(n;[ 1B +dsp)+T¢, v —dsv)+ 7. d?+dsd) .
(1 -1d, 2\t (4 +dsp) + ¢, o —dst) +7¢, dC K +dsd)+ w1, ~1)dL
_1| 18, [ (a7 +dsp)+r, (dw —dsv) +ndK +dsd)
d +10, 7 (nf (dp +dsp)+7t, {avd —dsv )+t dK"+dsd)+rq,n:1({,,.dZ (19)
s {dp +dsp) e, (dv—dsv)+ i dKC +dsf
4o 1d, 1t '(n; (dp +dsp)+m, (v —dsv)+ dK"+dsd)
d|11g, M(n;, (dp +dsg)+ 7, (v —dis) 1t dK“+dsd)+n‘,’,(n,",lo“ ~1)dL (20)

+1t (df +dp§)+ (a0 —ds)+ 7t dK" +dsf
with d = 1t,",.lo{v - n;’,.lo;a -1<90

Once the comparative statics of land allocation is determined, the comparative statics of output

supplies and variable input derived demands are easily obtained:

dy’ =1tf,p.(dp" +dspj)+ nf,w.(dwf —dsvj)+ nt,.dl’ +nﬁf.d_lz'7 j=a,v 21
—dv’ =n!, (dp’ +dsp’ )+l (aw' —dsv)+nl dl) + 0l dK j=av (22)

Equations (15) and (16) provide the comparative statics of land allocation between both sectors. They
show that land use in sector j is increasing in the total quantity of available land L, in its own land-
based direct payment sa’ and in its own output subsidy SPj under the assumption of non-inferiority

of the land input. One also sees that land use in sector j is decreasing in both the land-based direct

payment and the output subsidy implemented in the other sector. The impact of a change in each

sector's variable input subsidy (sv’) or specific factor level (F) on land use in sector j is
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ambiguous. It depends on substitution-complementarity relationships between land and both other

inputs (i.e. the variable input and the specific factor) in the production technologies of each sector (i.e.

. . _I j s __
on the respective signs of n; and n x> J=av).

Equations (21) clearly show that the output supply in sector j, still under the assumption of non-

inferiority of the land input, is increasing in the total quantity of available land, its own land-based
direct payment and its own output subsidy, while it is decreasing in both the land-based direct
payment and the output subsidy applied in the other sector. Obviously, the output supply response of

sector j to a change in variable input subsidies or specific factor levels is also ambiguous.

At this stage, one may notice that in the particular case where land is homogeneous (i.e., lo{, —>®),

equations (15) and (16) become respectively:

. -1 (1:,‘;, .(dp" +dsp” )+ T, .(dw” —dsv”)+ mod K’ +dsa’ ) 23)
w41 | ~(ue (dp* +dsp’ )+ (dw” —dsv? )+ xt dK* +dsa® |+ n5 4L

dl° =dL-dl’ (24)

Hence, all results regarding the impact of the various considered policy instruments on land allocation

and output supplies presented above are also valid under the land homogeneity assumption.

4.3.1.3.Factor mobility and the green box decoupling criteria for direct payments to producers

The previous comparative static equations can now be used to discuss the validity of some policy-
specific eligibility criteria to the green box. We focus attention on criteria (ii), (iii) and (iv) of point 6
of Annex 2 of the URAA. Let us begin with criterion (iv). It stipulates that to be considered as
decoupled a factor-based direct payment must be calculated on the basis of the used quantity of this
factor observed during the base period. It is worth mentioning that in contrast to criterion (ii), criterion
(iv) does not specify whether it applies at the farm, the concerned agricultural sub-sector (crop or
livestock sub-sectors for example) or the whole agricultural sector level. This (probably intentional)
imprecision is however of major importance when analysing the degree of decoupling of such direct

payments to producers. B

The comparative static results stemming from our theoretical framework clearly show that the

production effects (i.e. the degree of decoupling) of the direct payments based on specific factors sf° )

“ Asan example, CAP crop land-based compensatory payments, which are limited to a national historical base
area in each EU Member State, comply with criterion (iv) if this latter is interpreted at the crop sub-sector level.
In contrast, these compensatory payments do not conform to this criterion if it is interpreted at the farm level.
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are far different from those of the land-based direct payments sa’ . In fact, the direct payments sf J
conform to criterion (iv) defined at either the farm or the agricultural sub-sector level, whereas land-

based direct payments sa’ comply with criterion (iv) defined at the level of the whole agricultural

sub-sectors @ and v. *

Hence, the comparative static equations (15) to (21) show that specific factor-based direct payments
sf’ have effectively no effects on land prices, land allocation and, consequently, on output supplies.

They only induce a positive effect on the shadow values of both specific factors (see equations (19)
and (20)). Therefore, such direct payments are effectively decoupled from production. In contrast,
land-based direct payments actually affect land prices, land allocation and so output supplies. Thus,
such a policy instrument may not be considered as decoupled from production even though it complies

with criterion (iv) if interpreted at the whole sector level. e

At this stage, two remarks are in order. Firstly, equations (15) to (21) show that even if specific factor-
based direct payments sf’ are adjusted to domestic or international price changes, they will remain

neutral with respect to domestic output supplies. Therefore, in that case, criterion (iii) is redundant.
One must underline however that this result relies on our simplified framework which does not take

into account risk, dynamics, financial market constraints, etc. Secondly, it is obvious from equations

(15) to (21) that even if specific factor-based direct payments sf / are differentiated according to the

sub-sector they are applied to (i.e. if dsf” differs from dsf ), they also will remain neutral regarding

domestic output supplies. In that case, criterion (ii) also becomes redundant.

Consider now the land-based direct payments. It is easily shown from equations (15) to (21) that
criterion (ii) may be inconsistent. More precisely, criterion (ii) stipulates that eligible direct payments
must be independent from the type or volume of production undertaken by the producer in any year
after the base period. In our theoretical framework, this criterion implies that our land-based direct
payments implemented in each sub-sector should be equal (i.e. dsa” =dsa”). Equations (23) and (24)
suggest that criterion (ii) in addition to criterion (iv) effectively ensure decoupling when land is a

homogeneous factor, since in that case, we have:

* That is, for example, at the crop sector level if sub-sector a corresponds tn grains while sub-sector v relates to
oilseeds and protein crops, or at the whole agricultural sector level if sub-sector a represents animal production
and sub-sector v vegetal production.

* One may notice that the same result would be obtained in a theoretical framework where our current
agricultural sub-sectors a and v would correspond to two non-joint production processes of a unique agricultural
sub-sector or farm and criterion (iv) interpreted at the sub-sector or the farm level.
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for dp’ =dsp’ =dw’ =dsv’ =dK’ =dL=0 j=a,v

dl’ =dl* =dy" =dy” =0 ifand only if dsa’ =dsa“

However, when land is a heterogeneous factor, even uniform land-based direct payments may affect
domestic output supplies (see equations (15), (16) and (21)). Hence, in that case, criterion (ii) in
addition to criterion (iv) fail to ensure decoupling since a direct payment system conforming to both
criteria may have significant effects on domestic production. Furthermore, equations (15) and (16)
clearly show that when land is heterogeneous, the decoupled land-based direct payment system is a

package of sub-sector differentiated payments satisfying the following equation:

lo;v dsa’ =-lo’, dsa’ (25)

Aﬂ
Hence, under the land heterogeneity assumption, criterion (ii) is inconsistent since it makes no
decoupled direct payments to producers eligible for the green box. This result is essential with regards
to the future discussions on the green box definition during the Millennium Round since, quite
obviously, primary factors used in agricultural production, particularly land, are not homogeneous.

Furthermore it is likely that their degree of heterogeneity varies across countries.

In this respect, equation (25) emphasises the crucial importance of migration parameters lo}, and lo,

with respect to the degree of coupling/decoupling of direct payments based on an allocatable fixed
factor. In fact, the situation where one of these migration parameters is null corresponds to the specific
factor case previously described. In such a case, as has already been mentioned, land-based direct
payments remain production neutral, and so decoupled, even if they are differentiated across sub-
sectors. On the other hand, for positive and finite values of migration parameters, only differentiated

land-based direct payments are production neutral and may be considered as decoupled.

All these results suggest that the same direct payment system applied in two countries may lead to
very different production (and trade) effects, provided that the concerned agricultural production
technologies and factor mobility situations are different in both countries. In other words, one may not
qualify a direct payment system as coupled or decoupled without considering the "technological"
characteristics of the targeted sector (more generally of the whole economy), especially its production
technology and the extent of primary factor heterogeneity or mobility. Any attempt to measure the

degree of decoupling of direct payment systems should ideally take these characteristics into account.

4.3.2. The key role of adjustments on the land market and in the number of farmers

In this paragraph, the analysis relies on an analytical framework, which allows it to highlight the key

role of simultaneous adjustments in the number of farmers and on land market as regards to the effects
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on production and trade of various income support policy instruments. The proposed model is inspired
from the one developed by Leathers (1992) in order to examine the impact of policy instruments on

the number of producers.

4.3.2.1. The theoretical model

A potential agricultural producer » has an initial endowment in land equal to /i, . He faces perfectly

elastic supplies for all factors of production, including land, and takes their prices as given. However
the agricultural industry experiences a rising supply curve for land. It is thus an increasing-cost
industry (Hughes, 1980). Land can be acquired/let through rental only. The buying/selling price of
land is assumed to be adequately approximated by the discounted sum of future rental values so that a
prediction about the direction of the rental price is equivalent to a prediction about the direction of the

buying/selling price (Leathers, 1992).

There are N potential agricultural producers and N is large. In order to simplify presentation and

analysis, we assume that they have the same production function.

We consider four alternative income support instruments: a decoupled subsidy without mandatory
production mno, a decoupled subsidy with mandatory production mo, a land subsidy ¢, and a

production subsidy sp.

Agricultural producer behaviour

The profit-maximising program of a potential agricultural producer n may be defined as (the index 7 is

omitted):

max,,, (p+sp)y —wx—r(l —li)+tl+ mo+mno s.t. y=f(x1,nf) 26)
=n(p +sp,w,r —t,nf) +rli+mo+mno

where y denotes the agricultural output, x an aggregate variable input, / the amount of land used for
production and nf the family labour. The price of output is p, the production subsidy is sp, the price of
the variable input is w, the rental price of land is r, the land subsidy is ¢, the decoupled subsidy with
mandatory production is mo and the decoupled subsidy without mandatory production is mno. The

production function y = f(x,l,nf) is assumed well-defined for all non-negative variable input, land

and family labour quantities. It is everywhere twice-continuously differentiable, non-negative, non-

decreasing and concave. Program (26) defines a profit function n(p +sp, w,r —¢,nf) which is well-

defined for all positive prices, everywhere twice-continuously differentiable, non-negative, increasing,
linearly homogeneous and convex in prices, increasing and concave in family labour (Diewert, 1974).
In program (26), r(! —li) represents the cost of renting additional land at price r per unit (in that case,
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r(/ —1i) 2 0) or the eamings from leasing part or all of initial land endowment, also at price r per unit

(in that case, r(I -1i)) <0).

Output supply, land demand and variable input demand equations are obtained by applying Hotelling’s

lemma, i.e.,

on(p+sp,w,r—t,nf)/p == ,(p +sp,w,r —t,nf )= y(p + sp,w,r —t,nf) 27
—Oon(p+sp,w,r—t,nf)/ or=—n_(p+sp,w,r —t,nf)=I(p +sp,w,r —t,nf) (28a)
~on(p +sp,w,r—t,nf )/ ow=-n_(p+sp,w,r —t,nf )= x(p + sp,w,r —t,nf) (28b)

The individual supply function for the agricultural commodity is an increasing function of the output
price, the production subsidy and the land subsidy. It is decreasing in the variable input price and the
rental price of land, and it does not depend on decoupled subsidies with or without mandatory
production (equation (27)). The individual derived demand function for land is an increasing function
of the output price, the production subsidy and the land subsidy. It is decreasing in the rental price of
land, and it does not depend on decoupled subsidies with or without mandatory production. Impacts of
changes in the variable input price on land demand depend on (Marshallian) substitution and

complementarity relationships between production factors x and / (equation (28a)).

System equilibrium equations

The model involves three equilibrium equations. The first one is the equilibrium condition in the
output market. It requires the aggregate supply of the agricultural commodity to equal the aggregate
demand (i.e., domestic demand and exports). The second one is the equilibrium condition in the land
market, which implies that there is zero excess supply in this market. The third equilibrium equation

corresponds to the entry-exit condition.
The equilibrium equation in the agricultural commodity market may be written as:

D ¥(p+sp,w,r—t,nf)=K .n,(p +sp,w,r —t,nf) = DD(p) + DE(p) 29

where K is the number of producers who effectively produce, DD(p) is the domestic aggregate
demand function and DE(p) is the export aggregate demand function.

The equilibrium equation in the land market may be written as:

> li+ Si(r,Is) = K I(p + sp,w,r — t,nf) + DI(r, Id) (30)
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Land supply is the sum of initial endowments in land of the N potential farmers, plus an upward-

sloping function S/(r,ls), which corresponds to land supplied by land owners who are not potential
farmers (SI_ > 0). Land demand is the sum of derived demands for land by the K farmers who decide
to enter and produce the agricultural commodity, plus a downward-sloping function DI(r,ld), which
corresponds to land demanded by land users who are not potential farmers (DI, £0). Parameters Is

and Id are function shifters.

The last equilibrium equation corresponds to the entry-exit condition. A potential farmer will choose
not to enter if he can earn more money by leasing out all his land endowment and holding the best

possible alternative in terms of wages (P4), i.e., if:

n(p + sp,w,r —t,nf) + rli + mo + mno < PA+ rli + mno 31

As a result, a potential farmer with initial endowment /i will be indifferent between farming and not

farming if:

n(p +sp,w,r —t,nf)+mo=PA (32)

From (32), one notes that the entry-exit decision does not depend on the initial land endowment /i.
However this latter has a proportional impact, for a given land rental price, on total profit a farmer can
earn by entering and producing (see program (26)). One also notes that the entry-exit decision does not
depend on the decoupled subsidy without mandatory production (mno), but on the decoupled subsidy

with mandatory production (mo).

At this stage, it is useful to explain the working of both types of decoupled subsidies. Without loss of
generality, let us assume that the initial situation corresponds to a no support regime with Ki farmers
who produce. Let us now assume that the government seeks to support farmers’ incomes by means of
a decoupled subsidy without mandatory production. Equation (31) implies that the latter is granted to
the Ki farmers only, even if some of them decide to go out and not to produce in the new situation, but
not to new entrants. Let us now assume that the income support instrument is a decoupled subsidy
with mandatory production. Equation (31) shows then that the latter is granted to any farmer who
decides to produce in this new regime, but not to farmers who produced in the initial situation and now
prefer to go out and lease out all their land endowment. These assumptions allow us to write the entry

and exit conditions in only one equation, i.e., equation (32).

The solution of equations (29), (30) and (32) gives the equilibrium price of the agricultural commodity

p, the equilibrium rental price of land r, and the equilibrium number of farms, K, composing the
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industry. The analysis of farm programs proceeds then by totally differentiating (29 (30) and (32), and

solving the resulting system.

4.3.2.2. The impact of income support policy instruments on trade

We directly derive the comparative static effects of the four considered policy instruments on the price
of the agricultural output, the rental price of land and the number of farms/farmers. Then, using these
comparative static results, we may obtain the effects of policy instruments on exports, from the export

aggregate demand function DE(p). Details of calculations are provided in appendix 2. The main

results of the comparative static analysis are summarised in Table 4.1.

At this stage, one may underline that the four considered instruments have been chosen because they
cover a range of measures complying more or less with the basic criteria of point 1 and the policy-
specific criteria of point 6 of Annex 2 of the URAA. Indeed, according to the green box requirements,
the decoupled subsidy without mandatory production mno may actually be considered as decoupled
since it complies with all criteria of points 1 and 6. The decoupled subsidy with mandatory production
mo is less decoupled than mno since it does not comply with criterion (v) of point 6. The land subsidy
t is even less decoupled than mo since it does not comply with both criteria (iv) and (v) of point 6.
Finally, according to the green box definition, the production subsidy sp is the less decoupled
instrument since it does not comply with criteria (ii) and (v) of point 6, nor with the basic criteria (ii)

of point 1.

Globally, results reported in Table 4.1 indicates that the basic and the policy-specific decoupling
criteria of both points 1 and 6 are well-designed as far as both the most decoupled (i.e., mno) and the
least decoupled (i.e., sp) instruments are considered. Indeed, the decoupled subsidy without mandatory
production, which complies with all criteria, has actually no trade distortion effect and no effect on
production. At reverse, the production subsidy, which does not comply with one basic and two policy-
specific decoupling criteria has actually a positive trade distortion effect and a positive effect on
production. In other words, if one considers only these two policy instruments, criteria of points 1 and
6 of Annex 2 do ensure decoupling and do ensure that a policy instrument not complying with all the
criteria is less decoupled (i.e., has greater trade distortion effects) than a policy instrument in full

compliance.

However, when taking into account both other instruments the consistency of these criteria is less

obvious.
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Table 4.1. The comparative static analysis of alternative income support policy instruments

Impact of a decoupled subsidy without mandatory production

(mno) on
Ouput price 0
Number of farms/farmers 0
Rental price of land 0
Agricultural output exports 0
Impact of a decoupled subsidy with mandatory production (mo)
on
Ouput price Ambiguous: - when ¢/, <1;
+/- when €/, >1
Number of farms/farmers +

Rental price of land Ambiguous: + when &) <1;

+/- when €] 21

Agricultural output exports | Ambiguous: + when €}, <1;

21

+/- when e’y >

Impact of a land subsidy (f) on

General case Particular case (S/, =DI, =0)
Output price - 0
Number of farms/farmers | Ambiguous: + when €} <1; 0

+/- when €] 21

Rental price of land + +
Agricultural output exports + 0

Impact of a production subsidy (sp)

Output price -
Number of farms/farmers | Ambiguous: + when 8',, <1;

+/- when e’y >1

Rental price of land

Agricultural output exports

The decoupled subsidy with mandatory production mo

The effects of a decoupled subsidy with mandatory production (mo) on the endogenous variables and

on domestic trade are given by:

detM .(dp/dmo) = -Kn ,x ,(1-€)—(Sl, - DI, )=, (33)

det M .(dr/ dmo) = Kx ,(-=,)(1-€])—(DD, + DE,)(-,) (34
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detM.(dK /dmo)=K*(r ,x, —n%)+Kn, (S, - DI )~ (DD, + DE, )K=, +SI, - DI,)>0 (35)

't

dX | dt = DE, (dp ! dmo) (36)

where s’y =0log y(p + sp,w,l,nf)/ Ologl is the restricted Marshallian supply elasticity of output y

with respect to land quantity /, while €} =8log!/(y,w,r —t,nf)/0logy is the restricted Hicksian

derived demand elasticity of land / with respect to output level y.

Hence, the decoupled subsidy with mandatory production has only one unambiguous effect: a positive

effect on the number of farms/farmers (equation (35)). The impacts of the decoupled subsidy with

mandatory production on all other variables are indeterminate and depend closely on the levels of a’y

and €] relative to one.

The effect of the decoupled subsidy with mandatory production on the price of the agricultural

commodity (equation (33)) is unambiguously negative when the restricted Marshallian supply

elasticity of output with respect to land quantity (a’y) is lower than unity. When this elasticity is

strictly greater than one, the effect can become positive if the positive impact of the first right-hand
side term of (33) outweighs the negative impact of the second right-hand side term of (33). The effect
on the rental price of land (equation (34)) is unambiguously positive when the restricted Hicksian

derived demand elasticity of land with respect to output level (€] ) is lower than unity. When this

elasticity is strictly greater than one, the effect can become negative if the negative impact of the first
right-hand side term of (34) outweighs the positive impact of the second right-hand side term of (34).
On may notice that convexity in prices of the profit function defined by program (26) implies that the

product of elasticities s’y.e,y is always smaller than one. It follows that the decoupled subsidy with

mandatory production cannot simultaneously increase the output price and decrease the land price. *
Finally, the impact of the decoupled subsidy with mandatory production on agricultural commodity
exports (equation (36)) is indeterminate. It is positive (respectively, negative) when the price of the

agricultural commodity decreases (respectively, increases).

The ambiguous effects of the decoupled subsidy with mandatory production may be explained as
follows. All other things being equal, the decoupled subsidy favours the entry of new producers into
farming, creating subsequently excess supply in the output market and excess demand in the land

market. A new equilibrium of the economy may be obtained through either an output price decrease

and an increase in the rental price of land (s'y <1 and €] <1), an output price increase compensated

% If the output price increases, then the land price increases too. And if the land price decreases, then the output
price decreases too.
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by a higher increase in the rental price of land (¢! >1and e <1), or an output price decrease sufficient
to cope with a decrease in the rental price of land (s’y <1 and g’ >1). These price adjustments

obviously reduce the incentives for potential producers to enter the sector, but never outweigh the

initial positive effect of the decoupled subsidy on the number of farmers.

The land subsidy

The effects of a land subsidy (f) on the endogenous variables and trade are similarly derived from the

total differentiation of equations (29), (30) and (32). We obtain:

detM.(dp/df) = —(SI, - Dl,)m (~m,) <0 37)
det M .(dr/dt) = K[m, %% +7  (-7,)} +2n,,m,(-%,)]- (DD, + DE,)(-7,)" >0 (38)
det M.(dK / dt) = (SI, - D1 )[Kn , (-, )(1~€]) = (DD, + DE,)(-7,)] (39)
dX /dt = DE, (dp/df) >0 (40)

Thus, the land subsidy will unambiguously decrease the output price (equation (37)), increase the
rental price of land (equation (38)) and increase the exports of the agricultural commodity (equation
(40)). However, its effect on the number of farms/farmers is indeterminate (equation (39)). When the
restricted Hicksian derived demand elasticity of land with respect to output is lower than one, the
effect of the land subsidy is to increase the number of farmers. When this elasticity is greater than one,
the effect is ambiguous and can become negative if the negative impact of the first right-hand side
term of the square brackets in (39) outweighs the positive impact of the second right-hand side term of
the square brackets in (39).

Some further results can be wrung out of equations (37) to (40) when SI, =DI =0. Using the

developed expression of detM provided in appendix 2, we obtain:

dp/dt=0 (41)
dr/dt=1 (42)
dK/dt=0 (43)
dX/dt=0 (44)

Hence, in the particular case where the land supply and demand coming from the rest of the economy
correspond to fixed amounts, the only non-zero effect of the land subsidy is to raise the rental price of

land by the same amount (equation (42)). Equations (41), (43) and (44) show that, in this particular
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case, the land subsidy has no impact on the price of the agricultural product, neither on the number of

farms/farmers, nor on the exports of the agricultural commodity.

This last result suggests that a land subsidy may be considered as a decoupled income support
instrument, provided that there are restrictions on eligible land (and hence, payments) through the use
on an aggregate base area. *’ In other words, this result shows that a policy instrument that does not
fully conform to all green box eligibility criteria, as defined in points 1 and 6, may nevertheless has no

or minimal distortion effects on trade.

From a EU perspective, the situation depicted in the above particular case corresponds to the current
situation in the Common Market Organisation (CMO) for cereals, oilseeds and protein crops (hereafter
COP crops), if we consider COP crops as one aggregate only. Therefore, from a WTO negotiation
point of view, the EU could rightfully argue that the area payments in force in the EU COP sector have
(at least at the aggregate level) minimal trade distortion effects (so could be considered as decoupled),

although they do not fully conform to URAA decoupling criteria. **

Finally, when comparing the impact on trade of both the decoupled subsidy with mandatory
production and the land subsidy with restriction on eligible land, one may question the consistency of
the green box decoupling criteria. Indeed, obtained comparative static results suggest that decoupling
criteria as defined in point 6 do not necessarily ensure that a policy instrument complying nearly with
all criteria is more decoupled (i.e., has lower positive effects on trade) than a policy instrument
conforming with less criteria. In fact, it is possible to show that the decoupled subsidy with mandatory

production, which comply to all criteria of point 6 but the criterion (v), may have positive effects on

trade (when s’y <1) while the land subsidy, which does not conform to both criteria (v) and (iv), may

have no effect on trade, provided that there are restrictions on eligible land. 2

47 of course, this result is contingent to the model used, i.e., a static framework without risk and uncertainty and
considering only one aggregate output.

. Obviously, this does not mean that the current EU area payments to COP crops have no effect on the domestic
aggregated supply of COP crops with respect to a free market situation. This would be the case only if the
current EU base area for COP crops is not larger than the total area which would be devoted to COP crops in a
non interventionist regime. The URAA however does not, at least explicitly, strictly constrain to take the free
trade situation as the reference situation. For a discussion on the eligibility to the green box of EU compensatory
payments granted in both the COP and the beef sectors, see for example Gohin and Guyomard (2000).

“ In that case, the land subsidy does not comply with criterion (iv) only if this latter is defined at the farm level
(cf. the discussion on this point in the previous paragraph).
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4.4. Promoting multifunctionality while minimising trade distortion effects: The relative merits

of traditional policy instruments

In this paragraph, we keep with the previous theoretical model but we enlarge the analysis in order to
deal with the multifunctionality. Our purpose is to classify the previously considered policy
instruments according to their ability not only to support farmers’ income but also to achieve other

goals traditionally assigned to agricultural policies.

we consider only three of the four previous agricultural income support programs: the decoupled
subsidy with mandatory production (mo), the land subsidy (f) and the production subsidy (sp). As the
only non-zero effect of the decoupled subsidy without mandatory production (mno) is to raise, by the
same amount, the farmers' individual profit, results of the comparison analysis with other instruments

are quite obvious.

Three agricultural policy goals are considered: supporting agricultural income, promoting positive
externalities and/or public goods provision and correcting negative externalities (pollution). %0
However, as the WTO discipline requires domestic policy programs to have no, or at most minimal,
trade distortion effects or effects on production, the WTO rule of "the minimal induced trade

distortion" is considered as a fourth "policy objective".

Each policy objective is directly related to a specific target variable. And the ability of each program
to achieve each policy objective is evaluated through its impact on the related target variable. More
specifically, the target variable associated with the policy objective of supporting agricultural income
(policy objective n°1) is the individual total profit of farmers (denoted PRO). We consider that a
program inducing an increase (a decrease) in the individual total profit of farmers contributes
positively (negatively) to the policy objective of supporting agricultural income. The target variable
associated with the policy objective of minimising the trade distortion effect induced by domestic
programs (policy objective n° 4) is the agricultural commodity exports (denoted X). We consider that a
program resulting in an increase (decrease) in agricultiral exports goes against (favours) the policy
objective of preserving the compatibility of domestic programs with WTO rules. The target variable
associated with the policy objective of reducing the negative externalities (policy objective n° 3) is
individual yields per hectare (denoted in for individual intensification). ' In other words, we assume
that negative externalities arise from an “excessive” use of variable inputs (mainly fertilisers and
pesticides).We admit that a program inducing a decrease (an increase) in yields per hectare contributes

positively (negatively) to the policy objective of reducing negative externalities arising from

50 . . . . ) . . B
We do not consider the issue of price and/or income stabilisation as we use a static analysis framework
without risk and uncertainty.

5! yields have been retained instead of the aggregate variable input use per hectare because the comparative
static results are far easier to derive for yields per hectare than for the variable input quantity used per hectare.
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intensification of agricultural production. Finally, the target variable associated with the policy
objective of maintaining/increasing the provision of positive externalities and/or public goods (policy
objective n® 2) is the number of farmers. In fact, following Hueth (2000), we assume that (most) non-
food or non-market benefits are directly linked to the number of (high marginal cost) farmers. This is
of course a very restrictive assumption. However it allows us to simply represent the multi-product
nature of non-food benefits by considering that the society perceives a connection “between the
existence of relatively high-cost farm operations and the preservation or sustainability of rural

communities” (Hueth, 2000, p. 22).

The preservation of a “large” number of relatively small family-style farms is generally viewed as
more effective to the sustainability and well-being of rural communities than a “small” number of
relatively large farms (European Commission, 1999; Hueth, 2000). In a more general but cumbersome
framework where potential farmers have different abilities (a higher ability corresponding to lower
marginal costs), any increase in the number of farms/farmers means that relatively high-cost farmers
choose to enter and produce (Leathers, 1992; Guyomard et al., 2000). One can reasonably assume that
the society derives non-market benefits from the production of these relatively high-cost farmers by
valuing their production beyond its market value (Hueth, 2000). Under this assumption, the policy
objective of an increased number of farms/farmers may be viewed as a reduced form of a more general
policy objective, i.e., ensuring the fulfillment of the positive multifunctional role of agriculture. Since
the same conclusions are derived from both the “general” model (farmers with different abilities) and
the “simplified” model used in this paper (farmers with identical abilities), one can interpret any
increase in the number of farms/farmers as an increased supply of public goods/positive externalities

produced by agriculture.

The previous comparative static results provide the effects of the three policy instruments on the
endogenous variables (including the number of farms/farmers) as well as on the agricultural exports.
Using this comparative static results, it is also possible to determine the impact of the instruments on
farmers' total profit (from programme (26)) and on yields per hectare (from equations (27) and (28a)).

Details of calculations are provided in appendix 2.

Then, the comparative static effects of the three policy instruments on the four target variables are
compared on an equal budget cost basis. This allows us to classify the instruments according to their
ability to achieve the four considered policy objectives. For that purpose, we assume that the initial
situation corresponds to the free trade equilibrium. ** In other words we consider that the four income
support programs are initially not in force. Such an assumption implies that the comparison of the
effects of instruments on an equal budget cost basis is equivalent to a comparison on an equal total
agricultural income support basis.

2 In paragraph 4.3.2, we did not specify the status of the initial market situation because derived comparative
static results are valid whether the initial situation corresponds to the free trade equilibrium or not.
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In a first step, we determine the differences between effects induced by each pair of instruments for
the three endogenous variables and the four policy objectives related variables, for a constant budget
cost/income support. Then, we examine the signs of these differences. Results of this first step are
reported in Table 4.2. In a second step, the three programs are classified according to their relative
ability to achieve the four considered agricultural policy objectives. Results of this second step are
synthesised in Table 4.3.

4.4.1. Comparison of the effects of alternative agricultural income support programs for a constant

budget cost/income support

The differences between the effects induced by each pair of programs for endogenous and target

variables are provided in Table 4.2.

As previously shown, when a program has an ambiguous effect on a variable, the sign of this effect is
always closely related to the order of magnitude relative to one of, either s'y (the restricted
Marshallian supply elasticity of output with respect to land quantity), € (the restricted Hicksian
derived demand elasticity of land with respect to output level), or both. It is thus, not surprising that
when the difference between the effects induced by each pair of instruments on one variable is
ambiguous, its sign depends always directly on the level of one or both these elasticities relative to

one.

Table 4.2. Equal cost/support comparison of the effects of each pair of instruments on the
various endogenous and target variables

Panel 4.2.a. mo vs t

Differences between effects induced by pairs of instruments Signs
ol
dp| _ dp| __p Em1E) [if ) <1
dmo|.  dt| detM
+if ) >1
2 -
dr| _ dr _—_(K.ﬁri'_)_(l_eﬁ -if €, <1
dmo|.  dt|; n, = detM .
+if g, >1
dK dK| K(n, &, -7) N K(SI. -Dl)n x,_ Kn_(DD,+DE,) "
dmo|,. dt |, N detM n, detM detM
; e ol ] _
din| _ dinl _ ooy n3(DD, + DE,) + (S, - DI,) ritel <1
dmol|.  dt|. g d det M K(-n ).’ ]
-if g, >1
dPRO| _ dPRO| . s -
dmo |, dr |, dmo|,  dt|; g
+if g, >1
dX| _ dX| _pp (2| - ey +if € <1
dmo|.  dt|. dmol|.  dt| g
-if €, >1
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Panel 4.2.b. mo vs sp

Differences between effects induced by pairs of instruments Signs
2
dp| _ dp| _ g T (-8 +if e’ <1
dmo|.  dsp|. n,.det M Lif & > 1
dr| _ dr| o mym(-e) +ifer <1
dmo|.  dsp|. det M Lif & > 1
K| _ dK| _K'(m,m,-m,) K(SIL-Di)w, Kn,n(DD,+DE,) N
dmo|.  dsp|. detM det M n, detM
; . iy .

:m _ ;jdl—n (-, . n,fnp.(DDp;DAE/;p;:np.(Sl, Dl) Lif e <1

mo| sp|. et M. +if & > 1
dPRO| _ dPRO| _,. dr| i‘) +if & <1

dmo |. dsp 10 dmolc dsp|. Lifer>1
ax| _ X =DEP.(£’—*— ﬂ) -if g/ <1
dmo|.  dsp|. dmol|.  dsp|. vifer>1
Panel 4.2.c. t vs sp

Differences between effects induced by pairs of instruments Signs
dp|  dp =K'1‘[m.‘.‘t: +7,0 =20, T, +
dt|.  dsp|. n,.det M
dr|  dr] -k I S +
dt|.  dsp|. n,.det M
- _eV ol
dK| _ dK| _K(SI, plyn, (1 a,)+ K(DD, + DE, ), (1-¢.) Yife<1and ¢ >1
at|.  dsp|. det M detM
-if €/ >1 and €, <1
Indeterminate
otherwise

din| _ din| _((s1,-D1,)n2 - (DD, + DE, i ){m, w2 + 02 ~ 2 7,7, ) )
dt|. dsp|, n,n, 1" det M

dPRO| _ dPRO| _ . i A +

dt | dsp |, el dspl,
a) _ 4| dp| _ dp|, ]
dt|.  dsp|. *hdt|.  dsp|.
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The decoupled subsidy with mandatory production (mo) vs the land subsidy (?)

Panel 4.2.a. shows that, for an equal budget cost, the decoupled subsidy with mandatory production
leads unambiguously to a greater increase in the number of farms/farmers than the land subsidy. For
all other considered variables, the signs of the differences between the impacts of both instruments

depend exclusively on the level of the restricted Marshallian supply elasticity of output with respect to

land quantity (&), ) relative to one.

If this elasticity is lower than unity, then the decoupled subsidy with mandatory production leads to a
higher decrease (in absolute terms) in the price of the agricultural output than the one induced by the

land subsidy. In that case, the decoupled subsidy with mandatory production leads to a greater positive

trade distortion effect than the land subsidy. In the opposite case (i.e., s'y >1), the positive trade

distortion effect induced by the land subsidy is always greater than the trade distortion resulting from
the application of the decoupled subsidy. >

Similar results may be derived for the rental price of land and the farmers' individual profit. When the

restricted Marshallian elasticity e’y is lower than one, the increases in the rental price of land and then

in the farmers' individual profit generated by the land subsidy outperform those obtained with the

decoupled subsidy. 54 In the opposite case (i.c., s’y >1), the implementation of the decoupled subsidy

leads to higher increases in both the rental price of land and the farmers' individual profit than the land

subsidy. **

Finally, once again, similar conclusions arise when comparing the effects of both instruments on

yields per hectare. When the restricted Marshallian elasticity e'y is lower than one, the decrease in the

level of intensification resulting from the implementation of the land subsidy outperforms the one

53 When S{V >1, the decoupled subsidy with mandatory production may lead either to a decrease or an increase

in the price of the agricultural output. In case of a decrease, this latter will be lower (in absolute terms) than the
one induced by the land subsidy. Hence, agricultural commodity exports will raise more with the land subsidy
than with the decoupled subsidy. In case of an increase, exports of the agricultural commodity will decrease with
the decoupled subsidy while raising with the land subsidy. Therefore, in both cases, the positive trade distortion
effect resulting from the land subsidy application will be higher than the trade distortion effect (positive or
negative) induced by the decoupled subsidy.

54 Let's remind that the change in the rental price of land and, consequently, in the farmers' individual profit
resulting from the application of the decoupled subsidy may be positive or negative. It is positive if the restricted
Hicksian derived demand elasticity of land with respect to output level (€7) is lower than one, and negative
otherwise.

3% Let's remind that 8’},8;’ is always smaller than one. Therefore, when ely is greater than one, €] is necessarily

lower than one. In other words, when s’y > 1, the decoupled subsidy leads necessarily to increase the rental

price of land and, consequently, the farmers' individual profit. And these increases are greater than the ones
induced by the land subsidy.
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observed with the decoupled subsidy. In the opposite case (i.e., e’y > 1), the decoupled subsidy leads

to a decrease in the level of intensification, decrease which is higher (in absolute terms) than the one

induced by the land subsidy.

The decoupled subsidy with mandatory production (m0) vs the production subsidy (sp)

As in the previous case, Panel 4.2.b. indicates that, for an equal budget cost, the decoupled subsidy
with mandatory production leads unambiguously to a greater increase in the number of farms/farmers
than the production subsidy. However, for all other considered variables, the signs of the differences

between the impacts of both instruments now depend exclusively on the level of the restricted

Hicksian derived demand elasticity of land with respect to output quantity (€] ) relative to one.

The following results apply when this elasticity is greater than unity. The decoupled subsidy
necessarily leads to a decrease in the price of the agricultural output, decrease which is greater (in
absolute terms) than the one induced by the production subsidy. Therefore, the decoupled subsidy
generates a positive trade distortion effect that is higher than the one induced by the production
subsidy. The increase in the rental price of land and then in the farmers' individual profit generated by
the production subsidy is always greater than the change observed in both variables (which may be
positive or negative) with the decoupled subsidy. Finally, the decoupled subsidy induces an increase in
the level of intensification, increase which is greater than the one resulting from the production

subsidy implementation.
One observes opposite results when the restricted Hicksian elasticity €] is lower than one.

The land subsidy (¢) vs the production subsidy (sp)

As shown in the previous paragraph, the land subsidy and the production subsidy both lead
unambiguously to a decrease in the price of the agricultural output. However, Panel 4.2.c. suggests
that, for an equal budget cost, the land subsidy induces a lower output price reduction (in absolute
terms) than the production subsidy. Therefore, on an equal cost/support basis, the positive trade
distortion effect generated by the land subsidy is always lower than the one resulting from the

production subsidy.

In the same way, it has been shown in paragraph 4.3.2 that both instruments raise the rental price of
land and, consequently, the farmers' individual profit. However, on an equal cost/support basis, the
increase observed in both variables is always greater with the land subsidy than with the production

subsidy.
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The comparison of the impacts of the land and the production subsidies on the level of intensification
is quite obvious since the former induces a decrease in yields per hectare while the latter makes this

indicator to increase.

Finally, Panel 2.c. reveals that, contrary to the two previous pairs of instruments, the only ambiguous
result regarding the comparison, on an equal cost/support basis, of the impacts of the land and the

production subsidies relates to their relative effects on the number of farms/farmers. When the

restricted Hicksian elasticity &/ is lower than one while the restricted Marshallian elasticity €/, is

greater than one, then the increase in the number of farms/farmers induced by the land subsidy is
always higher than the change observed in the same variable with the production subsidy (change

which may be positive or negative). One observed the opposite situation when the restricted Hicksian
elasticity €/ is greater than one while the restricted Marshallian elasticity s’y is lower than one. When

both elasticities are lower than one, both instruments make the number of farms/ farmers to increase.

But the sign of the difference between their relative impacts remains ambiguous.

4.4.2. Classification of the alternative income support programs according to their ability to achieve

the four policy objectives

Based on the results reported in Table 4.2, we are in a good position to classify the programs with
respect to their ability to achieve policy objectives. Table 4.3 reports the obtained classification, for
each of the three possible sets of conditions, with grade 1 for the most effective program and grade 3

for the worst effective one.

Table 4.3. Ranking of equal cost/support instruments according to the four policy objectives

Policy objectives Decoupled Land subsidy ¢ Production
subsidy mo subsidy sp
Income support
€,<1 and g <1 2 1 3
g <1 and g >1
¥y 1
€, >1 and g/ <1 3 ! i
1 2 3
Provision of positive externalities
g, <1 and € <1 1 ? ?
g <1 and g >1
y 1
€, >1 and g <1 ) 3 2
1 2 3
Reduction of negative externalities
€,<1 and g/ <1 2 1 3
¢ <1 and g >1
y = 1
€,>1 and € <1 : . 2
1 2 3

Minimising trade distortion

€,<1 and g <1 2 1 3
€, <1 and & >1
€,>1 and g/ <1
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Hence, on an equal cost/support basis, the following results arise:

1) for all possible sets of conditions on the levels relative to one of the Marshallian and Hicksian

elasticities, s’y and €], the decoupled subsidy with mandatory production (mo) is the most effective

instrument as regards to policy objective n° 2, i.e., under our hypotheses, for promoting the provision

of positive externalities and/or public goods;

ii) when s’y >1 and g} <1, the decoupled subsidy (m0) is the most effective instrument as regards to

the four policy objectives. In order words, this decoupled subsidy program is the most effective
instrument for simultaneously supporting agricultural income, promoting positive externalities and

reducing negative externalities, while generating minimal distortion effects on trade;

iii) for the two other sets of conditions (i.c., a'y <1 and € <1 or s'y <1 and g} >1), the decoupled

subsidy is never the most effective instrument as regards to policy objectives n° 1, 3 and 4. It is always

dominated by, at least, the land subsidy;

iv) when s'y <1 and g <1 or e'y <1 and g >1, the land subsidy (¢) is the most effective program as

regards to policy objectives n° 1, 3 and 4. In other words, the land subsidy is more effective than other
instruments in supporting agricultural income and reducing negative externalities, while inducing

minimal trade distortion effects;

v) whatever the possible set of conditions on the levels relative to one of the Marshallian and Hicksian
elasticities, 8; and €], the production subsidy (sp) is never the most effective instrument as regards to
the four considered policy objectives. When s’y >1 and €] <1, it ranks last for all policy objectives.
When s’y <1 and g <1, it ranks last for all policy objectives, but n° 2 (where the ranking between

the land and the production subsidies is indeterminate). When a’y <1 and €’ >1, the production

subsidy dominates the decoupled subsidy for all policy objectives, but n° 2.

From a policy perspective, our theoretical framework allows us to state that, on an equal cost/support
basis, and except specific conditions, no program uniformly dominates others for achieving
simultaneously the four considered policy objectives. *° In other words and in accordance with the
"targeting rule", no instrument does allow to achieve effectively simultaneously several policy

objectives. Thus, a government considering a specific instrument necessarily faces trade-off between

56 Specific conditions corresponds here to the case where €, >1 and €’ <1. Indeed in that case, the decoupled

subsidy with mandatory production dominates both other instruments as regards to the four considered policy
objectives.
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objectives. In the same vein, a government pursuing different policy objectives may be well-advised to

mobilise various policy instruments.

From a WTO negotiation perspective, our production subsidy program would certainly be qualified as
an amber box measure while both other instruments would likely be considered as green or blue box
measures. Our theoretical framework then suggests that amber-box measures are not likely to be the
most effective instruments in promoting multifunctionality, provided the definition of this notion in
this analysis. By way of consequence, promoting multifunctionality does not appear as an undeniable
justification for claiming the continuation of amber box measures in future WTO negotiations. On the
other hand, determining which green or blue box measure promotes most effectively
multifunctionality while minimising trade distortion effects is not a trivial matter. This depends on
conditions that cannot be predicted by theory alone. To this regards, our results put emphasis on the
key role of both the restricted Marshallian supply elasticity of output with respect to land quantity and

Hicksian derived demand elasticity of land with respect to output quantity.

4.5. Conclusion and policy recommendations

The objective of this chapter was to contribute to the debate on decoupling and multifunctionality
issues, in relation with the current URAA green box definition. More specifically, two main questions
were addressed. First, are the decoupling criteria of the green box well-designed? Second, what are the
relative merits of various traditional income support policy instruments as regards to the promotion of

multifunctionality?

In order to address both these questions we developed two different analytical frameworks allowing to
analyse the effects of policy instruments on production and trade, the first model putting emphasis on
the key role of factor mobility assumptions, the second one emphasising the key role of adjustments in

the number of farmers and on the land market.

The first partial equilibrium model with two mono-product sectors using a variable input, a specific
factor and a "fixed allocatable" factor reveals a suitable tool for exploring several issues relating to the

decoupling of agricultural policy instruments.

Firstly, it allows us to highlight the key role of production technologies and factor mobility
assumptions as regards the degree of decoupling of policy instruments. In particular, it has been
pointed out that a same instrument (or a same set of instruments) may lead to very different production

effects when applied in two countries characterised by different agricultural production technologies
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and factor mobility situations. It has also been shown that production effects induced by a policy
instrument may differ whether this instrument is applied only in one sector or in both sectors and

whether this instrument is implemented alone or in conjunction with other instruments.

These concerns emphasise the need for suitable indicators of the degree of decoupling of internal
support policy instruments. Such indicators would get round some drawbacks of the current WTO
classification process into "boxes" where each policy measure is judged as coupled or decoupled on an
absolute basis, i.e. without considering the "technological" characteristics of the targeted sector, and
on an individual basis, i.e. without considering other measures used or contemplated by the countries

concerned.

This model and our related analysis also highlight the key role of the factor mobility assumptions
regarding the current definition of the green box direct payments to producers. In fact, one of the main
results obtained with this first model is to show that the eligibility criteria of point 6 of Annex 2 of the
URAA do not necessarily ensure decoupling when factor mobility is taken into account. In particular,
it has been shown that when land is heterogeneous, the decoupled land-based direct payment system
corresponds to a sector differentiated payment system. In that case, the decoupled system does not
comply with criterion (ii) of point 6, which requires direct payments to be independent of types of
production. In contrast, the uniform land-based direct payment system, conforming to criterion (ii),

actually has effects on production and, consequently, is not decoupled.

This result is of major importance for future discussions on the green box definition. In this respect,
one may emphasise that this result relies strongly on the extent of land heterogeneity, i.e. in our model
on the magnitude of land migration parameters. Although land heterogeneity is well-admitted in
agricultural production analysis, there is very little information on the extent of this heterogeneity in
regions or countries. Thus, further research should be directed at providing empirical estimates of

heterogeneity parameters of land (or other factors) for various countries.

Our analysis obviously relies on simplifying assumptions that future research must try to overcome
(introduction of dynamics or risk, modelling of new instruments, extension of the model in order to
measure the trade effects of policy instruments, etc.). Nevertheless, even with its simplified structure,
our proposed framework provides valuable insights for the decoupling issue of agricultural policy
instruments. A numerical application of this framework to the main WTO member countries will

certainly enhance its relevance.

The second theoretical framework also suggests that in some cases the WTO green box decoupling

criteria may be questioned. Indeed it has been shown that in the particular case where the land supply
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and demand coming from the rest of the economy correspond to fixed amounts, the only non-zero
effect of the land subsidy is to raise the rental price of land by the same amount. In this particular case,
the land subsidy has no impact on the price of the agricultural product, neither on the number of
farms/farmers, nor on the exports of the agricultural commodity. This result suggests that a land
subsidy may be considered as a decoupled income support instrument, provided that there are
restrictions on eligible land (and hence, payments) through the use on an aggregate base area. In other
words, this result shows that a policy instrument that does not fully conform to all green box eligibility
criteria may nevertheless has no or minimal distortion effects on trade. Therefore, from a WTO
negotiation point of view, the EU could rightfully argue that the area payments in force in the EU COP
sector have (at least at the aggregate level) minimal trade distortion effects (so could be considered as

decoupled), although they do not fully conform to URAA decoupling criteria.

From a more general point of view, our second developed model, which allows for free entry into the
agricultural sector and land price endogeneity, shows that attempts to evaluate the relative merits of
various agricultural policies should take into account the impacts that these policies have on both
individual producers (impact at the individual margin) and the number of producers (impact at the
collective margin). For some instruments and some policy goals, impacts may be contrary to intuition
or to results derived from a model with a fixed number of firms and/or an exogenous price of

farmland.

Secondly, our theoretical framework allows us to state that, on an equal cost/support basis, and except
specific conditions, no program uniformly dominates others for achieving simultaneously the four
considered policy objectives. In other words and in accordance with the "targeting rule", no instrument
does allow to achieve effectively simultaneously several policy objectives. Thus, a government
considering a specific instrument necessarily faces trade-off between objectives. In the same vein, a
government pursuing different policy objectives may be well-advised to mobilise various policy

instruments.

Thirdly, from a WTO negotiation perspective, our production subsidy program would certainly be
qualified as an amber box measure while both other instruments would likely be considered as green
or blue box measures. Our theoretical framework then suggests that amber-box measures are not likely
to be the most effective instruments in promoting multifunctionality, provided the definition of this
notion in this analysis. By way of consequence, promoting multifunctionality does not appear as an
undeniable justification for claiming the continuation of amber box measures in future WTO
negotiations. On the other hand, determining which green or blue box measure promotes most

effectively multifunctionality while minimising trade distortion effects is not a trivial matter.

Finally, our model allows to identify the two key parameters that have a substantial bearing on the
relative effectiveness of various instruments. The next step on the research agenda will obviously be

the empirical evaluation of these crucial parameters.
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Many research directions represent important avenues for further study. For instance, the model is
very stylized with only one output, and one single and crude indicator for negative externalities as well
as for positive externalities. This is valuable for conceptual understanding of the importance of entry-
exit decisions and land market characteristics, but specific policy problems should be analyzed for

particular agricultural industries with more carefully specified technologies and indicators.
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APPENDIX 1

Comparative statics of the model of paragraph 4.3.1

The system corresponding to the total differentiation of equations (3), (11), (12) and (14) is written in matrix form:

0 -1 0 0 0 |[ar] —, {dp’ +dsp’ ), dw’ —dsv’)-n dK” ~ dsa’
0 0 0 = 0 -1 |[aw| | -ne{dp+dsp?)-nz(aw? ~dsv)-nidK* —dsa’
1 0 -k, 0 0 -lo|lav|_ 0
1 0 0 1 0 0 [|a°]| dL
wo-1 0 0 0 0 |[ap| |-nyldp+dspr)-nl (dw —dsv')-nip dK ~def”
(0 0 0 mp -1 0 |[d\) -7%, .(dp“ +dsp® )— T, .(dw" —dsv* )—— ne . dK" —dsf*
where:

7 is negative due to the concavity assumption of the restricted profit function with respect to land,
10;, is the positive derivative of the supply function of land type v with respect to its own price; lo;,, is the negative derivative of the supply function of land
type v with respect to the price of land type a; loza differs from IO:V in absolute value due to the homogeneity assumption of land supply functions with

respect to land prices,

11:%, e n{E is a measure of the substitution relationship between land and the specific factor in production technology of sector j, which is positive if both

factors are net substitutes,

n; =n’, and n%p = ni ~ are marginal productivities of land and specific factors; they are assumed to be positive,
nj, =n’, and nf =m’ are measures of substitution between the variable input and both primary factors,

nf‘(? is negative due to the concavity assumption of the restricted profit function with respect to the level of the specific factor.
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APPENDIX 2

Comparative statics of the model of paragraph 4.3.2

Total differentiation of equations (29), (30) and (32) gives:

Kn_,—-DD, - DE, Kn,, , dp —-Kn, dsp—K=n,, dw+ Kn , dt
(S1) [ K=, Kn_+SI —-DI =, dr |=|-Kn,.dsp-Kn, dw+Kn, dt—d(> i)
N _ dK "
Tp i 0 n,dsp+m,.dw—mn dt +dmo—dPA

or, in more compact notation,

dp -Kn,, dsp—Kn,,.dw+Kn, dt
(S2) M.|dr |=|-Kn,, dsp-Kn, dw+Kn_di—d(Q li)
dK N

n,dsp+mn, .dw—m, dt+dmo—dPA

The determinant of M, detM, is positive since it can be written as:

(al) detM = K[z =’ + = ,(-=n,)* +27n,,7%,(—=,)]+(-DD, — DE,)(-=,)* +(SI, - DI,)n’ >0

prp

We now illustrate how the analysis proceeds on the example of the decoupled subsidy with mandatory production. From (S2) we immediately obtain:

dp 0
(S3) |dr |=M7']0
dK dmo
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with

n? -T,m Kn,n, -n,(Kn, +SI, ~DI)
M7 =Q1/det M) -=n,=, T} -n,(Kn, -DD,-DE )+Kn =,
_Kn,m, +x,(Kx, +8,-DI,) =, (Kn,-DD,-DE,)-Kn,x, (Kx,-DD,-DE,)Kn,+Sl, -Dl,)-(Kz,)’

Hence:
(a2) detM .(dp/dmo)=K = =, — (K%, + Sl, - Dl )r,
(a3) detM .(dr/ dmo) =—~(Kn ,, ~ DD, - DE )=x, + K%, 7,

(a4) detM .(dK/dmo)=(K =, —DD, - DE,)Kn, +SI, - DI,)-K’x},

These three equations may equivalently be written as:

(-=,)

(a5) detM .(dp/dmo)=—-K =, = [1+ e 1-(SI, =Dl )r , = —Kn,,np(l—s'y)—(Sl, -Di)r,
b1

mep

(a6) detM .(dr/dmo)=K ., (~m, )[1+ L’;“ﬁ—] _(DD, + DE,)(-x,) =K, (-, )1 -8} )~ (DD, + DE,)(-*,)

P r

(a7) detM .(dK / dmo) =K2(7tpp1t" —nf,,)+K1tW(Sl, -DI,)-(DD, + DE )K=, + I, -Dl,) >0
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The impact of mo on y and / may be written as, respectively:

dy/dmo ==, (dp/dmo)+ =, (dr/dmo)

(a8) - (l/detM)[nW[Knp,n, —(Kn,, +SI, —Dl,)np]+1tpr[—(K1tW -DD,-DE )=m, +Kn, 7, ]]
=(1/detM)[-K(n =, —-n,n,)n, -, (S, —-Dl ), +n,(-DD, - DE )(-=,)]<0
dl/dmo=-=_, .(dp/dmo)— =, (dr/dmo)
(a9) =(/detM)[-n _[Kn , =, —(Kn, +SI, -DI ), ]-n [~(Kr, ~DD, —-DE)n, +Kn,_m ]
=(l/detM)[-K(n =, -n,n,)-n,)+=x, (S, -Dl)n,~n, (-DD, —-DE , )(-=,)]<0

From (a8) and (a9), we readily derive the impact of mo on intensification in (yields per hectare):

I? (din/ dmo) = (dy | dmo).1 — (dl / dmo).y
(al0) =(1/det M)[(SI, — DI, )-n ), (- )+ n,n,1+(-DD, - DE, )-n)[r, (-, )+ n, 1]
=(1/detM)[(SI, - DI )(-= ), (-n, )1 -g]) + (-DD, -DE ) (-n )=, =, (1- e'y)]

Finally, the impact of mo on farmers’ individual profit may be written as:

(all) dPRO/dmo = n ,(dp/ dmo) + n_.(dr / dmo) + li(dr / dmo) +1 = li.(dr / dmo)

Proceeding similarly for the land subsidy (¢) and the production subsidy (sp) yields the following comparative static results:

(al2) det M.(dp/ df)=—~(SI, - DI,)x ,(~x,) <0
(al13) detM.(dr/dt) = K[n, 7 + 7, (-x,)’ + 21,7 ,(-%, )]~ (DD, + DE )(-x,)* >0

(a14) det M.(dK /dt) = (SI, - DI, )K=, (~x,)(1 —€}) - (DD, + DE, }(-=,)]

(al5) I*.detM (din/dt)=—(Sl, - DI)x [r, m% + 7, (-x,)* +2n,, 7 (-x,)] <0

prp
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(a16) dPRO/dt = li(dr/dt) >0

and

(al7) detM (dp/dt)y=—(SI, - DI )r ,(-m,) <0

(a18) detM.(dr/dt) = K[x,n; + =, (-%,)" +2n,7,(-n, )] - (DD, +DE,)(-=,)* >0
(a19) det M.(dK /dt) = (SI, — DL )[Kn , (~x,)(1 - &) — (DD, + DE,}(-x,)]

(a20) I*.det M (din/ dt)=—(SI, - DI )n [n, 7 + 7, (-%,)* +2n 7, (-=,)] <O

(a21) dPRO/ dt = li.(dr/dt) >0
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5 - ASSESSING THE DEVELOPMENT OF THE WORLD MARKET ENVIRONMENT

Simulating the impact of further trade liberalisation on world agricultural markets using the
WATSIM model

Wilhelm Henrichsmeyer, Martin von Lampe and Claus M6llmann

Partner 3: University of Bonn, Institute of Agricultural Policy (IAP)

5.1. Introduction

The objective of this part of the project (i.e., subtask 1.3) was to revise and update the World
Agricultural Trade Simulation (WATSIM) Modelling System, in order to allow for a comprehensive
analysis of issues arising with the ongoing multilateral negotiations on trade in agricultural
“commodities. The overall task can be broadly divided in three main directions of work, namely the
update and extension of the WATSIM Data Base, further developments in the WATSIM simulation

model, and applications in the context of the current negotiations.

The Data Base has been updated to now include time series up to 1997, with additional data for 1998
and 1999. More important, however, seems the complementation of the existing Non-Spatial Data
Base by a completely new Spatial Data Base, comprising full and consistent trade flow matrices for all

commodities and regions considered by the simulation model.

The simulation model itself was revised with respect to two main areas. On the one hand, its original
representation of net trade developments has been changed to now endogenously consider gross
imports and exports on the same market. On the other hand, and based on the gross trade approach, the
model’s representation of tariff barriers and export subsidies has been improved. Moreover, tariff rate
quotas that have become relevant particularly after the Uruguay Round Agreement on Agriculture, are

now explicitly modelled.

Finally, the model was applied for three types of analysis: First, a baseline or reference run was
performed to picture the likely medium term outlook for regional and international agricultural
commodity markets. Second, the question about to what degree policy measures like the EU CAP
compensatory payments are coupled to or decoupled from agricultural production, is important to
reflect in the model. Even though the answer on this question cannot be found within WATSIM,
alternative assumptions on the degree of decoupling of EU area and headage payments were
considered with respect to the impact on EU and global markets. Third, based on the experience of the
Uruguay Round Agreement on Agriculture, a stylised liberalisation scenario was simulated to analyse

the possible impact of a future WTO agreement.
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This chapter is organised as follows. Section 2 describes the WATSIM Data Base, with a special focus
on the new developments with respect to the new Spatial Data Base. Section 3 presents the simulation
model, with a particular attention paid on the representation of gross trade and of policy measures. The
following section 4 presents and discusses the main assumptions and the outcome of the reference run,
picturing likely developments of regional and intemnational markets until 2010. Then, section 5 focuses
on the results of some alternative simulations performed with the model. Section 6 finally summarises

the main findings and brings some concluding remarks.

5.2. The WATSIM Modelling system: The WATSIM Data Base

A solid, comprehensive and consistent data base is required for a sound understanding of past
developments as well as current situation on agriculfural markets. In addition to that, the data base
serves as the basis for projections of future market developments, which in turn are thie reference for
possible alternative policy scenarios. Thus, the WATSIM Data Base has been updated and now
consists of two parts, namely the Non-Spatial Data Base (NSDB), and the Spatial Data Base (SDB).
The general concept of the WATSIM Data Base can be summarised by the following criteria:

- Long time series. Most time series in the NSDB now include the period 1961 to 1997, with some

series extending to 1999. Time Series in the new SDB comprise the years 1988 to 1997.
- Regional differentiation. The principal data are available at the single country level (NSDB only).

- Product differentiation. Time series on supply and utilisation are incorporated for a set of some 110
agricultural commodities and hence in much more details than needed for the simulation model itself
(NSDB only).

- Consistency. Regional data provide full consistency, i.e. market balances, processing coefficients, etc

are checked.

- Flexibility. Both on the regional and the product side, flexible aggregation tools allow for adjustment
of aggregation levels to the user's (and modeller's) needs (NSDB only).

- Easy and quick access. The technical realisation of the WATSIM Data Base allows for an easy and

efficient access to the large amount of data, both for the user and the model's programming routines.

The WATSIM Data Base now consists of two sub-sets. Based on the existing system’’, the WATSIM
Non-Spatial Data Base (NSDB) has been updated and redesigned for the purposes of this project.
Additionally, the WATSIM Spatial Datz Base (SDB) has been newly devcloped to incorporatc

57 See von Lampe (1999).
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bilateral trade flows and prices across the model’s regions. In this section, both the NSDB and the
SDB are outlined in their construction and content, with a particular focus on the improvements and

further developments as compared to the former data base.
5.2.1. The WATSIM non-Spatial Data Base

3.2.1.1. Data sources

The WATSIM NSDB has been designed already for the former version of the system. It brings
together data from various sources on production, demand and trade of agricultural commodities,
macroeconomic and sectoral data, as well as policy data. Specifically, the WATSIM NSDB is fed by

the following sources®®:

- FAOSTAT. The FTP-accessible (license needed) data base of the Food and Agriculture Organisation
of the UN provides supply, demand, stock and trade data for several hundred commodities at the
single country level. In addition, prices and nutrient consumption figures are included. On the
macroeconomic side, irrigation data are used, while population data are generally taken from the UN

statistics. Time series comprise the years 1961 to 1997, partly up to 1999.

- Production, Supply and Distribution (PS&D). The freely web-accessible data base of the United
States Department of Agriculture also provides supply, demand, stock and trade data for some 60
products and product aggregates, again at the single country level. Data are generally less detailed

with respect to the demand structure, but comprise the years 1961 to 1999.

- World Development Indicators. Most macroeconomic data are taken from the World Bank’s data
base on CD-Rom, such as figures on GDP and inflation. Time series comprise the years 1960 to 1998,

albeit some of them are incomplete.

- World Population Prospects. The UN estimations on urban, rural and total population not only

provide ex-post time series from 1960 to 1997, but also projection until 2050.

- Producer and Consumer Support Estimates (PSE/CSE Data Base). The data base of the Organisation
for Economic Co-operation and Development represents the main source for agricultural policies and

is also important in terms of domestic and international prices.

Various other sources are used to obtain price and income elasticities, prices, feed parameters and

policy data,

% The years given for the time series refer to the time of download for the current version of the WATSIM Data
Base. At the time of writing this report, most sources provide more recent data than stated here.
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5.2.1.2. Data processing

Data from all sources were updated such that the current base year for model simulations now is 1997.
Data from the different sources are merged, with a clearly defined list of priority if figures with the
same content are provided by more than one source. For example, commodity balance data are -
generally taken from FAOSTAT, supplemented by PS&D data in cases where FAO data are missing.
Similarly, population data are generally taken from the UN, but may be supplemented by FAO data in
case. Of course, where different sources are merged, data are not simply copied, but in general growth

rates are used rather than absolute figures.

A consistency routine is then run across all data sets, to ensure balanced supply and utilisation
accounts, consistent net trade figures, and realistic processing and yield coefficients. Eventually,
aggregation routines yield data sets for the regional and commodity aggregates used in the simulation

model (see below for details).

5.2.2. The WATSIM Spatial Data Base

In contrast to the NSDB, the WATSIM SDB represents a completely new and unique data base
developed during the last three years. The need for the representation of bilateral trade flows resulted
from the aim to consider gross trade rather than net trade in the simulation model. Due to the fact that
the model works on an aggregated regional level, gross imports and exports for individual countries
reported by both FAOSTAT and PS&D cannot be used for the model itself. ** To calculate gross trade
figures for regional aggregates, bilateral trade flows across individual countries are therefore

necessary.

.5.2.2.1. Data sources

In principle, there are four sources available for bilateral trade flows on agricultural markets,

including:

- COMEXT. COMEXT is the official data base on external trade statistics of the European Union (EU)
and on internal trade across EU member countries. COMEXT comprises bilateral trade between the
EU and its trade partners, but excludes trade between non-EU regions and countries. It is therefore not

suitable for the construction of global trade matrices.

5% The sum of gross imports of all countries within a region does not necessarily (and in fact, will only by
chance) equal the gross import of the regional aggregate, due to intra trade that cannot be distinguished from
extra trade.
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- FATUS. Similar to COMEXT, FATUS represents the foreign trade statistics data base of the United
States, containing trade flows (imports and exports) between the US and its trade partners. Again,
trade flows between non-US regions and countries are not considered, making FATUS alone unsuited

for the construction of global trade matrices.

- TRAINS. The TRAINS data base is developed by the United Nations Conference on Trade and
Development (UNCTAD) and contains import data across a broad number of countries. In fact,
TRAINS represents a subset of the under-mentioned COMTRADE data base and was therefore, after
thorough examination, excluded from the further consideration in the WATSIM SDB.

- COMTRADE. The Commodity Trade Data Base, developed and maintained by the United Nations
Statistics Division, comprises both import and export quotations by origin and destination for more
than 100 countries and a wide set of agricultural and non-agricultural commodities, with time series
extending from 1988 to 1998. While in this project, both COMEXT and FATUS were basically
excluded from consideration in the SDB because of their regional limitations®®, COMTRADE
represents the main source for bilateral trade flows. Méllmann (forthcoming) uses FATUS data to

check the WATSIM SDB with respect to its plausibility.

The WATSIM team did not have direct access to the COMTRADE data. Instead, staff of the EU
Commission’s Directorate General Agriculture (DG-Agri) assisted by providing regionally aggregated
trade flows for further processing by the WATSIM team. With respect to the product aggregation,
significant difficulties had to be solved due to the high degree of product differentiation in
COMTRADE (Harmonised Commodity Description and Coding System, HS 96) and in WATSIM
(aggregated basically from the Standard International Trade Classification, SITC, used by
FAOSTAT). In particular, conversion rates applying for the processing of raw products to derived
commodities were used. Table 5.1 shows the commodity representation in the different data bases as

well as the applied conversion rates for the example of wheat.

% One could, however, use both COMEXT and FATUS in addition to COMTRADE in order to improve the data
base, an effort that was left for future projects.
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Table 5.1. Commodity representation of wheat in WATSIM, FAOSTAT and COMTRADE

WATSIM |WATSIM |Aggregate [FAO Conversi [Elements in FAOSTAT Conversi | COMTRADE
CONB CONC Element on factor |aggregate Code on factor |HS 96
Code (SITC Rev.2)
WHEAT |WHEAT |WHEAT 2511 1.0000| WHEAT 15 1.0 1001
& 1.3889|FLOUR WHEAT 16 1.0 1101;1103.11,21
PRODUCTS 1.3889| MACARONI 18 1.0 1902.11,19
1.1574|BREAD 20 1.0 1905.10,40
1.0526|BULGUR 21 1.0 1104.29ex
1.3889|PASTRY 22 1.0 1905.20,30,90ex
1.6340| WHEAT,STARCH 23 1.0 1108.11
1.0000|BREAKFAST 41 1.0 1904
CEREALS

Source: FAOSTAT (1999), WATSIM Data Base

5.2.2.2. Consistency adjustment

A major task in the construction of the Spatial Data Base was to ensure full consistency both within
the SDB and compared to the NSDB. Given that statistics on bilateral trade flows generally come from
two different sources, i.e. the quoting importer and the quoting exporter, the same trade flow is
described by two figures within the original data base. Experiences show that this “double reporting”
does not necessarily yield in mutual confirmation, but may lead to significant contradictions within the
data base. Clearly, these inconsistencies cannot be satisfactory in a useful data base, and may result in
significant problems with respect to the simulation model that is based on such data. Problems and

inconsistencies include the following phenomena:

- Lack of data. Some of the trade flows are not reported at all by either importers or exporters, or both.
In some cases, these problems arise in regions with traditional trade across open borders (e.g. beef
trade within West Africa, see von Kirchbach, 1991).

- Inconsistencies of import and export quotations. In many cases, bilateral trade flows are reported

with significant discrepancies between the reporting importer and its exporting counterpart.

- Inconsistencies of total trade compared to a region’s net trade. The sum of all exports, net of the
sum of all imports reported of a given country or region, should equal the region’s net trade that is
available from other (official) statistics, if these are credible. This, however, often is not the case. In
some extreme cases, for a region with significant net exports or net imports, no exports or imports are

reported at all.

- Unit problems. In some cases, inconsistencies appear to result from the use of incorrect quantity or

value units (e.g., 1000 tonnes instead of 1 tonne).

- Reliability. Often, trade flows are more accurately documented by the importer than by the respective
exporter, given that many countries rigorously control imports, but put less emphasis on exports.

Similarly, industrialised countries tend to report their trade more accurately than developing countries.
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Before we will focus on the methodology applied to calculate consistent trade flow matrices for the
WATSIM SDB, another approach used for the Global Trade Analysis Project (GTAP, see Gelhar,
1996) will be presented and briefly discussed. This approach is generally based on the assumption
that, for each trade flow reported by one exporter and one importer, only one of the two figures
provides proper information on the actual trade flow. Since, however, one cannot argue that a certain
country has perfect quotation for all markets, the decision which figure has the highest priority has to
be made for each market individually, based on the Index of Reliability. * For this index, the level of
consistency is calculated in a first step for each trade flow and the respective export and import
quotations, by dividing the absolute difference between reported import and export by the import
quotation. For a given country and a given market, the index of reliability of imports is then calculated
as the sum of imports in trade flows with a consistency level better than a given threshold, divided by
the sum of all imports of that region, with each of the sums taken over the available partner (i.e.,
exporting) regions. Similarly, the index of reliability of exports takes the sum of exports in trade flows
with a consistency level better than a given threshold, divided by the sum of all exports of that region.
For each region and each commodity, this procedure will therefore yield one index of reliability on the
import side, and one on the export side. For the threshold applied to distinguish between acceptable

and unacceptable discrepancies between import and export quotation, a margin of 20% is used.

For the construction of the consistent trade flow matrix, the exporter’s index of reliability of exports is
compared to the importer’s index of reliability of imports for each trade flow. The figure reported by
the country with the lower index is dropped, and the figure provided by the country with the larger

index is used and taken as the true figure.

While this approach has the advantage that it works without any generalisation, in that each trade flow
is checked individually and no trading region is “condemned wholesale” for any reason, the described

procedure has three major disadvantages for the construction of the WATSIM SDB:

- Missing consistency with the WATSIM NSDB. The index of reliability based approach provides trade
matrices that are internally consistent. However, it cannot assure that resulting trade flow match the

net trade positions given by other sources, such as the WATSIM Non Spatial Data Base.

- Loss of information. Given that the data provided by the “less reliable” trade partner is dropped, it is
implicitly assumed that the informational content of those data is nil, while full trust is given to the
respective partner country. One can expect, however, that even the “more reliable” country might

make inaccurate quotations, while the “less reliable” country may still provide some information.

81 At this point, we ignore the fact that GTAP works with values only, a fact that implies further complications in
that fob- and cif-based volumes need to be converted to uniform fob volumes. See Gelhar, 1996, for details.
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- Arbitrary choice of the threshold value. The fixed threshold value at 20% is arbitrarily chosen, but
may have significant impacts on the outcome. Since the use of this threshold makes reliability a zero-
one decision, no difference is made between equal quotations and trade flows, where discrepancies
between import and export figure are just below those 20%, while the impact of the discrepancy being
19% or 21% is immense. Another threshold value, say 25%, might therefore completely change the

order of reliability across regions.

For the construction of the WATSIM SDB, another approach is used, based on the assumptions that:

- All available data is useful to provide some information, where the informational content depends on

the market and the reporting region.

- The net trade data available in the WATSIM-NSDB is taken as right-hand side values, i.e. they are

assumed to be correct.

- We do not want to add any information that we do not actually have.

We therefore employed an entropy-based approach. 62 The principal assumption of this approach is
that each data point in fact is a stochastic variable with a certain mean, a certain range of possible
values, and a specific probability distribution within this range. While the Maximum Entropy (ME)
approach starts with an equipartition of probabilities within the given range, the Cross Entropy (CE)
approach explicitly allows for a priori information on the probability distribution. A general

formulation of the CE approach is given by the following problem:

max C(p) i z Pirriok ln['m) i z Pirrik 1n(pi,r.r',:.k ) + z Pirruk ln(ql'.r.r'.l,k)

i,k Lotk irriik itk

s.t.

(a) Z pi,r.r‘,l,k = 1
k
(b) z pi,r,r',imp.k * SPi,r,r'.imp,k . IMBJ‘."'

(C) Z pi,r.r',exp,k * S})i.r,r',exp,k = EXR,r.r‘ (1)
k

) EXP,,=IMP,. * XCORR,

(€) D EXP,, - IMP, . =NETP}
() Y.IMP,, =/<PIMP}’™”

(®) D EXP,,.=/<PEXP;™

82 See Golan, Judge and Miller, 1996.
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where:  C(p) Cross entropy objective variable

p Probability of support point k

q A priory probability of support point k

SP Support point

IMP Calibrated import flow

EXP Calibrated export flow

XCORR Correction factor for global market (see text)
NETPMSPB Net trade data from non-spatial data base
PIMPNSPE Gross import data from ndn-spatial data base
PEXPNSPB Gross export data from non-spatial data base
i Product index

r,r’ Region index

t Trade flow type index, te {imp,exp}

k Support point index

The relevant optimisation constraints can be interpreted as follows:

(a). Probabilities for each import or export flow must sum up to unity.

(b). The import flow is the sum of the import support points, weighted by the probabilities associated

to them.

(). The export flow is the sum of the export support points, weighted by the probabilities associated to

them.

(d). The export of commodity i by the reporting region r to trade partner r’ must be equal to the import
of that commodity by the reporting region r’ from the trade partner r, adjusted only by a global, market
specific correction factor. This correction factor results from the fact that the NSDB itself is not fully
consistent in that total net exports are not exactly equal to total net imports, and assures that the

balance in the trade flow matrix is the same as in the non-spatial data.

(e). Total gross exports, net of total gross imports, of a reporting region r, must be equal to the net

trade of that region documented in the NSDB.

(). In the case of single countries, total gross imports of a reporting country r must equal the gross
imports of that country documented in the NSDB. In the case of regional aggregates, total gross
imports must not exceed the NSDB imports (which are the simple sum of imports of the aggregate’s

member countries and may include intra-trade).
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(g). In the case of single countries, total gross exports of a reporting country r must equal the gross
exports of that country documented in the NSDB. In the case of regional aggregates, total gross
exports must not exceed the NSDB exports (which are the simple sum of exports of the aggregate’s

member countries and may include intra-trade).

Four support points are defined for each import quantity and each export quantity such that:

- First, both the inner two and the outer two support points are centred around the reported quantity,

respectively.

- Second, the distance of the inner two support points positively relates to the relative deviation of the
import and export quotation of the respective trade flow (i.e., on the reliability of the quotations of this

trade flow).

- Third, the outer two support points are chosen far away from the quoted data in order to ensure
solvability even if the quoted gross trade figures have little to do with each other and with the net
(aggregates) or gross (individual countries) trade figures taken from the NSDB.

By assigning large a priori probabilities (i.e., 0.49 respectively) to the inner support points, and small
ones (0.01, respectively) to the outer support points, the model ensures that the inner supports (and
hence, the reliability of the trade quotations) are relevant for the results whenever solvability allows
for this, while breaking out towards one of the outer supports forces to significantly worsen the

objective function, since the relative increase of the respective probability then needs to be very large.

Generally, trade prices in contrast to trade quantities are not subject of calibration, but are only
checked for plausibility. Prices are mechanistically considered to be implausible if they are more than
twice as high, or less than half as high, as the average model’s world market price on that market, and
are therefore dropped. Missing (or dropped) prices are recalculated according to the following list of

priorities:

- If the price of the respective trade partner is available, and both prices for that trade flow exist in

other years, the relative price difference between the partners is used to calculate the missing price.

- If this is not possible, but prices for comparable commodities are available for the respective year,

the relative price difference on those markets is used.

If this is not possible either, but prices for comparable commodities are available for other years, the

relative price difference in these years is used.

- If this is not possible either, but prices for the given trade activity exist for other years, the relative

change of the model’s world market price is used.
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- Finally, if no prices are available for the given trade activity at all, the model’s world market price

itself is applied.

Values are then recalculated by simply taking the product of price times quantities for imports and

exports.

The described approach allows for the construction of consistent trade matrices, matching to the data
provided by the NSDB. It makes use of all information available without imposing additional
assumptions that are not necessarily valid, weighting the value of each figure by the level of
correspondence between the reported exports and imports, respectively, which, in contrast to the
above-mentioned index of reliability, is a continuous function rather than a zero-one decision. The
disadvantage of the procedure, the fact that in case of implausible quotations basically all trade figures
are adjusted to some degree resulting in that few figures are exactly equal to those found in the
original statistics, is closely related to the main assumption of the approach that each figure contains at

least some information.

3.2.2.3. Results of the consistency calculation

Generally, more recent data seem to be more accurate than data from earlier years. Figure 5.1 presents
the calibration results for wheat, showing the comparatively large discrepancies between export and
import quotations even for this well-documented commodity. Better consistency was found for the

base year’s pigmeat markets as shown by Figure 5.2.
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Figure 5.1. Results of the consistency calibration process for wheat, 1997
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Figure 5.2. Results of the consistency calibration process for pigmeat, 1997
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5.3. The WATSIM modelling system: The simulation model

This section focuses on the description of the WATSIM modelling system by first briefly outline the
overall concept of the model, referring to existing publications wherever applicable. Emphasis is then
put on the two main recent developments of the model, namely the shift from a pure net trade
representation to a gross trade model that considers both imports and exports on the same market

simultaneously, and the enlargement of the representation of agricultural policy measures.

5.3.1. Overall concept”

The World Agricultural Trade Simulation Model (WATSIM) is the result of a development that
started with the SPEL-Trade Model in the late 1980s. The system, as it stands today, was developed in
order to comply with the needs for a policy simulation tool for the preparation of the current
multilateral trade negotiations in the context of the World Trade Organisation (WTO). It can be

broadly characterised as follows:

- Partial equilibrium framework. In contrast to general equilibrium models, WATSIM only covers a
part of the whole economy, namely the markets for agricultural commodities. Developments in the

overall economy and on other markets are taken exogenously or are neglected.

- Multi-region, multi-commodity framework. The current version represents 10 countries and regional
aggregates, representing the whole world (Figure 5.3). For each region as well as on the global level,
markets for 29 agricultural commodities are included, covering cereals (5 products); starchy products;
sugar; pulses; oilseeds (4 products); vegetable oils (4 producté); vegetable oil cakes (4 products); meat
(4 products); eggs; milk; and milk products (3 products). Both the regional and the commodity
aggregation level can, however, be easily adjusted to the user’s needs within the data base (see above,

section 5.2).

- Comparative static framework. The model is solved for a given set of target years, results of which
can be compared to the base year’s situation or with the outcomes of other simulations. In contrast to
dynamic models, however, no information is given on the path of adjustment between base and target

years.

- Deterministic framework. The model disregards all kinds of risk and uncertainty, and assumes
“average” conditions, though issues like weather and other stochastic variables may well be important

for the agricultural markets.

83 A more detailed discussion on the modelling concept of WATSIM can be found in von Lampe (1999).
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- Non-spatial framework. World markets for all commodities are assumed to be spot markets, with no
differentiation of bilateral trade flows. Traded commodities are, however, differentiated from domestic

sales by both producers and consumers (see paragraph 5.2.2 for details on the gross trade approach).

- Synthetic framework. Most parameters used to describe supply and demand behaviours are not
estimated within the WATSIM system, but borrowed from other models or literature. Exceptions
include, however, feed requirement parameters (i.e., feed energy use per unit of livestock production)
and the adjustment of income elasticities of demand due to economic growth. Of course, all price

elasticities are subject to careful calibration to meet microeconomic theory. *

- Consideration of key shift variables for supply and demand. Both medium and long term projections
of supply and demand are improved by taking into account the underlying shift factors, including
population and income growth, urbanisation, expansion and reduction of availability of land,
irrigation, and feed efficiency. Technical progress is assumed to follow its longer term — though not

necessarily linear — trend.

- Consideration of key policy variables. By explicitly modelling the most important policy measures,
policy relevant simulations are possible as they are necessary, for example in the context of the current
multilateral negotiations on further trade liberalisation. Instead of using simple price wedges between
domestic and foreign trade prices, WATSIM distinguishes between specific and ad-valorem tariffs and
variable levies on the import side. Additionally, the model explicitly considers tariff-rate quotas. On
the export side, export subsidies are modelled in combination with limits on subsidised exports
resulting from the URAA. Domestic support is differentiated in product-related subsidies and factor-
related payments (area payments, headage premiums). See section 5.2.3 for details on the modelling of

policy measures.

* See von Lampe (1999), p. 53 f.
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Figure 5.3. Regional differentiation of WATSIM
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Figure 5.4 below shows the principal structure of the equilibrium model. In the core of the model,
supply and demand (and their respective components) for each commodity market in each region are
modelled as constant elasticity functions with respect to the relevant domestic own and cross prices
(€). While demand is differentiated to domestic sales and imports depending on the respective price
ratio (assuming constant elasticities of substitution c,, CES), supply is divided into domestic sales and
exports (assuming constant elasticities of transformation o, CET). Net exports (positive or negative)
from all regions meet on the single world market that has to be balanced. To achieve this after a shock
(shifts, policy), world market prices are adjusted and transmitted to regional prices for imports and
exports via the policy-driven price transmission. Together with the (equilibrium) domestic sales price,
this results in adjustments in the producer and consumer prices according to the price aggregation
derived from the CET and CES functions. Changed prices eventually induce the changes in supply and

demand quantities necessary to balance world markets.
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Figure 5.4. Schematic structure of WATSIM
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While inter-regional relationships are represented by the world market clearing condition, intra-

sectoral relationships are represented by means of the following issues:

- Cross-price elasticities. Both supply and demand are modelled considering the full set of cross-
commodity price effects by using not only own-price elasticities, but also cross-price elastictities
wherever applicable. In particular, this refers to substitution and complementary conditions within the

human consumption bundle, within agricultural supply and within the feed mix.

- Feed balances. Feed energy use and the requirements from livestock production are balanced using
feed energy balance equations. This ensures that, ceteris paribus, an increase in livestock production

must be followed by an increase in feed demand.

- Input-output ratios. In the processing industries for oilseeds and for milk, constant input-output ratios

ensure the balance between raw product processing and derived commodity production quantities.

5.3.2. Representation of regional gross trade®

Among a number of reasons that a given country or region both imports and exports a specific

commodity within the same period is that the homogeneity assumption on commodities often is not

% This section heavily draws on von Lampe (2001).
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met. % Domestically produced and imported goods of the same type are not considered equal by
consumers, and producers supply different commodities to the domestic and foreign markets. Despite
those differences, however, these commodity pairs to a certain degree represent substitutes for

consumers or producers, implying a specific link between domestic and foreign markets.

The key assumption Armington (1969) made upon the relationship between the demand for a certain
commodity and its distribution on domestically produced and imported quantities is that the elasticity
of substitution between the two origins of one commodity is independent of both prices and the
demand quantities of other commodities (though not necessarily constant over time), resulting in a
constant elasticity of substitution (CES) function for the aggregate demand. 57 Hence, according to this

assumption, the total demand of commodity i by region r may be written as:

1

DEMD;, =sd,, *[ddd i ¥DSLS ,.",—pd"" +did,, *PIMP,.fr-pd"’] o )
where: DEMD  Total demand i Product index

DSLS  Demand for domestically produced commodities, Region index

domestic sales t Time index

PIMP Demand for imported commodities, imports

sd Scaling parameter

ddd,did Distribution parameters

pd Substitution parameter (pd > -1)

On the production side, Powell and Gruen (1968) have formulated similar relationships as on the
demand side. Even if transformability between the production for domestic and export markets can be
expected to be much stronger than on the demand side, information costs, different product qualities,
labelling, etc give some arguments that transformation is limited, too. Hence the pendant of the CES

function, the constant elasticity of transformation (CET) function, is employed in the following way:

1

SUPP, =ss,,* [dds,_, *DSLS! """ +des,, * PEXP., ™" }v— (3)

% There are several other possible arguments, including the geographical expansion of countries and regions
(resulting in imports from one neighbour on one border while exporting from the other border to another
partner), dynamics (resulting in imports in parts of a period, while exporting in other parts of the same period),
specific bilateral trade agreements and others.

57 In fact, Armington assumed that consumers would distinguish between products across various origins, i.e.
between imports from different countries, and domestic commodities. We use a simplified approach by assuming
imports from different countries to be fully substitutable. See the discussion on the theoretical limitations of this
approach in the summary and conclusions.
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where: SUPP Total supply Other symbols already declared
PEXP Supply of export commodities, exports68

ss Scaling parameter
dds,des  Distribution parameters
ps Transformation parameter (ps < -1)

3.3.2.1. Derivation of model equations
The demand side

Employing the Lagrange function on the cost minimisation problem for the consumers, we can derive
the functions that give us the shares of domestic sales and import in the total demand, depending on

the price ratio of, respectively, domestic and imported goods:

Pir_\pd,,,
DSLS! I iy CPIM' \#odr
DDSH;, = i 1y ddd, , + did, v, *ddd, ieed, ¥| —— @)
" DEMEP, sd;, ' ' ' CPDS;,
and
1
Pir pd,,
PIMPF! ! . [ CPDS' \"odir
IMSH;, = L 1 * d.:'dl L+ ddd! Lendy * d;a", AT * —:f- (5)
" DEME, sd, ' ' ' CPIM|,
where: DDSH  Domestic demand share of total demand Other symbols already declared

IMSH  Import share of total demand
CPIM  Consumer price for imported commodities
CPDS  Consumer price for domestic sales

Since the aggregate price must represent the average price of imports and domestic sales, weighted
with the import and domestic share respectively, the aggregate price can be computed as a function of

domestic and import prices as follows:

I
CPRI!, = ; *[ddd,.',"""-’ *CPDS!,”™™"" +did, °“ * CPIM.,"™*"" |‘d (6)
s ir
with
l1-od
Gdl' r = 1 pd: r . —” (7)
‘ l + pdr’,r ' Gdl‘,r

% Note that in the model, possible intervention purchases are added to the export position. On this point, see
paragraph 5.3.3.
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where: CPRI Aggregate consumer incentive price Other symbols already declared
od Elasticity of substitution (0 < ¢ < o9

Finally, just like in the net trade version of WATSIM, total demand and its components react to prices

according to double-log functions with constant elasticities, e.g. for human consumption:

con

cprI!, "
HCPC!, = HCPC:"" *H(—‘T} ®)
' ' 7 \CPRI 7
where: HCPC  Human demand per capita Other symbols already declared
g”" Price elasticity of human demand
shift Variable value in target period, given constant real
prices

As a result, three relationships are needed for the demand side in the model:

- Aggregate commodity price is a function of prices for domestic and imported quantities,

respectively.
- Total demand (or its components) is a function of aggregate commodity prices.

- Import and domestic shares of total demand are functions of the price ratio between domestic

and imported goods. The supply side

Equations on the supply side can be easily derived in analogy to the demand side. Here, the elasticity
of substitution is replaced by the elasticity of transformation, which has a negative sign. Production

shares of domestic sales and exports are defined as®:

_Pie e
DSLS] 1 osi. [ PPEX' \Wosir

DSSH;, = ——*'r = —1—* dds, .+ des, 1+esi.c *dds, resi., *| N )

" SUPP, ss,, ' ‘ ' PPDS;,
and

1
P3i.r m

PEXP' 1 (I PPDS! W40,
PEXr = 1wl des,, + dds, oy * des, oz *| oot (10)
SUPP,,  ss,, ' ‘ ' PPEX;,

% Note that the export share captures not only actual exports, but also intervention purchases necessary to avoid
subsidised exports to exceed the limits set by the URAA.
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where: DSSH  Domestic supply share of total supply Other symbols already declared
EXSH  Export share of total supply
STOP Political stock changes, intervention purchases
PPEX  Producer price for exported commodities
PPDS Producer price for domestic sales

The price aggregate can be represented by the following equation:

1 os; . t 1795,r as; =OSi,r ]
PPRI!, =—* [dds,.‘, " % PPDS! """ + des, “" * PPEX,"*" Ii (11)
ssi.r
with
l1-os,,
os;, = & ps;, = . (12)
T 1+ps;, ‘ os,,
where: PPRI Aggregate producer incentive price Other symbols already declared
o Elasticity of transformation (0 > ¢ > -o9

Finally, again like in the net trade model, supply react to prices according to double-log functions with
constant elasticities, e.g. for crop areas:
PPRI!, \™

. (13)

LEVL,, = LEVL:*" *H{PPHM

J

where: LEVL  Activity level, i.e. crop area (or animal number) Other symbols already declared
g™’ Price elasticity of supply
shift Variable value in target period, given constant real
prices

Again, a set of three relationships is needed to represent the supply side in the model:

- Aggregate commodity price is a function of prices for domestic and exported quantities,

respectively.,
- Total supply (or its components) is a function of aggregate commodity prices.

- Export and domestic shares of total supply are functions of the price ratio between domestic and

exported goods.
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5.3.2.2. Derivation, estimation or "guestimation" of parameters?

One of the most important questions in terms of the application of the Armington approach in a trade
model is how to obtain appropriate parameters to fill the functional relationships described in the
previous points. In particular, there are three sets of parameters necessary for the CES demand
functions and the CET supply functions, including the elasticities of substitution and transformation,
respectively, the distribution parameters and the scaling parameters. Given that the sum of distribution
parameters must equal unity, there are thus three parameters to find for each region and commodity
and each of the supply and demand sides. The discussion here focuses on the demand side, but the

calculations on the supply side are done in an analogous way.

Since quantities and prices are known for the base year, the distribution and scaling parameters can be
derived unambiguously if the elasticity of substitution is given, making use of equations (2) and (4).
The distribution parameter ddd referring to domestic sales in total demand can be calculated from a

given elasticity of substitution by using the following formula:
.
CPDS;? \, DSLS;; |
CPIM[? | \ PIMP}
1
CPDS!* DSLS!™ \odir
1+ el :
CPIM * PIMP/"

The derivation of the remaining distribution parameter did and the scaling parameter sd is then

(14)

straightforward.

Consequently, the problem of finding the necessary parameters reduces to the definition of the
elasticities of substitution. Since these parameters describe the reaction of demand patterns due to
price changes, they cannot be derived from base year data. Instead, there are two ways of handling this
problem. One option would be to estimate the parameters based on available time series for demand
and import quantities and domestic and import prices. The other option is the utilisation of parameters
published in other sources, which is easier to do and fits to the general approach of a synthetic model.
Due to data restrictions, but also because of resource limitations, the former option was impossible to
realise for the WATSIM team. However, for the time being, reliable publications on elasticities of
substitution between domestic and imported commodities (and even more so on elasticities of
transformation between commodities for domestic and export markets) are lacking. The specification

of market-specific elasticities is therefore postponed until further data becomes available. Instead,
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WATSIM uses a value of +3.0 for the elasticity of substitution on all markets, and assumes a higher

elasticity of transformation with —5.0, ”°

3.3.2.3. Regional exceptions

For a set of reasons, a number of markets were excluded from the Armington assumption. Markets are

generally represented as net trade markets, if one of the following conditions was met in the base year:

either imports or exports were (close to) zero or domestic sales were (close to) zero (i.e., either

domestic demand was met exclusively by imports, or all domestic supply was exported).

Table 5.2. below shows those markets were the Armington assumption was dropped and net trade was

modelled instead.

Table 5.2. Markets in the WATSIM model represented by net trade rather than gross trade

E15 CEE RUS CHN JAP ANZ USA CAN MER | ROW
BARL Net trade Net trade
MAIZ Net trade | Net trade
OCES Net trade Net trade
RICE Net trade | Net trade Net trade|Net trade
STAR Net trade |Net trade
SUGA Net trade | Net trade
PULS Net trade Net trade
SOYA |Net trade|Net trade Net trade
SUNF |Net trade|Net trade Net trade
RAPE Net trade Net trade
SEDO Net trade | Net trade
0S0Y Net trade
OSUN Net trade | Net trade
ORAP Net trade | Net trade
CSOY Net trade
CSUN Net trade | Net trade
CRAP |Net trade Net trade Net trade Net trade
CSDO |Net trade
BEEF Net trade
MEAO Net trade Net trade
POUL Net trade
MILK Net trade
BTCR Net trade
MILS Net trade

Source: WATSIM Modelling system

A sensivity analysis of the model outcomes to the values of the elasticities of substitution and transformation
is provided in appendix 1.
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5.3.3. Representation of policy instruments

The main objective of the modelling system WATSIM is the simulation of possible changes in
agricultural policies, in particular in the context of the current WTO multilateral negotiations on
further steps of trade liberalisation. Adopting the URAA classification, policy changes that could
result from the Millenium Round may be categorised by three main issues: market access, domestic
support and export subsidies. The representation of agricultural policy instruments in WATSIM

closely relates to these topics.

5.3.3.1. Market access

Four kinds of import barriers are represented in the WATSIM model, including specific tariffs, ad-
valorem tariffs, flexible levies and — as implemented by a number of regions for complying with the
UR minimum market access commitments — tariff-rate quotas. While specific and ad-valorem tariffs
are represented by simple linear elements in the price transmission functions for imported goods’,

both variable levies and tariff-rate quotas deserve a more elaborated discussion.

Flexible levies

Flexible levies become relevant whenever a minimum import price is specified, which is independent
from international prices. In real world, this may be due to administrative definition of threshold prices
or to more or less continuous adjustments of applied tariffs according to changed foreign trade and
internal prices. In WATSIM, flexible levies are modelled in those cases where agricultural policies
involve defined price floors for domestic markets, such as the intervention prices in several Common

Market Organisations of the EU, but also in other regions such as Japan.

Flexible levies, and hence minimum import prices, represent a policy measure that makes the price
transmission function not only non-linear, but even non-differentiable. Figure 5.5 shows that, in that
case, the transmission function has a knee where the reference price for imports is exactly at the

minimum import price.

" see von Lampe (1999), p. 26, for more details on this aspect.
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Figure 5.5. Graphical representation of the price transmission function in the case of a minimum

import price

= = = Smooth approximation
—Exact domestic price

Domestic price for imports

Reference price for Imports

Source: WATSIM modelling system

Given that this non-differentiable transmission function may cause a significant problem for solvers of
non-linear programs” if initial values for the variables are not very close to the final solution, it is

necessary to smoothly approximate the exact relationship. This is done by using the following

formula™:
DPIM =0.5* (RPIM + MinDPIM ++|(RPIM — MinDPIM)? +(Delta* MinDPIM )’ J (15)
where: DPIM Approximated domestic price for imports

RPIM Reference price for imports

MinDPIM Minimum domestic price for imports

Delta Approximation parameter (see text)

The approximation parameter Delta, is gradually decreased in the solution process to reduce the
approximation error. Note that the above equation exactly meets the max-formulation if Delta

becomes zero.

 See paragraph 5.3.4 for the technical realisation of the model.

7 Indices for regions, commodities and time are dropped for readability.
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Tariff-rate quotas

Tariff rate quotas (TRQs) were introduced after the URAA in the context of the minimum access

commitments. TRQs may be globally defined or, referring to earlier trade partnerships, bilateral.

Generally, a TRQ consists of three distinct data, namely an import quota of a certain amount, a
preferential tariff relevant for imports within the given quota, and the MFN tariff relevant for imports
above the quota. Figure 5.6 illustrates the working of TRQs. As can be easily seen, the effective tariff
can approach different levels, depending on the filling of the import quota:

- If the quota is unfilled, i.e., if imports are smaller than the import quota Qrro, the effective tariff or

“real protection” tegr is equal to the preferential tariff toer.

- If the quota is overfilled, i.e., if imports exceed the import quota, the effective tariff is equal to the

MEFN tariff tmrn.

- If the quota is exactly filled, i.e., if imports are equal to the import quota, the effective tariff may

assume any value between tyrand tyry, depending on the domestic market situation.

The latter situation is particularly interesting, since the real protection here is no longer exogenous to

the system. Instead, the effective tariff has to be found such that the following condition holds:

DEMD + PEXP - PROD =TRQ (16)

Figure 5.6. Schematic representation of tariff-rate quotas and approximation by the model

A

——=Effective Tariff

— Approximation (SigDel = 100.0)
- - - Approximation (SigDel = 50.0)
— Approximation (SigDel = 20.0)
- - - Approximation (SigDel = 10.0)

tpref

TRQ Imports

Note: The approximation of the effective tariff is discussed further below in the text.
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Formally, the functional relationship between the level of imports and the effective tariff may be

written as’*:

ty=t,, ¥ PIMP<TRQ

tyy Sty <tym ¥ PIMP=TRQ (17)

o

ly =tuw YV PIMP>TRQ
where: ter Effective tariff rate, real protection (endogenous)
toref Preferential tariff line (exogenous)

tMEN MEFN tariff line (exogenous)
PIMP Level of imports
TRQ Import quota level, quantity

Obviously, this relationship is non-differentiable in the point where the level of imports is equal to the
import quota. And this raises some problems for embedding tariff-rate quotas in the gross-trade
framework of WATSIM. Indeed, this type of function is illegal for solve with available NLP solvers,
such as the employed CONOPT2 solver. ™ It is therefore necessary to find a smooth way of
representing the above relationship. Practically, we use a sigmoid approximation of the exact function

(which is also represented in Figure 5.6):

exp(nﬁn[o,(wj N SigDelD
TRQO =

ty =g+
1+exp| —abs FP-1RQ |, SigDel
TRQ

(tMFN —tpref) (18)

Two notes are in place to explain the sigmoid function. First, an additional parameter SigDel is
introduced that allows to change the degree of approximation to the exact relationship. The larger this
parameter, the closer the sigmoid function approaches to the exact, discrete function. Figure 5.6
presents the approximation with different values for the parameter SigDel, with higher values resulting
in functions that closely approach the exact relationship. Second, in order to make the degree of
approximation independent of the magnitude of the TRQ (and of the unit of measurement), the
difference between the import quantity and the import quota is not entered in absolute terms, but

relative to the quota quantity.

Given that the TRQ schedules allow for the specification of both specific and ad-valorem tariffs for
both preferential and MFN levels, and that WATSIM traditionally works with both types of tariffs too,

the above relationship is implemented for each of the tariff types in order to allow for maximum

™ To improve readability, indices for the commodity and the region as well as the time index are omitted.

“In principle, this type of function corresponds to a mixed complementary problem (MCP) that could be solved
by specific MCP solvers.
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flexibility. Hence, from the point of implementation in the WATSIM framework, there is no need to

transform specific tariffs into ad-valorem equivalents.

5.3.3.2. Domestic support

Domestic support may occur by means of various policy measures, many of which are realistically
portrayed by WATSIM. In principle, the model distinguishes between product-related payments (in
particular, direct payments), factor-related payments (i.e., area payments and headage premiums), and
production quotas. While the product-related payments are simply added in the price transmission
function to increase the incentive prices, factor-related payments and production quotas again deserve

some further elaboration.

Factor-related payments

Factor-related payments, such as the EU compensatory payments, are paid for each unit of production
activity (i.e., land or livestock number) rather than per unit of production. Hence, they have a different
impact on supply than price measures. In WATSIM however area and headage payments are
transformed to price equivalents. Since WATSIM assumes yields to be independent from prices, area
and headage payments can indeed be transformed to price equivalents by taking into account the

(fixed) yields in the target year.

Even though this approach implicitly takes into account a degressive impact of area and headage
payments in course of increasing yields, it still assumes full coupling of these payments to production.
Although there has been a number of studies showing that area and headage payments are not fully
coupled to production (see, e.g., chapter 4), trade models like WATSIM are not able to represent
properly the partially coupled specificity of such policy instruments. Instead, the model allows for
different assumptions on their degree of (de)coupling by weighing these payments with a coupling

factor.

Production quotas

Production quotas are an important quantitative tool to restrict (subsidised) supply in a number of
markets, such as the EU sugar and milk markets, and the Canadian milk market. In WATSIM,
production quotas are represented by fixing production quantities independently from current prices.
This simplified representation ignores that the supply of other commodities depends on the production
level of the quota product through the corresponding shadow price (i.., marginal cost). Instead, it
implicitly assumes that the supply of other commodities depends on the market price of the

constrained product. Since the cost functions, in those markets where production is bound by a quota,

76 See sections 5.4 and 5.5 for simulations with different assumptions on the level of (de)coupling.
164



are not known and difficult to calibrate, WATSIM abstracts from this interesting but difficult

problem.”’

5.3.3.3. Export subsidies

Export subsidies play an important role particularly in the EU. They bridge the gap between high
domestic market prices and lower foreign trade prices for exports. Just like import tariffs, they
represent an element of the price transmission function on the export side, and can either be
represented by a linear element or reflect a minimum export price policy. Both types are modelled in

WATSIM in ways similar to the import side. ®

The URAA involves commitments to reduce export subsidies and subsidised exports. WATSIM
therefore considers upper limits of subsidised exports. They are endogenously taken into account in

the model through the introduction of two adjustment options in the solution process:

- If administrated minimum prices are given, the model forces administrated stock purchases when

subsidised exports exceed the corresponding upper UR limit.

- If no administrated prices are given, the magnitude of the per-unit export subsidy is reduced until

exports meet the bound.

The question whether or not subsidies are necessary for exports (and hence, whether or not the export
limit applies) depends on the domestic and reference prices for exports. However, exports without
subsidies may be possible even if the average domestic price for exports is above the reference price,
due to seasonal fluctuations and the volatility of prices across years. Due to its comparative static and
annual structure, however, WATSIM cannot reflect this explicitly. According to von Lampe (1999, p.
74 1), instead a 5% gap between the domestic and the reference prices is accepted to still allow for

exports without subsidies.

5.3.4. Technical realisation

The WATSIM Data Base is realised in a fairly standardised way, making use of programming routines
and data formats that are developed and used within the Institute for Agricultural Policy not only for
this project, but for a number of other quantitative models as well, with some routines modified to fit
the requirements of the WATSIM system. Most of these routines are based on the programming
languages Fortran77 and C+ and use a user-friendly XVT-based interface. For the simulation model,

all tasks related to data transfers (i.e., getting the data from the data base, and writing results back to

" Chapters 7 and 8 deal with this question in the case of EU milk quotas.

7 Note that, due to limited data availability on export subsidies, applied tariffs are often used as proxies for the
magnitude of export subsidies.
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the data base) are written in these languages as well, while the model algorithms are formulated in the
General Algebraic Modeling System GAMS. ™ Eventually, to solve the various calibration models
(elasticities, trade matrices) and to find the new equilibrium for a specific target year, the NLP solvers
MINOS5% and CONOPT2® are applied, the latter of which is particularly well suited for large models

with many non-linear equations.

5.4. Likely Medium-Term Developments on Agricultural World Markets: The WATSIM

Reference Run

Based on the year 1997, the WATSIM reference run aims to reflect likely developments on regional
and international markets for agricultural commodities for the target years 2005 and 2010. While it is
subject to numerous uncertainties, that have to be taken into account for the interpretation of the
outcome, it is the result of careful consideration of the influencing factors on the supply and demand
side. This section will first briefly discuss the main underlying assumptions on both the macro-
economic and sectoral framework and the agricultural policies. Following that, the main results of the
reference run will be presented and discussed in the context of the historical background, and of other

market projections.

5.4.1. Basic assumptions

On the macro-economic side, general assumptions were basically taken from other publications.
Population growth and urbanisation is assumed to follow the estimations published by the United
Nations (1998). Income estimations follow those of the World Bank (1998) and the Interational
Monetary Fund (1998). In addition, projections used by the Food and Agriculture Policy Research
Institute (FAPRI, 2000) are taken into account. Exchange rates are assumed to be at their 1997 levels
(for the Euro-US$ rate, it is held constant at 1.05 US$/€). Trends for agricultural land use are
estimated considering the increasing urbanisation and, similar to irrigation trends, counterchecked

with Alexandratos (1997).

With respect to agricultural policies, the reference run represents a status-quo simulation. Agricultural
policies are assumed to remain as they were in the base year, unless other decisions are already made.
In particular, this means the full incorporation of the Uruguay Round Agreement on Agriculture
(URAA), including reductions in tariffs, domestic support and subsidised exports. For the United
States, the reference run assumes full implementation of the 1996 Fair Act, implying the removal of all

coupled payments, even though a number of additional measures were used in recent years. For the

7 Brooke et al. (1997).

%0 Gill et al. (2001).

81 ARKI Consulting and Development (2001).
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European Union, policy is assumed to follow the Agenda 2000 resolution, implying the reduction of
intervention prices, the increase of compensatory payments for cereals and beef, the reduction of
oilseed payments to the level applied for cereal areas. Set-aside is assumed to be at the default rate of

10%, with small producers being exempted from the set-aside obligation.

5.4.2. Likely developments on agricultural markets®

5.4.2.1. Grains

World grain production is projected to continue its growth at a slightly reduced rate of 1.2% per year,
reaching a total of 2.2 billion tonnes in 2010 (see Figure 5.7). The strongest growth is found for maize,
extending its share in total grain supply from below 31% to almost 32.5%. While rice is also projected
to grow above average, barley and other cereals markets are expected to grow at moderate rates only,
decreasing their combined share in world grain production from 17% in the base year to below 16% in
2010. The increase of the maize share is particularly due to the rising importance of feed cereals in

some important regions, such as China (see below).

Figure 5.7. Global grain production (incl. rice) and shares of individual types of grains, 1961-
1997 and projections to 2010
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Source: WATSIM Data Base, WATSIM reference run

% All results can be found in detailed tables in the Complementary Data File provided in accompanying
diskettes. Aggregated results are also included in appendix 2.
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Cleatly, the structure of grain production differs significantly across regions. While rice dominates in
Japan, China and other parts of Asia, maize is the main type of cereals in the US and the Mercosur
region (Table 5.3). Wheat still represents the most important type of grains in most developed regions.

This general structure in grain production will remain relevant in the medium term as well, as

indicated by the reference run. *

Table 5.3. Global grain production and its regional breakdown by cereal types, 1997

E15 | CEE | RUS | CHN | JAP | ANZ | USA | CAN | MER [ROW
Total grain production (mio. t) | 206.9 | 83.3 | 86.7 3783 | 9.2 | 31.6 [334.6| 49.6 | 86.8 | 640.9
'Wheat 46% | 38% | 51% | 33% | 6% | 62% | 20% | 49% | 23% | 29%
Barley 25% | 16% | 24% | 1% | 2% | 22% | 2% | 27% | 2% | 5%
)mize 19% | 27% | 3% | 28% | <1% | 2% | 70% | 14% | 61% | 19%
Other cereals 9% | 19% | 22% | 3% | <1% | 11% | 6% | 9% | 5% | 11%
Rice 1% | <1% | <1% | 36% | 91% | 3% | 2% | <1% | 9% | 35%

Source: WATSIM Data Base

International reference prices for cereals — as well as for other agricultural commodities — showed a
significant depression after the peaks in the mid-1990s (see Figure 5.8). Prices are projected to recover
over the projection period, with average rates of real price changes ranging between -1.6% and -2.1%
per year over the projection period for the main cereals, and a stronger -0.3% per year for rice (see
Figure 5.9). Given the current depression, price projections in general are more favourable for the

second sub-period than for the 1997-2005 period.

83 ) . .
See the discussion on regional developments below.
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Figure 5.8. International reference prices for grains, 1960-1998 and projections to 2010
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Figure 5.9. Real world market price projections for grains, 1997-2010
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Since the mid-1980s, China has been the largest grain producer in the world. Together with the US
and the EU, it produces almost 50% of world grain, with their share in total grain demand being
somewhat smaller at 43%, and most of the remainder in both supply and demand (33% and 40%,
respectively) being located in the Rest of the World aggregate.

In China, 30% of the domestic grains demand is used for livestock feed, a relatively small share as
compared to industrialised countries where the feed cereal shares range around 50%. According to the
reference run, however, the share of Chinese feed use will reach 39% by 2010, a result from the
significant expansion of livestock production, patticularly poultry and pig meat (see below). Given
that 80% of Chinese feed grains comes from maize, domestic corn demand is projected to increase
significantly with an average 2.6% per year, compared to 0.2% and 0.4% per year growth in wheat and
rice demand, respectively. Production of maize is projected to slightly lag behind the demand
development, inducing an import of some 12 mio. tonnes by 2010 (see Figure 5.10). At the same time,
there will be some imports of wheat and barley, adding to some 20 mio. tonnes of cereal imports,
while another 3 mio. tonnes of rice will be exported. According to these projections, China will act as

a moderate importer of coarse grains only, rather than putting real pressure on international markets as
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projected by some extreme positions. ** This will contribute to the relatively weak development of

international grain prices.

Figure 5.10. Development of gross exports and imports of grains by China, 1988-1997 and
projections to 2010
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Source: WATSIM Data Base, WATSIM reference run. Projections refer to net trade for markets indicated in
Table 5.2.

For the European Union, the main factor driving grain markets is the Agenda 2000 reform that is
assumed to be completely enforced by 2005. Due to the reduction of administrated prices and a
competitive exchange rate of 1.05 USS$ per €, wheat exports are projected to be possible without the
use of export subsidies already by 2005. Therefore, over the projection period, the domestic price of
wheat will depend more on international markets than on the administrated cereal prices, resulting in a
strengthening of the relative price of wheat among the EU cereals. Wheat production would therefore
be the main winner of the policy reform, with 106 mio. tonnes in 2005 and 111 mio. tonnes in 2010.
The growth in supply is projected to be moderate for maize and rice and negative for barley and other

cereals. On the demand side, the development is less favourable for wheat due to its comparatively

¥ See e. g. McCalla (1994) and the sources cited there.
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high price. ®* Additional feed demand is projected also for maize. Consequently, EU wheat exports are
projected to increase significantly, reaching some 27 and 32 mio. tonnes in 2005 and 2010,
respectively (see Figure 5.11). At the same time, wheat imports are projected to expand somewhat to
reach 5 mio. tonnes in each of the target years, up from 3.6 mio. tonnes in the base year. Bound by the
limit on subsidised exports, barley exports are projected with 10 mio. tonnes in both target years,
assuming this allocation of export subsidies in the coarse grains aggregate. Without adjustments in the
price or set-aside policy®, some 1.1 mio. tonnes of barley would have to be purchased by intervention

stocks in 2005, and some 0.6 mio. tonnes in 2010.

Figure 5.11. Development of gross exports and imports of grains by the EU, 1988-1997 and
projections to 2010
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Source: WATSIM Data Base, WATSIM reference run

The US is projected to strengthen its position as the largest grain exporter in the world. Despite a
moderate growth rate of 1.2% p.a. in cereals production over the projection period, total US grain
exports are projected to exceed 120 mio. tonnes by 2010, up from some 79 mio. tonnes in the base

year (Figure 5.12). By far the largest share both in production and exports is contributed by maize,

8 Note that thc modcl abstracts from the fact that an increasing part of EU wheat production might he feed
wheat, that is not exportable at competitive prices, and may therefore be particularly interesting for livestock
producers due to its higher energy and protein content as compared to coarse grains. In fact, this might result in
somewhat lower wheat exports and hence higher world market prices.

86 The set-aside rate in the EU is assumed at 10% throughout the projection period.
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output of which increases at an average 1.5% p.a. Wheat exports, in contrast, though increasing as

well, are projected not to exceed the levels already reached in the early 1990s.

Figure 5.12. Development of gross exports and imports of grains by the US, 1988-1997 and

projections to 2010
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Source: WATSIM Data Base, WATSIM reference run

5.4.2.2. Oilseeds

World oilseed production is projected to grow with an average 2% p.a., reaching almost 585 mio.
tennes by 2010 (Figure 5.13). All four categories of oilseeds are to contribute to this growth, with a
slight shift from sunflower towards rape seeds. Other oilseeds, however, and here particularly oil palm
products, represent the largest part of total oilseed production. This is particularly true for the Rest of
the World aggregate, but holds for China as well. In Canada and the EU, rape seed is the dominant
oilseed, while in the US and Mercosur, soybean represents basically all oilseed production. Sunflower
seed is particularly important in Russia (Table 5.4). Production of vegetable oils and oil cakes is
projected to show similar growth, with oils reaching some 108 mio. tonnes in 2010, and oil cakes
reaching almost 200 mio. tonnes. While again the largest share of vegetable oils comes from other
oilseeds, the main source for oil cakes, which represent an important protein feed, is soybean, resulting

from its high protein content.
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Figure 5.13. Global oilseed production and shares of individual types of oilseeds, 1961-1997 and
projections to 2010
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Source: WATSIM Data Base, WATSIM reference run.

Table 5.4. Global production of oilseeds, vegetable oils and oil cakes, and regional break-down

by oilseed types, 1997

USA | MER | CHN E15 CAN | CEE | RUS | ANZ | JAP | ROW

Oilseeds 83130 | 50380 | 45698 | 26903 | 10334 | 3794 | 3305 | 2000 196 | 221599
Soybean 88% 82% 32% 5% 26% 5% 8% 4% 74% 4%
Sunflower seed 2% 11% 3% 15% 1% 51% 86% 7% 0% 3%
Rape seed 1% 0% 21% 32% 64% 42% 5% 43% 1% 4%

Other oil seeds 9% 7% 44% 47% 9% 2% 1% 46% 26% 89%

Vegetable oils 9705 | 8695 | 8820 | 11666 | 1737 | 1509 787 245 1857 | 39143

Soybean oil 74% 65% 20% 23% 16% 3% 2% 6% 37% 6%
Sunflower oil 4% 26% 5% 21% 1% 54% 94% 26% 0% 5%
Rape oil 2% 0% 33% 27% 79% 39% 2% 22% 46% 7%

Other veg. oil 20% 8% 43% 29% 5% 5% 1% 46% 16% 82%

Oil cakes 34859 | 27779 | 21890 | 20265 | 3207 | 2038 940 502 4533 | 37896
Soybean cake 89% 88% 40% 57% 38% 9% 8% 13% 64% 28%

Sunflower cake 1% 9% 3% 15% 0% 48% 87% 8% 0% 7%

Rape cake 1% 0% 24% 21% 58% 40% 3% 8% 26% 13%

Other oil cakes 9% 4% 33% 7% 3% 3% 2% 70% 11% 53%

Source: WATSIM Data Base; all quantities in 1000 t.
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While for soybean, sunflower and rape, both the seeds, oils and cakes are traded, other oilseeds are
traded almost exclusively in their processed forms, i.e. as oils and cakes. International prices for
oilseeds are projected to develop relatively strongly as compared to cereal prices. Real seed prices are
to decline in real terms by less than or around —1% per year, with the exception of rape seed (Figure
5.15). This is roughly what was observed during the late 1980s and 1990s (see Figure 5.14), while it

implies some recovery from the depression of recent years. ¥’

Real prices for vegetable oils are also projected to decline by moderate rates only. Particularly soybean
oil shows annual growth rates comparable to those for seeds, whereas real prices for other oils are
expected to decline at somewhat higher rates of -2.8% p.a. over the projection period, due to the strong
growth of the oil-rich palm crops. The strongest decline is projected for real oil cake prices, again
particularly for other oil cakes, with up to ~7% p.a. over the second sub-period, while again soycakes

are expected to develop somewhat stronger.

Figure 5.14. International reference prices for oilseeds and products, 1978-1998 and projections
to 2010
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Source: USDA, WATSIM reference run

Note: Projections are calculated from 1997 prices and simulated changes of real world market prices.

%7 Note that recent payments for US farmers in excess to Fair-Act payments, that may have contributed to the
relatively low prices in the past, are not assumed for the target years in this reference run. Such payments,
however, could induce higher US supply on international markets and would therefore reduce world market
prices.
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Figure 5.15. Real world market price projections for oilseeds and products, 1997-2010
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Source: WATSIM reference run.

Despite the fact that livestock production in the EU is projected to increase with moderate rates only
(see below), the region is expected to have a continuous import demand for oil cakes and, with the
exception of rape, oilseeds. Given the moderate growth of oil demand in human consumption, the
increasing oilseed crush leads to increasing oil exports by the EU. Rape seed is the main oilseed in this
region, with basically all seeds being crushed in the Union, and oil exports projected to further
increase (Figure 5.18). On the other hand, 26% of sunflower crush, and more than 80% of soybean
crush, are imported from abroad, making the region the largest oilseed importer (Figures 5.16 and
5.17). Similar to the rape markets, cakes are needed for livestock production in excess of the domestic

supply, while oil exports are projected to slightly increase over the projection period.

The US are by far the largest soybean exporter, and export significant quantities of soybean oil and
cake, too (Figure 5.16). At reverse, the US show only small foreign trade on the sunflower and rape
markets. Soybean production is projected to continue its comparatively strong growth, particularly in
the first sub-period. While livestock production, and particularly poultry supply, is also expected to
expand significantly, projections still show some increase in soybean cake exports. Soy oil exports are
projected to increase with even higher rates due to a moderate growth in domestic human

consumption.

Similar to the US, the Mercosur region exports significant amounts of soybean, and is the largest
exporter of soy oil and soycake. On the markets for sunflower oil and cake, this region is the largest
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exporter, too (Figure 5.17), while it does not show significant trade on the rape market. Soybean
production is projected to increase significantly, though at somewhat more moderate rates than in the
US. Basically all additional soybean seeds are expected to be crushed domestically, leaving soybean
exports more or less unchanged over the projection period. Given that more than 50% of the soy oil
production and 75% of cake supply are exported, the significant growth of domestic oil and cake
demand does not prevent this region from a significant further increase in its exports of these products.
The Mercosur region is the world's largest sunflower seed producer. And supply of sunflower seeds in
Mercosur is also projected to increase significantly. Virtually all quantities are used for oil and cake

exports, which are projected to increase correspondingly.

While being a minor player on the soya and sunflower markets, Canada represents one of the main
rape (canola) producers and exports significant quantities of both rape seed, oil and cake (Figure 5.18).
The projected increase of rape production (2.8% p.a. in average, with 1997 corresponding to a below
average rape harvest in Canada) results in a strong expansion of rapeseed exports, whereas oil exports
are projected to increase more moderately. Due to its strong growth in meat production, Canadian rape

cake exports are projected to decrease slightly between 1997 and 2010.

China is the world’s largest rapeseed producer, and produces significant quantities of soybean and
sunflower seed as well. In contrast to western regions, about one fourth of China's domestic demand
for soybean comes from human consumption. Production of rapeseed is projected to continue its
strong growth with almost 3% p.a. Due to the overall economic growth, however, domestic demand
for rape seed, and particularly for oil and cakes, is projected to increase even stronger, resulting in
some seed imports and significant imports of rape oil and cake (Figure 5.18). Similarly, China is

projected to expand imports on the soy markets, both in terms of soybean, and in terms of oil and cake.

Russia, an important producer and the largest exporter of sunflower seed, is not expected to
significantly recover from its depression in livestock production. Similarly, the crushing industry
should be under pressure as well due to missing capital. Given a moderate increase in sunflower seed
production (0.9% p.a. in average between 1997 and 2010), exports are projected to increase and to
reach 1.3 mio. tonnes by 2005 and 2010. Sunflower oil exports, and cake imports, are projected to

remain more or less unchanged at their 1997 levels.
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Figure 5.16. Development of regional trade in the soybean complex, 1988-1997 and projection to
2010
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Source: WATSIM Data Base, WATSIM reference run. Trade may not add to zero due to ROW trade and

statistical differences. Projections refer to net trade for markets indicated in Table 5.2.
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Figure 5.17. Development of regional trade in the sunflower complex, 1988-1997 and projection
to 2010
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Source; WATSIM Data Base, WATSIM reference run.
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Figure 5.18. Development of regional trade in the rape complex, 1988-1997 and projection to
2010
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Source: WATSIM Data Base, WATSIM reference run.
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5.4.2.3. Meat

Global meat production is projected to continue its strong growth, though at a somewhat more

moderate speed, to reach 241 mio. tonnes in 2005, and some 263 mio. tonnes in 2010 (see Figure

5.19). While production of all types of meat is projected to increase significantly, most of the growth

will be contributed by poultry meat both in relative and in absolute terms. Therefore, the poultry share

in total meat will increase from below 29% in 1997 to well over 31% in 2010. The main looser among

the meat types, though still increasing at 1.4% and 1.2% p-a. in the two intervals, is beef, the share of

which is projected to drop from more than 27% to below 26%. Pig meat is projected to loose some of

its share between 2005 and 2010, while other meat remains to play a minor role on the global scale.

Figure 5.19. Global meat production and shares of individual types of meat, 1961-1997 and

projections to 2010
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Source: WATSIM Data Base, WATSIM reference run.

International meat prices are projected to decrease slightly slower in real terms than observed over the

longer past (Figure 5.20). Real world market prices for pig meat, poultry and other meat should

decline by an average of around 0.5% .p.a., while those for beef is projected to be roughly constant

(Figure 5.21). After inflation, however, all meat prices are expected to rise over the projection period.
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Figure 5.20. International reference prices for meat, 1960-1998 and projections to 2010
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Note: Projections are calculated from 1997 prices and simulated changes of real world market prices.

Figure 5.21. Real world market price projections for meat, 1997-2010
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At the regional level, the European Union, the United States and China represent the main meat
producers, accounting for 59% of global meat production in the base year, and some 61% in 2010.
With roughly 7% of global production, the Mercosur region is another important world producer. The

Rest of the World aggregate accounts for some 23% of world's meat production.

In the European Union, growth in meat production is projected to slow down significantly, and to
originate only from poultry and pig meat production. Production of ruminant meat, in contrast, is
expected to decrease, particularly after 2005. Similarly, growth in meat consumption will focus on
poultry and pig meat, while beef consumption is projected to increase only slightly in the first period
due to price reductions in the context of the Agenda 2000 policy reform, and to decrease thereafter.
Meat trade is projected to remain roughly at the 1997 level, while the trade structure should change
(Figure 5.22). Beef exports are expected to decrease somewhat due to the decline in supply, meaning
that the limit on subsidised exports would become unbinding in the medium term. Exports of pig meat,
n contrast, are projected to expand with fairly favourable world market prices, allowing for an

increase of the EU’s world export share.

Figure 5.22. Development of EU gross exports and imports of meat, 1988-1997 and projections
to 2010

3,500 -
©

g
X 3,000
B Other Meat l=

O Pig Meat | |

Wl Poultry

H Beef&Veal

E 1,500 : -
1983 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Year

Source: WATSIM Data Base, WATSIM reference run.

For the US meat markets, the model projections indicate a somewhat stronger growth in total supply
as compared to the EU, with an average of 1.5% p.a. between 1997 and 2005, and 1.2% between 2005
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and 2010. More than two thirds of the additional meat supply will come from poultry production, and
most of the remainder (particularly over the first sub-period) from pig meat production, while beef
supply will grow at a more moderate pace with some 0.6% p.a. over the projection period. Even
though meat demand in the US will increase as well, the meat trade is projected to show a significant
growth in exports, particularly in poultry meat, but also in beef and pig meat (Figure 5.23), whereas

imports are unlikely to change very much.

Figure 5.23. Development of US gross exports and imports of meat, 1988-1997 and projections to
2010
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Source: WATSIM Data Base, WATSIM reference run.

World market developments strongly depend on the outlook for the Chinese markets, even though, in
the past, foreign trade in meat was comparatively moderate. Meat supply in China is projected to
continue its considerable growth, even though at a somewhat slower pace, with total output increasing
by some 3.5% p.a. in average between 1997 and 2005, and 3.1% thereafter. While more than half of
the additional meat will be pig meat, poultry and beef show the strongest growth in relative terms with
up to 5% p.a. until 2005, and 4.7% and 3.2% p.a. between 2005 and 2010, respectively. This strong
growth in Chinese meat supply should be followed by the domestic demand, triggered by economic
growth and the increase in, particularly, urban population. Per capita meat consumption is projected to
reach some 59 kg by 2010, up from 42 kg in 1997, and total meat demand will grow by some 3.4%
and 3.2% p.a. in the two sub-periods, respectively. Consequently, Chinese meat trade is expected to

expand somewhat on both the export and the import side, implying a slightly more open market to
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trade in China (Figure 5.24). Increasing exports of pig meat are opposed to rising poultry imports, but

given the size of the markets, trade quantities remain small.

Figure 5.24. Development of Chinese gross exports and imports of meat, 1988-1997 and
projections to 2010
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Source: WATSIM Data Base, WATSIM reference run.

3.4.2.4. Milk and dairy

Global milk production has seen considerable growth during the 1960s, 1970s and 1980s, but has
slowed down significantly since the early 1990s due to two distinct factors. On the one hand, the
introduction of the quota system in 1984 has stopped and partly reversed the growth path in the EU.
On the other hand, the economic crisis after the break-down of the East block lead to significant
reductions in milk production in the countries of the former Soviet Union and of Central and Eastern
Europe. Milk production increasingly takes part in the Rest of the World aggregate, particularly in
India. With growth in this region expected to basically follow the historical path, and production
conditions particularly in Central and Eastern Europe to slowly recover, world milk production is

projected to exceed 580 mio. tonnes in 2010 (see Figure 5.25).

An even more considerable growth can be observed in the production of processed milk products,
particularly up to the mid-1980s, indicating a slower growth in the utilisation of fresh milk products.
In WATSIM, these processed dairy products are represented in three categories: cheese, butter &

cream, and skim milk products. With a production share of 43% in cheese, 36% in butter & cream, and
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39% in skim milk products, and similar shares in world demand, the European Union is by far the
largest world producer and consumer of these commodities, followed by the US for cheese and skim
milk products. Even though Australia & New Zealand have a high share in global production only for
skim milk products (15%), this region represents the largest exporter of dairy products. The largest
importer is the Rest of the World aggregate.

Figure 5.25. Global production of milk and milk products, 1961-1997 and projection to 2010
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Source: WATSIM Data Base, WATSIM reference run.

International prices for dairy products are projected to decline slightly in real terms, with average rates
of -1.1% p.a. for butter & cream, and skim milk products, and —0.5% for cheese (Figure 5.26). With
these rates, development of world market prices of dairy product is comparable to that of meat prices

and more favourable than those for most crop products.
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Figure 5.26. Real world market price projections for milk and dairy products, 1997-2010
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Figure 5.27. Development of EU gross exports and imports of dairy products, 1988-1997 and
projections to 2010
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Source: WATSIM Data Base, WATSIM reference run.
Due to the quota system, milk production in the European Union is basically fixed, accounting for

only the expansion of the EU milk quota and the increase of average fat and protein content. EU
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supply and demand of dairy products, particularly cheese, are projected to increase slightly given the
quota expansion. Foreign trade of dairy products, however, is not expected to change much (Figure

5.27).

Milk production in the United States is projected to continue its moderate expansion that this country
has experienced since the mid-1970s, growing with an average 1% p.a. With 1.9% p.a., cheese
production is projected to increase more significantly, while production of butter & cream and skim
milk products are expected to decline slightly. This corresponds to the development of US demand for
cheese and butter & cream, whereas skim milk demand is also projected to increase slightly resulting
from the growth in livestock production. Consequently, exports of skim milk products are projected to

decline, while particularly cheese imports are to expand significantly (Figure 5.28).

Figure 5.28. Development of US gross exports and imports of dairy products, 1988-1997 and
projections to 2010
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Source: WATSIM Data Base, WATSIM reference run.

In Australia & New Zealand, most of the dairy production is for exports, while domestic consumption
is limited. Milk production is projected to show a continuous growth with above 2% p.a., and similar
rates for dairy products. With only 40% of production used by domestic demand of cheese, and even
less for other dairy products, most of the additional production will be exported (Figure 5.29). The

region will therefore strengthen its position as the largest dairy exporter in the world.
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Figure 5.29. Development of gross exports and imports of dairy products in Australia & New
Zealand, 1988-1997 and projections to 2010
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Source: WATSIM Data Base, WATSIM reference run.

5.4.3. The WATSIM reference run under an alternative assumption on the degree of decoupling of

area and headage payments in the EU

The reference run generally assumes that all compensatory payments in the European Union are
coupled to production. Even though they are coupled to harvested areas and livestock numbers, given
the price-independent yield assumptions, this would translate to a price equivalent for each payment.
The degree of (de)coupling of these payments cannot be determined within the WATSIM framework.
However it is interesting to examine the extent to which the results of the WATSIM reference run are
sensitive to the adopted (de)coupling assumption. Hence the reference run has been simulated under
an alternative assumption about the degree of decoupling of EU area and headage payments. This
alternative simulation of the reference run, called the "partial de-coupling” scenario, assumes a relative
de-coupling rate of 50%, i.c., one € of compensatory payment per tonne in the target year is assumed

to have the same impact on production as 50 Cents of a direct production subsidy.

Area payments are paid for cropping cereals, protein crops and oilseeds, whereas sugar and starchy
products (potatoes) do not benefit from these payments. While payments for cereals have been
increased in the context of the Agenda 2000 reform package, payments for oilseeds, that were

significantly higher than those for cereals after the 1992 CAP reform, have been reduced to the cereal
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level. Some higher payments are still in force for protein crops and for durum wheat. * Headage
payments, on the other hand, are relevant for beef & veal production, for sheep and goat meat and,
after the Agenda 2000, for milk. 8

With respect to the basic reference run, modelling a partial (de)coupling of area and headage payments
in principle can be considered as a reduction of (effective) payments for those commodities where
payments are increased between base and target year (i.e., cereals, beef, other meat, and milk), and an
increase of payments for those where payments are reduced (i.e., oilseeds). Consequently, the impact
of the changed assumption with respect to the coupling factor on agricultural production in the EU is
basically negative for cereals, beef & veal, and other meat, and positive for oilseeds, with some cross
price effects on other commodities as well. Given that no policy changes are modelled between the
target years 2005 and 2010, the impact of the partial de-coupling assumption is very similar across

these two years. The following discussion will therefore focus on the final target year.

Among cereals, barley and wheat are simulated to be most sensitive to the level of coupling of the area
payments. With payments only coupled by 50%, wheat production would increase much less than with
full coupling, and barley supply would decline more significantly. Simulated wheat production in the
"partial de-coupling" scenario is 3.6% lower than in the reference run by 2010, reaching only some
107 mio. tonnes instead of 111 mio. tonnes in the basic reference run. Similarly, barley production
would be 5.2% below reference run level in 2010 and reach some 48 mio. tonnes instead of 50 mio.
tonnes. Maize and other cereals react significantly less, with differences in 2010 being less than 1%
between the reference run and the "partial de-coupling" scenario. This is probably due to the fact that
wheat and barley production areas in the EU are more on the high-yield side, while regions where
other cereals are predominant are generally less productive, resulting in lower area payments for the

latter than for the former commodities.

Oilseeds, in contrast, would be better off under the partial de-coupling assumption: the reduction of
oilseed payments implied by the Agenda 2000 reform would mean a smaller reduction of the
incentives to produce oilseeds, as compared to cereals. In the "partial de-coupling" scenario,
particularly soybean production would expand much stronger than in the reference run: EU supply
would be some 14% above reference run level in 2010 — though still a minor crop in the EU. The other
oil crops — sunflower seed and rape seed — respond more moderately, with changes in 2010 being 2%
and less than 1% only, respectively, between the reference run and the "partial de-coupling” scenario.

Again, the different reference yields in the EU regions may result in these differences across crops.

8 Durum wheat is not represented separately in WATSIM.

% Note that due to the quota system, milk supply is not expected to respond to the cow premiums. Instead, these
premiums as well are designed in terms of beef production.
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Harvested areas for starchy products, i.e., primarily potatoes in the EU, and hence production, would
be reduced more slowly in the "partial de-coupling” scenario, with production simulated to be 1%

above reference run level in 2010.

On the livestock side, beef & veal, and other meat (i.c., sheep and goat) would see significant impacts:
the decline in the beef production would be stronger in the "partial de-coupling" scenario, with supply
in 2010 being some 4% below baseline level. Similarly, production of other meat would decline
already in the first sub-period, and supply would be 5% below baseline level in 2010. On the other
hand, production of non-ruminant meat would see an even stronger expansion, with poultry production
in 2010 being almost 2% above baseline level, while pig meat production would be 0.7% higher. The
corresponding figure for the eggs production is 0.5%. Projections for the EU cereal, oilseed and meat
production under both assumptions on the degree of decoupling of area and headage payments (i.c.,

coupling vs partial de-coupling) are presented in Figure 5.30 below.

Figure 5.30. Development of cereal, oilseed and meat supply in the EU under different

assumptions on the degree of de-coupling of area and headage payments, 1997-2010
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Given the higher EU meat production, overall domestic feed demand would be slightly higher,
particularly feed use of corn, other cereals, and oil cakes, would be higher than in the reference run. In

contrast, the use of wheat would be below baseline level due to higher wheat prices.

International prices would develop slightly differently than in the reference run. Due to the reduced
domestic supply, EU wheat exports would be some 2.4 mio. tonnes below baseline level, and an
additional 0.7 mio. tonne would be imported, pushing international prices well above reference run
level. By 2010, world market prices would be almost 3% higher in the "partial de-coupling" scenario
than in the reference run, changing the average geometric growth rate (ggr.) by some 0.2 percent
points. Barley prices would be 4% higher, or 0.3 percent points in the ggr. Due to the large import
share of the EU, oil cake price would also be higher by between around 1 to 3% (up to 0.26 percent
points in the ggr. of other oil cakes). Meat prices are significantly less sensitive with the exception of
other meat, which would be almost 2% more expensive in 2010 than under baseline conditions (0.1

percent points) (Figure 5.31).

Figure 5.31. Development of real world market prices for cereals, oilseeds and meat under

different assumptions on the degree of de-coupling of EU area and headage payments, 1997-2010
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A further significant impact of the partial de-coupling assumption of EU area and headage payments is
that the UR limits on subsidised exports would no longer be binding for barley. With 8.7 mio. tonnes
and 8.3 mio. tonnes in 2005 and 2010, respectively, EU barley exports are well below the UR
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commitment level in the "partial de-coupling" scenario. Structural intervention purchases become,

therefore, unnecessary under these circumstances.

5.5. The impacts of further liberalisation of agricultural markets

5.5.1. The WTO scenario

The second scenario focuses on possible further steps in the trade liberalisation process. The last WTO
multilateral agreement as far as agriculture is concerned, the Uruguay Round Agreement on

Agriculture (URAA), committed the member countries to the following policy changes™:

- Tariffication of all border measures, and reduction of tariffs by 36% in average, with a minimum of

15% for each tariff line.
- Provision of a minimum market access, often realised by tariff-rate quotas.
- Reduction of domestic support (the Aggregate Measure of Support, AMS) by 20%.

- Reduction of export subsidies by 36%, and of subsidised export quantities by 21%.

Furthermore, the agreement included the continuation of the liberalisation process by means of new
multilateral negotiations, which are currently under way. While the final outcome of these
negotiations, lead by the WTO, is still unknown, a scenario similar to the URAA outcome has been
simulated with WATSIM to analyse possible impacts on regional and global agricultural markets. In

particular, the following assumptions were applied in the WTO scenario’':

- A further reduction of remaining tariffs (or MFN tariffs on markets with tariff-rate quotas) by 36%.
- An expansion of tariff-rate quotas by 50%.

- A further reduction of all domestic support measures by 20%.

- A further reduction of the limits on subsidised exports in value and volume by 36% and 21%
respectively, with the level of export subsidies per unit of exports reduced according to the tariff

reduction. §

* Basis for the reduction commitments was the period 1986/88, unless measures were higher on 1 January,
1995.

*! Note that all policy changes are assumed to be in force already in 2005, with no further policy shifts occurring
between the target periods.
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5.5.2. Impacts of further liberalisation on agricultural markets

Impacts of the WTO scenario on agricultural markets are particularly significant in regions with high

border measures, such as Japan.

International market prices of grains show the most significant impact for barley, which prices would
be 6.8% higher in 2010 under more liberalised markets than in the reference run (Figure 5.32). This is
particularly due to the tightened commitment on subsidised EU exports (already constraining in the
reference run), resulting in barley exports by this region to be 6.4 mio. tonnes in both 2005 and 2010,
instead of 10 mio. tonnes as in the reference run. Consequently, barley intervention purchases in the
EU would be 4.1 mio. tonnes in 2005 and 3.6 mio. tonnes in 2010 in the WTO scenario, instead of 1.1

mio. tonnes and 0.6 mio. tonnes in the reference run.

On the other hand, given increased imports due to reduced tariffs, particularly in Japan where grain
imports are some 0.7 mio. tonnes above reference run level in 2010, and also cross price effects in
supply and demand, world market prices for wheat, maize and other cereals would be between 1% and

2.2% above reference run level under the WTO scenario.

Under more liberalised markets, the world pig meat price in 2010 would be 1% higher, compared to
the reference run, while other meat prices would be around 0.2% higher than corresponding reference
run levels. International meat prices are particularly influenced by the impacts of the WTO scenario in
Japan. Under more liberalised conditions, the Japanese pig meat and poultry meat imports would be,
respectively, 9% and 2% higher in 2010 as compared to the reference run (corresponding to additional
0.11 mio. and 17 000 tonnes respectively). Similarly, pig meat and poultry imports by Central and
Eastern Europe would be some 23 000 and 6 000 tonnes higher, respectively, in 2010, while in the
same time exports of both types of meat would be reduced by 23 000 and 16 000 tonnes, respectively.
On beef markets, a slight reduction of EU and Canadian exports would also cause the world price to

be higher under the WTO scenario than in the reference run.

On milk markets, the most important change following the WTO scenario would be the increase in the
tariff-rate quotas for cheese, butter & cream, and skim milk products in the EU. Particularly for butter
& cream, the increase in EU imports (+61 000 tonnes), only partly compensated by additional exports
(+22 000 tonnes), causes international prices in 2010 to be more than 3% above reference run levels.
For cheese, the increase in EU imports (+32 000 tonnes) is almost completely compensated by

additional exports (+30 000 tonnes), dampening the impact on international prices. ** The impact of

2 1t is interesting to note that, given the virtually unchanged international prices, none of the other regions
significantly increases its exports. This might be interpreted by arguing that any third country’s exports going to
the EU under the expanded quota might reduce that country’s exports to other regions, leaving its total cheese
exports more or less unchanged. It is, however, also a problem in the model methodology in that the Armington
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the WTO scenario on skim milk markets, where intemational prices in 2010 are slightly lower than in
the reference run, is caused by the interrelationship between skim milk products and butter & cream:
given the higher butter prices, supply of both commodities is increased, putting pressure on the skim
milk prices. The expansion of the EU tariff-rate quota for skim milk powder has no effect on the
results due to the fact that the applied in-quota tariff (i.e., 475€/) is already relatively high, and the
quota (68 000 tonnes) is significantly under-filled in the base year (16 000 tonnes).

Figure 5.32. Development of real world market prices for cereals, meat and milk products under
the reference run and the WTO scenario, 1997-2010
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5.5.3. The WTO scenario under the assumption of partial de-coupling of area and headage
payments in the EU

If the compensatory payments in the EU are assumed to be only partially effective on supply (see
paragraph 5.4.3), the above described principal impacts of the WTO scenario would not be

substantially modified.

approach is simplified to represent only gross trade, but no bilateral trade flows. Not only can the source of the
additional cheese imports to the EU not be identified by this concept, but its theoretical weakness might lead to
the interpretation that the EU now "imports its own exports".
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Given that under the partial de-coupling assumption, subsidised EU barley exports would not longer
be bound by the WTO limits, the effective reduction of these exports would be 1.9 moi. tonne smaller
than under the full coupling assumption. Consequently, the impact on the world barley price would be,
in 2010, a 4% increase only, with respect to the reference run level, instead of a 6.8% increase (Figure
3.33). The impact on international wheat, maize, other cereals and rice prices would also be smaller

than under the full coupling assumption.

The impact of the WTO scenario on meat and dairy markets is largely the same under alternative
assumptions regarding the degree of decoupling of EU area and headage payments, with price effects

being slightly smaller under partial de-coupling than under full coupling.

Figure 5.33. Development of real world market prices for cereals, meat and milk products under
the the Refernce Run and the WTO scenario, assuming partially de-coupled area and headage
payments in the EU, 1997-2010
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5.6. Conclusion and policy recommendations

The aim of the WATSIM-related tasks in this project was to improve both the WATSIM Data Base
and the simulation model in order (o allow for better reflection of policy-relcvant issues on agricultural
markets. The Data Base has been updated and extended, in that in addition to the existing Non-Spatial
Data Base (NSDB), a Spatial Data Base has been constructed to reflect bilateral trade flows across the

model regions. The United Nations’ COMTRADE data base was used and consistency both within the
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SDB and between SDB and NSDB was achieved due to a calibration process, making use of a cross-

entropy approach.

The simulation model has been modified in particularly two aspects. Firstly, the general net-trade
concept has been abandoned, and a modified Armington approach was used to represent gross imports
and exports simultaneously. Then, based on this gross trade approach, the second step was to properly
consider a broad set of trade related policy measures. In addition to import tariffs and limits on
subsidised exports, that were incorporated already in the net-trade model, but are portrayed much more
realistically in the gross trade model, the concept of tariff-rate quotas (TRQs) has been included to
take UR market access commitments into account. Due to restrictions in the data availability during
the project phase, TRQs are actually included only for three markets, i.e. the EU markets for milk
products, but additional TRQs can be considered basically by adding the respective data, since the
model formulation is generally symmetric with respect to all markets. In addition to the trade related
measures, domestic support is also considered in detail by the model. Different assumptions with
respect to the degree of (de)coupling of specific measures can be made by simply changing

parameters.

The WATSIM reference run indicates that international markets for agricultural commodities should
recover only slowly from the depression of the recent years. With average changes between —1.8% and
—2.5% p.a. from 1997 to 2005, real world prices for cereals are projected to develop only slightly more
favourable than in the past. However, this is partly due to still relatively high prices in the 1997 base
year (though already well below the 1995 peak). Between 2005 and 2010, prices are projected to
develop more favourable. Sensitivity analyses with respect to the Armington parameters (i.e., the
elasticities of substitution and of transformation) have shown a relative robustness of the reference run

results.

Assuming a partial de-coupling of EU area and headage payments, however, results in quite
interesting differences as compared to the basic reference run. If payments are coupled to production
only by 50%, EU production of wheat and barley after the Agenda 2000 reform would be significantly
lower than under the basic reference run assumptions, whereas supply of oilseeds (particularly
soybeans) would be higher. Similarly, the production of ruminants would be smaller in contrast to the
production of pig meat, poultry meat and eggs. It seems important to note that, given a partial de-
coupling of these payments, the excess supply of barley would be below the limit on subsidised

exports, thus eliminating the need for intervention purchases both in 2005 and 2010.

A further step in the liberalisation process, as could be assumed as an outcome of the current WTO
negotiations, would allow international prices to develop more favourable. Here, the reduction of

subsidised EU barley exports, the expansion of EU tariff rate quotas for milk products, and the
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decrease of tariffs in highly protected regions such as Japan on the other hand, would result in higher
world market prices. This impact is particularly strong for barley, but is significant also for butter &
cream and for cereals in general. For the EU, given unchanged domestic policies, this would result in

significantly increased intervention purchases of barley, both in 2005 and 2010.

In principle, the impact of the liberalisation scenario is changed only slightly, if compensation
payments in the EU are assumed to be partially de-coupled. Price effects are, however, somewhat
smaller, particularly for barley, where the reduction in exports would be less significant. In any case,
however, the model results for the liberalisation scenarios indicate some pressure on the EU to change
domestic policies, in order to avoid significant amounts of barley to be purchased for intervention

stocks.

The WATSIM model has proved to be a useful tool for the analyses of agricultural markets and
policies. It still has, however, some weaknesses that require further research and development. To
increase the usefulness of the model for the EU decision makers, further topics like the enlargement to
Central and Eastern Europe have to be considered. Similarly, the Free Trade Area of the Americas
may become relevant in near future. Consequently, the WATSIM model needs to be able to capture

regional trade agreements, simulations of which are not possible with the current system.

The overall outcome of model results has proven to be relatively robust with respect to alternative
assumptions on the elasticities of substitution and of transformation. Specific trade developments,
however, may well be influenced by changes in the parameters, which are not very soundly justified in
the current model. Further research is necessary to identify the empirical parameters, and to test
whether the assumption on limited substitution and transformation is justified for agricultural
commodities. In addition to that, it is important to note that the simplification of the original
Armington approach, assuming that limited substitution exists between domestic and imported goods
while substitution across imports from different origins is assumed to be perfect, to a certain degree
lacks theoretical consistency. On the one hand, the apﬁroach draws on the assumption that there are
some kind of quality differences between domestic and imported commodities of the same type, and
similarly between domestic and export sales. On the other hand, however, the concept of a spot world
market assumes homogeneity of the commodities, given that there is only one price (index) relevant
for all quantities exported to or imported from this spot market. Clearly, there is some contradiction.
Further research is necessary that may eventually lead to a fully spatial representation of international
trade (i.e., the original Armington approach), or to a representation of gross trade different from the

Armington approach.

Finally, while the model structure allows to consider all types of policy measures for all regions

symmetrically, data on actual policy is missing for a number of regions. The impact of administrated
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trade barriers or of domestic policies, however, may be significant in developing countries as well. For
example, policy measures in China may well influence both domestic and international markets.
Further research is necessary to reflect actual policies in all regions both in the data base and in the

simulation model.
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APPENDIX 1.

Sensivity analysis: Sensitivity of the model outcomes with respect to the values of the elasticities

of substitution and of transformation

One of the most important questions in terms of the application of the Armington approach in a trade
model is how to obtain appropriate parameters to fill the functional relationships. In particular, there
are three sets of parameters necessary for the CES demand functions and the CET supply functions,
including the elasticities of substitution and transformation, respectively, the distribution parameters
and the scaling parameters. Given that the sum of distribution parameters must equal unity, there are

thus three parameters to find for each region and commodity and each of the supply and demand sides.

Since quantities and prices are known for the base year, the distribution and scaling parameters can be
derived unambiguously if the elasticities of substitution and transformation are given. Consequently,
the problem of finding the necessary parameters reduces to the definition of the elasticities of
substitution and transformation. In the WATSIM modelling system, uniform elasticities of substitution
and of transformation are used due to lack of specific data on these parameters. WATSIM uses a value
of +3.0 for the elasticity of substitution on all markets, and assumes a higher elasticity of

transformation with —5.0.

As this choice of elasticity values may have an influence on the model outcomes, a sensivity analysis
is carried out. Hence, we use the existing reference run and perform some ceteris-paribus runs, only
changing the (still uniform) elasticities of substitution and transformation, according to the following
Table 5.5.

Table 5.5. Elasticities of substitution and transformation in the sensitivity analysis

Elasticity of substitution Elasticity of transformation
Reference run (REFB) +3.0 -5.0
Reduced-Substitution run (RSUB) +2.0 -4.0
Increased-Substitution run (ISUB) +4.0 -6.0

Even though the change in the elasticities in absolute terms is equal between the two sensitivity runs
RSUB and ISUB, both runs are shown to evaluate the degree of symmetry in the sensitivity. To keep
the discussion readable, we restrict ourselves here (o (he results for the Buropcan Union, and to some
key commodities, wherever they appear to be of general relevance, but of course point out important

findings for other markets where necessary.
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As a general result of the analysis, as one would expect, the main variables influenced by the
Armington parameters are trade quantities. Whereas on the supply side, only few of the results differ
by more than 1% between the reference run and either of the two sensitivity runs (with only the
production of "other meat" showing a reaction that large in the EU), there are large differences in
gross trade figures, of up to 36% in gross imports (other meat to Mercosur) and 35% in gross exports
(other oil cakes from China). Mainly, large (relative) differences can be found in markets with only
little trade, as in the two examples given above. For the EU, large differences in gross trade can be
found for cheese imports (up to 32%), beef exports (20%), wheat imports (13%) and skim milk
products imports (12%). For the main trade flows (such as cereal exports”, oilseed and products trade
and meat trade -other than the mentioned beef exports), the sensitivity with respect to changes in the
Armington elasticities is moderate with less than or around 5% in either direction. With the exceptions
of beef and other meat, and also rape seeds and butter&cream, changes in the EU net trade positions
are moderate as well. Due to the fact, that the absolute net trade quantity in many cases is much
smaller than either imports or exports, net trade figures can be expected to be more sensitive to
parameter changes than gross trade at least in relative terms. In some markets, however, such as
protein crops and oil cakes from sunflower and rape seeds, higher Armington elasticities result in

larger exports and lower imports, thus reducing net imports by relatively much even in absolute terms.

As it is true for the supply side, demand is little affected by the choice of the parameters. Total
demand shows no changes larger than 5.8% (rape seed cake in Russia), with most changes well below
1% and large changes mainly on small markets again. For the EU, only the demand for cakes of other

oil seeds shows a moderate change with up to 1.5%.

Finally, most international prices show only marginal sensitivity to the parameter values. Exceptions
are again the market for cakes of other oil seeds (up to 5%), cakes of sunflower seeds (2.5%) and milk
(2.5%), while most of the remaining price changes are below 1% in either direction. Given the 8-year

horizon of the simulations, the impact on annual price changes can be considered to be small.

With respect to the question of symmetry of the outcome sensivity posed above, we state that the
changes do not show much symmetry, with differences in the relative changes being unsystematic. For
international prices, and ignoring the sign, most changes are larger in the Reduced-Substitution run
than in the Increased-Substitution run, which would be expected since the relative change in the
parameters is larger in the former than in the latter. Prices for sunflower seeds and rape oil, however,
react less in the first sensitivity run than in the second. The same holds for quantities, where most
changes in the first scenario are larger than in the second, but again some markets show the opposite

direction.

* Due to the limits on subsidised exports, exports of barley are not influenced at all.
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In order to check the relevance of the two sets of elasticities (i.e., elasticities of substitution and
elasticities of transformation), two additional runs are performed, with only the elasticities of
substitution or the elasticities of transformation being increased. The main result with respect to
international prices is that they are affected almost exclusively by changes in the elasticities of
substitution, while changes due to a higher elasticities of transformation are all below 0.7% (cheese),
and mostly below or around 0.2%. By construction, this is also true for gross imports, while of course
exports are more affected by the changes in the elasticities of transformation. Exports, however, show
a significant sensitivity to changes in the elasticities of substitution, too, with most changes showing

different signs for the two latter model runs.

202



APPENDIX 2.

Aggregate results of the WATSIM reference run

Table 5.6. List of Commodities, Regions and Food Balance Sheet Items in the WATSIM Model

Product-Code |Product

Item-Code |itam

WHEA
BARL
MAIZ
OCES
RICE
STAR
SUGA
PULS
SOYA
SUNF
RAPE
SEDO
osoy
OSUN
ORAP
0sDO
CsoY
CSUN
CRAP
CcsbDo
BEEF
PMEA
MEAO
POUL
EGGS
MILK
CHES
BTCR
MILS

Notes:
1)

3)

Wheat & Products"’

Barley & Products”

Maize & Products®
Other Cereals & Products"
Rice & Products”?

Starch Products"

Sugar & Products®

Pulses & Products”
Soybeans

Sunflower Seed

Rapeseed

Other Oilseeds

Soybean Oil
|Sunflower Seed Qil
Rapeseed Oil
Oll of Other Oilseeds
Soybean Cake

Sunflower Seed Cake
Rapeseed Cake
Cake of Other Cakeseeds
Beef & Veal®
Pork”
Other Meat”

Poultry™

Eggs
LMHk (bovine only)
Cheese
Butter & Cream
Skim milk products

in raw product equivalents
milled equivalent

incl. products; carcass weight equivalents

LEVL
YIE1
PROP
CONP
HCPC
FEEP
DEMP
PEXP
PIMP

|Harvested area, slaugter number, milking/laying animals

Product yield per ha or head

Total production

Domestic use for human consumption

Human consumption per capita

Domestic use for feed

Total domestic use (hum.cons., feed, seed, processing, other use, waste)
Physical Exports

Physical Imports

Region Code |Region

European Union

Central and Eastern Europe
Russia

China

Japan

Australia & New Zealand
Mercosur

Rest of World
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Table 5.7. Results of the WATSIM reference run (thousand hectares or tonnes)

E15- | 19647 | 1974/ | 1984/ | 19947 | 1997 [ 2005 | 2010 | ggr- | ggr. | Qgr. ggr. ggr.
Cereals 66 76 86 96 1975 1985 1995 2005 2010
LEVL | 43.181| 43,570 43,690 43,302 38,498 37,403| 36,692| 0.09%| 0.03%| -1.05%| -0.36%| -0.38%
YIE1 252 288 306 332 537 578 6.08 135%| 063%| 4.80% 0.91% 1.04%
PROP | 108.622| 125.311| 133,825 143,740 206,866 216,143|223,251| 1.44%| 0.66%| 3.70%| 0.55%| 0.65%
HoPC | 12197] 117.39] 114.21) 112.94] 111.80| 115.59| 115.70| -0.38%| -0.27%| -0.18% 0.42%| 0.02%
CONP | 40276| 39,538| 39,113 239,275 41,782| 43,495| 43,460 -0.18%| -0.11%| 0.55%| 0.50%| -0.02%
FEEP | 78519 87.171| 95.191| 102,59| 107,993[112,071( 112,930 1.05%| 0.88%| 1.06%| 0.46%| 0.15%
INDP 8497| 7,022| 7,876] 8,550 11,525 13,346| 14,197| 0.78%| 1.15%| 3.22%| 1.85% 1.24%
DEMP | 135,587| 144,646 154,101| 162,716 175,627| 183,856| 185,620 0.65%| 0.64%| 1.10%| 0.57%| 0.19%
PEXP | 13.275| 17,863 22.412| 29,699 28,266| 37,716 43,331| 3.01%| 2.20%|  1.95%| 3.67%| 2.81%
PIMP | 38538 38,850 44,493 49500 7,630 9,566| 9,335 0.08%| 1.37% 367%| 2.87%| -0.49%
E15- | 19647 | 1974/ | 19847 | 19947 | 1997 | 2005 | 2010 | ggr. | ggr. ggr.- | ggr. ggr.
Oilseeds 66" 76 86 96 1975 1985 1995 .| 2005 2010
LEVL 2038| 4,388| 4,816] 5,284 10,548| 11,271| 11,503| 0.83%| 0.94%| 6.75%| 0.83%| 0.41%
YIE1 157 170| 1.7 176 255 264 271 0.78%| 0.07%| 3.38%| 0.42%| 0.55%
PROP 6.347| 7.455 B241] 09291 26,903 29,728| 31,182 1.62%| 1.01%| 10.36%| 1.26%| 0.96%
HCPC 1.81 196 2.04| 213 364 3.57| 3.60] 0.82%| 0.38%| 4.93%| -0.24%| 0.70%
CONP - 507 661 699 740| 1,360 1,341| 1,389 1.02%| 0.55%| 5.71%| -0.18%| 0.71%
FEEP L A37 156 159 71| 3115 3,430 3,428| 1.24%| 0.19%| 28.47%| 1.21%| -0.01%
INDP | 14.732| 16,627| 19,565 22,101 41,344| 43,897| 45371| 1.22%| 1.64%| 6.43%| 0.75% 0.66%
DEMP | 15661| 17,583 20,582| 23,175 46,568| 49,460/ 51,010| 1.16%| 1.59% 7.04%| 0.76%| 0.62%
PEXP 442 496 .811 841 Q24 552 500| 1.16%| 5.02%| 1.10%| -6.24%| -1.61%
PIMP 9,997| 10,531| 13,306 14,703| 17,662| 20,285 20,336 0.52%| 2.37%| 2.39%| 1.75% 0.05%
E15-Oils | 19647 | 19747 | 19847 | 49947 | 1997 | 2005 | 2010 | gor. | ggr ggr. | ggr. ggr.
66 76 86 96 1975 | 1985 | 1995 ‘| 2005 | 2010
PROP 3,603 4.247| 4,787 5248 11,665) 12,673| 13,232] 141%| 1.20% 7.70%| 1.04%| 0.87%
HCPC 11.99| -12.77] 13.79] 14.08] 19.97| 21.34| 22.01| 064%| 077%| *3.13%| 0.83%| 0.62%
CONP 3,058| 4,302| 4.724] 4897 7,464) 8,027| 8,267 084%| 094%| 3.89%| 0.91%| 0.59%
INDP 46 49 52 55| 152 181 188| 0.51%| 0.69%| 9.35%| 2.21%| 0.76%
DEMP 5255| 5,706| 6,426 6,501 11,765 12,693| 13,063| 0.83%| 1.20%| 5.17%| 0.95%| 0.58%
PEXP 737| 1,155| 1,780] 2,316] 3,662| 4,249) 4,493] 461%| 441%| 6.20%| 1.88%| 1.12%
PIMP 2179| 2,679| 3420 3,747| 4,113] 4,271| 4,323] 2.09%| 2.50%| 1.53%| 0.47%| 0.24%
E15. | 19647 | 19747 | 19847 | 19947 | 1997 | 2005 | 2010 | ggr. | ggr. gar. ggr. ggr.
Cakes 66 76 86 96 1975 1985 1995 2005 2010
PROP 5119| 6,181| 8487 10,241| 20,265 20,835 21,426| 1.90%| 3.22%| 7.52%| 0.35%| 0.56%
FEEP | 10.510| 12,290 16,031| 18,086| 34,184| 36,316| 37,610 1.58%| 2.69%| 6.51%| 0.76%| 0.70%
DEMP | 10.792| 12,476| 16,311| 18,191 34,324| 36,461| 37,757| 146%| 2.72%| 6.40%| 0.76%| 0.70%
PEXP 1,068| 1,194 1,721| 2436 1,297 862 794 1.12%| 3.72%| -2.33%| -4.98%| -1.63%
PIMP 6.782| 7,438 9,558| 10,380 15,005 16,488| 17,126 0.93%| 2.54%| 3.88%| 1.11%| 0.76%
E15-Meat| 19647 | 19747 | 19847 | 19947 | 1997 | 2005 | 2010 | ggr. gagr. gar. ggr. ggr.
66 76 86 96 1975 | 1985 | 1995 | 2005 | 2010
PROP | 17.251| 19,343 21,538 23,620 33,682| 35,356 36,246| 1.15%| 1.08%| 3.80%| 0.61%| 0.50%
HCPC 55.04| 60.63| 66.06) 69.35 83.32| 88.25| 00.42| 081%| 0.86%| 1.95%| 0.72%| 0.49%
CONP | 18474 20,424| 22,624 24,116 31,138 33,200| 33,967 1.01%| 1.03%| 2.70%| 0.81%| 0.45%
DEMP | 18.540] 20,481 22,694] 24,197| 31,386| 33,411 34,173 1.00%| 1.03%| 2.74%| 0.78%| 0.45%
PEXP 1,557] 1,071| 2.483| 2967 3,279 2,916 3,023| 2.39%| 2.34%| 2.34%| -1.46%| 0.72%
PIMP | 2842 3,126] 3600 3,651 869 970 950| 0.96%| 1.42%| -11.17%| 1.38%| -0.42%
E15- | 19647 19747 | 19847 | 19947 | 1997 | 2005 | 2010 | gor. gagr. gar. ggr. ggr.
CHES 66 76 [ 96 1975 | 1985 | 1995 | 2005 | 2010
PROP 2,445 2,742 3,101] 3,514] 6,454 6,818 6,844| 1.15%| 1.24%| 6.30%| 0.69%| 0.08%
HCPC 7.64) 831 900 981 16.16] 16.96| 17.10| 0.98%| 081%| 5.00%| 0.61%| 0.16%
CONP 2,489 2,798 3,083 3411 6,039 6,382] 6,422| 1.18%| 0.97%| 576%| 0.69%| 0.13%
DEMP | 2492 2.802] 3,086 3415 6,045 6,389 6,428 1.18%| 0.97%| 576% 0.69%| 0.12%
PEXP 376 443 551 722 471 545 531 1.65%| 2.19%| -1.20%| 1.84%| -0.52%
PIMP 457 484 560 634 77 116 115| 0.57%| 1.49%| -15.25%| 5.26%| -0.17%
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1964/

1984/

CEE- 1974/ 1994/ | 1997 | 2005 | 2010 ggr. aar. ggr. agar. agr.
Cereals 66 76 86 26 1975 | 1985 | 1995 | 2005 2010
LEVL 25,319( 24,966( 24,385 24,257| 24,631| 23,631| 23,166 -0.14%| -0.23%| 10.08%| -0.52%| -0.40%
YIE1 1.96 2.24 2,53 2.85 3.38 3.33 3.54| 1.36% 1.23%| 2.44%| -0.19% 1.24%
PROP 49,582 55,966 61,755| 69,170| 83,341| 78,729| 82,088 1.22%| 0.99%| 253%| -0.71%| 0.84%
HCPC 20242 196.32| 186.64| 180.31| 161.29| 159.45| 157.88| -0.31%| -0.50%| -1.21%| -0.14% -0.20%
CONP 18,111| 17,959 17,456| 17,260 16,626 16,527 16,297| -0.08%| -0.28%| -0.41%| -0.07% -0.28%
FEEP 26,870| 32,815 40,070/ 48,966| 46,959 46,937| 47,910 2.02%| 2.02%| 1.33%| -0.01%| 0.41%
INDP 1,057 1,166 1,438| 1,674 2,445 2,558 2,665| 0.90%| 2.21%| 4.52%| 0.57%| 0.82%
DEMP 52,853 59,055 66,446 75865 76,548 76,263| 77,074| 1.12%| 1.19%| 1.19%| -0.05%| 0.21%
PEXP 2,149 3,222 2,524 3,680 4,032| 5,630 7,695 4.13%| -2.41%| 3.98% 4.26% 6.45%
PIMP 7471 6635 8416 9683| 3,335 3,165 2,680 -1.18%| 241%| -7.42%| -0.65%| -3.27%
CEE- 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 agr. agr. gagr. . agar. agr.
Oilseeds 66 76 86 96 1975 1985 1995 2005 2010
LEVL 1667 - 1,793| 1,870 1,963 2,707| 3,236| 3,277| 0.73%| 0.95%| 2.66% 2.26%| 0.25%
YIE1 1.09 1.22 1.28 133 1.40| 1.51 1.59| 1.15%| 0.41%| 0.78%| 0.93%| 1.10%
PROP 1,823 2,196 2,514 2,609 3,793| 4,881| 5,220, 1.88% 1.36%|  3.49% 3.20% 1.35%
HCPC 0.65 0.37 0.41 049 1.30| 1.66| 1.90| -5.48%| 1.09%| 10.06%| 3.04%| 2.81%
CONP 58 34 39 47 134 171 196| -5.29% 1.34%| 10.93% 3.09% 2.77%
FEEP 31 31 42 35 162 137 132 0.14%| -3.04%| 11.91%| -2.07%| -0.74%
INDP 1,737 2,093| 2,39%| 2,636 3,787| 4,346| 4,509 1.88%| 1.36%| : 3.89% 1.74%| 0.74%
DEMP 1,938| 2284] 2613| 2,861 4,368 4,972| 5,166] 166%| 1.35%| 4.37%| 1.63%| 0.77%
PEXP 245 334 251 148 555 480 629| 3.16%| -2.81%| 6.83%| -1.80%| 5.56%
PIMP 392 419 398 450 499 572 575| 0.65%| -0.51%| 1.91% 1.72%| 0.10%
CEE-Oils | 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 agr. gar. agr. ggar. agr.
66 76 86 96 1975 1985 1995 2005 2010
PROP 652 813 907 998| 1,509 1,728/ 1,790 2.24%| .1.09%|  4.34%| 1.71%| 0.71%
HCPC 6.47 6.82 742  7.98| 11.37| 13.16] 14.01| 0.52%|  0.86%| 3.62%| 1.84%| 1.26%
CONP 579 1624 .694 764 1,172| 1,364 1,447| 0.75%| 1.08%| 4.46% 1.91% 1.19%
INDP 1 1 2 1 51 33 39| 3.82%| 7.64%| 32.58%| -5.01%| 2.86%
DEMP 751 810 919 1,021 1,616| 1,832 1,951| 0.75%| 1.28%| 4.82% 1.58%| 1.27%
PEXP 111 279 244 267 521 587 501 9.69%| -1.33%| 6.53%| 1.50%| 0.14%
PIMP 240 265 268 298 615 691 751 0.97%)| 0.13%|  7.17% 1.47% 1.68%
CEE- 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 ggr. agr. dgor. | ggr. agr.
Cakes 66 76 86 96 1975 | 1985 | 1995 | 2005 | 2010
PROP 887(  1,042) 1,235 1,388 2,038| 2,329| 2,414 1.63%| 1.71%| .4.26%| 1.68%| 0.72%
FEEP 1,504 1,927) 2,685 3,764 3,493| 3,742| 3,804 2.51%| 3.37%| 12.22%| 0.86%| 0.33%
DEMP 1,504 1,927| 12,685 3,764| 3,493| 3,742| 3,804 251%| 3.37% 222%| 0.86%| 0.33%
PEXP 34 19 41 35 597 769 819| -5.53%| 7.61%|25.13%| 3.22%| 1.27%
PIMP -652 904 1,501|.. .2437 2,048 2,180| 2,210 3.33%| 5.20%| 2.63%| 0.78%| 0.27%
CEE-Meat] 19647 | 19747 | 1984/ | 19947 | 1997 | 2005 | 2010 | ggr- ggr. ggr. gor. ggr.
66 76 86 96 1975 1985 1995 2005 2010
PROP 4,974| 5648| 6,263| 7,643 7,027 6,784| 6,796 1.28%|  1.04%| 70.96%| -0.44%| 0.04%
HCPC 49.30|  53.39| 58.63|  68.06| 63.05 63.69] 63.58| 0.80%| 0.84%| -0.61%| 0.13%| -0.03%
CONP | 4412[ 4885 5485 6517| 6,499 6,601 6,563] 1.02%| 1.17%| 1.42%| 0.19%| -0.12%
DEMP 4,5%| 5114 5722 6,789 6,580| 6,692 6,655 1.07%| 1.13%| « 1.17%| 0.21%] -0.11%
PEXP 606 770 801 958 750 503 529| 242%| 0.40%| -0.55%| -4.87%| 1.01%
PIMP 216 239 267 126 230 411 389 1.03%| 1.09%| --1.25%| 7.56%| -1.09%
CEE- 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 | ggr. ggr. gar. ggr. agr.
CHES 66 76 86 | 96 - 1975 | 1985 | 1995 | 2005 | 2010
PROP 503 571 663 792 883 1,031 1,099 126%| 1.52%| 2.41%| 1.96%| 1.29%
HCPC 5.18 5.72 6.53 766/ 7.80| 898 9.59 1.01%| 1.32%|. 1.50%| 1.78%| 1.32%
CONP 463 524 611 734 804 931 990| 1.23%| 1.55%| 2.32% 1.85% 1.24%
DEMP 469 530 620 744 806 933 992 1.24%| 1.57%| 2.22% 1.85%| 1.23%
PEXP 32 50 . 50 48 107 137 147| 4.63%| -0.00%| 6.51%| 3.14%| 1.42%
PIMP 2 5 4 2 35 38 40| 10.92%| -1.62%| 19.23%| 1.03%| 1.03%
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RUS- 19647 | 19747 | 19847 | 1994/ | 1997 | 2005 2010 agr. agr. agr. agr. agr.
Cereals | 66 | 76 | 86 96 1975 | 1985 | 1995 | 2005 | 2010
LEVL 68,307| 66,004] 64,475 68,924| 52,393| 53,795| 53,464| -0.36% -0.23%| -1.71%| 0.33%| -0.12%
YIE1 096|109 126|122 1.65| 145 151 1.35%| 1.38%| 2.33% -1.62% 0.84%
PROP 65,474| 72,229| 80,932 83,755 86,694| 78,141| 80,976 0.99%| 1.14%| 0.57%| -1.29%| 0.72%
HCPC 249.51| 237.37| 248.16| 234.17| 156.02| 165.31| 170.42| -0.50%| 0.45% =3.79%| 0.73% 0.61%
CONP 31,608] 30,643| 32,535 81,254| 23,037| 23,742| 24,037| -0.31%| 0.60%| -2.84%| 0.38%| 0.25%
FEEP #NV #NV #NV #NV | 43,742| 43,654| 46,327 #NV #NV #NV -0.03%| 1.20%
INDP #NV #NV #NV #NV. 1,994| 2,575 2,691| #NV #NV #NV 3.25%| 0.89%
DEMP | 77,180 88,465| 101.706| 104,920 85,216| 86,980| 90,083 1.37%| 1.40%| -1.46%| 0.26%| 0.70%
PEXP 7.208] 826 279|  7.176]  805| 322| 337 -19.48%| -10.28%| 9.23%| -10.82%| 0.91%
PIMP 23030 18642| 21,020| 27,343| 5564| 9,162 9,441| -247%| 1.21%| -10.49%| 6.43%| 0.60%
RUS- 19647 | 1974/ | 19847 | 19947 | 1997 | 2005 | 2010 gar. agr. agr. ggr. ggr.
Oilseeds €6 76 86 96 1975 1985 1995 2005 2010
LEVL 4,577 4,445 4,264 4,167 4,394| 4,391 4,344| -0.29%| -0.41% 0.25%| -0.01%| -0.21%
YIE1 0.77 0.88 0.80 092] 075 083 085 1.35%| -1.02%| -049%| 1.30%| 0.38%
PROP . 3,534 3,925 3,400 3,824| 3,304| 3,662 3,692 1.06% -1.43%| -0.24% 1.29% 0.16%
HCPC 222 2.41 2.29 243 0.28/ 062 060 0.85%| -0.53%| -16.07%| 10.53%| -0.79%
CONP 281|311 300 324 41 89 85| 1.04%| -0.37%| -15.29%| 10.19%| -0.92%
FEEP 170 172 155 154 433 524 663] 0.10%| -1.02%| 8.93%| 2.41%| 4.82%
INDP . 3,088 3566| 3,235 3445 1,811 1,690| 1,647| 1.45%| -0.97% -4.72%| -0.86%| -0.51%
DEMP 4778 5300 4,890 65109 2,640 2,655 2,744 1.04%| -0.80%| -5.01%| 0.07%| 0.66%
PEXP 30 27 25 322| 1,049| 1,385 1,363| -1.10%| -0.78%| 36.61%| 3.53%| -0.32%
PIMP 1,280 1,399 1,517 2,077 222 379 414| 0.89%| 0.82%| -14.80%| 6.91% 1.78%
RUS-Oils | 19647 | 1974/ | 19847 | 19947 | 1997 | 2005 | 2010 | ggr. ggr.. [ gor. ggr. gar.
66 76 86. 96 1975 1985 1995 2005 2010
PROP 1,233 1,490 1,354 1,452 787 726 701 1.91%| -0.95%| -4.42%| -1.00%| -0.70%
HCPC 6.76| - 7.16 7.15 7.72 7.72 6.94 7.06] 0.58%| -0.01%| 0.64%| -1.32% 0.33%
CONP 856 925 938] 1,030| 1,140 997 996| 0.77%| 0.14%| 1.64%| -1.66%| -0.02%
INDP | #NV | #NV | #NV | #NV 0 79 88| #NV | #NV | #NV | #DIVIO! | 2.18%
DEMP 1152| 1,265| 1,244| 1,198| 1,617| 1,511| 1,537| 0.94%| -0.16%| 2.21%| -0.84%| 0.34%
PEXP 283 227 196 692 28 24 21| -2.17%| -1.45%| -15.01%| -1.86%| -2.64%
PIMP 108 48 65 98 856 807 855 -7.75%| 3.04%| 23.96%| -0.73% 1.16%
RUS- 1964/ | 19747 | 1984/ | 1994/ | 1997 | 2005 | 2010 agr. aar. agr. gagr. qor.
Cakes 66 76 86 96 1975 1985 1995 2005 2010
PROP 1,299 1,544 1,434 1,502 940 883 866| 1.74%| -0.74%| -3.46%| -0.78%| -0.39%
FEEP 5682| 5049| 7,603| 6,567 977| 1,067| 1,228) 046%| 2.60%| -15.80%| 1.11%| 2.85%
DEMP 5,682 5,949 7.693 6,567 977| 1,067| 1,228 0.46%| 2.60% -15.80% 1.11% 2.85%
PEXP 111 203 8 1 5 1 1| 6.22%| -27.37%| -4.12%| -22.91%| 17.82%
PIMP 4494 4,608 6,268 5,067 41| 184] 364 0.25%| 3.12%| -34.24%| 20.64%| 14.62%
RUS- 1984/ | 19747 | 19847 | 1994/ | 1997 | 2005 | 2010 | ggr. agr. ggar. aar. agr.
Meat 66 76 86 26 1975 | 1985 | 1995 | 2005 | 2010
PROP 2616|5501 6,305 6,958 4,736 4,580 4,805 1.93%| 1.21%| -2.36%| -0.42%| 1.34%
HCPC 40.56|  47.38 52.11 5046| 51.89| 50.03| 51.29| 1.57%| 0.96%| -0.04%| -0.46% 0.50%
CONP 5142| 6,117| 6,833] 7,935 7,664| 7,186 7,234| 1.75% 1.11%| 0.96%| -0.80%| 0.13%
DEMP 5177| 6,162 - 6,883 7,992 7,691| 7,211 7,260 1.76%| 1.11%| 093%| -0.80%| 0.14%
PEXP .0 62 194 219 41 66 g6| 0.00%| 12.13%| -12.21%| 6.26%| 7.78%
PIMP 561 624 772| 1,167| 2,995 2,608 2,463 1.07%| 2.15%| 11.96%| -1.30%| -1.81%
RUS- 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 | ggr- ggr. ggr. agar. aor.
CHES 66 76 86 96 1975 1985 1995 2005 2010
PROP 156 205 237 288 378 336 360 2.77%| 1.46%| 3.96%| -1.46%| 1.39%
HCPC 1271 164  1.85  2.21| 3.46| 268 2.90| 263%| 1.23%| 5.34%| -3.14%| 1.59%
CONP 160 212 243 295 511 385| 410| 2.82%| 1.39%| 6.38%| -3.48%| 1.27%
DEMP 160 212 243 295 511 385 410] 2.82%| 1.39%| 6.38%| -3.48%| 1.27%
PEXP 0 0 0 0 2 15 17| 0.00%| 0.00%| 0.00%| 28.64%| 2.53%
PIMP 4 7 6 6 136 64 66| 4.73%| -0.96%| 29.55%| -8.99%| 0.62%
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CHN- | 19647 | 19747 [ 19847 | 19847 | 1997 | 2005 | 2010 | gor. ggr. ggr. ggr. ggr.
Cereals | 66 76 86 96 1975 | 1985 | 19985 | 2005 | 2010
LEVL | 92,840| 91,804| 96,009| 97,578| 92,779| 91,177| 88,811 -0.11%| 0.45%| -0.28%| -0.22%| -0.52%
YIE1 144 159 1.75 196 4.08] 4.65] 4.98] 1.00%| 0.97%| 7.31%| 1.66%| 1.39%
PROP | 133,502| 145,793| 167,897| 191,432| 378,270|424,072(442,611| 0.88%| 1.42%| 7.00%| 1.44%| 0.86%
HCPC | 148.76| 147.06| 155.63| 160.38| 192.66| 182.37| 173.70( -0.12%| 0.57%| 1.79%| -0.68%| -0.97%
CONP | 109,170 116,501( 133,109 146,656| 240,959/ 242,193(238,216| 0.65%| 1.34%| 5.07%| 0.06%| -0.33%
FEEP 12,119| 16,687| 20,307 28,827|111,737|145,024|170,796| 3.25%| 1.98%| 15.21%| 3.31%| 3.33%
INDP #NV [ #NV [ #NV [ #NV | 12,587| 13,728] 14,885] #NV #NV | #NV 1.09%| 1.63%
DEMP | 138,285 150,971 173,038( 196,758( 395,796(433,966(457,817| 0.88%| 1.37%| 7.14%| 1.16%| 1.08%
PEXP 1,773|  1,840| 1,778| 2,566 3,069 3,941 4,304| 0.37%| -0.34%| 4.65%| 3.18%| 2.20%
PIMP 7,571 5955] 7,035 8,634 6,371 13,834] 19,600| -2.37%| 1.68%| -0.82%| 10.18%| 7.22%
CHN- | 1964/ | 1974/ | 19847 | 19947 | 1997 | 2005 | 2010 | gor. gor. ggr. ggr. agr.
Oilseeds 66 76 86 96 1975 1985 1995 2005 2010
LEVL 18,916 17,944| 17,394| 17,331| 25,713| 27,111| 27,515 -0.53%| -0.31%| 3.31%| 0.66%| 0.30%
YIE1 0.84] 096 1.00 1.06) 178 1.88] 2.00] 1.31%| 042%| 4.89%| 0.74%| 1.20%
PROP | 15949| 17,229] 17.422| 18,328| 45,698 51,098 55,038| 0.77%| 0.11%| 6.37%| 1.41%| 1.50%
HCPC 608 6.18 584 558 623 6.70] 7.09] 0.16%| -0.41%| 0.40%| 0.91%| 1.14%
CONP 4466 4.894| 5,072 5,099 7,800| 8,895 9,734] 0.92%| 0.36%| 3.65%| 1.66%| 1.82%
FEEP #NV [ NV | #NV | BNV 4,939| 6,493 7,208| #NV #NV #NV 3.48%| 211%
INDP 7,162] 8,096 8466| 9,280| 34,450 43,388 47,769| 1.23%| 0.45%| 1241%| 2.93%| 1.94%
DEMP | 15483| 17,088) 17,584| 18,768| 51,155 63,391| 69,619| 0.99%| 0.29%| 9.31%| 2.72%| 1.89%
PEXP 661 681 492 405 444 232 173] 0.31%| -3.20%| -0.85%| -7.80%| -5.70%
PIMP 252 503 687 1,027 5811 12,526| 14,753| 7.16%| 3.16%| 19.48%| 10.08%| 3.33%
CHN-Oils| 1964/ | 19747 | 1984/ | 19947 | 1997 | 2005 | 2010 | ggr. ggr. ggr. ggr. ggr.
66 76 86 96 1975 | 1985 | 1995 | 2005 | 2010
PROP 1,661 . 1,657 2,000 2208 8,821 11,003| 12,100 1.12%| 0.75%| 13.16%| 2.80%| 1.92%
HCPC 168/ 170/ 175/ 181 6.50] 7.94] 8.63] 0.13%| 0.29%| 11.54%| 2.52%] 1.70%
CONP 1,234| © 1,350|  1,500| 1,656 8,140| 10,540 11,825 0.90%| 1.06%| 15.14%| 3.28%| 2.33%
INDP NV [ #NV | #NV | #NV 1 1 1| #NV | #NV | #NV 0.20%| 0.80%
DEMP 1,649) 1,836| 2,037| 2,260 11,623| 15,141| 16,983 1.08%| 1.04%| 15.62%| 3.36%| 2.32%
PEXP 95 95 69 79 611 873 049) -0.03%| -3.15%| 19.94%| 4.56%| 1.68%
PIMP 73 73 105 150 3,558| 5,011 5,831| 0.08%| 3.70%| 34.08%| 4.37%| 3.08%
CHN- 1964/ | 1974/ | 1984/ | 1994/ | 1997 2005 2010 agr. agr. gar. ggr. gagr.
Cakes 66 76 86 26 1975 | 1985 | 1995 | 2005 | 2010
PROP 4.046| 4,581 4,873 5360 21,891| 27,942 30,849 1.25%| 0.62%| 13.34%| 3.10%| 2.00%
FEEP 2,835 3,238 3,535 3,814] 22229 31,078| 35712 1.34%| 0.88%| 16.56%| 4.28%| 2.82%
DEMP 4,028 4,555 4,860 5361 25,170| 35,049| 40,145 1.24%| 065%| 14.69%| 4.23%| 2.75%
PEXP 30 45 35 37l 379 73 62| 4.07%| -2.58%| 22.04%) -18.60%| -3.22%
PIMP 12 18 25 36| 3,660/ 7,180] ©9,358| 3.92%| 3.02%| 51.77%| 8.79%| 5.44%
CHN- || 19647 | 1974/ | 1984/ | 19847 | 1997 | 2005 | 2010 | ggr. ggr. ggr. gar. gar.
Meat 66 76 86 96 1975 | 1985 | 1995 | 2005 | 2010
PROP 6.633| 7,597| 8,507| 9,666| 52,949| 69,682| 81,005 1.37%| 1.14%| 16.46%| 3.49%| 3.06%
HCPC 8.85 949 979 1046| 4235 52.02| 59.02| 0.70%| 0.31%| 12.98%| 2.60%| 2.56%
CONP 6,498 7,515 8,387| 9,566| 52,970| 69,078 80,927 1.47%| 1.10%| 1660%| 3.37%| 3.22%
DEMP 6,507/ 7,526| 8,399| 9,580| 53,024| 69,156| 81,021 1.47%| 1.10%| 16.60%| 3.38%  3.22%
PEXP 168 131 184 185 795 1,962] 1,914 -2.45%| 3.46%| 12.94%| 11.96%| -0.49%
PIMP 40 61 76 100 870| 1,436| 1,931 4.18%| 2.27%| 22.54%| 6.46%| 6.10%
CHN- || 1964/ | 1974/ | 19847 | 19847 | 1997 | 2005 | 2010 | ggr- ggr. gar.- | ggr. ggr.
CHES 66 76| 86 | 96 1975 | 1985 | 1995 | 2005 | 2010
PROP 59 53 54 61 191 223 238| -1.06%| 0.33%| 11.02%| 1.96%| 1.31%
HCPC 008 007 006 007 0.16] 019] 0.20] -1.75%| -0.40%| 7.96%| 2.07%| 0.89%
CONP 59 53 55 62 203 254 274| -1.04%| 0.35%| 11.48%| 2.84%| 1.53%
DEMP 59 53 55 62 203 254 274 -1.04%| 0.35%| 11.47%| 2.84%| 1.53%
PEXP 0 0 ) 0 2 1 1| 4.42%| -0.84%| 45.26%| -10.50%| -1.81%
PIMP 0 1 1 T | 14 31 36| 2.18%| 2.26%| 28.78%| 10.45%| 3.04%
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JAP- 19647 | 19747 | 19847 | 1994/ | 1997 | 2005 | 2010 agr. aar. gar. ggr. aar.
Cereals | ~ 66 76 86 96 1975 | 1985 | 19395 | 2005 2010
LEVL 4305  4,012| 3.158| 2912 2,197| 2,020 1,910| -0.70%| -2.36%| -298%| -1.05%| -1.11%
YIE1 3.14| 360|356 391 4.17| 4.36] 4.50] 138%| -0.13%| 1.33%| 0.56%| 0.67%
PROP | 13520| 14455 11,229| 11,387| 9,153| 8,798 8,603| 0866%| -249%| -169%| -0.49%| -0.45%
HOPC | 152.31| 147.561| 14279 142.39] 132.46| 130.60] 128.99| -0.32%| -0.32%| -0.62%| -0.18%| -0.25%
CONP | 75.058| 15,040 15,097| 15679 16,605| 16,611/ 16,389 -0.01%| 0.04%| 0.84% -0.06%| -0.27%
FEEP 6,032 8.257| 11,155| 12.444| 16,999| 15,465| 14,267| 3.19%| 3.05%| 3.57%| -1.18%| -1.60%
INDP #NV | #NV | #NV | #NV | 2,021 3,139 3,102) #NV | #NV #NV 0.90%| -0.24%
DEMP | 22.864| 25206 28,162| 30,274| 37,245| 35,810| 34,344 0.98%| 1.12%| 2.36%| -0.49%| -0.84%
PEXP 91| 200 558 200]  405| 352 328| 8.13%| 10.82%| -2.64%| -1.73%| -1.41%
PIMP 10,193| 12,803| 15,039| 19,537| 28,954| 27,373| 26,070 231%| 2.22%| 5.10%| -0.70%| -0.97%
JAP- | 1964/ | 19747 | 19847 | 19947 | 1997 | 2005 | 2010 | ggr. gagr. ggr. gor. ggr.
Oilseeds 66 76 86 96 1975 1985 1995 2005 2010
LEVL | #NV | #NV [ #Nv | #NV 98| 116] 12| #NV | #NV | #NV | 218%| -0.70%
YIE1 ANV | #NV | #NV | #NV 201 1.98] 202 #NV #NV | #NV -0.16%| 0.35%
PROP | #NV. | #NV | #NV [ #NV 106| 230| 226| #NV | #NV | #NV 2.02%| -0.35%
HCPC 8.13 8.90 9.09 8.87| 0.70| 10.35| 10.68| 0.91%| 0.21%| 0.55%| 0.80%| 0.63%
CONP 804 807 961 o77| 1,222| 1,315 1,356 1.22%| 057%| 2.02%| 0.92%| 0.62%
FEEP | #NV | #NV | #NV | #NV 254| 208] 186 #NV | #NV | #NV | -247% -2.21%
INDP 2578 . 3,230| 4,100] 4,175| 6,274| 6,413| 6,497| 2.28%| 241%| 361%| 0.27%| 0.26%
DEMP 3464|4221 5135 5228 7,890 8,080 B8,193| 200%| 1.98%| 366% 0.30%| 0.26%
PEXP 3 0 0 1 3 1 1] -22.42%]| 3.69%| 20.43%| -12.15%| -2.60%
PIMP 3089|  3,840| 4,050| 4,961| 7,885 7,859 7,967| 222%| 2.55%| 3.96%| -0.04%| 0.27%
JAP-Oils | 19647 | 19747 | 19847 | 1994/ | 1997 | 2005 | 2010 | ggr. ggr. gar. gar. ggr.
66 .| 76 86 26 1975 | 1985 | 1995 | 2005 2010
PROP 701 867 1,060 1,094| 1,857 1,888] 1,909| 2.14%| 204%| 4.78% 0.21% 0.22%
HCPC 489 598 679 832 12.90] 12.98| 13.26| 2.04%| 1.27%| 549%| 0.08%| 0.43%
CONP 484|610 718 916| 1,625 1,653 1,086 2.35%| 164%| 7.05% 0.21%| 0.40%
INDP #NV #NV #NV #NV 0 0 0| #NV #NV #NV | #DIV/O! | #DIV/O!
DEMP 724 903|  1,008| 1,278| 2,548 2,599| 2,662| 2.24%| 1.96%| 7.28%| 0.25%| 0.48%
PEXP 24 26 52 41 25 49 60| 0.85%| 7.36%| -6.15%| 9.05%| 4.13%
PIMP 46| - 63 92 217| 717| 759] 810| 3.20%| 3.83%| 18.66%| 0.71%| 1.31%
JAP- | 19647 | 19747 | 19847 | 19947 | 1997 | 2005 | 2010 | ggr. gor. gar. ggr. agr.
Cakes 66 76 86 96 1975 | 1985 | 1995 | 2005 2010
PROP 1,832] 2291| 20973 3105 4,533] 4,609 4,638] 226%| 2.64%| 3.58% 0.21%| 0.13%
FEEP 1.064| 2442 3,284] 3413] 5525 5,087 4,886 220%| 3.01%| 4.43%| -1.03%| -0.80%
DEMP 1964| 2,442| 3,284 3413 5525 5,087 4,886 2.20%| 3.01%| 4.43%| -1.03%| -0.80%
PEXP | #NV | #Nv | #NV [ #NV 3 42 93| #NV #NV #NV | 41.88%| 17.25%
PIMP 136 162 311 339 994| 520| 341| 1.79%| 6.73%| 10.16%| -7.77%| -8.10%
JAP-Meat| 19647 | 19747 | 19847 | 19947 | 1997 | 2005 | 2010 | ggr. gogr. gar. ggr. ggr.
66 76 86 96 1975 | 1985 | 1995 | 2005 2010
PROP 849] 1,125| 1,670 2,059] 3,004 3,037| 2,916| 2.85%| 4.02%| 5.28%| -0.23%| -0.81%
HCPC 9.18| 1245 17.72] 21.29] 41.96| 47.25| 50.26| 3.10%| 3.59%| 7.45%| 1.49%| 1.24%
CONP 908| 1,271| 1,876| 2,345 5290 6,010| 6,385 3.41%| 3.97%| 9.02%| 1.61%| 1.22%
DEMP 927| 1,296 1,015| 2,393 5,397| 6,133| 6,515 3.41%| 3.98%| 8.02%| 1.61%| 1.22%
PEXP 1 1 2 5 6 9 7| -8.96%| 11.68%| 11.82%| 5.34%| -4.90%
PIMP 91 163 245 353| 2.302| 3,102| 3,604| 6.05%| 4.18%| 20.50%| 3.80%| 3.05%
JAP- | 19647 | 19747 | 19847 | 1994/ | 1997 | 2005 | 2010 | ggr. | ggr. | ggr. ggr. ggr.
CHES 66 76 86 96 1975 | 1985 | 1995 | 2005 2010
PROP 18 .34 42 50 114 125 138| 6.35%| 2.22%| 858%| 1.16%| 2.00%
HCPC 031 059 073 088 226 238 260 663% 212% 9.89%% 0.65% 1.78%
TGCONP | 21 60 77 94 284 303 330| 6.95%| 2.4Y%| 11.48%| 0.81%| 1.72%
DEMP 31 60 77 04| 284| 303| 330| 6.95%| 249%| 11.48%| 0.81%| 1.72%
PEXP 0 0 0 0 0 0 1| 7.18%]| 13.49%| 3.66%| 36.27%| 2.63%
PIMP 12 26 35 45| 170| 178| 193] 7.79%| 283%| 14.17%| 0.58%| 1.63%
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1964/

ANZ- 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 agr. agr. agr. agr. agar.
Cereals 66 76 86 96 1975 1985 1995 2005 2010
LEVL 10,525\ 13,116 11,493| 12,601( 16,070 16,880| 17,776 2.23%| -1.31%| 2.83%| 0.62%| 1.04%
YIE1 1.28 1.14 1.17 1.40 1.97 2.14 2.29| -1.16%| 0.29%| 4.39%| 1.04%| 1.37%
PROP 13,491 14,962] 13,495 17,632| 31,614| 36,086| 40,684 1.04%| -1.03%| 7.35%| 1.67%| 2.43%
HCPC 103.93| 104.14| 98.76| 90.57| 88.11| 84.37| 82.79| 0.02%| -0.53%| -0.95%| -0.54%| -0.38%
CONP 1,457 1,540| 1,550| 1,513 1,947| 2,010/ 2,074| 0.55%| 0.06%| 1.92%| 0.40%| 0.63%
FEEP #NV #NV #NV #NV 5,878| 6,553| 6,839 #NV #NV #NV 1.37%| 0.86%
INDP 347 376 421 491 530 837 892| 0.83%| 1.13%| 1.93%| 5.87%| 1.28%
DEMP 4,825 5657 6,185 5,863| 10,379| 11,598 12,082| 1.60%| 0.90%| 4.41% 1.40%| 0.82%
PEXP 7.523| 7.377| 11,014| 8,960 24,660 24,861| 28,977 -0.20%| 4.09%| 6.95%| 0.10%| 3.11%
PIMP 183 78 81 108 185 374 377 -821%| 0.36%| 7.16%| 9.20%| 0.16%
ANZ- 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 agr. ggr. agr. agr. agr.
Oilseeds 66 76 86 96 1975 1985 1995 2005 2010
LEVL 104 131 339 381 1,312| 1,458| 1,597 2.33%| 9.94%| 11.94%| 1.33%| 1.84%
YIE1 0.83 0.96 0.76 0.81 1.52 1.74 1.85| 1.45%| -2.36%| 5.98%| 1.70%| 1.21%
PROP 87 127 257 309| 2,000f 2,543| 2,958 3.82%| 7.35% 18.63%| 3.05%| 3.07%
HCPC 3.78 4.25 3.99 386 4.91 5.44 5.69| 1.18%| -0.63%| 1.75%| 1.28%| 0.92%
CONP 53 63 63 65 109 129 142 1.71%| -0.05%| 4.72%| 2.15%| 1.94%
FEEP #NV #NV #NV #NV 569 659 696| #NV #NV #NV 1.85%| 1.10%
INDP 218 246 313 334 943| 1,050 1,128| 1.21%|  2.42%| 9.64%| 1.35%| 1.44%
DEMP 278 324 390 426| 1,648 1,872 2,003| 1.55%| 1.88%| 1275%| 1.61%| 1.36%
PEXP 1 13 103 51 705| 1,073| 1,362| 27.15%| 22.55%| 17.42%| 5.39%| 4.89%
PIMP 199 210 187 170 352 404 407| 0.56%| -1.19%| 544%| 1.74%| 0.14%
ANZ-Oils | 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 agr. ggr. ggr. | ggr. agr.
66 76 86 96 1975 1985 1995 2005 2010
PROP 49 55 87 103 246 274 295 1.07%| 4.78%| 9.04%| 1.36%| 1.49%
HCPC 4.09 4.21 5.20 744| 17.41| 17.01| 18.23|  0.28%| 2:.13%| ‘10.60%| -0.29%| 1.40%
CONP 57 62 82 125 386 405 457| 0.81%| 2.75%| 13.82%| 0.60%| 2.45%
INDP #NV #NV #NV #NV 3 4 4| #NV H#NV #NV. |  3.66%| 0.00%
DEMP 90 102 134 168 501 528 599| 1.30%| 2.74%| 11.64%| 0.66%| 2.56%
PEXP 4 3 6 1 58 76 85| -1.75%| 7.03%| 20.97%| 3.47%| 2.26%
PIMP 45 50 56 76 325 332 390| 1.17%| 1.00%| 15.84%| 0.27%| 3.27%
ANZ- 1964/ | 19747 | 1984/ | 1994/ | 1997 | 2005 | 2010 gagr. ggr. agr. agr. ggr.
Cakes 66 76 86 96 1975 1985 1995 | 2005 2010
PROP 54 69 101 141 502 560 601| 2.36%| 4.00%| 14.26%| 1.38%| 1.42%
FEEP 67 91 128 156 643 816 911| 3.05%| 3.46%| 14.39%| 3.02%| 2.23%
DEMP 67 91 128 156 643 816 911| 3.05%| 3.46%| 14.39%| 3.02%| 2.23%
PEXP 1 2 2 1 38 15 10| 5.32%| -2.86%)| 30.05%| -11.01%| -7.79%
PIMP #NV | #NV #NV #NV 180 269 319 #NV #NV #NV. 5.15%| 3.47%
ANZ-Meat] 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 agr. aar. gar. | ggr. ggr.
66 76 86 96 1975 1985 1995 2005 2010
PROP 2,596) 2,730| 3,270/ 3,425 4,571 4,938/ 5,079 0.51%| 1.82%| 2.83%| 0.97%| 0.56%
HCPC 107.71] 105.55| 111.89| 109.18] 101.45| 106.93| 107.44| -0.20%| ' 0.59%| -0.81%| 0.66%| 0.10%
CONP 1.509| 1,562 < 1,757| 1,824| 2242 2546 2,690] 0.34%| -~ 1.18%| 2.05%| 1.60%| 1.11%
DEMP 1,573 1642 1,883 1,891 2338 2,655 2,801 043%| 1.38%| 1.82%| 1.60%| 1.08%
PEXP 1,026| . 1,063| 1,391 1,527) 2,261| 2,345| 2,349| 0.36%| 2.73%| 4.13%| 0.46%| 0.03%
PIMP 2la=asei 2 4 32 64 71| -1.98%| 1.21%|:28.09%| 9.24%| 2.10%
ANZ- 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 ggr. gar. gar.- | ggr. ggr.
CHES 66 | .76 86 96 1975 1985 1995 | 2005 2010
PROP 163 179 182 189 552 672 742) 0.93%| 0.21%| 9.67%| 249%| 2.00%
HCPC 3.22 3.87 3.64 5.37] 9.95| 10.70| 11.32| 1.86%| -0.59%| 8.73%| 0.91%| 1.13%
CONP 45 57 57 80 220 255 283 2.41%| 0.00%| 11.87%| 1.86%| 2.11%
DEMP 45 57 57 90 220 255 283| 241%| 0.00%| 11.87%| 1.86%| 2.11%
PEXP 121 126 128 110 386 472 520 0.40%| 0.16%| 9.63%| 2.55%| 1.96%
PIMP 4 5 6 8 33 55 61| 3.10%| 2.82%| 14.81%| 6.59%| 2.09%
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MER- 19647 |- 19747 | 1984/ | 1994/ | 1997 | 2005 | 2010 agr. aar. agr. gaar. aar.
Cereals 66 -.76 86 - 96 1975 1985 1995 2005 2010
LEVL 27130 20,622 31,347 92,113 32,753| 33,976| 34,353| 0.88%| 0.57%| 0.37%| 0.46% 0.22%
YIE1 1.34] - 133 1.41 1.55| 265 280 3.03[ -0.10%| 0.59%| 540%| 0.67%| 1.64%
PROP 36,438| 39,381| 44,185 49,755| 86,770| 94,976| 104,181 0.78%| -1.16%| 579%| 1.14% 1.87%
HCPC 70843 108.89] 10569 110.58| 111.29 115.94] 117.87| 0.04%| -0.30%| 043%| 0.51% 0.33%
CONP 13.412| 14,459 14,997| 16,753| 25,609 29,419| 31,698| 0.75%| 0.37% 4.56%| 1.75%| 1.50%
FEEP 12,172 14,463| 16,674 18,801| 37,320| 42,649 48,197 1.74%| 1.43%| 6.94%| 1.68%| 2.48%
INDP #NV | #NV | #NV | #NV | 2,028 2,084] 2,310 #NV | #NV [ #NV 0.34%| 2.08%
DEMP | 30.185| 34,053| 37,032| 41,379| 74,035| 84,366 93,320] 121%| 0.84%| 584% 1.65% 2.04%
PEXP 10,717| 8,480 9,853| 10,821 17,173| 15,759| 16,582 -2.31%| 1.51%| 4.74%| -1.07% 1.02%
PIMP 3468|  3,677| 2,897) 4,328] 2401 5,149 5,720| 1.50%| -2.36%| -1 55%| 10.01%| 2.13%
MER- 1064/ | 1974/ | 19847 [ 1994/ | 1997 [ 2005 | 2010 agr. gar. agr. gor. agar.
Oilseeds | 66| =76 | =86 96 1975 1985 1995 2005 2010
LEVL 7,347, 9,021 10,692| . 13,297| 25,506| 26,847 27,732| 2.07% 1.71%| 7.51%| 0.64% 0.65%
YIE1 T077] . 071| 078 1.01] 198 219] 2.30[ -0.79%| 0:99%| 8.05%| 1.30%| 0.96%
PROP 5,625| . 6,378|. °8,339| 13,455 50,380| 58,788 63,711 1.27%| 2.72%| 16.17% 1.95% 1.62%
HCPC 4.76 5.32 463 3.30| 3.75| 3.78 3.94| 1.11%| -1.36%| -1.75%| 0.08%| 0.87%
CONP 590[ = 705 658 500 863 958 1,061| 1.80%| -0.69%| 2.29%%| 1.31%| 2.06%
FEEP #NV #NV #NV #NV 1,143| 1,158 1,224 #NV #NV #NV 0.16%| 1.11%
INDP 2.142| 4,600 6,109 8,679 38,734| 49,236 53,499| 1.05%| 2.88%| 16.64%| 3.04% 1.67%
DEMP 5,378] ..6,114| = 7,618 10,171| 42,556 53,323| 57,841 1.29%| 2.22% 15.41%| 2.86%| 1.64%
PEXP 104|271 614| 2,789 9,057| 8,731] 9,386| 10.07%| 8.51%| 26.13%| -1.63%| 1.46%
PIMP —A0[ 18] 40 48| 1,316| 3,266 3,515 6.85%| 7.61%| 33.82%| 12.03%| 1.48%
MER-Oils| 1964/ | 19741 | 19847 | 1994/ | 1997 | 2005 | 2010 | ggr. | gor. | @gr. | ggr. | ggr.
66 76 86 96 1975 1985 1995 2005 2010
PROP 1,267| 1,340 1,648 2,022 8,696 10,913| 11,870| 0.64% 2.09%| 14.87%| 2.88% 1.70%
HCPC 5.68| . 6.42 6.85 8.48] 13.24] 16.19] 18.20| 1.23%| 0.65%| 564%| 2.55%| 2.37%
CONP ~704| . 853|973 1,283] 3,047| 4,109 4,894 1.84%| 1.33%| 9.98% 3.81%| 3.56%
INDP #NV §NV #NV | #NV 4 10 12| #NV #NV | BNV 12.14%| 3.71%
DEMP 809[ . 963| 1,097 1,492 4,427 5980 7,102| 1.76%| 1.32% 12.33%| 3.83%| 3.50%
PEXP 477 512 584 607| 4,962| 5,768 5,814| 072%| 1.32%| 19.52% 1.90%| 0.16%
PIMP 62| 84 82 116]  266| 837| 1,047| 3.07%| -0.25%| 10.33%| 15.40%| 4.58%
MER- 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 2010 agar. agr. ggr. agar. agar.
Cakes 66 76 86 96 1975 | 1985 | 1995 | 2005 | 2010
PROP 2,013 2,175 3,222 4,975| 27,779| 35,574| 38,638| 0.78% 4.01%| 19.66%| 3.14% 1.67%
FEEP 661| . 761 968 1,736| 7,659 9,281| 10,847| 1.42% 2.44%| 18.81% 2.43% 3.17%
DEMP 670 793 . 976 1,739| 7,659| 9,281 10,847| 1.70%| 2.10% 18.73%| 2.43% 3.17%
PEXP 4,338( 1,384 2,226| = 3,252| 20,977 27,138| 28,845 0.33%| 4.87%]| 20.55%| 3.27% 1.23%
PIMP | #NV | #NV | #NV | #NV 36| 845 1,053 #NV | #NV | #NV | 48.20%| 4.50%
MER- | 19647 | 19747 | 1984/ | 19947 | 1997 | 2005 | 2010 | ggr. | ggr. | gor. ggr. ggr.
Meat | 66 | 76 86 96 1975 | 1985 | 1995 | 2005 | 2010
PROP 5815 6,893 7,035 7,353 16,669 19,186 21,312 1.72%| '0.20% 7.45% 1.77%| 2.12%
HCPC T4047| 4472 4275  44.34| 65.51| 7059 74.99| 1.00%| -0.45%| 3.62%| 0.94% 1.22%
CONP | 5011|. 5941| 6,065 6,723| 15,075| 17,914| 20,164| 1.72%| 0.21%| 7.88%| 2.18% 2.39%
DEMP 5,025|  5093| 6,112 6.755| 15,423| 18,009 20,272| 1.78%| 0.20% 8.02%| 1.96%| 2.40%
PEXP 802|. . 914| . 955 658] 1,280 1,335| 1,243] 1.32%| 0.44%| 247%| 0.53%| -1.42%
PIMP DR 1 | B L L 60 19 160 203| 2.17%| 8.75%| -4.38%| 30.42%| 4.88%
MER- | 19647 | 19747 | 19847 | 18947 | 1997 | 2005 | 2010 gar. gar. ggr. agr. agr.
CHES 66 |76 86 . 96 1975 1985 | 1995 2005 2010
PROP | 7232| 253 274 208 561 634 732 0.85%| 0.69%| 6.26%| 1.54%| 2.92%
HCPC 183 187 188 193] 248 256 279| 0.21%| 0.03%| 234% 040% 1.74%
CONP 227 248]  267| 292] 571| 649] 750 0.92%| 0.71%| 6.54%| 1.61%| 2.94%
DEMP 227 249 267 292 571 649 750| 0.92%| 0.71%| 6.54%| 1.61%| 2.94%
PEXP 6 56 5 7 34 37 42| -0.89%| -0.18%| 17.04%| 1.06%| 2.57%
PIMP 0] i T 1 44 51 60| 13.60%| 1.04%| 35.11%| 1.86%| 3.30%
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USA- | 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 | gor. | .ggr. | g@or. | ggr. ggr.
Cereals 66 76 86 96 1975 1985 1995 2005 2010
LEVL | 60833| 62,716| 60,460| 68271 64,659| 64,032| 64,248 0.31%| -0.37%| 0.56%| -0.12%| 0.07%
YIE1 288 325 358 335 517] 573 606 1.22%| 0.96%| 9.12%| 1.28%| 1.13%
PROP | 175,316| 204,068| 216,422 229,045 334,561/ 366,920/389,372| 1.53%| 0.59%| 3.70%| 1.16%| 1.19%
HCPC 84.15| 82.81) 79.68| 81.86] 115.90| 119.03| 121.49| -0.16%| -0.38%| 3.17%| 0.33%| 0.41%
CONP | 16,806 17,073| 16,900 17,860 31,497| 34,262| 36,310 0.16%| -0.10%| 5.33%| 1.06%| 1.17%
FEEP | #NV [ #NV | #NV | #NV [167,300]174,646/177,383| #NV | #NV | #NV 0.54%| 0.31%
INDP 6,586) 7.154| 8275 10,107| 40,394| 47,472 52,441| 0.83%| 1.47%| 14.12%| 2.04%| 2.01%
DEMP | 145,087| 158,390| 173,583( 157,633|248,671(266,358(276,411| 0.88%| 0.92%| 3.04%| 0.86%| 0.74%
PEXP | 45332 37,779| 43,341 74,346 78,969|107,786/120,207| -1.81%| 1.38%| 5.13%| 3.97%| 2.21%
PIMP 436 ar2 532 523| 7,268| 7,220 7,246| -1.57%| 3.63%| 24.35%| -0.08%| 0.07%
USA- | 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 | ggr. | ggr. | gar. ggr. ggr.
Oilseeds 66 76 86 96 1975 1985 1995 2005 2010
LEVL | 20,632| 22,166| 24,084| 27,893| 35,732| 39,892| 42,055 0.72%| 0.83%| 3.34%| 1.39%| 1.06%
YIE1 142 156 1.60] 162 233] 255 2.62| 0.98%| 0.23%| 3.17%| 1.14%| 0.59%
PROP | 29,266| 34,675 38,549 45251 83,131/101,649(110,386] 1.71%| 1.06%| 6.61%| 2.55%| 1.66%
HCPC 4.59) 463 483 469 530 550/ 5.63] 0.09%| 041%| 0.79% 045%| 0.47%
CONP 917 955 1.023) 1,024] 1,440 1,582] 1,683| 041%| 0.69%| 2.88% 1.18%| 1.25%
FEEP | #NV | #NV | #NV | #NV 2,941 2,850 2,822 #NV | #NV | #NV | -0.39%| -0.20%
INDP | 20,376] 21,026 25403| 25823| 44,630 52,159| 57,990 0.31%| 1.91%| 4.81%| 1.97%| 2.14%
DEMP | 23.721) 24,891| 29,390| 30.443| 55,512| 64,239 71,058 0.48%| 1.68%| 544%| 1.84%| 2.04%
PEXP | 6.574| 8224| 12,137 13,738| 27,235 39,476| 41,650 2.26%| 3.97%| 6.97%| 4.75%| 1.08%
PIMP 1409 1,511] 1,195 658| 1,444| 2,065 2,330 0.70%| -2.32%| 1.59%| 4.57%| 2.44%
USA-Oils| 1964/ | 1974/ | 1984/ | 19947 | 1997 | 2005 | 2010 | ggr. | gar. | ggr. ggr. ggr.
66 76 86 96 1975 | 1985 | 1995 | 2005 | 2010
PROP 4,068/ 4,169 5044 5047 9,705 11,214 12,371 0.24%| 1.92%| 560%| 1.82%| 1.98%
HCPC 13.88)  1524| 16.68| 17.81| 24.66| 26.38] 27.45| 0.94%| 0.91%| 3.31%| 0.84%| 0.80%
CONP 2772| 3,143| 3,538 3.8687| 6,702| 7,593| 8,207| 1.26%| 1.19%| 547%| 157% 157%
INDP 0 of 183 55 27 15 16| 1.06%|166.76%| -14.72%| -7.08%| 1.30%
DEMP 3,699| 3975 4,524 4,794 0,328 10,479 11,284 0.72%| 1.30%| 6.22%| 1.47%| 1.49%
PEXP 814/  611| 1,057] 1,008 2,434| 2,808 3,361 -2.82%| 6.63%| 7.20%| 2.21%| 3.01%
PIMP 377|442 604 847| 1,773| 2,163 2,274| 1.60%| 3.17%| 9.39%| 2.52%| 1.01%
USA- | 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 | ggr. | gor. | gar ggr. ggr.
Cakes 66 76 86 96 1975 | 1985 | 1995 | 2005 | 2010
PROP | 13.857| 15099( 18,555 18,844/ 34,858| 40,744| 45314 0.86%| 2.08%| 539%| 1.97%| 2.15%
FEEP | 11,512 11,930 14,245| 14,104| 28,258| 33,373| 36,705 0.36%| 1.79%| 5.87%| 2.10%| 1.92%
DEMP | 11,530| 11930/ 14,285 14,196 29,134| 34,330| 37,701 0.34%| 1.82%| 6.12%| 2.07%| 1.89%
PEXP 2375 3.212| 4,281| 4674| 6,756 7,910 9,324 3.07%| 2.91%| 3.88%| 1.99%| 3.34%
PIMP 48 43 10 26| 1,032| 1,495 1,711| -1.03%|-13:36%| 46.79%| 4.74%| 2.74%
USA- | 1964/ | 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 | gor. | gar. | gor. ggr. ggr.
Meat 66 76 86 96 1975 1985 1995 2005 2010
PROP | 18,3%4| 20,068| 21,543| 21,368| 34,664| 39,067| 41,478 0.88%| 0.71%| 4.04%| 1.51%| 1.20%
HCPC | 84.39| 101.02] 106.16| 101.71] 117.05] 121.47| 122.43] 068%| 0.50%| 0.82%| 0.46%| 0.16%
CONP | 18,854 20,820| 22,519| 22,189 31,812 34,967| 36,502 1.00%| .0.78%| 2.92%| 1.19%| 0.91%
DEMP | 18880 20,864| 22,568 22,272| 31,986| 35,176| 36,813 1.00%| -0.79%| .2.95%| 1.20%| 0.91%
PEXP 161 134] 132 193] 4,081 5318] 6,045] -1.78%| -0.19%]| 33.11%| 3.36%| 2.60%
PIMP 666 - 914| 1,163] 1,114| 1,478| 1,428 1,379| 3.21%| 2.44%| 2.02%| -0.43%| -0.70%
USA- | 1964/. 1974/ | 1884/ | 19947 | 1997 | 2005 | 2010 | ggr- | ggr. | ggr. gar. ggr.
CHES 66 :| 76 86 96 1975 | 1985 | 1995 | 2005 | 2010
PROP 1197) - 1,207). 1,576| 1,737| 3,644 4,264 4,676] 0.80%| 1.97%| 7.24%| 1.98%| 1.86%
HCPC 6.16/ 661 7.70] 837 13.91| 1559 16.52| 0.72%| 1,53%| 5.06%| 1.44% 1.17%
CONP 1,230 1364] 1633 1,826 3,780 4,489 4,936 1.04%| 1.82%| 7.24%| 217%| 1.92%
DEMP 1237|  1372| 1,643 1,838 3,781| 4,490 4,938) 1.04%| - 1.82%| 7.18%| 2.17%| 1.92%
PEXP 3 3 3 4 40 15 15| -0.12%| -0.35%| 23.44%| -11.54%| 0.00%
PIMP 44 70 73] -110 143 241 277| 4.68%| 0.36%| 5.82%| 6.74% 2.82%
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CAN- [ 19647 | 19747 | 19847 | 19947 [ 1997 | 2005 | 2010 | ggr. ggr. gar. ggr. ggr.
Cereals | 66 | 76 86 96 1975 | 1985 | 1995 | 2005 | 2010
LEVL #NV | #NV | #NV | #NV | 10,049] 18,822| 18,807| #NV #NV #NV -0.15%| -0.02%
YIE1 #NV | #NV_ | #NV [ #NV 2.60| 291 3.05] #NV #NV #NV 1.42%| 0.92%
PROP | #W | #NV | #NV | #NV | 49,552| 54,794| 57,309 #NV | #NV | #NV 1.26%| 0.90%
HCPC 90.17| - 88.88|  87.72| 87.46| 104.22| 102.85| 105.48| -0.14%| -0.13%| 1.45%| -0.17%| 0.50%
CONP | 1.775] 1,835 1,903| 1,998 3,154| 3,276] 3,481| 0.34%| 0.36%| 4.30%| 0.48%| 1.22%
FEEP #NV_ | #NV | #NV_ | #NV [ 21,500| 22,784 23,987 ¥V | #NV #NV 0.67%| 1.03%
INDP ANV | #NV_| #NV | #NV | 1,174] 1,358] 1,312] #NV [ #NV | #NV 1.84%| -0.69%
DEMP | 17.032| 19,621 22,397| 22,047| 28,684| 30,275| 31,714| 0.80%| 1.33%| 2.08% 0.68%| 0.93%
PEXP | 15816] 10,425 17,799) 15433 24,910| 28,312| 29,584| -4.08%| 550%| 2.84%| 1.61%| 0.88%
PIMP —e58| . 028| . 560 1,251| 2,097| 3,793| 3,990 3.49%| -4.92%| 11.63%| 7.69%  1.02%
CAN- | 19647 | 19747 | 1984/ | 19947 | 1997 | 2005 | 2010 | ggr. ggr. ggr. gor. gagr.
Oilseeds | - 66 76 86 96 1975 1985 1995 2005 2010
LEVL | 1.533[ .1.569] 2866 2356 7,010 7,750 7,988 023%| 621%) 7.74%| 1.26% 0.61%
YIE1 083 082 101 098 147 1.65 1.73] 039%| 0.95%| 3.21%| 1.40%| 0.96%
PROP 1.354)  1.441| 2,893| 2,302| 10,334| 12,774| 13,813] 0.62%| 7.22%| 11.19%| 2.69%| 1.58%
HCPC #NV #NV | #NV #NV 7.16| 7.73] 8.33] ¥V #NV #NV 0.97%| 1.50%
CONP | #NV | #NV | #NV | #NV. 216| 247| 275 #NV | #NV | #NV 1.69%| 2.17%
FEEP | #NV | #NV | #NV | #NV | 1,062] 1,006] 1,038 #NV | #NV | #NV -0.67%| 0.63%
INDP 692|757 975 1,030| 4,956| 5,696 6,116] 0.91%| 2.57%| 14.51%| 1.75%| 1.43%
DEMP 962|  1,081) 1404 1492 6,701| 7,462 7,984| 1.18%| 264%| 13.91% 1.35%| 1.36%
PEXP 763 775 1,668| 1,277| 4,479 5,974| 6,515 0.16%| 7.96%| 8.58%| 3.67%| 1.75%
PIMP 637| . 475 489 a46| 500| 662| 685 -1.24%| 029%| 1.71%| 1.26%| 0.69%
CAN-Oils| 19647 | 1974/ | 19847 | 19947 | 1997 | 2005 | 2010 | ggr. ggr. agr. ggr. ggr.
66 -.76 - 86 96 1975 1985 1995 2005 2010
PROP - 451|179 244 264| 1,737| 2,006 2,167 1.74%| 3.14%| 17.77%| 1.82%| 1.56%
HCPC 7.75| - 9.54] 10.12| 10.89] 20.06| 20.41| 21.05| 2.10%| 0.80%| 5.86%| 0.22%| 0.62%
CONP 63| 497|220  249] 607| 650 696] 256%| 1.10%| 8.84%| 0.86%| 1.38%
INDP BNV | #NV, [ ANV [ #NV 12 25 36| ANV | #NV [ #NV 9.61%| 7.57%
DEMP | <238 269 320 368 1,520 1,659| 1,794| 1.27%| 1.72%| 13.88%| 1.10%| 1.58%
PEXP 24 27 58 40| 670| 803| 874] 1.23%| 8.07%| 22.63%| 229%| 1.71%
PIMP 190l 1471 138 146|317 455 502| 061%| 1.65%| 7.17%| 4.62%| 1.99%
CAN- | 19647 | 1974/ | 19847 | 19947 | 1997 | 2005 | 2010 | gar. ggr. ggr. ggr. agr.
Cakes 66 76 86 96 1975 1985 1995 2005 2010
PROP 510 557| ' 697 726] 3,207| 3,667| 3,930 0.89%| 2.26%| 13.57%| 1.69%| 1.39%
FEEP 491) - 624 766 854| 2,682 3,822] 4,561 242%| 2.08%| 11.00%| 4.53%| 3.60%
DEMP 491| . 624| ~ 766|  B854] 2,682 3,822 4,561 242%| 208%| 11.00%| 4.53%| 3.60%
PEXP 229| i 151 165 129] 1,238] 0933 722| -4.05%| 0.86%| 18.30%| -3.47%| -5.00%
PIMP — 21| 218,  225|. 257| 713 1,089] 1,352 0.36%| 0.29%| 10.10%| 5.43%| 4.43%
CAN- | 19647 | 19747 | 19847 | 19947 | 1997 | 2005 | 2010 | ggr. ggr. gar. ggr. ggr.
Meat 66 76 | 86 96 1975 1985 1995 2005 2010
PROP 1,736( . 1,889 2,107 2,161 3,274 3,694 4,031| 085%| 1.10%| 3.74%| 1.52%| 1.76%
HCPC 86.15.:,91.59| = 95.85]  94.76| 91.62| 94.86| 96.74| 061%| 046%| -0.37%| 0.43% 0.39%
CONP 1,695 1,891| 2.080| 2,465 2,773| 3,022| 3,194| 1.10%| 0.96%| 2.42%| 1.08%| 1.11%
DEMP | . 1.739| . 1,040 2,140 2222] 2,873| 3,133 3,307| 1.10%| 0.99%| 248% 1.09%| 1.09%
PEXP 62| .. 61] 103 88| 840| 1,000] 1,159 -0.17%| 5.41%| 19.08%| 2.20%| 3.00%
PIMP 70| 10| . 138| - 147| 438| 438 433 4.64%| 224%[ 10.13%| 0.00%| -0.23%
CAN- | 19647 | 19747 | 19847 | 19947 | 1997 | 2005 | 2010 | ggr. ggr. ggr. agr. ggr.
CHES 66 .76 . 86 96 1975 1985 1995 2005 2010
PROP 95[:15:°407| - 130 147]  350| 360| 386 1.12%| 200%| '8.60%| 0.35%| 1.40%
HCPC 427|494  6.02]  7.13] 11.48] 11.61| 11.89| 148%| 2.00%| 5.52%| 0.14%| 0.48%
CONP 84 102 131 163| 347| 370 392| 197%| 251%| 847%| 0.81%| 1.186%
DEMP /84 103 132 63| 351| 374| 396| 2.00%| 251%| 8.52%| 0.80%| 1.15%
PEXP 15 15|, .. 5 23 17 20| 0.83%| -1.20%| 3.90%| -3.71%| 3.30%
PIMP 8| 6| o2 23 31 31| 4.81%| 2.30%| 3.30%| 3.80%| 0.00%
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ROW- | 1964/ [ 19747 [ 1984/ | 19947 | 1997 | 2005 | 2010 | ggr- ggr. ggr. ggr. ggr.

Cereals 66 76 86 96 1975 1985 1995 2005 2010

LEVL | 317,749| 328,177| 328,392| 335,494| 364,581(371,974/383,796| 0.32%| 0.01%| 0.87%| 0.25%| 0.63%
YIE1 0.98 1.07 1.16 1.20 1.76 1.97 2.06| 0.89%| 0.84%| 3.50%| 1.46%| 0.89%
PROP | 310,900 350,954/ 381,850( 403,331|640,868|734,374|791,915| 1.22%| 0.85%| 4.41%| 1.72%| 1.52%
HCPC | 143.12| 142.71| 146.83| 145.63| 162.03| 163.78| 165.46| -0.03%| 0.29%| 0.82%| 0.13%| 0.20%
CONP | 229,183| 245,903 271,896 289,623(529,418|624,687(685,923| 0.71%| 1.01%| 5.71%| 2.09%| 1.89%
FEEP 50,565 62,355 76,771| 85,496|128,686|143,771(154,367| 2.12%| 2.10%| 4.40%| 1.40%| 1.43%
INDP 3,893 4,189] 5,010 5,557| 10,731| 12,470 13,559 0.73%| 1.81%| 6.55%| 1.90%| 1.69%
DEMP | 329,351| 361,489| 406,799| 436,688| 753,688|874,957|954,429 0.94%| 1.19%| 527%| 1.88%| 1.75%
PEXP | 29,329 27,507| 27,111| 26,820 6,671| 6,173| 6,057 -0.64%| -0.14%| -11.03%| -0.97%]| -0.38%
PIMP 45,005 47442 52,866 68,540/ 120,697|146,755/168,570] 0.53%| 1.09%| 7.12%| 2.47%| 2.81%
ROW- || 1964/ | 1974/ | 19847 | 19947 | 1997 | 2005 | 2010 | ggr. ggr. agr. ggr. ggr.

Oilseeds 66 76 86 96 1975 1985 1995 2005 2010

LEVL 65,305 65437| 69,167 70,805 96,455/107,230[113,236| 0.02%| 0.56%| 2.81%| 1.33%| 1.10%
YIE4 1,19 1.19 1.24 130 230 250/ 2.64| 007%| 040%| 5.26%| 1.05%| 1.09%
PROP | 77.491| 78,156 85,939| 92,247|221,599|267,846/298,656] 0.09%| 0.95%| 8.21%| 2.40%| 2.20%
HCPC 642  6.02 597 6.05 8.02 9.39| 9.94| -0.64%| -0.10%| 249%| 2.00%| 1.15%
CONP | 10.277| 10374| 11,046] 12,025 26,188| 35,821 41,239| 0.09%| 0.63%| 7.46%| 3.99%| 2.86%
FEEP 1,644| 1871 1,975 1618 3,944 4,069 4,160 1.30%| 055%| 593%| 0.39%| 0.44%
INDP 55,043 55,856 63,470| 70,709|188,182(223,389/248,040| 0.15%| 1.29%| 9.48%| 2.17%| 2.12%
DEMP | 71441| 72,923| 81,876 90,004 229,009|275,966]/307,501| 0.21%| 1.16%| 8.95%| 2.36%| 2.19%
PEXP 10,029| 8,832 8,100 6,615 3,220] 6,055] 6,696] -1.26%| -0.86%| -7.40%| 8.21%| 2.03%
PIMP 4,071| 3,909| 4,481 4,790 11,012 14,175 15,540 -0.41%| 0.68%| 8.40%| 3.21%| 1.86%
ROW- | 1964/ [ 1974/ | 19847 | 18947 | 1997 | 2005 | 2010 | ggr. ggr. ggr. ggr. gar.

Oils 66 76 86 96 1975 | 1985 | 1995 | 2005 2010

PROP 10,475 11,035 12,593| 14,151| 39,143| 46,325 51,368| 0.81%| 1.33%| 9.91%| 2.13%| 2.09%
HCPC 4.85 4.97 519 553 865 872 8.86| 023%| 043%| 4.36%| 0.10%| 0.31%
CONP 7,7172| 8,555 9,602| 10,997| 28,285/ 33,271| 36,707 0.96%| 1.16%| 9.42%| 2.05%| 1.99%
INDP | . 4 4 6 10 59 107 116| 043%| 3.70%| 20.51%| 7.68%| 1.65%
DEMP 9,163 10,005| 11,272| 12,750| 37,062| 43,842 48,348 0.88%| 1.20%| 10.43%| 2.12%| 1.98%
PEXP 2469| 2,556 3,329 4,467 8,480 9,785 10,920 0.34%| 2.68%| 8.10%| 1.81%| 2.22%
PIMP 1,393] 1,661 2206 2658 6,426 7,301 7,898 1.77%| 2.88%| 9.32%| 1.61%| 1.58%
ROW- | 1964/ | 19747 | 19847 | 1994/ | 1997 | 2005 | 2010 | ggr. ggr. ggr. ggr. ggr.

Cakes 66 76 86 96 1975 | 1985 | 1985 | 2005 2010

PROP | 12,039| 13,054| 15,072 17,060 37,897 45,097 50,917| 0.81%| 1.45%| 7.99%| 2.20%| 2.46%
FEEP 9,239| 10,256 11,989 14,297| 42,497| 49,851| 54,992 1.05%| 1:57%| 11.12%| 2.02%| 1.98%
DEMP 9,258| 10,274| 12,009| 14,320| 42,715 50,095| 55,263 1.05%| 1.57%| 11.18%| 2.01%| 1.98%
PEXP 3473| 3,729| 4,062 4,000 4,659 6,676] 8,206 0.71%| 0.86%| 1.15%| 4.60%| 4.21%
PIMP 772 805/ 1,183 1,430 9,660 11,672| 12,552| 1.60%| 2.45%| 19.38%| 2.39%| 1.46%
ROW- 1964/ | 1974/ | 19847 | 1994/ | 1997 2005 2010 ggr. gar. ggr. agr. agr.

Meat 66 76 86 96 1975 | 1985 | 1985 | 2005 2010

PROP | 18,270 20,548 22,556 24,819| 47,169 54,764| 59,640| 1.18%| 0.94%| 6.34%| 1.88%| 1.72%
HCPC 10.95| 11.42] 11.58] 12.07| 15.08) 15.04] 15.06] 0.42%| 0.15%| 2.22%| -0.03%| 0.03%
CONP | 17.542| 19,666| 21456 24,013| 49,266 57,387| 62,391| 1.15%| 0.88%| 7.17%| 1.93%| 1.69%
DEMP | 17635 19,770| 21,576 24,142| 49,783| 57,997| 63,065 1.15%| 0.88%| 7.22%| 1.93%| 1.69%
PEXP 1,246 1,530 1,776] 1,688 521 772 922 2.07%| 1.50%| -9.72%| 5.04%| 3.62%
PIMP 628 735 809] 1,034 3,104| 4,006 4,348 1.58%| 0.96%| 11.86%| 3.24%| 1.66%
ROW- | 1964/ [ 1974/ | 1984/ | 1994/ | 1997 | 2005 | 2010 | gor. agr. ggr. ggr. gar.

CHES 66 76 - 86 96 1975 | 1985 | 1995 | 2005 2010

PROP 1,073 1,208 1,295 1,438( 2,023 2,142 2,205| 1.19%| 0.70%| 3.79%| 0.72%| 0.58%
HCPC 0.68 0.71 0.71 0.74 0.69 0.63 0.59| 044%| 0.03%| -0.26%| -1.08%| -1.31%
CONP 1,087 1,222 1,318] 1,478 2,255/ 2,414| 2457| 1.18%| 0.76%| 4.58%| 0.86%| 0.35%
DEMP 1,089 1,224| 1,320 1,480 2,270| 2,431 2474 1.18%| 0.76%| 4.62%| 0.86%| 0.35%
PEXP 54 67 73 79 141 140 154| 2.11%| 0.96%| 5.61%| -0.09%| 1.92%
PIMP 68 86 101 122 388 429 423| 231%| 1.61%| 11.88%| 1.26%| -0.28%
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6 - MECOP: A MODEL OF THE EU's PRODUCING SECTOR OF CEREALS, OILSEEDS
AND PROTEIN CROPS

Agenda 2000 and beyond: Impact of reforms of the Common Market Organisation for "grandes

cultures"

Alexandre Gohin

Partner 1: INRA-ESR, Rennes

6.1. Introduction

The objective of this part of the project (i.e., subtask 2.1) was to develop a tool for simulating policy
reforms in the arable crop sector of the European Union (EU). This sector plays a central role in the
EU agricultural sector, as illustrated by the following figures. In 1996, the contribution of COP
products (Cereals, Oilseeds and Protein crops) in EU final agricultural output was roughly 11% and
their share in aggregate farm income was estimated at 21%. The total area used for the cultivation of
these products accounted for around 42% of the EU Utilised Agricultural Area and 2,75 million
holdings were involved in these productions. The rate of EU self-sufficiency was estimated at 120%
for cereals, 45% for oilseeds and 80% for protein crops. Finally, the EU is the third most important
cereal producer and accounts for 18% of world exports for wheat and 11% for coarse grains. On the
other hand, the EU is the most important oilseed importer with 35% of world imports of oilseeds in
1999.

The huge public intervention is another striking feature of this sector. For instance, this sector received
in 1999 17 866 millions euros from the European budget or, equivalently, 45% of the European public
expenditures for the whole agricultural sector. Since the 1992 CAP reform, an unique Common
Market Organisation (CMO) regulates this sector. In a very general way, this 1992 CAP reform
reduced cereal price support, removed oilseed price support, introduced compensatory payments based
on areas and strengthened supply management measures (set-aside policy). This shift in support
mechanism for the arable crop sector partly allowed to conclude the Uruguay Round negotiations on

agriculture.

The EU adopted in 1999 a new reform of the CAP, the so-called Agenda 2000 CAP reform. As far as
the arable crop sector is concerned, this new reform basically follows the principles of the 1992 CAP
reform with new cuts in cereal price support compensated by increased direct payments for cereal

areas while direct payments for oilseed areas are reduced to the level of the former. An urgent question
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is to determine whether this new version of the CMO for arable crops can be accepted by EU trading
partners in the context of the new multilateral trade negotiations at the World Trade Organisation
(WTO). In particular, area direct payments cannot be actually challenged at the WTO due to the blue
box exemption and the peace clause. However, it is more than likely that this exemption will be under
scrutiny during the new round of negotiations. Consequently, CAP area direct payments could be
challenged during these negotiations, unless it can be proved that these payments have no, or at most,
minimal distortion effects on production and trade, so that they could be qualified as green box
measures. Evaluating the consequences of area direct payments on production is therefore of great
interest. In the same time, it is also crucial to examine the impacts of the new system on various
indicators that are rarely discussed in existing studies, such as the evolution of agricultural income,

land return and public expenditures.

To our knowledge, no well-designed model is actually available to deal with these issues. The model
developed in this project fills a gap in the stock of research tools available to EU decision makers.
Obviously, there already exists several models focused on the arable crop sector, defined either at the
European level or at national levels. % These models generally differ in terms of product coverage,
calibration process, data sources, behavioural relations, etc. Results, given by predictions, simulations
or elasticities, are thus not easily comparable, claiming for a new unified framework for all EU
Member States. Our model precisely is implemented at the national level for various European Union
Member States, which are the main COP crop-producing countries, and thus offers this advantage,
while keeping enough flexibility in order to take account of the particularities of each EU Member

State.

We label our model MECOP where the acronym stands for Maximum Entropy on Cereals, Oilseeds
and Protein crops. In a general way, this model describes the behaviour of agricultural producers with
respect to the supply of COP crops, the allocation of land across these crops and their decision in yield
levels. The main policy instruments of the CMO for arable crops, i.e. the direct payment system, the
set-aside requirement, etc. are explicitly incorporated in the model. This permits the evaluation of the
effects of these instruments on the decision variables of arable crop producers. As such, impacts on
production levels of previous reforms of the arable crop CMO (in particular the 1992 or MacSharry
reform) may be simulated with the MECOP model. In the same vein, MECOP allows to assess the
likely future impacts of the Agenda 2000 CAP reform and, of great importance, the potential effects of
propositions that may emerge during the WTO talks. This is a crucial feature of the MECOP model

since the objectives of this FAIR programme were to clearly understand the process by which policy

%4 For example, MacQuinn (2000) for Ireland, Judez et al. (1999) for Spain, Moro and Sckokai (1998) for Italy,
Jensen (1996) for Denmark, Guyomard et al. (1996) for France, Oude Lansink and Peerlings (1996) for The
Netherlands, Cahill (1997) for the UE12. This list is obviously non exhaustive.
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changes impact on supply, derived demand, final demand and trade as well as to provide policy

makers with sound economic and policy-oriented analyses to back their proposals in these talks.

Our model has been specified according to some clearly defined scientific principles. The developed
specification is strongly based on production theory. The producer’s problem is to select levels of
variable inputs and allocate total land among COP crops in order to maximise profits subject to
technical and market constraints. Market constraints are captured by input and output price vectors and
agricultural policy instruments. We use the duality theory to represent technical constraints and we

assume that land is a quasi-fixed but allocatable factor.

As the name of the model suggests, behavioural parameters specified in this model are calibrated in a
stochastic manner using the Generalised Maximum Entropy (GME) econometric technique. This
technique is more and more widely used in empirical studies because it reveals more appropriate in
some circumstances than other “traditional” techniques, such as the least square or maximum
likelihood ones. In particular, when collinearity between exogenous variables is strong, traditional
econometric estimators are highly unstable while it has been proved that GME estimators are much
more efficient. In the case of the MECOP model, we observe strong collinearity between COP crop
prices, making judicious the choice of the GME technique.

The theoretical model is applied to six European countries: Denmark, Germany, France, Italy, Spain
and UK. Nine COP crops are distinguished: five cereals (soft wheat, barley, maize, oat and rye), three
oilseeds (rape, sunflower and soya) and one protein crop (field peas). Parameter estimation is carried

over 1973-1999 using annual data supplied by Eurostat.

This chapter is organised as follows. Section 2 deals with the theoretical aspects of the MECOP
model. We explain the specification of behavioural relationships (supply functions, land allocation
functions, etc.). They derive from an explicit optimisation program which incorporates the main policy
instruments of the arable crop CMO. Section 3 is devoted to the estimation framework based on the
GME approach. The principles of the GME econometric technique are first briefly reminded and then
we discuss the implementation of this technique for the MECOP model. Estimation results are
presented and discussed in section 4. In section 5, we define policy experiments and analyse results.

Finally, section 6 concludes, providing some policy recommendations.
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6.2. Theoretical framework

The modelling of the behaviour of agricultural producers has received considerable attention from
agricultural economists, notably since the 1992 CAP reform. Many methodological approaches have
been investigated in the literature. The theoretical foundation of the MECOP model is the duality

theory in the presence of allocatable quasi-fixed factors. o

6.2.1. Preliminaries: The duality theory under allocatable quasi-fixed factor

Consider a multi-output firm with a fixed amount of an allocatable quasi-fixed factor L that can be
devoted to I enterprises. We assume that technologies of enterprises i=1,..,I are disjoint, i.e. the
production technology is non-joint in variable inputs but is characterised by the existence of an
allocatable quasi-fixed factor. The producer’s problem is to select levels of N variable inputs for each
of the I enterprises and to allocate the quasi-fixed factor among them. Assuming that the producer is
a price taker in the output and variable input markets, its profit-maximising program may be written
as:

n(P’W’Z)= maxl: Py _zzwnxn.i;yi =fl(xn,i’li);zli =Z] (1)

] s =l i=l i=1

where y is the vector of the 7 outputs, p is the corresponding price vector, x is the vector of the N
variable inputs, w is the corresponding price vector, ! is the vector of the quantities of the quasi-fixed

l ) is a concave production function for enterprise i.

factor allocated to the I enterprises and f' (x,,’,., ]
This program defines a restricted profit function which is linearly homogeneous and convex in prices,
monotonically increasing in output prices, monotonically decreasing in variable input prices, and

monotonically increasing in the allocatable quasi-fixed factor.

Due to the separability assumption of the production technology with respect to variable inputs, this
program may be solved in two stages. In the first stage, the optimal quantities of variable inputs and
outputs are determined for a given allocation of the quasi-fixed factor. The program corresponding to

this first stage may be written as:

ni(pi’w’li)=?§x|:piyi _iwn‘xn,i’yi =fi(xn,i’li):| Vi=1..,1 @)

n=1

We then obtain an output-specific profit function which measures the quasi-rent to the allocatable

quasi-fixed factor. This function is linearly homogeneous and convex in prices, monotonically

% For a presentation or applications of this approach, see, among others, Just et al. (1983), Shumway et al.
(1984), Chambers and Just (1989), Moschini (1989), Coyle (1993), Jensen and Lind (1993), Oude Lansink and
Peerlings (1996), Guyomard et al. (1996), Ball et al. (1997).
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Increasing in output prices, monotonically decreasing in variable input prices, and monotonically
increasing and concave in the allocation of the quasi-fixed factor. The latter property implies that the
quasi-rent is decreasing in the amount of the quasi-fixed factor. In the second stage, the optimal
allocation of the quasi-fixed factor between the / enterprises is obtained by solving the following

maximisation program;
(p, w,L ) max[Zn ,,w,l,.),il, =Z:| 3)
i=1

Assuming interior solutions, the first-order conditions of the producer's program are:

on'(p,, w,1,)/0l, -A=0 Vi=l,.,I )
I —_

DUld= L ©)
i=1

where A is the Lagrange multiplier associated with the constraint resulting from the fixed total
amount of the allocatable quasi-fixed factor. From conditions (4), we observe that, at the optimum of
the multi-product firm, the shadow prices or marginal quasi-rents of the allocatable quasi-fixed factor
are equalised across the I enterprises. Conditions (4) and (5) defines a square system of I+1

endogenous variables and equations. Solving this system yields:
=Mp,w,I) ©6)

1,()=1, (p, w,Z) Vi=1,..,1I Q)

Thus the optimal allocation of the quasi-fixed factor as well as its shadow price depend on all output
prices, variable input prices and the total amount of the allocatable quasi-fixed factor. The comparative

statics of these endogenous variables are given by:

d\ = [i (“I.-I.-)l:l_ [dZ+ i(n;i,i )_l n;"_pldp,. +ii(nh, ) n}'lw”dw"] 8)

- (n};,l yl Wm0, + (n;ill )-l[i (nljjlj )I :I- 2 (“l/l, )—I », 9P, &)
S, ) i+, r[ﬁ -

n=1

11
~.
I

where 7, are the second order derivatives of the output-specific profit functions. From the properties

of these output-specific profit functions mentioned above, we can infer that the shadow price is
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decreasing in the amount of the quasi-fixed factor, increasing in the prices of outputs if the quasi-fixed
factor is non-inferior. Moreover, this shadow price is homogeneous of degree one in output and
variable input prices. However, the sign of the effect of variable input prices on the shadow price is
indeterminate. Equation (9) provides the comparative statics of the optimal allocation of the quasi-
fixed factor. Allocation of the quasi-fixed factor to one given enterprise is an increasing function of
the total amount of this quasi-fixed factor and of the price of the corresponding output, again under the
assumption of non-inferiority of the quasi-fixed factor. It is a decreasing function of the price of other
outputs. Finally, it is homogeneous of degree zero in prices. The sign of the effect of variable input

prices on the optimal allocation is also indeterminate.

Finally, output supply and variable input derived demand functions are obtained by applying
Hotelling’s lemma to each output-specific profit function evaluated at the optimal allocation of the

quasi-fixed factor:

y.()=, (p,. W, l,(p, W,Z))= on' (p,. W1, (p, w,z))/ op, Vi=l.,I (10)
X, ()==x., (p, Wl (p, W,Z))= -on' (p,, w,l, (p, W,Z))/ ow, ¥n=1..,N;Vi=1..,1 1)
Despite the assumption of non-jointness in variable inputs, we must underline that these output supply
and variable input derived demand functions depend again on all output prices, variable input prices

and the amount of the allocatable quasi-fixed factor, through the allocation of the quasi-fixed factor.

Their comparative statics are given by:

N
dy, ==, , dp, + Zln’,,m dw, +n' dl, Vi=l..,1 (12)
N : .
dx,, =-n, dp, -y« dw,-m, dl, Vn=lL.,N;Vi=l..I (13)
m=|

Supply of a given output is increasing in its own price and in the amount of quasi-fixed factor,
decreasing in other output prices, under the assumption of non-inferiority of the quasi-fixed factor.
This supply function is also homogeneous of degree zero in output and variable input prices. The sign
of the effect of variable input prices on output supply is still indeterminate. By symmetry, the sign of
the effect of output prices on the derived demands of variable inputs is also ambiguous. The derived
demands of variable inputs are homogeneous of degree zero in output and variable input prices and

decreasing in their own price.

This methodological approach displays several attractive features. Firstly, the relevance of this multi-
product framework to agricultural production is readily apparent. For a producer specialised in arable

crop farming, this approach can represent a land allocation problem, where a fixed farm acreage can
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be devoted to alternative crops. This could also represent a production model of the agricultural sector,
with the quasi-fixed factor being the total available land for a region or a country. Secondly, the dual
approach to the specification of a system of output supplies, variable input derived demands and land
allocations has well known advantages over estimation of a single output supply or acreage response
equation (Coyle, 1993). In particular, the dual system approach permits the incorporation of theoretical
restrictions on coefficients across equations implied by hypotheses of competitive profit maximisation
and also the recovery of the underlying technology. Furthermore, the duality approach provides other
advantages when empirical estimation of behavioural parameters is considered. In a primal approach,
production and/or transformation functions can be estimated directly. However, as pointed out by
Varian (1984) or Chambers and Just (1989), it has been difficult to find a functional specification of
the production technology which is simple enough to be estimated directly and does not impose too
many a priori restrictions on economic parameters. On the other hand, the duality approach yields the
option of larger flexibility in econometric description by allowing the use of flexible functional forms.
Thirdly, if land is the allocatable quasi-fixed factor, yields are determined endogenously while in
many approaches, especially with mathematical programming models, these yields are often assumed

to be constant. Yields are given by:
r,(.)=y,(p,w,Z)/l,(p,w,Z)=r,.(p,w,Z) (14)

They are homogeneous of degree zero in output and variable input prices. However, the effects of
exogenous variables are a priori indeterminate. Fourthly, policy instruments can be incorporated
explicitly in that framework. For instance, Moro and Sckokai, Oude Lansink and Peerlings or
Guyomard et al. have introduced in different ways the policy instruments of the arable crop CMO in

their model and we will discuss below our own modelling of arable crop CMO instruments.

Despite this appealing features, this framework has not been applied, up to now, to the arable crop
sector of all EU Member States. One possible explanation lies in the difficulty to estimate
econometrically the behavioural parameters of the system of output supplies, variable input derived
demands and allocation of the quasi-fixed factor. This difficulty results from the multicollinearity
between output prices. As underlined by Coyle (1993), all crop acreage allocation functions are
seldom estimated simultaneously and moreover all output prices are not included in these functions.
However, we must note that the GME econometric technique is well-suited in such context,

facilitating the application of this framework to the arable crop sector of various EU member states.
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6.2.2. The theoretical structure of the MECOP model

For the MECOP model, we apply the duality theory under allocatable quasi-fixed factor reviewed
above. We assume that land is the only allocatable quasi-fixed factor between I COP crop enterprises
of a representative farm for each EU Member State. The number of considered activities will depend
on the EU Member State and therefore will be defined later. However, for all of them, we assume the
existence of only one aggregate variable input (N =1) due to data constraints. We explicit the first

stage of the optimisation process before turning to the second one.

6.2.2.1. The first stage

COP crop-specific profit functions are approximated by Normalised Quadratic NQ) forms defined on

normalised output prices ( p, / w). Thus, they can be written as:

; §4
v i ,.,,w,,l,,,t\)=6,.+b,.l,,+c,i-+§,.t
’ ’ ’ w

t

[ 4

2
+o.5d,.[ﬂJ +0.5¢,1% +0.5y 1 (15)

+f‘l -&J—li.l +gili.lt+hl'

t f

Py izt

where 0,,b,,¢,,d,,e,, f,,8:»h;,&,, ¥, are behavioural parameters to be estimated and ¢ is the index

for the years included in the analysis.

The specification of this restricted profit function deserves several remarks. Firstly, a time trend is
included as an explanatory variable and is assumed to represent the effects of technical change on
profits, output supplies, variable input derived demands and land allocations. This specification of

technical change is quite arbitrary but is commonly adopted in empirical work.

Secondly, the choice of the NQ functional form is driven by practical considerations. As will become
clear later, use of this flexible functional form permits a closed-form solution to acreage allocations

insofar as the equation system composed of (4) and (5) is linear.

Thirdly, the behavioural parameters listed above must satisfy some constraints in order to fulfil the

theoretical requirements of output-specific profit functions. These constraints are:

d, 20,Yi=1,.,I (16)
e, <0,Vi=1,..,1I a7
f,20,Vi=1,.,I (18)
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Constraints (16) ensure the convexity in prices of the output-specific profit functions. Constraints (17)
ensure the concavity in the land allocation of these functions. Finally, if we assume that land is a non-

inferior input, then constraints (18) must hold.

Fourthly, by applying Hotelling’s lemma to these profit functions, one obtains the supply functions for

a given land allocation:

Vi widiot)=c, +d, 2L h f1 wht Vi=l. 1 (19)
w

t

These supply functions are linear in parameters and in explanatory variables.

Fifthly, we assume that agricultural producers make naive price expectations. In other words, expected

prices are supposed to be equal to past prices.

6.2.2.2. The second stage

We now turn to the second stage of the optimisation process, which focuses on the land allocation
decision. With the 1992 CAP reform, internal support for arable crop growers has significantly
changed. The Agenda 2000 CAP reform basically deepens this change. In a general way, these
reforms involve significant support price reductions, compensated by area direct payments and a land
set-aside scheme. The direct payment and land set-aside programs are highly complex as they include
many exemptions or special cases. For instance, the levels of area direct payments differ between COP
crops and regions because they are based on historical regional average yields and historical crop
areas. Furthermore, these area direct payments are contingent upon idling a certain proportion of
historical base areas for "professional" producers, i.e., those with an area more than that needed to
grow 92 tonnes of cereals. On the other hand, "small" producers need not set aside part of their arable
crop area in order to qualify for area direct payments. Moreover, the levels of area direct payments can
be revised, depending whether maximum eligible areas are exceeded or not. The land set-aside scheme
also includes many particularities. We can distinguish between the rotational, non-rotational and
voluntary set-aside programs, which differ with respect to the rate of set-aside. Consequently,
producers located in different regions or endowed with different land resources are affected in

different ways by these reforms.

These intricate mechanisms are necessarily captured in an imperfect manner in the MECOP model,
which is designed at the national level. Nevertheless, MECOP provides "average" indicators which are
quite useful for policy makers. These policy mechanisms are explicitly introduced in the second stage

of the optimisation program for the representative farm, which is given by:
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n'(p,,w,,L,,a,,a,,t)= nzax nl‘r(pl,t’wf’li.t’t)+ai.r /wl 'li./ +af; /W,-(f; (20)
i 1

i=

I —
subject to: 20, +if <L @1
i=1

Wwhere average areq direct payment for crop ; jg denoted by %> L, is the tota] land availaple for

crop-farming ang set-aside, af, is the average area direct Payment for idle land and Iif, is the idle

Replacing the Cop Crop-specific profit functions by their €Xxpressions (15), the lagrangian
corresponding to this program is:

0,+b1,, +¢ Pu ny
w

t

I y L a,
LU,,.2, )= Z + O'Sdi(fiJ +0.5¢,% + 0.5y 2 +Z\’-’[M +a\f'1f’
i=] w'_ i w’ w,
(22)
+f & N +g111.:t+h: ﬁt
w, ’
A (— 1
+—1L =%y
o (E-Er)
The first-order Kuhn and Tucker conditions for this program are:
a,
bi+ed, +ffﬁ+g,t+4—ﬁso L4, 200 (23)
w, w, w,
l —
Zl,,+lf, ~L <0 L 2 5o -
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Before the 1992 CAP reform, the system of conditions (23)-(24) reduces to:

Pur

A
+gt—-—<0 L [, >0
W, w,

! t

b +el, +f

A

I J—
D,-L <0 L A 20

i=1

If,=0,af, =0,a,, =0

v

Assuming interior solutions, this system leads to:

s R
L+) L
i=1 €,
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— = ; >0
i Zl/e,
i=l
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. b, +f; Mj +gt
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25)

(26)

>0 @7)

From the constraints (16)-(18) on behavioural parameters, one can easily check that the normalised

land shadow price is decreasing in the total amount of land, increasing in the prices of outputs and

homogeneous of degree one in output and variable input prices. Land allocated to one COP crop is an

increasing function of the total amount of land and of the price of the corresponding output. It is a

decreasing function of the price of other outputs and is homogeneous of degree zero in prices. The

effect of the variable input price on land allocation is indeterminate.

After the implementation of the 1992 CAP reform, the level of endogenous variables are given by

(always assuming an interior solution):

% This notation stands for complementary slackness: (x 20 L y2 0) < (x20,y20,xy= 0).
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A >Y 59 (28)
W,

w150 (29)

Equations (28) and (29) show that the set-aside requirement has a positive effect on the normalised
land shadow price and a negative effect on land allocated to each crop. Direct payments for cultivated
crops have a positive effects on the normalised land shadow price. We can also observe that acreage
allocation to one given crop is an increasing function of its own direct payment and a decreasing
function of direct payments for all other crops. The direct payment for idle land has no effect on these
variables but only on the opportunity cost of the set-aside requirement (cf. equation 28). Finally, we

must note that the effects of the prices and the total available land are as described before.

6.2.3. Miscellaneous by-products of the MECOP model

In addition to the previously described COP crop supply functions (equations 19), land allocation
functions (equations 27 for the cultivated areas before the 1992 CAP reform; equations 29 for the
cultivated areas after the 1992 CAP reform) and the land shadow price function (equations 26 and 28),

several other interesting results may be derived from the MECOP model.

Firstly, as indicated above, yields are obtained by dividing output supply by corresponding cultivated

areas.

r. ()=, +[c,. +d, ﬂ+h,¢)/l,_, () ,Vi=1..1 (30)
w

t

Secondly, public expenditures induced by area direct payments can be computed for each COP crop
(they are denoted by PE,,) and for the entire arable crop CMO (they are denoted by PE,):
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PE, =a,,l 31)

id"it
7
PE, =Y PE,, +af)lf, (32)
i=1
Thirdly, elasticities of output supplies and land allocations with respect to output prices, direct

payments and total available land can also be computed. The levels of these elasticities depend on the

year. Their expressions are given below for one year after the implementation of the 1992 CAP

reform.
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Finally, we can insulate the impacts of each explanatory variable on endogenous variables. For

instance, the impacts of the trend on cultivated areas, output supplies and yields are given by:
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6.3. Estimation framework: The Generalised Maximum Entropy

In order to implement the MECOP model, we need to calibrate the behavioural parameters involved in

the COP crop supply and land allocation functions. These parameters are: b,.c,.d,.¢,, f,8,.h, s0 that we

have 7*I parameters for each EU Member State. %7 One can easily check that data required to calibrate
these parameters are limited to production levels, output and input prices, cultivated and idle areas,
direct payments and set-aside rates. The Eurostat CRONOS database provides series for the first three
variables for most EU Member States over the period 1973-1997. The two others are taken from
ONIC (Office National Interprofessionnel des Céréales).

Ideally, output supply, land allocation and land shadow price equations should be estimated
simultaneously in order to incorporate restrictions on coefficients across equations and to obtain
maximum estimation efficiency. However, applications of the iterative Three-Stage Least Squares
(3SLS) procedure, as well as the Full Information Maximum Likelihood (FIML) procedure, lead to
unstable estimates because explanatory variables, especially output prices, are highly collinear.
Precisely, the design matrix made of explanatory variables does not have a numerically stable inverse
matrix, such as traditional estimators have high variances. This in turn results in small changes in the
data potentially leading to large changes in parameter estimates, increased variation in parameter
estimates (wrong signs/implausible magnitudes), tests of hypotheses about parameters having little

power and finally a general lack of faith in inference procedures.

This situation has motivated our choice of the GME econometric technique which leads to estimators
with higher degree of precision. We first remind the principles of this technique before explaining its

implementation for the MECOP model.

6.3.1. The Generalised Maximum Entropy approach

The Maximum Entropy (ME) econometric technique has been used in empirical economic work for
several years but the number of applications has recently boomed with the publication of the book
"Maximum Entropy Econometrics: Robust Estimation with Limited Data" written by Golan, Judge
and Miller (GIM) in 1996. There also exist several theoretical papers looking at the properties of this
technique, providing some refinements or comparing ME with "traditional" econometric approaches.
In this section, we first expose the principles of the ME, next describe the GME approach and finally

provide a general discussion. B

°" The other parameters specified in the COP crop profit functions are not estimated due to lack of data
concerning profit levels.

98 The materials in this section draws heavily upon the numerous works of Perloff et al. and Fraser (1999).
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6.3.1.1. Principles of the Maximum Entropy

The entropy-information measure of Shannon (1948) reflects the uncertainty we have about the

occurrence of a collection of events. Let define x a random variable with possible outcomes

x,,s =1,..,n with probabilities px, satisfying z px, =1. Shannon defines the entropy of the

s=1

distribution px as:

H(px)= -Z px, log(px,) 35)

To understand this function, suppose that we have a sample of T draws of the identically and
independently distributed random variable x. Because the draws are independent, a list of the number
of times each value occurs contains all information this experiment provides about the random
variable. The order contains no information about the probabilities. Let define the outcome of an

experiment as a vector f =(f,,..., f,) where J, is the number of times x, occurs. We have:

3 J

Z S, =T and px, = ri A particular outcome may be obtained in a number of ways. For example,

s=1

the outcome (1,7 — 1,0,...,0) can occur in T possible ways. Let define v(f) as the number of ways that

a particular outcome can occur. This is given by the multinomial coefficient W (T, px):

n T

"

Hf:! l’—_'[Tpxs!

w(r, px)= (36)

Suppose that we have no information about the draws and are asked which outcome is the most likely.
An "intuitive reasonable” response is that the outcome that can occur in the most number of ways is
the most likely outcome. Therefore, the most likely outcome is given by maximising W , which is

directly related to the Shannon entropy measure: *
H(px)=T" mW(T, px) (37

Therefore, by maximising the entropy function, we maximise the number of possible permutations that

result in a given outcome.

* This relation is obtained using Stirling’s approximation.
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Based on the Shannon entropy measure, Jaynes (1957) proposed a way by which to recover the
unknown probabilities of a distribution. Suppose now that we know some particular moments (for
instance the mean or variance) of a probability distribution. Obviously two or more probability
distributions could have generated these moments. Given that two or more might satisfy this constraint
or information, Jaynes suggested to select the one which is least informative, or most uncertain
according to the Shannon entropy criterion. Equivalently, the selected distribution is the one which can
be obtained by the most number of ways. The derived solution then agrees with the known

information but expresses maximal uncertainty in relation to other things.

To sum-up, the Shannon entropy function gives the frequency distribution that may be generated in the
largest number of ways in repeated sampling. Maximum entropy methods were developed by Jaynes
to recover an unknown probability distribution from given moment constraints. Jaynes proposed
selecting the probability distribution that satisfies the moment constraints and maximises Shannon’s
entropy criterion. In other words, according to Jaynes, the maximum entropy distribution agrees with

what is known but expresses maximum uncertainty with respect to all other matters.

6.3.1.2. The Generalised Maximum Entropy

The main contributions of GIM have been to generalise the ME formalism in order to solve standard
econometric problems and to derive the properties of the GME estimators. In the traditional ME
approach, sample information in the form of moment conditions is assumed to hold exactly. In
contrast, the GME approach uses each observation directly while allowing these moment conditions to
hold only approximately by treating them as stochastic restrictions. Let consider the standard linear

model:

y=2XB+e (38)

where y is a (T*1) vector of endogenous variables, X is the (T*K) design matrix, P is a (K*1)
vector of unknown parameters and e is a (T*1) vector of disturbances. It is clear that many vectors p

and e satisfy the linear regression equations (38). The GME approach allows to choose one of them.
Because the arguments of the Shannon entropy function are probabilities, parameters and disturbances
must be written as proper probability distributions defined over some supports. By the way, we can
note that specifying the supports is similar to imposing prior restrictions in the Bayesian method or in
the mixed estimation framework. Thus, implementation of the GME technique starts by choosing a set

of discrete points, called the support space, for all parameters and disturbances.
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Specifically, we convert each parameter as follows:

B =Z_kpkmzkm 39

where p, isa M, - dimensional proper probability vector corresponding to a M , -dimensional vector
of weights z,. '® This last vector defines the support space of fB,. Therefore each parameter is

converted from the real line into a well-behaved set of proper probabilities defined over the supports.
The issue related to the definition of these supports is discussed later. Similarly, we transform the

disturbances as follows:

e=Zw.v. (40)

where w is a J - dimensional proper probability vector corresponding to a J -dimensional vector of

weights v. These conversions then allow us to re-express the standard linear equations (38) as follows:

y=XB+e=XZp+Vw “1)

with Z (respectively 7') is a matrix of support values for parameters (respectively disturbances) and

P (respectively w) the associated probability vector.

Using these conversions, it is possible to formulate the standard linear estimation problem as a GME

problem:

MaxH(p,w)=-plnp-winw 42)
Pw

subject to equations (41) and proper probability vectors.

Due to the form of the entropy function, it is not pbssible to derive an analytical solution to this
optimisation program. Therefore, the maximum entropy distribution does not have a closed-form
solution and numerical optimisation techniques must be used to compute the probabilities. As a result,
parameter estimators do not have a closed-form solution as well. Nonetheless, the properties of these
estimators have been established. For instance, Mittlehammer and Cardell (1997) have proved the

consistency and the asymptotic normality of GME estimators in the general linear model. More

My
100 o proper probability vector is characterised by two properties: p,, >0,Ym=1,...M . and Z P =1.
m=1
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recently, Golan et al. (2000) have derived the properties of the GME estimators in the context of a
nonlinear set of equations: y = f (X > B)+ e. They find that if:

i) the support space for the disturbances is a convex set that is symmetric around zero,

ii) the support space for the parameters span the true values for each one of the parameters and have

finite lower and upper bounds,

iii) for each equation, the errors are independently and identically distributed with mean zero and with

contemporaneous variance-covariance I of the vector of disturbances for the set of equations such

that Ele,e|=2®I,

iv) plim (1/T)&f / 6B) (3f / 8B) exists and is non singular,

then, the GME estimators are consistent and asymptotically normal with:
ﬁ(ﬁ— B) —4 5 N(0,Q)
and Q = plim(l/ T)[(ar / 9B) (£~ ®1)or / 9p)]” (43)

6.3.1.3. Discussion

The GME econometric technique is more and more widely used, particularly in the field of
agricultural economics. 101 However, we must underline that the main difficulty when implementing
the GME approach is the choice of support points for parameters as well as for disturbances. For
example, if we intend to estimate a demand system with a large number of parameters, it is rather
difficult to introduce appropriate support points for the parameters of the system, especially if prior
information only exists on the sign and magnitude of elasticities which are complex functions of
parameters and variables. In fact, the liberty given to the modeller, in terms of the choice of the
support values, can be viewed as a virtue or a drawback of this approach, depending on the available
prior information. If the modeller has a precise knowledge of the parameters’ domain of variation,
then this approach allows him to incorporate that information. On the other hand, if little or no such

information on the plausible values of parameters do exist, then that liberty may reveal awkward.

This aspect has been dealt with in a large extent in the entropy literature. Many papers (for example
GIM, 1996; Lence and Miller, 1998; Fraser, 1999) examine the sensitivity of GME estimators to the

choice of support points for parameters as well as for disturbances. Three main results emerge from

1ot Agricultural applications include Paris and Howitt (1998), Lence and Miller (1998), Heckelei and Britz
(1999), Leon et al. (1999), Oude Lansink (1999), Oude Lansink et al. (2000), etc.
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these sensitivity analyses. Firstly, changing the support points has little impact on the GME estimators,
provided they contain the true values of the parameters. Secondly, for the case of general a priori
ignorance about the parameters, it is suggested to distribute the support points over a large interval, i.e.
between a large negative to a large positive bounds, since the larger the interval of the supports, the
less the entropy criterion penalises deviations from a priori expectations. For the disturbances, the
three sigma rule is recommended (cf Pukelsheim, 1994). Thirdly, whatever the support space
including the true values of the parameters, GME estimators exhibit greater precision than other

estimators. '

However, prediction powers of the GME estimators are generally lower than those of traditional
estimators. That is to say, there is a trade-off between the prediction and the precision losses. GIM
(1996) show that it is possible to increase the predictive capability of GME estimators by placing
weights in the objective entropy function (42). This function includes entropies for both the parameter
and disturbance distributions. As a result, the entropy objective reflects statistical losses in the sample
space (prediction loss) and in the parameter space (precision loss). Depending on the problem at hand,
we may wish to recover an image of the underlying system that reflects greater prediction and
precision fidelity. As such, we may wish to place relatively more or less weight on the parameter and
error components of the objective function in order to reflect the relative importance of these

components.

The choice of the optimal weight in the objective function may be based on the normalised entropy

criterion. This criterion, usually denoted S(p, w) , s given by:

S(p, w)=— H(p,w) (44)
> (M, )+ T n(J)

k=1

It can be shown that this criterion equals the entropy of the distributions divided by the entropy of the
uniform distribution and is comprised between zero and one. A value of zero reflects perfect
knowledge or no uncertainty as regards to the value of the parameters and the disturbances. They are
fully determined by the constraints. At the opposite, when the normalised entropy equals one, this
indicates a state of full ignorance. The choice of the optimal weight, as well as the number and the

levels of support points, can be made through the maximisation of this criterion.

102 AT .
Precision is generally measured in terms of mean squared error.
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6.3.2. Implementation of the Generalised Maximum Entropy for the MECOP model

6.3.2.1. The set of estimated equations

Our main objective with the GME approach is to estimate the parameters involved in the COP crop
supply and land allocation functions previously described. In order to do so, we first add disturbances
to these equations. These disturbances are noted ey,, for the supply functions and el,, for the land
allocation functions. They capture specification errors, omitted variables, optimisation errors, etc.
Secondly, it can be seen from equation (19) that the optimal output supply is a function of the
normalised own price, time and the cultivated area. As this latter explanatory variable is endogenous,
we introduce its expression in the supply function during the estimation stage. Therefore, the system

of estimated equations is given by:

v =e,+d, Pl £, () hitvey,, + fiel, iz, ;¥ =1,.,T

t

[ P I
| b +f, —+ gt
— w
L+ L
= €
1 D, ; .
, =: - -b, - f; V—git +el,.‘,,‘v’t=1,...,I,Vt=1,...,T1—1
i ZI/eJ !
=l
L ]
[ P a,,

-~

;=L ) _p - P gy Ji e
' -f;' w gl w el,l (45)

= -

Vi=1,..,I;Vt=T1,..,T

where T1 corresponds to the year of implementation of the 1992 CAP reform.

All land derived demand and supply functions are estimated simultaneously using a GME technique.
We directly estimate structural parameters and not reduced-form parameters. So doing, parameter

restrictions are automatically satisfied. We do not omit one equation, as it is usually done with
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traditional estimators, but add an additional constraint on land residuals. The sum over COP crops of
these land residuals must equal zero. We furthermore add, during the estimation stage, the restrictions
on land shadow prices (equations 26 and 28). Adding these inequality restrictions is quite easy with
the GME estimation procedure. This mainly provides efficiency gains (Dorfman and McIntosh, 2001).
On the other hand, it becomes much more difficult to define the distribution of the estimators and in
particular to derive the variance of estimators. Testing can still be performed using the entropy-ratio
statistic (see for example Golan et al, 1999). For example, if the purpose is to test the significance of
one parameter, we need to re-estimate the model imposing the nullity of this parameter. Then, under
the null hypothesis, two times the difference between entropy measures obtained from unconstrained
and constrained models follows a Khi-deux distribution with one degree of freedom. The significance

of all parameters involved in the MECOP model is tested using this procedure.

6.3.2.2. The choice of support values for parameters and disturbances

In this point, we only describe how we have chosen the support values for parameters and

disturbances. Their exact levels are reported in the following section.

For all parameters and disturbances, we retain three supports values, i.e. M, =J =3, as it has been
demonstrated that the number of support values has no effects on estimates. '®® Furthermore, we

assume that these support values are distributed symmetrically between the lower and upper bounds of

the support spaces. Therefore, it remains to determine these bounds.

For the two kinds of disturbances, we adopt the three sigma rule advocated in many papers. So doing,
we only need to compute the standard deviations of the endogenous variables for each EU Member
State. Regarding the behavioural parameters, let start with J; . From supply equations (19), we observe
that this parameter measures the response of the supply of crop i to an increase in the area devoted to

this crop, other things being equal:

= (46)

We therefore suspect that its value lies around yield level. Hence, the bounds for this parameter are

determined by the average yield more or less two standard deviations. For parameter d,, the lower

bound is given by the constraint (16) which ensures the convexity of profit functions with respect to

. Obviously, two is the minimum.
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prices. In addition, from the supply equation, it is also easy to show that this parameter is related to the

price elasticity of output supply, for a given land allocation:

ay;..- - it yi.r

d, = =g . 47
3( ;“ /w, jlh./ prs I willie i;“ lw,j

We assume that this elasticity is not greater than three and determine the upper bound of d,

accordingly.

For parameter e,, we know from constraint (17) that it must be negative. Its upper bound is therefore

zero. However, we have no other prior information for the lower bound of this parameter. We assume
arbitrarily this lower bound at —1000 for all products. In the same vein, we have no prior information

for the bounds of other parameters: b,,c;,g;,#, . For all of them, we adopt large negative values for

lower bounds (-1000 and —10000) and large positive values for upper bounds (1000 and 10000).

6.4. Estimation results

The MECOP model is designed at the national level. We apply the previously described framework to
six EU Member States: France, United Kingdom, Germany, Italy, Spain and Denmark. We distinguish
nine COP crops of which five cereals (soft wheat, barley, maize, oat and rye), three oilseeds (rape,
sunflower and soya) and one protein crops (field peas). For oilseeds, we only consider food
production. Each EU Member State produces only part of the nine COP crops. Hence, we distinguish
seven crops for France, six for Germany and Italy, five for Spain and only three for the United
Kingdom and Denmark (cf. Table 6.1). Therefore, in all six EU Member States, the supply and land

allocations of other COP crops are considered as exogenous variables.

The six EU Member States realise most of the EU15 COP crop productions. Their respective
contribution is provided in Table 6.2 for the year 1996/97. We can see that the six retained Member
States together account for around 70% to 90% of the EU15 production for all considered COP crops,
except for oats. This crop is primilarly produced by the new Member States which have joined the EU
in 1995 (Austria, Finland, Sweden).

In this section, we present and discuss estimation results for France only. Results for other Member

States as well as elasticities computed for the year 1999 are reported in the appendix.
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Table 6.1. List of COP crops by EU Member State

COP crops France United Germany Italy Spain Denmark
Kingdom

Soft Wheat + + + + +

Barley + + + + +

Maize + + +

Oat + + +

Rye +

Rape + + + +

Sunflower + +

Soya +

Field peas +

Table 6.2. Production levels in 1996/97 (000 tonnes)

COP crops France  United Germany Italy Spain Denmark EU15 Share
Kingdom (%)
Soft Wheat 34330 15848 18973 3894 4212 4500 90229 90.6
Barley 9379 7857 12093 1406 10001 4166 52187 86.0
Maize 13776 2834 9087 3664 33707 87.1
Oats 1629 292 608 8062 38.2
Rye 4241 5728 74.0
Rape 2158 1188 1509 182 5736 87.8
Sunflower 1918 566 1221 3954 93.7
Soya 726 1018 71.3
Field peas 2593 89 3750 71.5

Source: European Commission. Situation and Outlook. Cereals, Oilseeds and Protein Crops. CAP 2000 Working
Documents, DG Agriculture.

6.4.1. Application to France

From Table 6.3, it appears that, of the 49 behavioural parameters, 17 (respectively 22) parameter
estimates are significant at the 0.05 (respectively 0.10) level of significance or better. We observe that

no b, parameters are significant, even at a high level of significance. Only one ¢, parameter (for

barley) is significant at the 10% level of significance. At this stage, it can be noted that these two
structural parameters appear only in the constants of land and supply equations. The test of the

significance of these constants shows that only two constants (for rape and sunflower) are statistically
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significant. (cf. Table 6.4) . Only one d, parameter (for rape) is statistically significant (cf. Table 6.3).

That means that, in general, the price effects on production levels mainly occur through their effects

on land uses. On the other hand, all e, parameters are significant at the 0.05 level of significance,

suggesting that profit functions are strictly concave in land allocations. All f, parameters, but

sunflower and soya,

are significant at the 0.05 level of significance. Therefore, the land variable

performs strongly as a determinant of production decisions. Finally, four g, parameters and three 4,

parameters capture

parameters are statistically significant at the 0.10 level of significance or better. These structural

the impacts of the trend on land uses and productions levels. The exact impacts of

the trend on these variables as well as their level of significance are also reported in Table 6.4. We

observe that the trend also performs strongly as a determinant of the evolution of production levels.

Table 6.3. Structural parameter estimates

COP crops b, c, d, e, f g, h,

Soft Wheat 759.470 -5569.183  26.364 -0.287** 4.390* 9.580* 537.123
Barley 487.498 -6780.083* 9.785  -0.321* 5.154* -17.373 297.875%*
Maize 487.288 -1168.663 0.504  -0.688*1 5.877*% 5.813  166.321**
Rape -124.970 -3543.916 53321 -2.782* 2.633*% 69.089**  121.285**
Sunflower -440.149 -1900.276 3.081 -0.734*4 2.043*  29.060* 57.620
Soya -16.820 -65.50: 0.128  -9.179* 1.523*%  18.592 4.552
Field peas -554.153 -2640.638 5399 -23.875%* 3.933 539.048** 90.153

**; Significant at the 0.05 level; *: Significant at the 0.10 level.

Table 6.4. Reduced-form parameter estimates

Constant in the | Constant in the supply | Trend impact on Trend impact on

land equation equation land allocation production level
COP crops { %ii_h ol %:bj/e}_b‘ 1 :Z_fgﬁ_g‘_ h,+{f :Z’Jg/%_g,

€ ;1,81 ' gl/ej € ;Ve’ ' ;1/9,
Soft Wheat 1170.62 -430.15 6.44 565.40**
Barley 199.37 -5752.54 -78.21%** -105.20**
Maize 92.71 -623.79 -2.79 149.94*
Rape -197.15%* -4063.01* 22.06 179.36**
Sunflower -1176.63** -4304,14%* 29.06 116.99**
Soya 47.97 -138.56 1.18 6.35
Field peas -40.95%* -2801.69 22.25%* 177.68**

**. Significant at the 0.05 level; *: Significant at the 0.10 level.
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Next, we test for residual first-order autocorrelation using the generalisation detailed in Moschini and
Moro (1994). Basically, these authors propose a new parametric specification of the autocorrelation
matrix for singular equation systems that satisfies the restrictions of adding-up and that entails only as
many parameters as the number of equations. Accordingly, we test the residual first-order
autocorrelation with different autocorrelation coefficients for each land equation and for each supply
equation. We also perform additional tests using the same autocorrelation coefficient for all land
equations. These nested tests fail to reject the absence of serial correlation. We also test for structural

changes of behavioural parameters and do not find statistically significant structural changes.

The normalised entropy measures are quite high. They are 0.720 for the parameters, 0.977 for the
disturbances and 0.946 for the system as a whole. From the fact that they are smaller than one, it can
be inferred that data on production and land allocation contain some information and that this
information has been used to determine the values of behavioural parameters. We also report in Table
6.5 correlation coefficients between observed and estimated series. In a general way, these figures

suggest that the estimated model fits the data reasonably well.

Table 6.5. Correlation coefficient between observed and estimated series

COP crops Land equations Supply equations
Soft Wheat 0.806 0.932
Barley 0.919 0.711
Maize 0.528 0.915
Rape 0.853 0.895
Sunflower 0.907 0.909
Soya 0.896 0.899
Field peas 0.898 0.790
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Tables 6.6 and 6.7 report the elasticities of cultivated areas with respect to, respectively, prices and

area payments, computed for the year 1999.

Table 6.6. Estimates of price elasticities of cultivated areas (year 1999)

COP crops | Soft wheat ~ Barley Maize Rape Sunflower Soya Field peas
Soft Wheat 0.233 -0.125 -0.073 -0.015 -0.048 -0.002 -0.002
Barley -0.426 0.922 -0.248 -0.052 -0.162 -0.007 -0.006
Maize -0.141 -0.139 0.476 -0.017 -0.053 -0.002 -0.002
Rape -0.074 -0.073 -0.043 0.240 -0.028 -0.001 -0.001
Sunflower -0.212 -0.210 -0.123 -0.026 0.508 -0.004 -0.003
Soya -0.229 -0.226 -0.133 -0.028 -0.087 0.362  -0.003
Field peas -0.012 -0.012 -0.007 -0.001 -0.004 -0.002 0.040

Table 6.7. Estimates of direct payment elasticities of cultivated areas (year 1999)

COP crops | Soft wheat ~ Barley Maize Rape Sunflower Soya Field peas
Soft Wheat 0.151 -0.073 -0.039 -0.012 -0.046 -0.004 -0.001
Barley -0.277 0.541 -0.132 -0.041 -0.156 -0.013 -0.005
Maize -0.091 -0.082 0.253 -0.014 -0.052 -0.004 -0.002
Rape -0.048 -0.043 -0.023 0.190 -0.027 -0.002 -0.001
Sunflower -0.138 -0.123 -0.066 -0.021 0.489 -0.006 -0.002
Soya -0.149 -0.133 -0.071 -0.022 -0.084 0.605  -0.002
Field peas -0.008 -0.007 -0.004 -0.001 -0.004 -0.003 0.029

In a general way, we observe that cereal areas are more price responsive to their own price than
oilseed and almost protein crop areas. For instance, barley areas exhibit the greatest own price
elasticity (+0.922) and field peas the lowest one (+0.040). It is interesting to note that all cereal prices
have significant effects on cereal areas and low effects on oilseed and protein crop areas. In the same
way, oilseed prices mainly influence oilseed areas and have low impacts on cereal areas. Among the
group of cereal crops, it appears that soft wheat and barley are strong substitutes in the competition for

land. Finally, all these price elasticities are lower than one in absolute values.

Direct payment elasticities of cultivated areas have smaller absolute values than their corresponding
price elasticities. We finally observe that own direct payment effects are in average greater for oilseed

areas than for cereal areas. Again, effects of direct payments on field peas area are nearly null.
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Tables 6.8 and 6.9 report the elasticities of output supplies with respect to, respectively, prices and
area payments, computed for the year 1999. Table 6.8 shows that supply functions of the seven COP
crops are upward sloping in their own price and respond negatively to cross prices. They are all
inelastic, with barley the most elastic (0.796) and field peas and soft wheat the less elastic ones (0.298
and 0.237, respectively). According to supply functions (19), own price supply elasticities may be
decomposed into a direct effect and an indirect effect due to the reallocation of land between the COP
crops. Direct effects may be evaluated from COP crop specific supply functions where land allocation
is fixed. They are reported in brackets in Table 6.8. One verifies that these direct effects are lower than
the total effects, which reflects the "Le Chatelier-Samuelson" principle. These direct effects are rather
low, except for rape, sunflower and field peas. For rape and field peas, the direct effect accounts for
around, respectively, 70% and 90% of the total effect. For cross price elasticities, the direct effect
equals zero by assumption since the "fixed allocation” technology is non-joint in variable inputs.
These cross price elasticities are much lower, in absolute values, than own price elasticities of COP

crop supplies. That certainly does not mean that they have no impacts on production levels.

Table 6.9 shows that COP crop supply functions are upward sloping in own direct payments and

respond negatively to cross direct payments.

Table 6.8. Estimates of price elasticities of COP crop supplies (year 1999; price elasticities of

COP crop supplies for a given allocation in brackets)

COP crops Soft wheat  Barley Maize Rape Sunflower Soya Field peas
Soft Wheat 0.237 -0.079 -0.046 -0.010 -0.030 -0.001 -0.001
[0.089]
Barley -0.314 0.796 -0.182 -0.038 -0.120 -0.006 -0.005
[0.117]
Maize -0.106 -0.105 0.362 -0.013 -0.040 -0.002 -0.002
[0.004]
Rape -0.052 -0.052 -0.030 0.548 -0.020 -0.001 -0.001
[0.378]
Sunflower -0.182 -0.180 -0.106 -0.022 0.710 -0.003 -0.003
[0.274]
Soya -0.139 -0.137 -0.080 -0.017 -0.053 0.331  -0.002
[0.112]

Field peas -0.009 -0.009 -0.005 -0.001 -0.004 -0.001 0.298

[0.266]
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Table 6.9. Estimates of direct payment elasticities of COP crop supplies (year 1999)

COP crops | Soft wheat ~ Barley Maize Rape Sunflower Soya Field peas
Soft Wheat 0.096 -0.046 -0.025 -0.008 -0.029 -0.002  -0.001
Barley -0.204 -0.399 -0.097 -0.030 -0.115 -0.009  -0.003
Maize -0.069 -0.062 0.191 -0.010 -0.039 -0.003 -0.001
Rape -0.034 -0.030 -0.016 0.135 -0.019 -0.002  -0.001
Sunflower -0.118 -0.106 -0.056 -0.018 0.420 -0.005 -0.002
Soya -0.090 -0.081 -0.043 -0.013 -0.051 0.366  -0.001
Field peas -0.006 -0.005 -0.003 -0.001 -0.003 -0.001 0.021

Table 6.10 reports the elasticities of cultivated areas and output supplies with respect to total available

land and the variable input price.

Table 6.10. Estimates of elasticities of cultivated areas and output supplies with respect to total

available land and variable input price (year 1999)

COP crops gl £ g g

Soft Wheat 0.769 0.488 0.056 -0.054
[0.351]

Barley 2.607 1.922 0.062 -0.071
[0.314]

Maize 0.859 0.647 -0.131 -0.103
[0.146]

Rape 0.451 0.321 -0.066 -0.424
[0.036]

Sunflower 1.297 1.115 -0.063 -0.328
[0.137]

Soya 1.399 0.847 0.201 0.010
[0.004]

Field peas 0.071 0.057 -0.009 -0.273
[0.012]

From the first column of Table 6.10, we observe that the elasticities of barley, sunflower and soya
areas with respect to total land are greater than one, while these elasticities are lower than one for the

other crops. Terms in brackets in the first column of Table 6.10 measure the change in cultivated areas
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of each crop due to an increase of one unit of total land for cropping. An additional hectare of land for
cultivation would increase allocation to soft wheat by 0.351, to barley by 0.314, to maize by 0.146 and
to sunflower by 0.137. The corresponding response for other COP crops are much lower. Table 6.10
also provides the elasticities of areas and output supplies with respect to the aggregate variable input
price. As expected, an increase in the variable input price would lead to a decrease in COP production,
except for soya. The effects of this price on land allocations may be positive or negative, depending on
the considered COP crop. Therefore, the aggregate variable input and land may be substitute or

complements in COP crop production technologies.

6.5. Policy simulations: The Agenda 2000 CAP reform and beyond

6.5.1. Background and motivation

In a general way, the Agenda 2000 CAP reform deepens the 1992 or MacSharry CAP reform, with
new cuts in support prices compensated by new or increased direct payments. As far as the COP sector
is concerned, the complete application of this new reform in 2002 will mainly involve a 15% reduction
in cereal intervention prices, an increase of direct payments for cereal areas from 54 Euro/tonne to 63
Euro/tonne, a reduction of direct payments for oilseed areas from 94.24 Euro/tonne to 63 Euro/tonne
and a reduction of direct payments for pulses from 78.5 Euro/tonne to 72.5 Euro/tonne. Moreover, the
direct payments for set aside areas are also reduced from 68 Euro/tonne to 63 Euro/tonne. Finally, the
mandatory set-aside rate is fixed to 10%, but the European commission (EC) might revise this rate
according to the evolution of market conditions. Therefore, with the Agenda 2000 reform, the
Common Market Organisation (CMO) for arable crops moves towards a standardisation across COP

crops of area direct payments.

Quantitative analyses of the likely impacts on markets of this new reform are obviously numerous.
Most often, they conclude that, despite the induced decrease in the domestic market prices of cereals,
the full implementation of this reform would expand céreal areas as compared to a status quo scenario.
Table 6.11 suggests that only the OECD projects a slight decrease in cereal areas. All modelling
exercises also concede that their results are sensitive to the evolution of both the world market
conditions and the exchange rate between the Euro and the US dollar. On the other hand, the likely
impact of the Agenda 2000 CAP reform on oilseed areas is more discussed. Both FAPRI institutes, the
OECD and the University of Amsterdam forecast a decrease, the University of Bonn projects a
stagnation and finally the USDA-ERS expects an increase of the oilseed areas compared to a no-
reform baseline (cf. Table 6.11).
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Table 6.11. Percentage changes in cultivated areas between Agenda 2000 and baseline scenarios

(year 2005) according to various published studies

Area SPEL FAPRI FAPRI CAPMAT USDA OECD
(Bonn) (Missouri) (Towa) (Amsterdam)

Wheat +2.6 +4.0 +5.9 +2.6 +6.4 -1
Soft wheat +2.5 n.a. n.a. +2.8 n.a. n.a.
Durum wheat +3.4 n.a. n.a. +1.4 n.a. n.a.
Coarse grains +2.2 n.a. n.a. -0.6 +4.5 -1
Barley +2.2 +2.6 +5.0 -0.5 n.a. n.a.
Maize +4.6 +0.8 +3.5 -1.4 n.a. n.a.
Oilseeds -0.3 -2.8 n.a. 29 +6.1 -5
Rape -3.2 -2.6 4.8 4.0 n.a. n.a.
Sunflower +2.4 -3.1 n.a. -1.9 n.a. n.a.
Soya +4.0 -3.1 -0.5 2.5 n.a. n.a.

Table 6.11 suggests that if some results are qualitatively identical in nearly all reported studies, such as
the increase in cereal areas, the huge difference observed between figures is striking. Such differences
are not so surprising since used models differ in terms of specifications, data sources, calibration

process, etc. Moreover, different baseline assumptions contribute to this heterogeneity across results.

Nevertheless, the magnitude of these differences is worthy to note. Let’s consider obtained results for
wheat (including soft and durum wheat) in more details. Table 6.12 reports the forecasts performed by
six institutes for the campaign 2004/05. In this table, the absolute levels of the projected variables are
provided, as well as their observed levels for the campaign 1998/99. While forecasts are often
analysed in comparison of a baseline scenario in order to highlight the impacts of policy instruments,
we compare here these forecasts to observed initial figures in order to avoid the arbitrary nature of the
baseline scenarios. From the third column of Table 6.12, we observe that the expected adjustment in
wheat area between the campaigns 2004/05 and 1998/99 ranges between stagnation (- 0.06% for
FAPRI-IOWA) to a strong increase (+ 8.77% for OECD). In absolute levels, the expected wheat area
for 2004/05 varies between 16.74 (FAPRIIOWA) to 18.6 (OECD) millions hectares, representing a
1.86 million hectares gap or 11.11% of the lower estimates. In terms of production, differences are
also considerable. According to FAPRI-IOWA (respectively OECD), wheat production would
decrease by 1.49% (respectively increase by 9.40%) by the campaign 2004/05 relative to the campaign
1998/99. In absolute levels, the estimated wheat production for 2004/05 varies between 102.1 (FAPRI-
IOWA) and 111.70 (OECD) millions tons, representing a 10.64 millions tonnes gap or 10.52% of the

lower estimates. Finally, regarding yields, differences between results published by the various
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institutes are also substantial even if less important than those noticed for cultivated area and

production.

Table 6.12. Wheat forecasts according to different institutes (percentage changes from the

observed campaign 1998/99 in parentheses)

Institutes Campaign Area Yield Production | Market prices | Set aside rate
(Model) (millions ha) (tonne/ha) (mio. tonnes) | (Euro/tonne) (%)
FAPRI-UMC 1998/99 17.046 6.07 103.478 126.0 5%
(GOLD) 2004/05 17.423 6.18 107.610 124.0 5%
(+2.21%) (+1.81%) (+3.99%) (-1.60%) (0%)
FAPRI-IOWA | 1998/99 16.75 6.12 102.59 120.0 5%
(FAPRI) 2004/05 16.74 6.04 101.06 112.7 10%
(-0.06%) (-1.31%) (-1.49%) (-6.02%) (+100%)
European 1998/99 17.10 5.99 1024 n. a. 5%
Commission | 2004/05 18.20 6.03 109.7 n.a. 10%
(+6.43%) (+0.67%) (+7.12%) (+100%)
USDA-ERS 1998 17.065 6.07 103.536 5%
(ESIM) 2005 17.246 6.27 108.219 10%
(+1.05%) (+3.29%) (+4.52%) (+100%)
OECD 1998/99 17.1 5.98 102.1 120 5%
(AGLINK) 2004/05 18.6 6.00 111.7 114 15.5%
(+8.77%) (+0.33%) (+9.40%) (-5%) (+210%)
ONIC 1998/99 17.120 6.00 102.775 n. a. 5%
(MONIC) 2004/05 17.335 6.30 109.261 n. a. 10%
(+1.25%) (+5%) (+6.31%) (+100%)

Attempts to explain these differences have mainly focused on the assumptions regarding the evolution
of domestic market prices as well as the mandatory set-aside rate, in the baseline scenario and in the
Agenda 2000 scenario. The evolution of these explanatory variables adopted by the different institutes
in their Agenda 2000 scenarios are provided in the last columns of Table 6.12. These evolutions are
obviously divergent and may partly explained the observed differences in simulated endogenous
variables. However, it is still difficult to draw a clear picture of the specific impact of each policy
instrument (intervention prices, mandatory set-aside rate and area payments) on quantity variables.
Furthermore, the likely impacts of direct payments on the results and by extension on these differences
have never been underlined by these studies. More generally, the likely impacts of the Agenda 2000
area direct payment package have been only occasionally analysed (Salvatici et al., 2000). As an
exception, Gohin et al. (2000) examine, using a Computable General Equilibrium (CGE) model
focused on the French agro-food complex, the sensitivity of results of Agenda 2000 experiments to the
modelling of area direct payments. They find that domestic production of soft wheat may increase by
6% or decrease by 8% relative to the base period, depending on the adopted modelling of these direct

payments. Therefore, these figures suggest that sorting out the impacts of direct payments on results is
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clearly valuable. From a policy perspective, understanding and assessing the contribution of the
standardisation of direct payments is also relevant. The 1992 CAP reform introduced differentiated
area direct payments favouring oilseed crops. This was motivated by the willingness to develop the
production of oilseed crops and then to reduce the European dependence on imports. This relative
advantage given to oilseed crops has however been severely criticised by third countries during the
Uruguay Round negotiations, leading to the Blair House agreement and some restrictions on the
European oilseed sector. The alignment of direct payments for oilseed areas to those for cereal areas,
decided in the Agenda 2000 CAP reform, will make irrelevant these restrictions but it is likely that this
will be to the detriment of the European oilseed production. Gauging the impacts of the direct payment

standardisation is therefore of great interest.

In that context, the purposes of the scenarios performed below with the MECOP model are twofold.
The first one is to isolate the effects of the changes in direct payments on the evolution of areas, per
hectare yields and productions from the effects of other policy instruments. We also provide the
impacts of our scenarios on the evolution of macro-variables such as the unit land return, public
expenditures on direct payments and profits. The second one is to examine the sensitivity of our
results to the evolution of market prices and set-aside rates, as there are still great uncertainties in that

respect.

6.5.2. Definition of simulated scenarios

We first perform a baseline scenario and next three Agenda 2000 scenarios that differ in terms of the
assumed evolution of market prices and set-aside rates. For all scenarios, results are computed for the

campaign 2004/05, when the Agenda 2000 CAP reform is completely implemented.

In all scenarios, we assume that the total land available for cropping is equal to the level observed
during a specific campaign'®, unless the unit land return becomes lower than the set-aside direct
payment. In this special case, the total available land for cropping is adjusted for the land return to be
equal to the set-aside direct payment.

In our baseline scenario, we maintain output market prices and area direct payments at their 1998/99
level. The price of variable inputs is increased by 1% per year. We assume that the mandatory set-

aside rate is 12%.

In our three Agenda 2000 scenarios, area direct payments are adjusted according to the provisions of

the Agenda 2000 CAP reform. Hence, we perform an increase in cereal area direct payments and a

104 This campaign corresponds to 1996/97 in both the baseline and the central Agenda 2000 scenarios. While the
retained campaigns are 1995/96 and 1998/99 in, respectively, the pessimist and the optimist variants of the
Agenda 2000 scenario (cf. Table 6.13).
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reduction in oilseed area direct payments as well as in the set-aside direct payment, which are both
align to those granted to cereals (cf. Table 6.13.). Finally, we set the direct payment for protein areas
at the level decided in the Agenda 2000 reform.

Then, the three Agenda 2000 scenarios differ in the assumed evolution of market prices and of the set-
aside rate. In the central scenario, we assume that the EU market price of soft wheat decreases by only
10%, while the decrease in the market prices of other cereals follows the 15% reduction in the
intervention prices. The market prices of oilseeds and protein crops are assumed to remain constant (in
nominal terms) at their initial level. Regarding the variable input prices, we keep the assumption of a

1% increase per year. Finally, we assume that the mandatory set-aside rate is 10%.

In the first variant, labelled the pessimist scenario, we assume that the evolution of world market
conditions and/or the evolution of the exchange rate are unfavourable to the EU arable crop sector.
Soft wheat market price now decreases by 15%, prices of oilseeds and protein crops by 5% and
variable input prices increase by 2% per year. This unfavourable context also requires a greater effort

in terms of supply control, so that the mandatory set-aside rate is set et 15%.

Finally, the last experiment, labelled the optimist scenario, assumes favourable world market
developments and/or exchange rate evolution from the EU COP sector perspective. The EU market
price of soft wheat is assumed to remain constant while the EU market prices of other cereals are
assumed to decrease by only 5%. Market prices of oilseeds and protein crops now increase by 5%

while the variable input price remains constant. Finally, the mandatory set-aside rate is set at 5%.
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Table 6.13. Adopted assumptions in the Agenda 2000 scenarios

Pessimist scenario Central scenario Optimist scenario
Changes in market prices w.r.t.
1998/99 levels
Soft wheat 15% -10% 0%
Other cereals 15% 15% 5%
Oilseeds 5% 0% +5%
Protein crops 5% 0% +5%
Variable inputs +2% per year +1% per year 0%
Mandatory set-aside rate
i.e. total available land for 15% 10% 5%
cropping given by the campaign 1994/95 1996/97 1998/99
Levels of area direct payments
Cereals 63 Euro/ton
Oilseeds 63 Euro/ton
Protein crops 72.5 Euro/ton
Set-aside 63 Euro/ton

6.5.3. The likely impacts of the Agenda 2000 CAP reform: The central scenario

We discuss the impacts of the central scenario in comparison first with the 1998/99 campaign and next
with the baseline scenario. Table 6.14 presents the results of both the baseline and the central scenarios
in terms of land allocation, productions, yields and unit land return at the EU6 level for 2004/05. The
corresponding levels of these variables in the 1998/99 base year are also reported in the first column of
Table 6.14.

The Agenda 2000 central scenario leads to strong effects on the European arable crop sector. As an
example, production of soft wheat would increase by 7.17%, i.e. nearly 6 millions tonnes, while oat
production would decrease by 5.14% with respect to the 1998/99 base year. Regarding land allocation,
let's first remind that total land devoted to COP production decreases (by 1527 thousand hectares) due
to the increase in the mandatory set aside. All COP enterprises experience a decrease in cultivated
area. The most affected COP crops are soya, sunflower and rye as far as percentage changes are
concerned, and barley, soft wheat and sunflower when dealing with absolute levels. While the
simulated changes in cultivated areas and production quantities differ greatly across COP crops, we
observe less marked differences as regards to yield impacts. The yields of the "main" COP crops

increase within the range of 9 - 15%, corresponding to a 1.5 to 2.5% increase in the average annual
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yield growth. Finally, the impact of our Agenda 2000 central scenario on the unit land return is
negative (-6.44% or -22 Euro/ha).

Our results on soft wheat depart significantly from those obtained by other studies reported in Table
6.12. From 1998/99 to 2004/05, soft wheat yield is expected to increase by 9.76% according to our
analysis, by 5% according to MONIC and to decrease by 1.31% according to FAPRI-IOWA. Land
allocated to soft wheat decreases slightly (-2.36% or 299 thousand hectares) in our central scenario, so
that our estimate is below the estimates found in the literature (cf. Table 6.12). Nevertheless, we
forecast a 7.17% increase in soft wheat production with respect to the 1998/99 level, which is in the
range of estimates obtained by other studies (except FAPRIIOWA which forecasts a —1.49%

decrease).

The results described above capture not only the impact of the Agenda 2000 CAP reform but also the
trend effects. In order to isolate the impacts of the reform, we now compare the results of the central
scenario to the results of the baseline scenario. This comparison is reported in the last column of Table
6.14. As expected, the application of the Agenda 2000 CAP reform is likely to increase areas devoted
to cereals (except oat) and decrease areas devoted to oilseeds. The impact of the reform on the protein
crop area is slightly positive. Our expected +3.28% increase in the cereal total cultivated area
corresponds roughly to the middle range of estimates published by other studies (cf. Table 6.11).
However, our expected impact of the Agenda 2000 reform on the area devoted to oilseeds is more
pessimistic than other available estimates. Nevertheless, like existing studies, we also find that rape (-
1.58%) would be less affected than sunflower (-3.95%) and much more less affected than soya (-
20.24%). On the other hand, the application of the Agenda 2000 CAP reform would lead to a decrease
in cereal yields and an increase in oilseed yields. These impacts on yields would not outweigh those on
cultivated areas previously described, so that the effects of the reform on the produced quantities are
less pronounced than its impacts on land uses. In particular, cereal production would increase by
0.97%, oilseed production would decrease by 2.79% and field peas production would increase by

0.40%. Finally, the impact of the reform on the unit land return is negative (-13.33% or -48 Euro/ha).
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Table 6.14. Impacts of the baseline and of the central Agenda 2000 scenarios on the EU6 arable

crop sector: land allocation, output supplies, yields and land return

Base levels Central Change in % Baseline Change in %
1998/99 scenario (2004/05)
4)) (2004/05) (ID-1) (1) (ID)-(11D)
(In)
Land allocation | (1000 hectares)
Soft wheat 12648 12349 -2.36 11883 +3.92
Barley 9707 9234 -4.87 8951 +3.16
Maize 3574 3422 -4.26 3362 +1.78
Oat 687 632 -8.05 633 -0.16
Rye 834 736 -11.69 706 +4.25
All cereals 27450 26373 -3.92 25535 +3.28
Rape 2169 2052 -5.40 2085 -1.58
Sunflower 2333 2093 -10.28 2179 -3.95
Soya 355 264 -25.57 331 -20.24
All oilseeds 4857 4409 -9.22 4595 -4.05
Field peas 589 587 -0.36 584 +0.51
All COP crops 32896 31369 -4.64 30714 +2.13
Production (1000 tonnes)
Soft wheat 79703 85419 +7.17 84038 +1.64
Barley 43173 45225 +4.75 44971 +0.56
Maize 29662 31856 +7.40 31662 +0.61
Oat 2004 1901 -5.14 2184 -12.96
Rye 4225 4235 +0.23 4156 +1.90
All cereals 158767 168636 +6.22 167011 +0.97
Rape 6881 7725 +12.26 7802 -0.98
Sunflower 3921 4135 +5.47 4220 -2.01
Soya 1274 1414 +10.96 1633 -13.41
All oilseeds 12076 13274 +9.92 13655 -2.79
Field peas 2797 3285 +17.43 3272 +0.40
Yields (tonnes/ha)
Soft wheat 6.301 6.916 +9.76 7.071 -2.19
Barley 4.448 4.898 +10.12 5.024 -2.51
Maize 8.299 9.310 +12.18 9.417 -1.14
Oat 2917 3.009 +3.16 3.450 -12.78
Rye 5.065 5.749 +13.50 5.884 -2.29
Rape 3.172 3.764 +18.67 3.741 +0.61
Sunflower 1.680 1.975 +17.55 1.936 +2.01
Soya 3.589 5.351 +49.08 4.939 +8.34
Field peas 4.750 5.598 +17.85 5.607 -0.16
Land return 334 312 -6.44 360 -13.33
(Euro/ha)
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A decomposition of these impacts into the respective effects of market prices, direct payments and
total available land is clearly relevant to understand these evolutions. That decomposition is also
valuable from a policy perspective for clarifying the specific impact of each policy instrument, in
particular the impact of the area direct payment package of the reform on land uses, yields and
productions. Due to the linearity of the endogenous variables of the MECOP model with respect to

exogenous variables, such a decomposition is straightforward. It is provided in Table 6.15.

The increase in total land available for COP production affects positively the cultivated areas of all
COP crops, except soya. In physical terms, the greatest increases are observed for barley (+247
thousand hectares) and soft wheat (+207 thousand hectares), while oilseed areas are only slightly
affected (+94 thousand hectares as a whole). The increase in total COP land has a negative impact on
cereal and field peas yields and affects positively oilseed yields. However, these effects are quite
modest, so that the total impact of the total land increase on production is similar to its impact on land
uses. In physical terms, the most important impacts are once again observed for barley (+1286
thousand tonnes) and soft wheat (+1085 thousand tonnes). From a political point of view, these
outcomes illustrate the differentiated impacts of the set-aside policy on COP areas and productions,
which acts mainly to the detriment of cereal areas and productions. This suggests that the set-aside
policy is an effective mechanism to control cereal productions while slightly affecting oilseed
productions. Finally, the increase in total cultivated land reduces the competition among COP
enterprises for this scarce primary factor of production and therefore leads to a decrease in the unit

land return.

As expected, the whole effect of the area direct payment changes is an increase in cereal areas and a
decrease in oilseed and protein crop areas. For example, soft wheat area increases by 185 thousand
hectares while rape area decreases by 118 thousand hectares due to the changes in area direct
payments. The most affected COP crop is sunflower with a reduction of 300 thousand hectares. Field
peas area always receives a higher payment but this does not prevent a one thousand hectare decrease
in the cultivated area of this crop. The impacts of changes in area direct payments on yields differ
across COP crops. It is negative for cereals and positive for other COP crops. Once again, one may
observe that the impact of the Agenda 2000 area direct payment package on yields is quite limited.
Concerning COP production, the impacts on land uses dominate the impacts on yields, so that cereal
productions increase while oilseed and protein crop productions decrease. The alignment of oilseed
direct payments to cereal direct payments would reduce soya production by 258 thousand tons, rape
production by 290 thousand tons and sunflower production by 426 thousand tons. Finally, this direct
payment package would increase the unit land return by 23 Euro/ha, suggesting that the positive
impact of increased cereal area direct payments overcomes the negative impact of reduced oilseed area
previous differentiated area direct payments on EU production of oilseeds. direct payments. From a

political point of view, these outcomes confirm the positive impacts of the
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Table 6.15. Decomposition of the total impacts of the central Agenda 2000 scenario on the EU6

arable sector: price, direct payment and set-aside effects

Difference between the Price Direct payment Set aside
central and baseline effects effects effects
scenarios
Land allocation (1000 hectares)
Soft wheat +466 +74 +185 +207
Barley +283 -206 +242 +247
Maize +60 -80 +67 +73
Oat -1 -19 +6 +12
Rye +30 +7 +3 +20
All cereals +838 -224 +503 +559
Rape -33 +56 -118 +29
Sunflower -86 +142 -300 +72
Soya -67 +24 -84 -7
All oilseeds -186 +222 -502 +94
Field peas +3 +2 -1 +2
All COP crops +655 0 0 +655
Production (1000 tonnes)
Soft wheat +1381 414 +710 +1085
Barley +254 -1924 +892 +1286
Maize +194 -607 +379 +422
Oat -283 -343 +14 +46
Rye +79 -8 +11 +76
All cereals +1625 -3296 +2006 +2915
Rape =77 +136 -290 +77
Sunflower -85 +196 -426 +145
Soya -219 +69 -258 -30
All oilseeds -381 +401 974 +192
Field peas +13 +9 -5 +9
Yields (tonnes/ha) (Obtained by
difference)

Soft wheat -0.155 -0.069 -0.036 -0.050
Barley -0.126 -0.104 -0.018 -0.004
Maize -0.107 +0.017 -0.049 -0.075
Oat -0.441 -0.420 -0.007 -0.014
Rye -0.135 -0.064 -0.005 -0.066
Rape +0.023 -0.018 +0.039 +0.002
Sunflower +0.039 -0.018 +0.037 +0.020
Soya +0.412 -0.047 +0.126 +0.333
Field peas -0.009 -0.003 +0.020 -0.008
Land return -49 -49 +23 -23
(Euro/ha)
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The reduction in cereal market prices contributes to increase cultivated areas devoted to oilseeds (+222
thousand hectares) and protein crops (2 thousand hectares). On the other hand, these market price
reductions have a negative impact on the cereal area (-224 thousand hectares). However, the negative
own price effects are compensated by the positive cross price effects in the case of soft wheat and Tye.
One may observe that all yields, but maize, decrease as a result of the reduction in cereal market
prices. Yield adjustments dominate land adjustments in the case of soft wheat and rye, so that the
market price changes lead to a decrease in their productions. Similarly, productions of other cereals
decrease following the market price changes. At reverse, productions of oilseeds and protein crops
increase. As expected, the reduction in cereal market prices has a negative impact on the unit land

return.

Finally, it is interesting to compare the respective impacts of the three kinds of instruments. We first
observe that the positive impact on the unit land return of the direct payment package is lower, in
absolute value, than the negative impact of the price package. This situation is quite different from the
one corresponding to the 1992 CAP reform where area direct payments had been determined in order
to exactly compensate the price decrease effects on per hectare revenue. The negative price effects
also dominate the positive direct payment effects on cereal productions (-3296 versus +2006 thousand
tons). Therefore, the positive effect of the Agenda 2000 CAP reform on cereal productions mainly
results from the reduction in the set-aside rate. On the contrary, the positive effects on oilseed
production resulting from both the reduction in cereal prices (+401 thousand hectares) and the
reduction in the set-aside rate (+192 thousand hectares) are not sufficient to compensate for the

negative effects resulting from the direct payment package of the reform (-974 thousand hectares).

We finally examine the impacts of the baseline and the central scenarios on macro-economic
variables. The impacts of both scenarios on public expenditures in the guise of area direct payments
are reported in Table 6.16. Their effects in terms of profits for each COP enterprise are presented in
Table 6.17.

The application of the central scenario leads to an increase in public expenditures in the guise of area
direct payments, compared to the base level. This increase amounts to 581 millions Euro or 5.20% of
our base year estimate of area payment expenditures. Obviously, direct payments granted to cereal
areas increase (by more than 10% for cereals considered as a whole), while those granted to oilseed
areas decrease (by 33.55%) with respect to the base year. Public expenditures on set-aside areas also

increase due to the increase in these areas that compensate for a lower per hectare direct payment.

Compared to the no-reform or baseline scenario, the central scenario still induces an increase in public
expenditures. The extra-budgetary cost of the central scenario over the baseline scenario amounts to

457 millions Euro or 4.05% of the baseline simulated total area payment expenditures.
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Table 6.16. Impacts of the baseline and of the central Agenda 2000 scenarios on public

expenditures
Base levels Central Change in % Baseline Change in %
1998/99 scenario (2004/05)
O (2004/05) (ID-1) (11) (ID-(I1I)
(D)

Direct payments | (mio. Euro)
Soft wheat 3674 4152 +13.00 3433 +20.94
Barley 2325 2521 +8.43 2085 +20.91
Maize 1316 1461 +11.02 1238 +18.01
Oat 149 153 +2.52 133 +15.04
Rye 249 255 +2.44 211 +20.85
All cereals 7713 8541 +10.74 7100 +20.29
Rape 1045 743 -28.94 1005 -26.07
Sunflower 831 539 -35.12 754 -28.51
Soya 164 74 -55.01 155 -52.25
All oilseeds 2040 1356 -33.55 1911 -29.04
Field peas 263 256 -2.69 261 -1.91
All COP crops 10017 10154 +1.37 9272 +9.51
Set aside 1151 1595 +38.58 2020 -21.04
Arable crop 11168 11749 +5.20 11292 +4.05
CMO

The implementation of the Agenda 2000 CAP reform leads to an increase in the total profit of arable
crop farmers compared to the base level (1486 millions Euro). However, land remuneration decreases
in line with previous findings on the unit land return. On the other hand, reward of the other primary

factors of production increases by 2228 millions Euro with respect to the base level.

Finally, compared to a no-reform scenario, our central Agenda 2000 scenario leads to a decrease in
total farm profits (-636 millions Euro), with again a reduction in the land remuneration and a more

modest increase in the remuneration of the other primary factors.

253




Table 6.17. Impacts of the baseline and of the central Agenda 2000 scenarios on profits of COP

enterprises

Effects of the central scenario compared to | Effects of the central scenario compared to

base levels (1998/99) the baseline scenario

Millions Total profit Land Other factors | Total profit Land Other factors
Euro remuneration | remuneration remuneration | remuneration
Soft wheat +494 -338 +833 -86 -532 +446
Barley +114 -397 +511 +242 -237 +479
Maize +172 -133 +305 -39 -140 +101
Oat -17 -34 +17 +10 -17 +27
Rye +8 -35 +43 -3 -12 +9
All cereals +771 -937 +1708 +124 -938 +1062
Rape +181 -68 +248 -153 -142 -11
Sunflower +3 -140 +142 -108 -113 +5
Soya +9 -31 +40 -65 -22 -43
All oilseeds +193 -238 +431 -326 =277 -49
Field peas +79 -11 +89 -49 -49 0
All COP +1042 -1186 +2228 -251 -1264 +1013
crops
Set aside +444 +444 0 -385 -385 0
All activities +1486 -742 +2228 -636 -1649 +1013

6.5.4. Sensivity analysis: The sensivity of the Agenda 2000 simulation results to the assumed

evolution of market prices and the set-aside rate

The likely impacts of the Agenda 2000 reform on the EU COP sector reported in all existing studies,
including the present one, clearly depend on the retained assumptions regarding the evolution of COP
crop market prices as well as of the set-aside rate. Therefore, it is interesting to examine to what extent
our simulation results of the Agenda 2000 scenario are sensitive to these assumptions. This is the

purpose of this sensivity analysis.

Beyond the interest of such a sensitivity analysis in itself, the response of the likely impacts of the
Agenda 2000 reform on the EU COP sector to the assumed evolution of both market prices and the
set-aside rate is also interesting from a policy perspective. Indeed, whether the reduction in cereal
intervention prices adopted in the Agenda 2000 CAP reform will allow the EU to export cereals
without refunds is a crucial question. This obviously depends on the evolution of world market prices,
internal market prices and the Euro/US$ exchange rate. So far, a clear-cut answer to this question has

not emerged from existing studies. On the other hand, the evolution of the set-aside policy, namely of
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the mandatory rate of set-aside, is clearly dependent on the possibility for the EU to export cereals

without refunds.

It is therefore logical, from both the sensivity analysis and the policy points of view, to examine the
sensitivity of simulation results simultaneously to the assumptions retained regarding the market prices

and the mandatory set-aside rate evolution.

In the central scenario, by assuming a 10% decrease in the soft wheat market price and a 15% decrease
in other cereal market prices, we implicitly assume that the EU could export non-subsidised soft wheat
but that this possibility would be unlikely for other cereals. In the optimist scenario, we implicitly
assume that exports of all cereals do no longer need any export refunds so that the set-aside policy is
accordingly reduced. At reverse, the pessimist scenario implicitly rules out the possibility for the EU
to export any non-subsidised cereals, so that the supply control, through the set-aside policy, is

strengthened.

The results of our sensitivity analysis on main endogenous variables are reported in tables 6.18. and
6.19. Looking at the impacts on land uses and production levels of the central and the two variants of
the Agenda 2000 scenario with respect to the 1998/99 levels, one may observe that the signs of the
effects of the Agenda 2000 scenario are in general unchanged but that their magnitudes are
substantially sensitive to the adopted assumptions on the evolution of market prices and the set-aside
rate. For instance, whatever these adopted assumptions, our results show that the global production of
cereals, oilseeds and protein crops increase with respect to the 1998/99 campaign. For cereals
(respectively oilseeds) considered as a whole, the increase ranges from +2.90% (respectively +4.26%)
in the pessimist scenario to +12.27% (respectively +14.20%) in the optimist scenario. In the same
vein, the land allocated to oilseeds always decreases, between -12.41% in the pessimist scenario and -
8.40% in the optimist one. On the other hand, the impact on the land allocated to cereals becomes
positive (+1.48%) in the optimist scenario, compared to a decrease (-3.92%) in the central one. We
may again underline that most of the increase in total land available for cropping is devoted to cereal
production, suggesting that the set-aside policy is an effective mechanism to control cereals supply.
The impacts on crop yields are quite comparable among the three scenarios. This comes from the fact
that price and set-aside effects compensate for each other on these variables. In any case, they are

mainly driven by trend effects.

From a macro-economic point of view, it is interesting to note that the unit land return and the total
land remuneration become positive in the optimist scenario. One must also note that the total profit
never decreases with respect to the initial level, even with pessimist assumptions. Finally, as expected,
the level of public expenditures in terms of area direct payments is roughly the same in the three

scenarios.
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Table 6.18. Sensitivity of the likely impacts of the Agenda 2000 scenario on the EU COP sector

to price and set-aside assumptions

Change in % w.r.t. the
base levels

Pessimist scenario

Central scenario

Optimist scenario

Land allocation

Soft wheat -6.47 -2.36 +2.41
Barley -71.72 4.87 +0.87
Maize -6.56 -4.26 +0.67
Oat -6.71 -8.05 -0.09
Rye -9.93 -11.69 -0.57
All cereals -7.03 -3.92 +1.48
Rape -8.03 -5.40 4.11
Sunflower -13.19 -10.28 -10.53
Soya -34.10 -25.57 -20.53
All oilseeds -12.41 -9.22 -8.40
Field peas -0.88 -0.36 +0.04
All COP crops -1.72 -4.64 0
Production

Soft wheat +3.44 +7.17 +11.87
Barley +0.64 +4.75 +13.72
Maize +5.61 +7.40 +11.37
Oat -6.88 -5.14 +17.25
Rye +1.28 +0.23 +9.45
All cereals +2.90 +6.22 +12.27
Rape +7.55 +12.26 +16.22
Sunflower -0.12 +5.47 +9.03
Soya +0.11 +10.96 +19.23
All oilseeds +4.26 +9.92 +14.20
Field peas +14.26 +17.43 +20.76
Yields

Soft wheat +10.59 +9.76 +9.23
Barley +9.06 +10.12 +12.74
Maize +13.02 +12.18 +10.63
Oat -0.18 +3.16 +17.36
Rye +12.43 +13.50 +10.08
Rape +16.94 +18.67 +21.20
Sunflower +15.06 +17.55 +21.87
Soya +51.91 +49.08 +50.04
Field peas +15.27 +17.85 +20.71
Land return (Euro/ha) -11.37 -6.44 +4.30
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Table 6.19. Sensitivity analysis of the likely impacts of the Agenda 2000 scenario in terms of

public expenditures and farm profits to price and set-aside assumptions

Change in % w.r.t. the Pessimist scenario Central scenario Optimist scenario
base levels

Direct payments

All cereals +6.78 +10.74 +17.57
All oilseeds -36.25 -33.55 -32.37
Field peas -3.20 -2.69 -2.30
All COP crops -2.25 +1.37 +6.88
Set aside +69.40 +38.58 -8.09
Arable crops CMO +5.14 +5.20 +5.34
Change in Euro w.r.t. the

reference year

Total profit +550 +1486 +3304
Land remuneration -1203 -742 +380
Other factors remuneration +1753 +2228 +2924

6.6. Conclusion and policy recommendations

In this research report, we first describe a new economic model designed to perform policy
simulations on the arable crops sector of the EU. This sector plays a central role in the EU agricultural
sector, quantitatively as well as politically. Since the inception of the CAP, a huge public intervention
regulates this sector and the arable crop CMO has often been the subject of intensive debates in
international negotiations. The nature of this public intervention has changed with the 1992 and
Agenda 2000 CAP reform where we observe a partial shift from price support to a mechanism of area

direct payment and land set-aside.

The developed model, labelled MECOP for Maximum Entropy on Cereals, Oilseeds and Protein
Crops, is particularly well-suited to analyse such reorientation of the public intervention. The main
features/originalities of the model are the followings. MECOP is basically a partial equilibrium model
focused on the representation of the supply side of the European COP sector. The specification of the
model is firmly based on the production theory. The duality theory is used to represent technical
constraints as well as the economic hehaviour of arable crops producers. The land market is explicitly
modelled, as we assume that land is a quasi-fixed but allocatable fixed factor. The main policy

instruments of the arable crops CMO are also explicitly represented in the model, task facilitated by
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the introduction of the land market. Therefore, this model allows to explore the economic implications
of potential reforms of this CMO on many interesting variables, such as production levels, land uses,
per hectare yields, public expenditures in the guise of area direct payments and farm profits. The same
theoretical structure is applied to six European countries (Denmark, Germany, France, Italy, Spain and
United Kingdom) that are assumed to produce nine COP crops (soft wheat, barley, maize, oat, rye,
rape, sunflower, soya and field peas). The econometric estimation of the behavioural parameters is
another original feature of the MECOP model. These parameters are estimated using the Generalised
Maximum Entropy technique. This technique is for instance particularly recommended when
collinearity between exogenous variables is important, as it is observed for output prices in the case of
MECOP. Moreover, the introduction of inequality restrictions on these parameters is easily done with
the technique and improves the efficiency of the estimation. In this report, we provide estimation
results. We also compute and report the elasticities of land uses and productions with respect to prices,
area direct payments and total available land. These elasticities may serve as input in other economic

models.

We simulate with MECOP the impacts of the Agenda 2000 CAP reform and discuss, in the last part of
the report, the results at the European level. Several quantitative analysis of this reform has already
been performed but from these existing studies, it is difficult to get a clear picture of the impacts of the
reform. They nearly all agree on the increases of cereals area and production but there are no longer a
consensus on the magnitude of these increases. Results on other COP products are more mitigated and
the macro-economic impacts (on public expenditures, farm profits) are rarely assessed. Therefore, we
examine the impacts of the Agenda 2000 CAP reform on all these variables and moreover detail the
impacts of each policy instrument. We finally perform some sensitivity analysis of these results to the
levels of prices and set aside rate, as it is difficult to determine the evolution of these exogenous

variables.

The main results of our simulations are the followings. Compared to a no-reform scenario, the
application of the Agenda 2000 CAP reform as defined in our central scenario, will lead to an increase
of cereals area (+3%) and to a decrease of oilseeds area (-4%). The increase of cereals production is
limited to 1% as the reduction of cereal intervention prices has a significant negative effects on yields.
The reduction of oilseeds area is largely governed by the alignment of oilseeds direct payments to
cereals direct payments while the positive impacts on cereals area largely results from the change of
the set aside commitment. From a macro-economic point of view, the application of the Agenda 2000
CAP reform will lead to only a slight increase of public expenditures, in the guise of area direct
payments, compared to a the 1998/99 campaign. We also find a slight increase of farm profits and this
will mainly benefit to the rewards of non land primary factors. On the other land, the income support

will be less capitalised in the land, always compared to the 1998/99 campaign. Sensitivity analysis to
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prices and set-aside assumptions proves that our macro-economic results are quite robust and that the

signs of the effects on productions and land uses are also robust.

Therefore, from a political point of view, we can conclude that the Agenda 2000 CAP reform still
allow to support farm incomes with i) only a slight increase public expenditures in the guise of area
direct payments and ii) a significant reduction of cereal support prices that translate in benefits for
cereal consumers. Moreover, the farm income support will become less capitalised in land values and
conversely more in the rewards of other farm primary factors (mainly labour and capital). The
reduction of cereal intervention prices will also ease the exports of cereals to the world market without
export refunds. This has two crucial implications. Firstly, exporting without refunds will save budget
expenditures and the overall impact of this reform on public expenditures for the arable crops CMO
may become negative rather than positive. Secondly, the EU will be in better position (than without

the Agenda 2000 CAP reform) for negotiating on the export competition at the WTO millenium round.

As far as the internal support dossier of these WTO negotiations is concerned, several points must be
underlined. We already mention that the cereals production will increase which in tumn, other things
being equal, will increase the Aggregate Measure of Support (AMS). On the other hand, the reduction
of the cereal intervention prices contributes to reduce the EU AMS and this second effect obviously
dominates the first one. Thus, the Agenda 2000 CAP reform will lead a reduction of the “COP crop
AMS?” while slightly increasing area direct payments or the values of blue box measures. At this stage,
it is important to note that, compared to a no-reform scenario, the Agenda 2000 CAP reform will
favour the cereals production by only 1% and that it is more than likely that the EU consumption of
cereals will increase by more than this percentage. So, at the end of the day, trade distortions of the

arable crop CMO are reduced.

Our analysis also shows that the application of the Agenda 2000 CAP reform will reduce per hectare
yields of nearly all COP crops, and therefore may have a positive effects on environment. On the other
hand, the main weakness of this reform concems the production of oilseeds. It is clear that the
production of these critical products for the EU farm sector is not supported by this reform. Relaxing
further the control of supply through the set aside policy will partially alleviate the negative effects on
oilseed production but will mainly favour the production of cereals. The use of this instrument is

therefore extremely tricky.
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APPENDIX

Estimation results for the United Kingdom, Germany, Italy, Spain and Denmark

A.6.1. United Kingdom

Table 6.20. Structural parameter estimates

COP crops b, ¢ d, e f; 8i h;

Soft Wheat -30.882  -5601.671 13.245 -0.764** 5.830** 42.576*% 302.589**
Barley 755.139*%*  .4784.991 10.143 -0.503%% 4.804** 23344 197.894%*
Rape -665.628 -1229.055 1.771% -4.512%* 2.586*  82.402** 44385

**: Significant at the 0.05 level; *: Significant at the 0.10 level

Table 6.21. Reduced-form parameter estimates

Constant in the | Constant in the supply | Trend impact on Trend impact on
land equation equation land allocation production level
COP crops 1 ib,/e, p ibifej | igj/el P g, /e,
-2 -b, e+ Ay —| £ -g b+ L -g,
€, Zl/ei € lee, € 1/e, & ;l/ej
Soft wheat -528.97 -8685.57* 45.47** 567.67**
Barley 759.22 -1137.70 -61.69%* -99.92
Rape -230.25 -1824.48** 16.53** 87.12%*
**: Significant at the 0.05 level; *: Significant at the 0.10 level
Table 6.22. Correlation coefficients between observed and estimated series
COP crops Land equations Supply equations
Soft wheat 0.939 0.958
Barley 0.955 0.889
Rape 0.965 0.970

Table 6.23. Estimates of price elasticities of cultivated areas (year 1999)

COP crops Soft wheat  Barley Rape

Soft Wheat 0.236 -0.162 -0.023
Barley -0.488 0.436 -0.079
Rape -0.107 -0.124 0.257
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Table 6.24. Estimates of direct payment elasticities of cultivated areas (year 1999)

COP crops | Soft wheat ~ Barley Rape

Soft Wheat 0.114 -0.103 -0.015
Barley -0.236 0.275 -0.051
Rape -0.051 -0.078 0.167

Table 6.25. Estimates of price elasticities of COP crop supplies (year 1999; price elasticities of

COP crop supplies for a given allocation in brackets)

COP crops Soft wheat  Barley Rape
Soft Wheat 0.263 -0.123 -0.017
[0.085]
Barley -0.362 0.487 -0.059
[0.164]
Rape -0.082 -0.095 0.449
[0.252]

Table 6.26. Estimates of direct payment elasticities of COP crop supplies (year 1999)

COP crops Soft wheat  Barley Rape

Soft Wheat 0.086 -0.077 -0.011
Barley -0.174 0.204 -0.038
Rape -0.039 -0.060 0.128

Table 6.27. Estimates of elasticities of cultivated areas and output supplies with respect to total

available land and variable input price (year 1999)

COP crops gl &2 g g”

Soft Wheat 0.616 0.466 -0.048 -0.121
[0.372]

Barley 2.152 1.594 0.143 -0.058
[0.565]

Rape 0.469 0.360 -0.064 -0.301
[0.063]
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A.6.2. Germany

Table 6.28. Structural parameter estimates

COP crops b, c; d, : Si &; h;

Soft wheat 19.544 514.60¢ 2.130 -0.468** 4.051%  35.186** 223.261
Barley 442.810 -4145.362* 10.436 -0.648** 5.286%  23.741 132.325%*
Maize -567.145%* -1102.642  2.965 -6.236** 5.514%  84.817** 64.575*3
Oat 819.907** -2683.087* 11.992%*  _1,124%* 4.134* -29.374* 57.407
Rye -136.490 -1054.664  2.328 -0.635%* 3.790* 14.079 71.692
Rape -64.809 <711.244* 1.373 -13.134%* 2.635 367.129%* 27.768

**: Significant at the 0.05 level; *: Significant at the 0.10 level

Table 6.29. Reduced-form parameter estimates

Constant in the | Constant in the supply | Trend impact on Trend impact on
land equation equation land allocation production level
COP crops | ;ib’ /e, P ;bl /e, | igi /e, p Zg, /e,
e B T S B o v d e v
;I/e; 2.17¢, ;l/e, 2.17¢,
Soft wheat -341.24 -867.74 25.15 325.15%*
Barley 406.74** -1995.34 0.50 134.98**
Maize -119.69 -1762.61 9.85%* 118.87**
Oat 569.99** -326.77 -46.97** -136.75%*
Rye -497.22%* -2939.12 -14.70** 15.97
Rape -18.58** -760.21 26.17** 96.72%*
**: Significant at the 0.05 level; *: Significant at the 0.10 level
Table 6.30. Correlation coefficients between observed and estimated series
COP crops Land equations Supply equations
Soft wheat 0.992 0.988
Barley 0.838 0.93
Maize 0.983 0.958
Oat 0.964 0.896
Rye 0.865 0.864
Rape 0.906 0.890
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Table 6.31. Estimates of price elasticities of cultivated areas (year 1999)

COP crops Soft wheat  Barley Maize Oat Rye Rape

Soft wheat 0.230 -0.098 -0.013 -0.040 -0.073 -0.005
Barley -0.100 0.268 -0.012 -0.035 -0.063 -0.005
Maize -0.064 -0.055 0.285 -0.022 -0.040 -0.003
Oat -0.592 -0.504 -0.068 1.264 -0.372 -0.027
Rye -0.309 -0.263 -0.035 -0.107 0.592 -0.014
Rape -0.014 -0.012 -0.002 -0.005 -0.009 0.053

Table 6.32. Estimates of direct payment elasticities of cultivated areas (year 1999)

COP crops | Soft wheat ~ Barley Maize Oat Rye Rape

Soft wheat 0.155 -0.056 -0.006 -0.032 -0.058 -0.005
Barley -0.068 0.153 -0.006 -0.028 -0.050 -0.004
Maize -0.043 -0.031 0.139 -0.018 -0.032 -0.003
Oat -0.398 -0.288 -0.033 1.025 -0.294 -0.024
Rye -0.208 -0.150 -0.017 -0.087 0.468 -0.013
Rape -0.009 -0.007 -0.001 -0.004 -0.007 0.048

Table 6.33. Estimates of price elasticities of COP crop supplies (year 1999 ; price elasticities of

COP crop supplies for a given allocation in brackets)

COP crops Soft wheat  Barley Maize Oat Rye Rape
Soft wheat 0.155 -0.061 -0.008 -0.025 -0.045 -0.003
[0.013]
Barley -0.097 0.341 -0.011 -0.034 -0.061 -0.004
[0.082]
Maize -0.043 -0.037 0.310 -0.015 -0.027 -0.002
[0.119]
Oat -0.649 -0.552 -0.074 2.656 -0.408 -0.030
[1.270]
Rye -0.222 -0.189 -0.025 -0.077 0.484 -0.010
[0.058]

Rape -0.012 -0.010 -0.001 -0.004 -0.008 0.165

[0.120]
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Table 6.34. Estimates of direct payment elasticities of COP crop supplies (year 1999)

COP crops Soft wheat  Barley Maize Oat Rye Rape

Soft wheat 0.096 -0.035 -0.004 -0.020 -0.036 -0.003
Barley -0.065 0.148 -0.005 -0.027 -0.048 -0.004
Maize -0.029 -0.021 0.093 -0.012 -0.021 -0.002
Oat -0.437 -0.316 -0.036 1.123 -0.322 -0.027
Rye -0.149 -0.108 -0.012 -0.062 0.336 -0.009
Rape -0.008 -0.006 -0.001 -0.003 -0.006 0.041

Table 6.35. Estimates of elasticities of cultivated areas and output supplies with respect to total

available land and variable input price (year 1999)

COP crops gt g gh g’

Soft wheat 0.877 0.542 0.002 -0.012
[0.335]

Barley 0.762 0.734 -0.051 -0.132
[0.242]

Maize 0.487 0.326 -0.112 -0.194
[0.025]

Oat 4.485 4918 0.312 -0.929
[0.139]

Rye 2.341 1.681 0.142 0.044
[0.247]

Rape 0.106 0.092 -0.031 -0.147
[0.012]
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A.6.3. Italy

Table 6.36. Structural parameter estimates

COP crops b, ¢; d, e, fi g; h,

Soft wheat 144.062  -3640.878 10.099  -0.368 3.310 -9.120 132.791
Barley 429.609  -2470.548 6.892 -1.588%* 3.452%* -7.682 67.158
Maize 0.811 -4037.959 3.742 -4,659%* 7.073*% 145.920*%* 224.146**
Sunflower -504.607 -850.330 0.891 44.670** 2.054  347.509**  30.146
Soya -0.001 -2074.655 2.373 -2.364** 3.339** -5.304 69.613

**; Significant at the 0.05 level; *: Significant at the 0.10 level

Table 6.37. Reduced-form parameter estimates

Constant in the | Constant in the supply | Trend impact on Trend impact on
land equation equation land allocation production level
COP crops o %bf/ef " c,+£ %b,/e,_bi 1 :Z:gl_/e, Y h,+£ ‘%‘,g,/e,_g‘
€, ;1/4 & ;1/91 € ';]/e; é ?L:;I.r'eJ
Soft wheat -49.92 -3806.10 -29.69 34.52
Barley 168.25 -1889.76 -5.97 46.53
Maize -34.69 -4283.32%** 30.93** 442.93**
Sunflower -14.93 -881.00 7.74%* 46.31%*
Soya -68.71 -2304.08 -3.01 59.57
**; Significant at the 0.05 level; *: Significant at the 0.10 level
Table 6.38. Correlation coefficients between observed and estimated series
COP crops Land equations Supply equations
Soft wheat 0.972 0.844
Barley 0.804 0.698
Maize 0.858 0.910
Sunflower 0.803 0.754
Soya 0.835 0.880
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Table 6.39. Estimates of price elasticities of cultivated areas (year 1999)

COP crops Soft wheat  Barley Maize  Sunflower Soya

Soft wheat 0.508 -0.250 -0.179 -0.008 -0.253
Barley -0.466 0.583 -0.078 -0.003 -0.110
Maize -0.055 -0.013 0.162 -0.001 -0.013
Sunflower -0.029 -0.007 -0.005 0.037 -0.007
Soya -0.487 -0.114 -0.081 -0.003 0.975

Table 6.40. Estimates of direct payment elasticities of cultivated areas (year 1999)

COP crops Soft wheat  Barley Maize  Sunflower Soya

Soft wheat 0.217 -0.106 -0.072 -0.007 -0.129
Barley -0.199 0.247 -0.031 -0.003 -0.056
Maize -0.023 -0.005 0.066 -0.001 -0.007
Sunflower -0.012 -0.003 -0.002 0.033 -0.003
Soya -0.207 -0.048 -0.033 -0.003 0.495

Table 6.41. Estimates of price elasticities of COP crop supplies

COP crop supplies for a given allocation in brackets)

(year 1999; price elasticities of

COP crops | Soft wheat  Barley Maize  Sunflower Soya
Soft wheat 0.691 -0.165 -0.118 -0.005 -0.167
[0.355]
Barley -0.419 1.095 -0.070 -0.003 -0.099
[0.571]
Maize -0.041 -0.010 0.167 -0.001 -0.010
[0.045]
Sunflower -0.023 -0.005 -0.004 0.300 -0.005
[0.271]

Soya -0.375 -0.087 -0.003 -0.003 1.172

[0.422]
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Table 6.42. Estimates of direct payment elasticities of COP crop supplies (year 1999)

COP crops | Soft wheat ~ Barley Maize  Sunflower Soya

Soft wheat 0.143 -0.070 -0.048 -0.005 -0.085
Barley -0.179 0.222 -0.028 -0.003 -0.050
Maize -0.018 -0.004 0.049 -0.001 -0.005
Sunflower -0.010 -0.002 -0.002 0.026 -0.003
Soya -0.160 -0.037 -0.025 -0.002 0.381

Table 6.43. Estimates of elasticities of cultivated areas and output supplies with respect to total

available land and variable input price (year 1999)

COP crops gk g2 g g

Soft wheat 2.521 1.668 0.278 -0.171
[0.67]

Barley 1.098 0.987 0.117 -0.466
[0.16]

Maize 0.045 0.097 -0.111 -0.128
[0.05]

Sunflower 0.271 0.053 -0.001 -0.272
[0.01]

Soya 0.422 0.882 -0.493 -0.802
[0.11]
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A.6.4. Spain

Table 6.44. Structural parameter estimates

COP crops b, ¢ d, e, f g h,

Soft wheat 477.833 -1808.954 2.134  -0.349%* 1.965* -8.024  107.763**
Barley -99.755 -5933.927 19.929**  -0.092* 1.951* -11.509* 199.334*
Maize 475.236* -213.364  1.094  -2,9]2%* 3.034 13.674 94.047*1
Oat 646.673* -578.538* 1.463*  -1.979** 1.505*  -2.616 14.339*
Sunflower -128.695 -248.649 0.300  -0.363** 0.660 16.519** 23.208

**: Significant at the 0.05 level; *: Significant at the 0.10 level

Table 6.45. Reduced-form parameter estimates

Constant in the | Constant in the supply | Trend impact on Trend impact on
land equation equation land allocation production level
COP crops . %a,/e, R Zb—/e—b | %gj/e, R I‘;Jg,/e, .
€ ;[/e,, & IZIl/e, € ;l/ej K jz_;l/e/
Soft wheat 1299.692 744.941 47.943* 13.554
Barley -1347.776 -8563.438 30.443 258.728
Maize 154.875 256.526 1.705 99.221*
Oat 314.519%** -105.187 -5.722%* 5.727
Sunflower -421.310 -526.713 21.517 37.409**
**: Significant at the 0.05 level; *: Significant at the 0.10 level
Table 6.46. Correlation coefficients between observed and estimated series
COP crops Land equations Supply equations
Soft wheat 0.954 0.318
Barley 0.968 0.529
Maize 0.358 0.709
Oat 0.530 0.336
Sunflower 0.846 0.787
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Table 6.47. Estimates of price elasticities of cultivated areas (year 1999)

COP crops Soft wheat  Barley Maize Oat Sunflower
Soft wheat 0.489 -0.299 -0.018 -0.012 -0.052
Barley -0.127 0.233 -0.023 -0.016 -0.068
Maize -0.032 -0.098 0.285 -0.004 -0.017
Oat -0.060 -0.185 -0.011 0.249 -0.032
Sunflower -0.092 -0.283 -0.017 -0.011 0.260

Table 6.48. Estimates of direct payment elasticities of cultivated areas (year 1999)

COP crops | Soft wheat ~ Barley Maize Oat Sunflower
Soft wheat 0.241 -0.181 -0.011 -0.008 -0.074
Barley -0.062 0.141 -0.015 -0.011 -0.097
Maize -0.016 -0.059 0.186 -0.003 -0.024
Oat -0.030 -0.112 -0.007 0.174 -0.046
Sunflower -0.045 -0.171 -0.011 -0.008 0.370

Table 6.49. Estimates of price elasticities of COP crop supplies (year 1999; price elasticities of

COP crop supplies for a given allocation in brackets)

COP crops | Soft wheat ~ Barley Maize Oat Sunflower
Soft wheat 0.376 -0.186 -0.011 -0.008 -0.074
[0.071]
Barley -0.104 0.439 -0.019 -0.011 -0.097
[0.248]
Maize -0.011 -0.033 0.131 -0.003 -0.024
[0.034]
Oat -0.064 -0.197 -0.012 0.174 -0.046
[0.349]

Sunflower -0.058 -0.180 -0.011 -0.008 0.370

[0.049]
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Table 6.50. Estimates of direct payment elasticities of COP crop supplies (year 1999)

COP crops | Soft wheat  Barley Maize Oat Sunflower
Soft wheat 0.150 -0.113 -0.007 -0.005 -0.046
Barley -0.051 -0.116 -0.012 -0.009 -0.080
Maize -0.005 -0.020 0.063 -0.001 -0.008
Oat -0.032 -0.119 -0.008 0.185 -0.049
Sunflower -0.029 -0.109 -0.007 -0.005 0.236

Table 6.51. Estimates of elasticities of cultivated areas and output supplies with respect to total

available land and variable input price (year 1999)

COP crops gl £ g &’

Soft wheat 0.920 0.574 -0.075 -0.118
[0.165]

Barley 1.203 0.990 0.045 -0.211
[0.627]

Maize 0.302 0.103 -0.217 -0.108
[0.020]

Oat 0.570 0.608 0.061 -0.285
[0.029]

Sunflower 0.871 0.555 0.008 -0.044
[0.159]
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A.6.5. Denmark

Table 6.52. Structural parameter estimates

COP crops b, c; d, e fi g; h;

Soft Wheat 28.877  -2598.582* 9.700 -18.503** 6.053* 478.124 74.379
Barley 649.722 -3959.204*° 12.042* -0.500*% 4502* -30.259 116.549
Rape -165.869 -487.154 0.860 -3.878*1 2.088* 5.311 13.908

**. Gignificant at the 0.05 level; *: Significant at the 0.10 level

Table 6.53. Reduced-form parameter estimates

Constant in the | Constant in the supply | Trend impact on Trend impact on
land equation equation land allocation production level

COP crops 1 S, /e, y ,Z.:‘b‘ le, Yg e, p z..:g’/e’

b ;-; -“b' Cr+j _.r___br — MJ -8 h'+e_‘ I_, -&

i € i

e, ;I/e! ;:i/eJ ;1/21 gl/el
Soft wheat -30.901 -2785.627* 26.619%* 235.504**
Barley 213.665* -2997.283 -31.705%* -26.181
Rape -182.764 -868.765 5.085 24.525**
**; Significant at the 0.05 level; *: Significant at the 0.10 level
Table 6.54. Correlation coefficients between observed and estimated series
COP crops Land equations Supply equations
Soft wheat 0.969 0.957
Barley 0.980 0.854
Rape 0.935 0.938

Table 6.55. Estimates of price elasticities of cultivated areas (year 1999)

COP crops Soft wheat  Barley Rape

Soft Wheat 0.057 -0.040 -0.005
Barley -0.045 0.203 -0.149
Rape -0.034 -1.000 0.912
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Table 6.56. Estimates of direct payment elasticities of cultivated areas (year 1999)

COP crops | Soft wheat ~ Barley Rape

Soft Wheat 0.024 -0.021 -0.004
Barley -0.018 0.106 -0.143
Rape -0.014 -0.525 0.878

Table 6.57. Estimates of price elasticities of COP crop supplies (year 1999; price elasticities of

COP crop supplies for a given allocation in brackets)

COP crops Soft wheat  Barley Rape
Soft Wheat 0.297 -0.035 -0.004
[0.248]
Barley -0.040 0.585 -0.133
[0.404]
Rape -0.027 -0.774 1.219
[0.513]

Table 6.58. Estimates of direct payment elasticities of COP crop supplies (year 1999)

COP crops Soft wheat  Barley Rape

Soft Wheat 0.021 -0.018 -0.004
Barley -0.016 0.095 -0.128
Rape -0.011 -0.406 0.680

Table 6.59. Estimates of elasticities of cultivated areas and output supplies with respect to total

available land and variable input price (year 1999)

COP crops e g2 gt g”

Soft Wheat 0.055 0.047 -0.011 -0.257
[0.023]

Barley 1.768 1.577 0.046 -0.363
[0.865]

Rape 1.360 1.053 -0.216 -0.680
[0.112]
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7. AMODEL OF THE EU's DAIRY AND BEEF PRODUCING SECTOR

Agenda 2000 and Beyond: Impact of milk quota abolition on milk and beef production in EU
Member States

Alison Burrell and Roel Jongeneel

Partner 5: Wageningen University, Department of Social Sciences

7.1. Introduction

The objective of this part of the project (i.e., subtask 2.2) was to develop a tool for simulating policy
reform in the milk-producing sector of the European Union. The fundamental structure of the market
regulations for the EU milk sector has remained unchanged since the introduction of milk quotas in
1984. Milk production is a major sector in EU agriculture: about 22 million dairy cows are kept on
nearly one million holdings, although not all of these holdings can be classified as commercial dairy
farms. In 2000, about 120 million tons of milk were produced, for which national quotas (deliveries to
dairies and direct sales) amounted to about 118.4 million tons. A structural milk surplus of about 10

per cent above domestic requirements is produced annually.

Milk prices are supported by market intervention arrangements for butter and skim milk powder. In
recent years, however, the combination of high tariffs on dairy products and internal supply control on
raw milk has probably been more responsible for maintaining milk prices within the EU at levels well

above the level implied by world market dairy product prices.

Despite years of stability and relative prosperity for the sector, reform of the EU's dairy policy is on
the agenda. The EU's exposed position within the international trading community regarding its large
volumes and expenditure levels for subsidised dairy products is one factor suggesting reform will be
needed. In addition, there are strong internal pressures from producers and dairy companies for
relaxation of quota limits. Moreover, arrangements for other CAP-regulated products have been
shifting away from market r;rice support towards lower market prices in conjunction with direct
payments to farmers. Agenda 2000 introduced such an arrangement for the dairy sector, to take effect
as from 2005. In the mean time, a small relaxation in quota limits has already started to be
implemented. An urgent question is whether this policy direction can be continued for milk, especially
when the consequences of such policy changes now have to be envisaged in the context of an
enlarging Union. These few observations sketch the policy context within which our model has been

designed.
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The model developed in this research fills a gap in the stock of research tools available to EU decision
makers. Although some national studies exist, there is no model available that depicts the milk-
producing sector at EU level in sufficient detail to articulate the types of policies currently

implemented or under discussion.

Our model has been constructed according to some clearly defined scientific principles. First, it is
strongly based in production theory. In particular, it uses to the full the framework provided by recent
developments in duality theory for analysing production in the presence of supply constraints. Second,
it has been constructed in a way that maximises the contribution of empirical information on the sector
studied. The main behavioural relationships of the model are econometrically estimated, using a
combination of time series sample data and non-sample information on technical, biological, structural
and institutional parameters of the sector. Third, the model is fully dynamic, allowing for immediate
short-run adjustment of outputs and variable feed use, but also for more gradual adjustment of the

livestock numbers and land allocated to forage and grazing.

A special feature of the model is that beef and dairy production are fully integrated in the model, both
as regards the underlying decision making model and in specifying the constraints and trade-offs
between the two types of production. This combined representation has been considered important for
several reasons. First, in many parts of the EU milk is produced on farms that also engage in beef
production from non-dairy herds. On these farms, the competition for resources and the income trade-
off between suckler cows and dairy cows is explicit. When policy changes and farmers react, it is
likely that these farms will find themselves "on the margin", more so than specialist farms with a less

diversified investment in one or other of these two enterprises and hence less flexibility to react.

Equally importantly, the dairy herd is a major source of beef production. Therefore, changes in policy
regarding the production of milk will, in so far as they affect dairy cow numbers, have an important
effect on the quantity of beef produced. Policy makers need models that explicitly recognise joint
production of commodities, in order to avoid displacing problems in the regulation of one commodity

into the market of a related commodity.

Finally, because of the joint production of milk and beef, the incomes not only of mixed livestock
producers but also those of specialist dairy producers are dependent on beef prices and policies. For a
complete study of the profitability of the dairy sector, its role as a supplier of beef must also be taken

into account.

The specific objectives of the research reported here were, therefore, to develop a simulation tool and

to provide policy simulations with a strong empirical and theoretical basis that would be able to:
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- represent the full complexity of current and likely future policy measures in the dairy sector;

- compare different policy options, either for milk separately or for the milk-beef complex;

- compare policy impacts between the different EU Member States;

- provide realistic time paths of adjustment, taking into account the different rates of adjustment of

various dimensions of the production process;

- calculate the likely consequences for budget outlays on different types of direct payment to

producers.

The model reported in this chapter represents the current outcome of our research efforts. The
simulations shown are a subset of what has been performed, and do not represent the model's full
capabilities (for example, budgetary transfers are not analysed in detail as between types of payment
and country recipient). However, they have been selected for their interest to a range of different

interest groups and their relevance to the current policy debate.

This chapter is organised as follows. Section 2 presents the philosophy and specification of the
Wageningen milk and beef production model for the EU-15. It also gives an overview of its role as a
policy simulator. Section 3 deals with the technical specification of the model, describes the estimation
procedure and presents and discusses estimation results. Section 4 reports and discusses simulation
results. Finally, section 5 concludes. It first provides a discussion on the sensivity of simulation results
to alternative assumptions regarding the degree of decoupling of beef and dairy direct payments, the
initial levels of quota rents and the yield growth. Then, it draws some policy conclusions and

recommendations.

7.2. A tool for simulating dairy policy reform

7.2.1. Philosophy of the model

The underlying philosophy of the model is summarised by several key strategic features:

- similar treatment for all countries;

- theoretical consistency;

- use of prior information (estimates from the literature, technical coefficients, etc.);

- econometric estimation in order to allow time series data to "correct" prior information on individual

parameters.
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Before presenting an overview of the model, it is useful to give the reasons for this philosophy, and to

explain its implications.

- Similar treatment for all countries. Simulated scenarios of policy reform may have significant
implications for individual countries. Using a standard methodology reduces the risk that the pattern of
changes across countries is distorted or biased by country-specific methodological choices.
Nonetheless, some country-specific features (dummy variables, country-specific time trends) have

been used sparingly to take account of different timing of entry into the EU, the impact of BSE, etc.

- Theoretical consistency. Rigorous theoretical constraints are imposed on the model when estimating.
These restrictions derive from the underlying assumptions of production theory, reflecting logical
constraints on technological trade-offs and the assumption of rational producer decision-making. They
provide additional information that improves the efficiency of estimation and helps to prevent counter-

intuitive results when simulating.

- Use of all prior information. The time series data used are limited and its quality is variable across
countries. Therefore, as well as the time series data base, it is important to use all possible information
sources (previous literature, technical coefficients, information about the structure of the livestock
sector in each country) in a systematic way. This prior information is expressed in the form of
stochastic constraints and forms an input into the estimation process. In addition, constraints that
would be imposed anyway during simulation (such as the long-run relationship between dairy cows
and milk output, or between grazing and forage land and stock numbers) are incorporated into the
prior information used when estimating, so that the econometric estimates are consistent with these

relationships.

- Possibility for data to "correct” prior information on individual parameters. Prior information may
be of a rather general nature, or come from a study on just one country. Thus, data are allowed

to "shift" prior values when their signal is statistically significant.

7.2.2. Overview of the model

The model is designed to simulate the impact of dairy and beef policy instruments on milk and beef
outputs, feed used as an input into milk and beef production, the stocks of dairy cows and beef

(suckler) cows, and the allocation of land to beef and dairy production (forage and grazing).

The model can simulate in two different policy settings: with milk supply constrained by quota, and
without any quota restrictions on milk supply. When milk supply is constrained by quota, milk price is
exogenously determined and it is assumed that milk production in each Member State equals the quota

limit in that Member State. When milk is not constrained by quota, the shadow milk supply functions
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determine milk production in each Member State, in conjunction with price, which is now
endogenous. To solve for milk supply and milk price, the shadow milk supply functions of each
Member State are aggregated to form an EU total milk supply function, which interacts with a demand
function at EU level. As a result of this interaction, an endogenous milk price is determined, along

with national supplies.

In the model, milk and beef outputs are determined in the current period, as a function of current
prices (or prices and milk quota levels when quotas are in force). The adjustment of the three quasi-
fixed factors (dairy cows, suckler cows and land) does not occur instantaneously. Instead, these factors
begin their adjustment with a one-year lag, and take several periods to adjust fully to a price or policy

change. Thus, the full impact of a price or policy change takes a number of periods to complete.

An overview of the model is given in Figure 7.1.

Figure 7.1. Schematic Overview of the Model

EXOGENOUS VARIABLES
{(MILK QUOTA, MILK PRICE)
BEEF PRICE ENDOGENOUS FINAL
FEED PRICE OUTPUTS
YIELD GROWTH
(MILK OUTPUT, MILK PRICE)
BEEF OUTPUT
ENDOGENOUS
FINANCIAL VARIABLES
ENDOGENOUS
PRODUCTION FACTORS DIRECT PAYMENTS
TOTAL GROSS MARGIN
FEED INPUT — (WITH AND WITHOUT DIRECT
DAIRY COWS PAYMENTS)
BEEF COWS
FORAGE LAND AREA T v S PRl

The theoretical model contains the following relationships:

- Profit function. The profit function relates to the dairy and beef sector. It expresses the gross
margin (without direct payments) as a function of beef and feed prices, quasi-fixed factors and

milk output.
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- Beef and veal output supply. Beef and veal output supply is a function of current beef and feed

prices, current levels of quasi-fixed factors and milk output.

- Feed input demand. Feed input demand is a function of current beef and feed prices, current

levels of quasi-fixed factors and milk output.

The last two equations are derived directly from the profit function. One therefore finds the
same parameters in these last two functions as in the profit function. The three equations
(profit function, beef and veal output and feed input) form a mutually consistent set of
equations describing short-run profit maximisation. These three equations are estimated

jointly in order to allow restrictions on parameters that appear in more than one equation.

- Milk output (shadow price function). Milk output supply is a function of current milk price, current
beef and feed prices and current levels of quasi-fixed factors. This relationship is not directly
observable from past behaviour, because EU milk supply has been constrained by quotas since 1984
and has not been free to respond to price. The milk output supply function is based on the expression
for the shadow price of milk, which is derived by algebraic means from the profit function. This
derivation gives us those parameters of the milk supply function that describe the responsiveness of
milk supply to changes in milk price, to other prices and to quasi-fixed factors. To get the height
(position) of the function, it is calibrated using exogenous information about quota rents and structural

features of the milk-producing sector in each Member State.

- Dairy cow stock equation, suckler cow stock equation, land use equation. The long-run versions of
these three equations can also be derived by algebraic means from the profit function. These equations
share many of the parameters that appear in the profit function. We assume that these quasi-fixed
factors need more than one period to adjust to price and policy changes. The adjustment equations for
these factors are dynamic, and embed the long-run expression (derived from the profit function). They
are therefore estimated empirically, preserving the links between the long-run parameters and the

corresponding parameters of the profit function.

- Accounting equations. In addition to the above behavioural equations, there are a number of
accounting identities that are used to calculate direct payments, and gross margins with and without
direct payments. The direct payment equations calculate the total payments under the various headage
payment schemes. Each equation uses the payment rate for the relevant animal type, and the number
of animals of that type. The number of specific animals of each type is derived from the dairy and
suckler cow stock numbers with the appropriate lag. In this way, the number of animals (calves, bulls,
suckler cows, etc.) qualifying for payments also adjusts under different policy scenarios, via the dairy

and suckler cow stock adjustments.

278



- Aggregate demand for milk. This equation is not estimated, but is instead calibrated using an
extraneous estimate of the demand elasticity and the quantity of milk supplied in 2000. In the
simulations, this function is adjusted (height and elasticity) to reflect different exogenous assumptions

about aggregate demand conditions.

This completes the overview of the structure of the model. It is useful to distinguish between the
model in two different modes: as a model for estimation (i.e. to be confronted with data in order to
estimate unknown parameters), and as a model for simulation. Table 7.1 summarises the "content" of

the model in each of these modes.

Table 7.1. Composition of the model in estimation and simulation modes

Equation MS/ | Estimation Simulation mode
EU? mode
With quotas | With quotas Without
quotas
Profit function MS v
Beef and veal output supply MS v v v
Feed input demand MS v v
Milk supply function

Milk supply = quota MS )

Milk supply as function of price MS |
Aggregate demand for milk EU v
Dairy cow adjustment MS v () v
Suckler cow adjustment MS v v v
Forage and grazing land adjustment MS N v v
Animals slaughtered MS v v
Gross margin calculation MS v V
Totals of various direct payments MS v v
Impacts on specialist dairy farms MS v N

(1) The column MS/EU denotes whether the equation is specified at the level of each Member State, or at
aggregate EU level.

2) v denotes that this equation forms part of the model in the corresponding mode.

(3) When quotas are in force, dairy cow adjustment follows yield, given quota (see paragraph 7.3.3).

Table 7.1 indicates that most equations occur in the model in both modes. There are, however, some

exceptions. For example, the milk supply response functions cannot be directly estimated, since past
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data do not yield any direct evidence on how producers respond to changes in the milk price.
Therefore, this equation cannot be directly estimated. Nonetheless, most of its parameters are
estimated econometrically in the profit function, from which it is derived. As explained, the aggregate
demand function uses assumed parameters and is calibrated on the situation in a given year. This
equation is necessary to "close" the model, and to allow a full solution when quotas are no longer in
force and milk price becomes fully endogenous. However, as the model is designed primarily to study
the detailed impacts of policy and market changes on the milk and beef producing sectors, the details
of the demand side of the market are not articulated in the model. Trends in consumption of raw milk
(due, for example, to rising income) or removal of a segment of the EU market (due, for example, to
the abolition of export subsidies for dairy products) are captured by horizontal shifts of an appropriate

size in the aggregate demand for raw milk at EU level.

The profit function forms part of the model to be estimated. Estimating the profit function along with
the demand and supply functions improves the quality of the estimates, and ensures that all the
estimated parameters a mutually consistent in representing an integrated production sector. However,
it is not the estimated profit function that is used to calculate gross margins in the simulations, but
rather the more direct definition of gross margins as the sum of revenues from milk and beef

production, minus the cost of the variable input feed.

The observations in the previous two paragraphs explain the main asymmetries in Table 7.1. The

following section describes the structure of the model in algebraic form.

7.2.3. Description of the behavioural model

7.2.3.1. Variable inputs and outputs

Economic decisions regarding dairy and beef production are modelled using a restricted profit

function framework. The normalized restricted profit function is defined as:
n=fo(p,2) 1)

where p is a 2x1 vector of variable netput prices (p, =normalised price of beef and veal,
p,=normalised price of feed), z is a 5x1 vector (z,=trend, z,=land (grazing and forage area),

z,=suckler cows, z,=dairy cows, and z,=milk output). Full definitions of these variables are

contained in the data paragraph 7.3.4.

Hotelling’s Lemma yields the beef and veal output supply (¢,) and feed input demand (¢, ) functions:

g, = fi(p,2) , i=12 )
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7.2.3.2. Adjustment of quasi-fixed factors

The (conditional) shadow price functions for the quasi-fixed factors are given by:

on g B
P =gj(p’z)=—pj’ Jj=2,3,4 3)
j

Rearranging these functions yields the equations for the optimal level of each of the quasi-fixed
factors:
7y =2,(p} ,2,) “

where z, is the vector of all quasi-fixed factors except z )

The adjustment equations are of the form:

z;, =A,z; +(-2;)z,,. , j=2,3,4, where 0<}, <1 (5)

JTja-1

7.2.4. Policies that can be simulated with the model

A wide range of policies targeting the milk-producing sector can be analysed with the model. These

policies are summarised below.

- Supply control

- Changing levels of milk quota allocated to each Member State.
- Removal of milk quotas.

- Direct payments for milk production

- Payment per cow.

- Payment per hectare.

- Payment per ton of quota.

Different assumptions are possible about producers' perceptions of these payments. They can be
depicted as fully coupled, totally decoupled or partially coupled. Various experiments can also be
performed regarding the profile over time of these payments; for example, they could be made

degressive (i.e., reducing over time).

- Milk price support
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- The effects of different levels of support price (linked to the intervention prices of butter and skim
milk powder via the intervention milk price equivalent and its relation to market prices) in the with-

quota scenarios.

- The effect of a floor price in the without-quota scenarios.

In addition, simulations of changes in beef sector policy can be performed. In particular, we can
simulate the effect of changes in beef price, and changes in the various direct payments per head for
different types of beef animals. Given the interdependence of beef and dairy production, it is useful to

evaluate policy packages that affect both sectors simultaneously.

Finally, the effect of changes in the cereal price, insofar as they affect the price of feed, can also be
analysed. Not only are beef and milk output affected by feed price changes but so too is the amount of

feed used for dairy and beef production, and the allocation of land to grazing and forage production.

Changes in the use of these policy instruments can be simulated, giving results year by year for each
Member State over a 20-year time horizon. Of course, simulating over such a long time horizon, with
a model whose parameters are based on a data set that does not extend beyond the 1990s, cannot give
accurate forecasts of what will happen, in real time, if a given policy is adopted. These simulations
can, however, allow the comparison of different policy alternatives in a realistic and consistent way,

and can explore the sensitivity of the sector to different types of policy instrument.

7.3. Specification and estimation of the model

This section deals with the technical specification of the model. In the first paragraph (7.3.1), the
detailed algebraic structure of the model is presented. Paragraph 7.3.2 discusses the estimation method
used, known as "mixed estimation" because it combines information from sample data along with non-
sample information regarding likely values of the unknown parameters. Paragraph 7.3.3 explains the
type of non-sample information that was used, and how it was systematically assembled in a form that
could be processed by the mixed estimation technique. Paragraph 7.3.4 describes the sample data used
for estimation, and the data used to specify the scenarios for the simulations. Paragraph 7.3.5 describes
the estimation sequence and the goodness-of-fit of the estimated models. Paragraph 7.3.6 explains how
the simulation results at sector level were translated into whole-farm gross margin changes for

specialist dairy farms. The rationale for these calculations is also explained.
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7.3.1. Parameterisation of the model

7.3.1.1. Profit function and netput equations

We assume a normalised quadratic functional form for the profit function:

2 5

2 1 5 5
Zaijpipj +EZZBHZI:ZI +227ikptzk (6)

2
i=l j=1 k=1 I=1 =1 k=1

[NOREN

2 5

T=q, +Za,p, +2Bkz,‘ +
i=l k=1

with associated netput functions:

2 S
q,=a,+2a,jpj+Zy,kz,‘, i=12 ™
j=1 k=1

Implicit in the short-run model are the shadow price relationships for the quasi-fixed factors and
rationed milk output (Moschini, 1988:320). These relationships are obtained by differentiating the
profit function with respect to the quasi-fixed factor (showing the amount by which profit would
change following a one-unit change in the level of the fixed factor). This defines (minus) the shadow
price of the quasi-fixed factor. Optimal adjustment of quasi-fixed factor would involve changing the
level of the quasi-fixed factor until its shadow price is equal to its market price (or its opportunity cost
to the farmer). In this framework, milk quota is treated analogous to the constrained quasi-fixed

factors (Moschini, 1988). Therefore, implicit optimal levels of the quasi-fixed factors and milk output

can be obtained by solving:

on
a = s.’ = 293,495 8
oz, Py-J ®

J

7.3.1.2. Milk supply response

Three different shadow price relationships for the constrained milk output (z,) can be obtained by

differentiating the profit function with respect to milk output and setting each in turn equal to minus
the shadow price of milk. The difference involves which other variables in the equation are assumed to

adjust when the farmer adjusts milk output.

on . - .
F allfixed factors constant shows the change in profit when the quota constraint is relaxed by one unit,
zS

without any adjustment in stock levels or land allocated to dairying. Only the variable input, feed, can

be adjusted in order to achieve an increase in milk supply.
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land constant shows the change in profit when the quota constraint is relaxed by one unit and stock
5

levels adjust to optimal levels but land allocated to dairying remains fixed. Thus, in addition to

changes in feed, there is also rearrangement of stocking levels.

Finally, sﬂall factors variable shows the change in profit when the quota constraint is relaxed by one

25

unit and stock levels and land allocated to dairying adjust to optimal levels.

The shadow milk supply functions corresponding to these different assumptions are, respectively:
Zs=m, (P: ’p’z(s)) » Zg =M,y (ps > p’z(3.4,5)) and Zg =My (ps » Ds z(2,3,4.5)) (9)

where z;, is a reduced vector of quasi-fixed factors (i.e. quasi-fixed factors i and j are no longer

included in the vector).

o . 0
The corresponding supply responses have the following interpretations. 5’[’:_ shows the response of
P

om,

milk output to a change in the shadow price when there is no adjustment in stock levels or land. =
P

shows the response of milk output to a change in the shadow price, when stock levels adjust but land

0 . . .
remains fixed. Em% shows the response of milk output to a change in the shadow price when stock
/4

levels and land adjust.

In the simulations, milk supply responds without any constraints on quasi-fixed factors, which are
allowed to adjust according to their adjustment equations. However, the conceptual differentiation
between these three "levels" of milk supply response is useful when defining the prior information for

key parameters in the system.

According to the Le Chatelier principle (Chambers, 1988:145-147), we expect the following:

om, om, _ am: (10)

a—m:l shows the milk supply response conditional on fixed levels of dairy cows, suckler cows and
/4

land. This implies a response consisting of a relatively costly upward deviation from trend yield, given

the existing number of dairy cows. It is therefore expected to be rather small.
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. . 0
It is worth noting that the a—m; are all long-run responses, in the sense that they all assume full
P

. . i . 157 .
adjustment of whichever variables are allowed to adjust. For example, % denotes the change in
/4

milk supply relative to a change in shadow milk price after stock levels have fully adjusted. Clearly,
the length of time required for full adjustment will depend on how quickly stock levels can adjust.

Rates of adjustment are discussed in the next paragraph.

The most constrained shadow milk response function (z, =m,(p’, p, z(5,)) corresponding to this

specification is given by:

1 s - 2 g
Z =_B_(Ps +Bs +ZBkszk +27ispi) with B <0 (11)
55 k=1 i=1
It follows that a—msi = _—l (12)
op Bss

‘We can also show that;

om, -1 (13)

op°  Pss+d

om, ___ -1 (14)
op Pss+0+0

and

s

where 8 and ¢ can be expressed in terms of other parameters of the profit function, and expressions

involving quasi-fixed factors. With additional assumptions, these expressions can be expressed in
terms of milk yield and stocking rates for beef and dairy cows.

The constraints given in (3) imply:

0<8<|B,| and 0<@<|B,|-8 (15)

The objective of this decomposition of the milk supply response is to facilitate the choice of priors for
the parameters involved, and thereby to make sure that the constraint given by equation (10) is
incorporated into the estimated elasticities. This procedure is discussed in more detail in paragraph

7.3.3.

285



7.3.1.3. Quasi-fixed factors

The optimal levels of the quasi-fixed factors are:

. 1 s 5 2 .
Z; =—(pj _Bj—E,Bkak_E,yljpl) ,Jj=2,3,4 (16)
i=1

Bjj k2j

We assume that the quasi-fixed factors adjust to their optimal levels according to the partial

adjustment mechanism z,, =2 jz;..,_l +(1-A;)z,,_, . This gives the following adjustment equations:

A :
Z, = —EL(_ Pyt Bz + BIZZI,I-I + BJZZJ.I—! + B4zz4.,-| + BZSZS,I-l Y12 Prga 'Yzzpz.r-l)"' (1 - 7\‘2)22.!-1 (17)
22
A ;
2y, = _'_3(_ D + Bs + anl,:-l + stzz.r-l + ﬁ4zz4.;-| + BS}ZS.I-I + YuPiia + 723p2.1-1)+ (1 - 7\'3)23.:4 (18)
13
A :
24 = —B_4‘(_ Das + B4 + BMZI./-I + B24zz.r-1 + B34zl.r—1 + '35425.:-1 Rl A7V S + Yzapz,:-1)+ (1 - )\‘4)24.r—l (19)
44

Note that, in the above adjustment equations, all right-hand side variables have a one-period lag. This

solves the simultaneity problem present in the original system, and which facilitates estimation.

7.3.2. Estimation of the equation system by mixed estimation

Several complications have to be considered when estimating the model described in the previous
paragraph. First, within the estimation period 1973-1995, two different policy regimes operated.
Before 1984, there was no restriction on milk output, while from 1984 onward milk output is restricted
by quota. The simplest solution would be to estimate two separate models, i.e., the unrestricted supply
system for the first sub-period (a profit function model), and a restricted supply system for the second

sub-period (a cost function model).

However, due to the short time series relative to the number of parameters to be estimated, combining
both models but adding further assumptions would allow for more efficient information. If it is
assumed that the underlying production technology has not changed, there exists a direct relationship
between the restricted and unrestricted profit functions describing producer behaviour (Fulginiti and
Perrin, 1993). Exploiting this linkage enables efficient estimation using information from both periods
to determine one set of parameters. The disadvantage of the latter approach is that one ends up with a

highly non-linear model.
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To avoid these complications, the final approach chosen here is more indirect. The restricted profit
function and its derived netput functions are estimated for the whole sample period. Because the
quantity of milk has a mixed endogenous/exogenous character, in principle a simultaneous equations
estimator should be used. However, because Hausman tests in general rejected the endogeneity

hypothesis, non-simultaneous estimation was applied to all countries. '*

The short time series and poor quality of some of the data, together with the fact that some variables
show collinearity also made it difficult to obtain meaningful and significant parameters in all
equations. Given the importance of robust and sensible parameters in the simulation model, a solution

to this problem has to be found.

Following Jongeneel (2000), a mixed estimation procedure was applied, which allows sample and
non-sample information to be combined. The non-sample information consists of the usual (non-
stochastic) theoretical constraints (such as symmetry of the Hessian matrix, and homogeneity of
degree one in prices of the profit function) on the one hand, and other forms of prior information. The
other prior information, which is included by specifying stochastic constraints, reflects prior ideas
regarding specific model coefficients, based on previous economic research (e.g., input and output
price elasticities estimated in other studies), as well as agronomic characteristics (e.g., feed conversion
characteristics, milk and beef yields per cow) regarding specific coefficients. Unlike the theoretical
restrictions, which are assumed to hold exactly, the prior parameter values are imposed in the form of

stochastic relationships to reflect a priori uncertainty about the validity of these values.

This paragraph explains how the prior information was incorporated into the estimation process. The
following paragraph explains how prior information was systematically assembled for most of the key

parameters.

Assume the behavioural model, consisting of the three equations (1), (2) and (3), may be written as

y=XB+u, where y denotes a vector of endogenous variables (I1,q,,q,), and X represents a block
diagonal matrix of explanatory variables, with on its diagonal X,, X, and X, respectively, where X,

denotes the matrix of explanatory variables associated with the i-th equation in the system. Denoting

the number of time periods by T and the number of explanatory variables in X, by K,, X, has
dimensions (TxK;) and X is a 3Tx K, + K, + K, ) matrix. X, and X ;, matrices may have common

explanatory variables (e.g., X, = X,). B is the parameter vector which is defined as (B,,B,,B,). The

h Simultaneity was generally rejected, except for Belgium/Luxembourg (meat and feed), the United Kingdom
(meat) and the Netherlands (feed).
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B, and B, vectors may have common elements (e.g., cross-equation symmetry restrictions). u is an

(3Tx1) vector (u,,u,,u,) of disturbance terms. Adding the stochastic restrictions gives:

CHEM) Al )

with p = PB+v representing the stochastic restrictions. % If there are N, pieces of prior information

there are N, stochastic restrictions. p is then a (N,x1) vector and P a (Nx K, + K, + K,) matrix. The

uncertainty is reflected in the variances attached to the prior estimates, which are summarised in an

(Npx Np) matrix V. Usually @ (3Tx3T) is unknown and has to be estimated (&) ), before GLS can be
applied (cf. for example Judge et al, 1988:446). The (feasible) mixed estimator is:

Al B Al
b, =[X'q> X+P'Vo"P:| (X'(D y+P'V0"pJ 1)

When, in addition, N; non-stochastic restrictions of the form RP=r are imposed on this system (with

R (Nx K, + K, + K,) and r a scalar of dimension N,), a restricted mixed estimator b. can be derived

(Jongeneel, 2000:116):

b, =b, +(z¥"Z)" R [R(Z’\P"Z)" R']-l (r-Rb,) (22)

with b, the mixed estimator as before, and:

Z=(X) and ‘P=[(D 0 ] (23)
p 0 Ve

where Z is a matrix of 3T+Nx K, +K, +K;) and ¥ an (3T+N,x3T+N,). A routine for the mixed

estimator was written in the statistical package EVIEWS.

7.3.3. Prior information

This paragraph describes how a comprehensive set of prior information was drawn up for the main
parameters in the model. Two guiding principles were used. First, it was important to maintain
consistency between the various elasticities in the system. To this end, very explicit expressions were

derived showing the decomposition of elasticities as weighted sums of more basic elasticities. These

106 1¢ for example, P = (1,0,0,...) and p = 0.5 this implies a prior estimate for the first element of the parameter
vector, say B,,, of 0.5.
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expressions made the linkages between the various elasticities in the model more transparent. Priors
for parameters were chosen so as to respect these relationships. Second, we aimed to incorporate all
relevant prior information (estimated elasticities found in the literature, knowledge about the structure
of the sector in each country, technological constraints and so on) in order to make the priors reflect

the characteristics of individual countries.

It is not possible in this paragraph to explain in detail how all the prior information used was obtained

and amalgamated. We illustrate the procedures with some examples.

First, we consider the equations for beef output supply and feed input demand (equations (2) and (3)).

Their general form is:
B=f(p®, p’,DCS, BSS, LAND, TR END) (24)

F=g(p’, p’,DCS, BSS, LAND, TR END) (25)

with, as dependent variables, B beef output (q;), and F feed input (q;), and as explanatory variables,
beef and feed prices, stocks of dairy cows DCS (z,) and suckler cows BSS (z3), land (2,) and a trend

variable (z;). The notation used in this section has been changed to improve transparency.

7.3.3.1. Beef supply

Beef output B is the sum of beef from dairy cow cullings (DC) and beef from slaughtered other
animals (BS) or B=DC+BS.'”

The amount of meat produced from dairy or other animals is the product of the number of
slaughterings (NDC, NBS) of these animals and the average slaughtered weight (WDC, WBS), or:

B=NDC*WDC + NBS *WBS (26)

The own-price beef supply elasticity can derived as a weighted average of the elasticities of dairy and

other animals with respect to the price of beef as:

2 DCep  BSug 27)

p
€ B B DC D BS

Because DC is the product of NDC and WDC, the price elasticity of beef supplied from dairy origin

may be written as: '®

' Note that DC = £,(DCS ) and BS = £,(DCS, BSS) .
1% To derive this (and the following) relationship(s), (constant) linear linkages between variables are assumed,
which make it possible to approximate partial derivatives by ratios of the averages of the concerned variables.
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b b b
gl =€hpe + Eppe (28)

that is, as the sum of the elasticity of dairy cow slaughterings with respect to the price of beef and the
elasticity of the average dairy cow slaughter weight with respect to the beef price. '® This linkage
makes it possible to distinguish between slaughterings and the associated herd adjustments, and

slaughter weight management.

As a consequence the own-price elasticity of beef output may now be decomposed as:

» DC b b BS b b
€5 =_B_*(SZDC +E5pc) + _Bj‘*(sflss + Ejps) (29)
Since beef from dairy cows has the character of a by-product, it is expected to be rather insensitive to
beef price changes (ef,';c = ef;j,c =0). The other elasticities are less easy to establish. If producers

perceive a beef price increase as permanent, they will probably react by temporarily reducing the
number of slaughterings in order to enlarge their herd and by that increasing future beef supply. If,
however, producers perceive a beef price increase as transitory, they are likely to increase cullings and

may even cull animals that have not yet achieved their optimal slaughter weight.

In an analogous way, the cross price elasticity of beef output with respect to the price of feed (input)

may be written as:

r DC s s BS s
€ =—B-*(SZDC +85ruc)+—B-*(87§/;s +Ejpps ) (30)
The elasticity of beef output, B, with respect to the quantity of milk, M, is equal to:

BS

DC
i 7*(8:111” +8A;;"Bs) (31)

M M
€ = B *(SNDC+8WDC) +

The elasticity of beef output with respect to the dairy cow stock (DCS) is equal to:

DC BS
o2 = DCneim 4eig) + SUre + ol G2)

Assuming the influence of the dairy cow stock on the average slaughtering weights of both categories

(dairy cows, other animals) is negligible, the elasticity relationship may be further simplified as:

€3 =? €we T 7 Ewss (33)

199 Cross product terms of partial derivatives are assumed to be small enough to neglect them.
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1% between dairy cow herds

where the latter elasticity reflects the competition (or complementarity)
and other animal herds (competition for land, forage, labour). After the introduction of milk quotas in
1984, competition at the margin between dairy and beef animals seems to have increased (suckler cow
numbers have increased for most countries since 1984). This becomes clearer after recognising that

€, may be replaced by the elasticity of the other beef animal stock (BSS) with respect to the dairy

NBS

cow stock (see the simplification from (32) to (33)), giving:

DC BS
ghcs =?*sﬁ§§ + ?*a‘,?scss (34

In an analogous way, the elasticity of beef output with respect to the other beef animal stock (BSS)

may be written as:

DC BS
3§ss=7*55§:§ + ?*Eﬁss (35)

Here again, the first right hand side elasticity reflects the competition between dairy and beef herds.

Finally, the elasticity of beef output with respect to land is:

R R (36)

7.3.3.2. Feed demand

Feed input F is the sum of feed used by dairy cows (FD) and feed used by beef animals (FB),
orF=FD+FB."

The amount of feed demanded per animal category is the product of the stock of dairy and other

animals (DCS, BSS) and their corresponding feed intakes per animal (FID, FIB), or:

F=DCS*FID + BBS*FIB 37

Because the dairy cow feed consumption (FD) is the product of DCS and FID, the input demand price

elasticity of feed for dairy cows may be written as:

S S s
P _ P I
€ Fo SDCS + € FID (38)

1% A distinction has to be made between specialised beef-producing countries and countries where dairying and

beef production are complementary.

" The implicit focus is on cereals, energy-rich and protein-rich feeds. Forage is not directly accounted for, but

is assumed to be taken up by the LAND variable in the model.
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The own-price elasticity of feed input can derived as a weighted average of the elasticities of dairy and

other animals with respect to the price of feed as:

FB
ot =T2x(er, + o) + T Eh + ohe (9

or as the weighted sum''? of the elasticity of dairy cow feed intake with respect to the price of feed and
the elasticity of the dairy cow stock with respect to the feed price, and the same elasticities with
respect to beef animals. This linkage makes it possible to distinguish between changes in feed intensity

per animal and the associated herd adjustments.
Analogously, the elasticity of feed input with respect to the beef price can be derived as:
b FB

FD b b b b
Er =T*(8fvm + Ehes) t 7‘*(5215 + €fgs) (40)

where the dairy cow elasticities (pr 5 g2 ) are likely to be very small. Increasing beef prices (relative
ry Fip > % pes

to feed prices) is likely to increase feed consumption per animal. The effect of a beef price increase on
the stock of beef animals is ambiguous (see above).
The elasticity of beef feed input (F) with respect to the quantity of milk M is equal to:

n FD " m FB - -
4 =_F—*(5;m + €pes) + T*(S;w + 855 41)

The elasticity of feed intake per animal, s’,’.;"D , will be the most important one in the (very) short run.

Next comes dairy cow herd adjustment, which may, depending on the degree of competition between

dairying and beef producing, spill-over to the beef herd (BSS).
The elasticity of feed input with respect to the dairy cow stock (dairy herd) DCS is equal to:

o2 =LPress 4 ) + TorEED - el @)

and with respect to the beef herd (BSS):

FD FB
B =Rl 4 ) + G + D &2

112 1+ should be noted that there is no a priori reason why the weights FD/F and FB/F should correspond to the
weights DC/B and BS/B of the previous point.
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Both elasticities are likely to be roughly equal to, respectively, the shares of dairy cows and beef
animals in feed consumption, with a potential downward correction, again depending on the
complementarity or competition between dairy cow herds and other animal herds (competition for

land, forage, labour).

A similar decomposition can be made for the elasticity of feed demand with respect to land.

7.3.3.3. Rationale for the elasticity decomposition

It turns out that a significant refinement in the determination of the priors (i.e., the prior values
assigned to parameters) can be achieved by exploiting the information about the shares that dairy cows
and suckler cows have, directly and indirectly, in total beef and veal output and in feed consumption.
The elasticities are decomposed as weighted sums of more basic elasticities, whose values can more
easily be assigned on the basis of biological or technological considerations, or using prior estimates
from the literature. With a few exceptions, these basic elasticities are likely to be rather homogeneous
across countries. At the same time, the weights used to combine them reflect country-specific
structural information (for example, the relative importance of dairy cows as a source of beef

production). These weights are obtained from the data base.

One exception to the assumed homogeneity of basic elasticities relates to the issue of complementarity
and competition between dairying and beef production. In a number of cases, this trade-off emerges as
an important parameter about which a judgement must be made on a country-by-country basis. From
simple time-series regressions, it appeared that 10 out of 15 Member States show a negative
correlation between dairy and suckler cow numbers. ''> Countries with a positive correlation or non-
significant correlation are Germany, Greece, Italy and Sweden. '™* These estimated parameters for

each Member State were used where relevant in establishing the priors.

The priors were constructed in the form of elasticities and then, since the equations are linear, were
transformed into prior values for the parameters by adjusting them with appropriate ratios of sample

means.

7.3.3.4. Priors for other parameters

1 Regressing dairy cows on suckler cows for respectively the whole period (73-95) and the milk quota period

(84-95). Results are available from the authors upon request.

1" The suckler cow data for Sweden are of low quality, so these results should be treated cautiously.
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Previous points 7.3.3.1 and 7.3.3.2 illustrate in some detail how prior values were assembled for the

parameters oy; and ¥y in equations (7). No priors are used for the parameters o,,, and B, i=1,2,

j=2,...,5. In this point, we give a brief description of the method whereby the prior values were

derived for the parameters B, for j,{=2,..5.

Unlike the parameters o; andy,, which appear in the netput functions and for which estimates appear
in the literature, the parameters f3, (appearing in the profit function and in the optimal fixed-factor

equations) are more difficult to relate to observable technical coefficients or to previous research

results.

Our starting point is to assume a set of prior values for the three own-price conditional (i.e., no
adjustment of other quasi-fixed factors or milk) elasticities for land, suckler cows, and dairy cows, and
for the elasticity of milk based on equation (12) (i.e., no adjustment in quasi-fixed factors). It should
be noted that these parameters must be non-positive because of the concavity of the profit function in

quasi-fixed factors.

Some prior information on the short-run milk supply response (-1/B,,) is available from the

literature. Thijssen (1992) using a number of different approaches but focusing on the pre-quota period
(1970-82), obtained short-run elasticities in the range of 0.10-0.13 and long-run elasticities of 0.27 and

0.32. These elasticities correspond to the functions z, =m,(p®,p,2.;,) and z; =m,(p*, P,Z;345)

respectively. Boots (1999: 65) who studied the Dutch dairy sector using a panel data set containing
9365 observations on 1961 farms for the period 1973/74-1992/93, found milk supply elasticities of

0.26 and 0.43 depending on the model specification. These elasticities already assume adjustments in

quasi-fixed factors, notably dairy cows, and therefore correspond to z, =my(P°, PrZ3a5)) -

Comparing these two sets of estimates suggests that milk supply elasticities have remained rather
stable over time, at least in the Netherlands. They depend on production structure or technology

characteristics rather than on policy regimes.

Guyomard et al (1996: 214-215) analysed the French dairy sector using a cost function approach.
Their estimates are based on a sample of 1599 farms, taken from the FADN. Using the estimated
slope-parameter of the marginal cost function with respect to milk and multiplying this by the milk
price/milk quantity-ratio (evaluated at the reported sample means), gave a short-run (constrained) milk
supply elasticity of 1.67.107. For Finland, Kola (1991) obtained a supply elasticity of 0.5, which
seems to have a medium-run character and hence allows adjustments in quasi-fixed factors. These
estimates are rather consistent in suggesting that the most constrained shadow milk elasticity is under

0.2, and with adjustments in quasi-fixed factors, an elasticity of 0.5 or less.
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Since, when dairy cow numbers are fixed, milk supply increase has to come from an above-trend yield
increase, some differentiation based on per country yield levels might be considered. There is evidence
that cows with a relatively low yield level can more easily achieve an increase of, say, 5 per cent than

cows that are already producing at relatively high yield levels. ''®

Once a prior belief about the most constrained elasticity has been formed, this can be translated into a
prior on the parameter B, according to the relationship By =-1/g%n, (P, /Z,) with €’ denoting
the corresponding milk supply elasticity and 5, and Z, representing price and quantity of milk
evaluated at the relevant sample mean. Using the prior information about the short-run by assuming a

short-run supply elasticity of 0.10, implies that the prior value for B, is fixed as— (1/0.1)(p,, / Z,) .

With respect to the elasticities involving some adjustment in quasi-fixed factors, the studies quoted
above show more variation. This is even more so when non-European studies are examined (see
below, paragraph 7.4.2). It is therefore difficult to specify reliable a priori beliefs with respect to the

ratio of short- to medium-run response.

From equations (17) to (19), we see that each coefficient B,, is directly related to the elasticity of each
quasi-fixed factor with respect to its "price" since:

A
Bu =y it (44)

- Py
e z,

In the case of dairy cows, "price" has to be interpreted as input costs associated with dairy cows
(Boots, 1999: 56). For the Netherlands, Boots (1999: 65) obtained own-price input demand elasticities

for dairy cows ranging from —0.3 to —0.5. We therefore base the value of B « On an assumed elasticity

of -0.4.

A similar reasoning for §,, (suckler cow equation) was also used. With respect to suckler cows no

reliable prior information was available. An own-price elasticity of -0.4 was also assumed here, and

was used to construct a prior value for B,,.

Finally, an own-price (conditional) elasticity of demand for land of -0.1 was assumed, in order to

derive prior values for B, .

5 This suggests that low national yields not only reflect low genetic quality, but also indicate sub-optimal

feeding regimes.
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Next, in order to be able to use the expression in (2.40) to fix prior values for B,,,B,, andB,,, values

for the adjustment coefficients A; are needed. These are assumed to be A, =0.2, A; =0.6, and A4 = 0.7.
116 This leads finally to a set of prior values for 8,,,8,, and B, which are then inserted into stochastic

constraints, so that they may be modified by interaction with the data where necessary.

Having assigned priors forB,, j=4, it is also useful to form some prior expectations for the
parameters B,, j#{ . We began by setting B,, =B,; =0, on the grounds that increasing milk

output will not affect optimal levels of land and suckler cow stocks directly but only indirectly via
dairy cow adjustments. This left four parameters to which priors must be assigned, namely

B,,,B,45 P4 and B,s. These parameters can be expressed as functions of extraneous estimates for

stocking rates, "competition" between beef and dairy, and yield, on the one hand, and the parameters
B,,.B,, and B, . The parameters B,y,B.,B5 and B, are all involved in the expressions & and @,

which were defined in point 7.3.1.2. and for which inequality restrictions are also present. These
restrictions are also used to further constrain and improve the consistency of the corresponding

parameter estimates.

Our procedure for expressing these parameters (Bs5 BBy and B,;) as functions of the own-price
response parameters (B,,,B,; and B,,) involves the assumption that milk yield and stocking rates are

following trends over time that are largely exogenous to price and policy developments. In the case of
milk yield, there is ample evidence that milk yields in the EU have been following a long-run trend
that has resisted movements in real prices and only momentarily faltered at the moment of introducing
milk quotas. However, we considered that further analysis was needed in order to support the

assumption that stocking rates are exogenous in the long run.

In order to obtain estimates for aggregate stocking densities, weights must be assigned to dairy and
suckler cows, and other grazing animals, in order to arrive estimate trends in total stocking densities.

In order to establish these weights, various technical information was used.

The daily feed input requirement for dairy cows (550 kg live weight), expressed in "feed unit milk"
(FUM) can be approximated by 4696 + 439.M + 0.7293.M?2, where M stands for the daily yield in kg
(PR, 1980: 159). For a dairy cow with a yield of 4000kg/year the average daily intake is 9595 FUM,

which is more or less comparable to the requirement of a suckler cow (including pregnancy). The

116 These are the plausible parameters based on preliminary analysis, and are used in constructing the prior
values for other parameters. These values are used as stochastic priors for the parameters themselves during
estimation, so that data have been permitted to "correct" them before arriving at final estimates.
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roughage intake of high yielding dairy cows is estimated to be 2.5 kg dry matter of roughage per
100kg live weight. High yielding cows (550 kg live weight) have a potential calculated dry matter
roughage intake of 13.75 kg per day. In order to achieve the high yields often supplementary feeding
with compound feeds is necessary to satisfy the total energy (and protein) requirements. On average 1

kg compound feed replaces 0.5 kg dry matter of roughage (PR, 1980: 160). "’

Assuming grass has an average FUM value of 151 and 0.160 kg dry matter per kilogram of product
(PR, 1980: 165), a suckler cow needs an intake of 10.16 kg dry matter of roughage to satisfy its
complete (energy) requirement. The average milk yield in the EU15 in 1995 was estimated at 5279kg
(EU, 1999, T/328). To achieve this yield a dairy cow would need a roughage intake of about 12kg (dry
matter), without needing a compound feed supplement. The average forage and grazing requirement of

a suckler cow will therefore lie in between 0.7 and 0.9 that of a dairy cow.

As a proxy for the contribution to stocking density of other roughage using animals, the requirements
of sheep, the main other grazing animals category, is used as a basis. The FUM requirement of sheep
(ewes and lambs) is estimated to be on average 1300 FUM per day (PR, 1980, 153). Satisfying this
need requires a daily dry matter intake of roughage of 1.3 kg. The weight for sheep is then equal to 0.1

times the weight of a dairy cow.

il

Using these weights and the livestock numbers over the period 1975-1996, the total stocking density
for EU15 has been rather constant at between 0.7 and 0.8 dairy cow equivalents per hectare of land

used for forage and grazing (see Figure 7.2).

"7 With small amounts of added compound feed (<3kg) replacement rates of about 0.3 and with high amounts of

added compound feed (>7kg) replacement rates of about 0.6 are found.
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Figure 7.2. Evolution of stocking rates in EU15
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Figure 7.2 shows the development of the stocking density over time for the EULS, and the
contributions of the different animal categories to it. As can be seen it supports the assumption that the
long-run stocking density is rather stable. Table 7.16, in appendix 1, shows significant differences in
stocking density over countries. The lowest densities are in Ireland and Spain, the highest in the
Netherlands and Denmark. Part of these differences can be traced back to differences in land quality,
climate and feeding systems. Except for Portugal, the stocking densities are fairly stable over time for
all Member States. ''® Therefore, the stocking density relationship is a good candidate for a long-run

condition that should be satisfied.

With respect to the suckler cow stock equation, some prior ideas about the "competition" coefficient
between suckler and dairy cows were developed. Following the introduction of the milk quota in 1984,
the decline in the dairy cow stock was partly compensated by an increase in suckler cows. The average
substitution rate was 4 suckler cows for 10 dairy cows, while in more recent years the rate was close to
1 for 1 (European Commission, 1997: 10). In countries where dairy and suckler cow holding is very
specialised, an increase in dairy cow numbers due to quota enlargement or quota abolition, at first
sight, is likely to have little or no effect on suckler cow numbers (no intra-firm substitution). However,

if at the margin dairy and suckler cows are combined operations and/or firms can easily switch

8 portugal shows an over time decline of stocking density in the period 1973-1984, with a stable stocking
density thereafter.
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