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A

EXECUTIVE SUMMARY

We employ a numerical general equilibrium model to evaluate the payoffs to agricultural and nomn-
agricultural interests in the EC and the US. A government objective function for each region is calibrated as a
weighted sum of the payoffs to the two interest groups with weights corresponding to the benchmark political
influence. The objective function is employed by cach government to determine the level of agricultural support.
The influence weights on agricultural interests that would rationalize the existing protection system with these
objective functions are 72% in the EC and 61% in the US. A'negotiated outcome which fulfills certain economic
efficiency criteria with this disagreement point could result in partial liberalization of the CAP by 75% while -
simultaneously allowing US agriculture to gain an additional 50% protection.

There are, however, alternatives to direct negotiations that could result in partial CAP liberalization. A
marginal change in the political influence weights of European interest groups would also resuit in a 75%
liberalization of the CAP

A complete hbcralnzatlou of the CAP would, nonetheless, require substantial changes in these polxncal
weights. Even if the EC were indiffereat to income distributional aspects of the outcome, corresponding to 50:50
weights, there would be an efficiency argument in favor of unilaterally keeping some endogenous protection in
place. Complete liberalization would therefore, to some extent, require a reversal of the bias in income
distributional considerations that now favor agncu.ltural‘.mtcrcsts

Some attention should be directed to the poss:bd.lty of an escalatmg trade war. A very small increase
in the EC agricultural influence weight would lead to increases in protection for both the US and the EC.
Avoiding these alterations in the political structure can therefore be of some importance. Similarly, a marginal
increase in the weight for US agriculture would increase US agricultural protection, but the strategic response,
from the EC in this case would be a reduction in protection. However, the cost of tl'us policy change would be
carried by the US nonagricultural interests.

There is therefore some cause for optimism with regard to achieving partial CAP liberalizations simply

 through a minor political change in the EC, even if a complete liberalization would require quite drastic steps.
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1. INTRODUCTION

Agriculture has been a sensitive issue in the current round of multilateral trade negotiations. It threatens
to be one ;of the major stumbling blocks to an acceptable agreement. Why has agricultural liberalization
generated such controversy? What is needed in order to achieve significant reform of agricuitural policies? |

We approach these“two questions from a very specific point of view. We assume that the currently
observed levels of agricultural support are the outcome of a trade war in which the major participants have been
agricultural and non-agricultl_xral int_crcsts m t.hc European Communities (EC) and the United States (US).

The hxstonc opposmon t6 reform is exp}amed in these terms by- agricultural interest groups having a
strouger pohucal mﬂucncc than non—agncu.ltural interesq groups. This msxght prowdcs a consistent basis for the
quantitative cvaluanon of thcse polmcal mﬂucncc weights,

Once the modet is calibrated with these benchmark® weights we can dt;tcrminc how mﬁch the structure
of political ‘inﬂucnce would have to change in the EC or the US so as to bring about a new political equilibﬁm_n
in which reform has occurred. Analysis of the means of influencing this political structure is beyond the scope
of this study, but it is easy to imagine how informing politicians, burcaucrats, and the ¢lectorate about the costs
of agricultural support could change the politicai influence structure.

The central concept of equilibrium in our model of a trade war ‘is Nash Equilibium (NE). This
equilibrium is simply a set of p;.)lidcs for the EC and US such that neither country would want to change their .
policies unilaterally. We consider a trade war in which the payoffs to each country depend on ihe values of two
variables. The first variable is the real return to domestic agricultural interests and the second is national
welfare net of this return to agriculture, This situation could be viewed as the result of a behind-the-scenes
lobbying game in which agricultural interests have managed to convince their government that one of the

objectives of agricultural trade policy should be to protect domestic agricultural interests, rather than to worry

! The notion of a "benchmark equilibrium® is standard in GE modelling. It refers to an equilibrium of the system in which all of the
essential microeconomic features of the base year are replicated as solution vajues. GE models are calibrated, or estimated, so that they
replicate a benchmark equilibrium in this way. We will be referring to several alternative base years, so we prefer to use the term
“benchmark equilibdum® rather than “benchmark year.”
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soiely about the general welfare effects of that pélicy.

What are the relative weights that governments attach to these two objectives? A set of political
influence weights are derived that are consistent with our model. Specifically, we can determine the weight that
must be given to agricultural interests in the benchmark equilibrium of the model so as to rationalize the
protéction for agriculture that is assumed in the model to apply in that year. The political process that is implicit
in this rationalization exercise is a simple lobbying model in which agricultural interests compete with the rest
of the economy for policies that favor one or other group. This process is not explicitly modelled here.

We. find that agricultural groups in the EC must have had considerably more influence over | the
determination of EC agricultural policies than non-agricultural groups. Specifically we calculate political influnce
weights of 72% and 28%, respectively. The same rcsullﬁs trug for the US, alb;i{ toa 1cs$er extent with weights
of 61% and 39%.

We then vary these political weights in order to investigate the sensitivity of the level of agricultural
support with respect to the structure of political influence. This exercise is undcrta-kcn 50 as to asscss'th_c
possibility of attaining agricultural refonﬁ even in the absence of a satisfactory negotiated settlement. This.rcform
would be the result of influencing the perceptions of the electorate and politicians. The Nash Equilibrium of the
agricultural trade war would then be realized at lower levels ot;. agricultural support.

Qur results show that partial liberalization of Lhé CAP could be acﬁicved by relatively modest changes
in the political structure. Corﬂpletc climination would require more radical changés in political influence,

However, we also consider the implications of our trade war re;sult.s for tixe outcome of a ueéoﬁated
agreement on agricuiture betwun-tl_:e'US and the EC. This agreement would be the outcome of cooperative
negotiations, such as are occurring on a multilateral basis under the auspices of the GATT, rather than the
outcome of a noncooperative trade war. Nonetheless, the outcome of the trade war can have a dramatic impact
on the former negotiated agreement by determining the relative threats that each nation can credibly bring to
the bargaining table. |

We emphasize at the outset that the game-theoretic concepts and computations that we undertake are

extremely stylized, in the sense that they should be qualified before our results are applied to policy-making. This
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is more than thc patural reticence of scholars to take responsibility for the use or abuse of their research; we
identify tﬁroughout a sumber of dimensions in which our specific results might properly be questioned. In section
6 we explicitly consider several alternative formulations of the strategic agricultural trade issue. However, the
main contribution of 6ur results is to propose and illustrate a conceptual and qhantitativc approach lo strategic
trade issues which can be readily extended to deal with such qualifications.

The paper is structured as follows. In section 2 we provide a gentle introduction to the game-theoretic
concepts employed throughout. The key idea here is that one cannot, in general, define the “seif-interest” of one
country independently of the range of policies available to other countries. In section 3 we explain in detail the
methodology that we employ to medet agricultural trade wars. The key concept here is the estimation of model-
. consistent political influence weights for agricultural and non-agricultural interests. In section 4 we present the
numerical results of applying this mcthodology. Section 57 is a discussion of a number of questions that arise when

attempting to assess how general our results are.



2. STRATEGIC SELF-INTEREST

" The Idea of Nash Equilibrium

Imagine that some policy action that would improve the well-being ofrall of its citizens wasr available to
the US. .Forgct, for the moment, the unbridled self-interest of sectional lobby groups or the alleged myopia of
politicians. Let us assume that transparency reigns such that the political actors can see what is best and have
the political willpower to act accordingly if they want to. Should the US pursue this policy action?

Before answering this question we need to know one more piece of information. Will this action lead
to-any retaliatory policy action from any other nation that-could "hurt” the citizens of the US? Assume that the
citizens of the EC would be hurt by this-action of the YJS if it were 'cai'ried_ql_xl; In OthCI.; words, the citizens of
the EC are assumed to be worsc‘;)ff if the US implements this policy than if it does not. The next question, then,
is whether or not the EC has any policy of its own that can be used to retaliate against the US (or to threaten
to retaliate).

Assume that the EC does have such a policy. Wil they use it? That depends on whether or not the EC
is better off using it. And if they use it, it will influence and possibly change the initial US policy decision. Thus
the seif-interest of each nation is linked necessarily to the actions that it expects other nations to take. It is simply
impossible to define the self-interest of one nation indcpéndcntly of the self-interest of 6thcr nations, unless the
actions of one nation have no- impact at all on the well-being of other nations, or"if_ the other nations have no
retaliatory threat that would lead the first nation to choose one action over another.’

Game theory provides a &aﬁework that enables us to untangle this apparent infinite regress of
semantics. Specifically, the Nash Equilibrium (NE) concept is a way of predicting what the outcome wﬂl be if
each and every nation pursues its own seif-interest while expecting the other nations to do the same, _ﬁc NE
concept does ﬁot describe a process of retaliation, but the outcome of such a process.

To illustrate the importance of accounting for strategic retaliation in trade policy, consider the two
simple games with payoff matrices shown in Table 1. In each case we bave taken the payoffs from policy

simulations generated by the global general equilibrium (GE) model of Whalley [1985] {1986] and reported in
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Harrison, Ruts&aﬁ: and Wigle {1989]. Two agents are considered: the US and the EC. Each agent has just two
pure strategics in each game. In game 1 each agent can do nothing (N) or can abolish (A) agricultural trade
barriers. In game 2 the EC can increase agricultural protection by 100 percent or 200 percent and tht; US can
increase protection by 150 or 200 percent. We shall consider much more detailed policy options later in a more
realistic model, but the essential ideas can be understood with just two strategies.

In each game in Table 1 the abolition strategy refers to all tariff and non-tariff barriers, abolished on
a nondiscriminatory basis. In other words, we are allowing cé'i;h nation to remove all agricultural protection
against imports from all other nations (the alternative would be to have them remove protection only against
imports coming from particular nations). The payoffs shown in the two games are the annual welfare impact,
as measured by the Equivalent Variation in income in Btilions of 1977 US. dollars.

Consider game 1 first, The NE of this game is extremely simple to éomputc; in fact, it can be read
directly from the payoff matrix. If the EC does nothing, the US has two policy choices available to it with payoffs .
of 0 and -3.64, respectively. Clearly it is in the self-interest of the US to choose the first policy, which invoives

| it doing notﬁing. Note that this policy choice is conditional on the assumed behavior of the EC,

If the EC were to abolish protection, the US again has two policy choices available to it. This time,
however, the payoffs to the US from these two actions are 1.53 and -2.15, respectively. Although the values of
the payoffs are quantitatively differert to the US (depending on what the EC does), the. predicted outcome for
the US is the same in each case: to do nothing. Thus the US can be counted on by the EC to follow the policy
of doing nothing. This is called a domi;mnt'strateg;y for the US. It is always in_thc best interest of a country to
follow a dominant strategy, irrespective of the actions of the other country.?

Now consider the self-interest of the EC. If the US were to do nothing, it has two policy choices open,
leading to payoffs of 0 and -6.97, respectively. In this case it would choose to do nothing. If the US were to
abolish agricultural-protection, the EC's two policy choices provide it with payoffs of 0.96 and -6.03, respectively.

The EC would choose to do nothing in this case as well. Thus the EC also has a dominant strategy to do'nothing

% In this case we have a strongly dominant strategy, since the payoffs to the United States for the alternative action are strictly lower.
Weakly dJominant strategies are defined in an obrvious manner.
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'u_1 this parﬁcu_lar game. Even if the EC did not have this dominant strategy, we could have restricted our analysis
to the first set of choices for the EC, since the EC could be safe in assuming that the US would do nothing
(irrespective of what it, the EC, decided to do).

In game 1, therefore, the NE is simply for each country to do nothiﬁg. Because each country had a
dominant strategy available to it, the seif-interest of each country could indeed be defined independently of the
conjectured retaliation of the other nation. This is a very special case. |

The NE outcome in game 2 is not quite as simple. The best strategy for the US depends on the strategy
chosen by the EC. _If the EC increases protection by 100 percent, the US would prefer to increase protection by
150 percent; rconversely,_if_ the EC iqcrcascs pr_otcction by 200 percent, the US would prefer to increase its
protection by 200 percent. Which policy is in the sclf-ii:tcmst of the US to follow? Fortunately, the EC will
choose to increase protection levels by 200 percent irrespective of the US’ choice ‘hcrc, 50 it is in the self-interest
of the US to do likewise and increase protection by 200 perceat (this is the NE of game 2). Qur point, ho;vcvcr,
is that one could not define the self-interest of the US in game 2 without making some conjecture about. the
behavior of‘ the EC. ' |

We shall see below that the payoff structure for trade policy games is not always so simple as in games
1 and 2. If a country does not have a dominant strategy available to it, it will need to form some conjecture as
to the likely strategy choice of the other country. We do not expl:ﬁh or analyze this process of conjecture and
counter-conjecture. Instead wc'focus on a set of strategies that are consistent with correct conjectures: a Nash

Equilibrium,

Some Qualifications

We would like to stress three obvious but important qualifications to this result and our approach, even
at this simple illustrative level.

First, the welfare or production impacts shown may not be robust to variations in the parameters (or
underlying structure) of the GE model. Even at a casual level we can see that the equilibrium point of game 2

might alter with relatively small changes in the welfare impacts for either the US or the EC. These small changes
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in welfarc may, in turn, be generatcd by small perturbations of key clasticities in the underlying model (e.g., see
Harrison, Jones, Kimbell and Wigle {1991]). Thus the robustness of the GE results are essential to the robustness
of the game. We will employ procedures for the systematic sensitivity aﬁalysis of GE models developed by
Harrison and Vinod {1991] to allow for a statistical treatment of the robustness problem.?

The second gqualification is that we are considering extreme pure strategies in these two examples, It is
quite possible that there exist intermediate pure strategies, involving something less than the total abolition of
agricultural trade barriers, such that some US-EC liberalization would occur in a noncooperative equilibrium.
The operationalization of a response to this qualification involves taking finer grids of pure strategics. We arc
able to do this with our approach, subject to familiar constraints on computational expense.

The final qualification is that our analysis of gafne 1 implies only the abseace of a welfare-improving
noncooperative outcome. Such a result may therefore point the way towards the necessity of cooperative solutions
to the US-EC agricultural trade policy problem. More importantly, it provides one starting point, the
disagreement outcome, iu a subsequent analysis of the cooperative game in the sense of'Nash [1950] [1953]. We

illustrate this point in the next section.

The Nash Solution to Cooperative Bargaining Games

Nash [1951] proposed a "solution"_to a class of cooperative bargaining problcms. The solution is obtained
as the unique outcome that sétisﬁcs a series of plausible axioms involving, amo;l_g other things, economic
cfficiency, Agents are assumed to be able to communicate and write down some binding agreemeat to implénient
this solution, which is widely referred to';s the Nash Solution (NS).* In the absence of an agreement cach agent
faces a specified Mmmt outcome. The particular disagreement outcoﬁc that is selected can have dramatic

consequences for the negotiated agreement, which is intuitive enough. This turns out not to be the case in our

3 Appendix B ptvvidét a brief description of these procedures,

* Readers that are not familiar with game theory should take some care to distinguish the notions of Nash Equilibrium and the Nash
Solution. The fact that they were developed by the same John Nash leads many readers to confuse them. To add to the risk of confusion,
Nash [1953] demonstrates that the NE and the NS coincide for certain classes of noncooperative games. Many game theorisis sniff at the
direct use of axiomatic solution concepts such as the NS unless they can be shown (o emerge as NE of interesting classes of non-cooperative
bargaining models. Binmore, Rubinstein and Wolinsky {1986] develop this gencral point.
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study, however. |

Computationally, the NS is straightforward th calculate. One simply evaluates the product of the utility
gains of each agent, where a “gain” is measured by the difference between the utility that the agent receives at
the tentative agrccml.".nt point and the fixed disagreement outcome. The strategy combinations that generate a

maximum for this "Nash Product” constitute the agreement point.*

* Appendix A presents these cooperative solution concepts in greater technical detsil for the interested reader.
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3. METHODOLOGY

We consider a Eilatcral‘ trade war between the US and the EC with respect to agricultural protection
using a computable GE trade model to gcneraté payoffs to cach govemment.r Each of the US ami EC adopts
policies :[hat operate in a nqn-discﬁminatory fashion.”

There are three important steps in generating the payoff matrices which form the basis of our trade
wars. The first step is to define the objective function of the governments of the EC and US, taking into account
the relative political influence weights of agricuitural and non-agricultural interests. The second step is to dc‘ﬁne
the policy instruments that may be used as strategies. The third step is to allow for the uncertainty underlying
aﬁy particular aumerical simulation model, using techdiques of sensitivity analysis and expected utility theory.
Each of these steps is considered in s;:ctions 3.1, 3.2, and 3.3, respectively. We then proceed to evaluate the trade

war outcomes in section 3.4,

3.1 Payolfs to Trade Wars

We assume that each of the governments in the US and EC have an objective function that they use to
decide when a policy change is an improvement or not. These objective ﬁmcﬁons have just two arguments: the
welfare of sectional agricultural interests, and the welfare of the rest of society (i, the non-agriculturai.
intcrcstﬁ). The key issue to be. resolved here is how the government weights thcsc" two factors. -

Before addressing this issue, however, we should note how we measure the welfare of each of these
groups. The welfare of society as a whole is given by changes in welfare of the consumers of the country. This
is measured in terms of the Equivalent Variation (EV) in bcnchmarlf dollar terms (the base year is 1980 in this
model, and the benchmark monetary measure is the U.S. dollar). This is a standard measure of changes in

welfare for models-where consumers are homogeneous within each country.

 All other nations are assumed to be strategically passive in these policy experiments. It would be straightforward to relax this
assumption in later work.

7 That is, the EC might increase protection against imports from all sources (rather than just against imports from the United States,
for example). The cffects of 2 geographicaily discriminatory trade war might be quite different, and could also be evaluated in later work.
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The welfare of agricultural interests is measured by looking at the change in the real income of a
household that derives it’s income solely from agriculture. Specifically, let agricultural land and capital be specific
to agriculture with no useful employment in any other sector. Whenever there _is some policy change there wiil
be some change in the return to this factor, invariably reflecting the fate of the sector to which it is specific. Thus
a decline in agriculfural production will typically result in aldcclinc in the relative price of factors specific to
agriculture. The real income of the household owning this factor is then calculated by deflating with the change
in the cost of living.? It is perfectly possible for the return to thé factor to decline but for the real income of Fhe
household owning the factor to increase (this would occur if the cost of living dropped by a greater percentage
than the return to the factor).

In the model that we empioy there are two sectdrs that are "agricwltural”.in the broad sense used here.
One is called AGR and refers to p@m agricultural production. The other sector is called FOO and refers to
food products. It is appropriate to consider these two jointly since much of the trade in agricuitural goods occurs -
after tlﬁey have been processed to some extent and hence are treated statistically as food products, In effect we
‘arc assuminé that these two sectors coordinate their political lobbying activities perfectly. Given that we change
the levels of protection afforded their sectors equally, this assumption is plausible enough.’

Given that we know how any set of trade policies affects the welfare of agricultural interests and the
welfare of the economy as a whole, it is a straightforward matter to"n'ct-out the form;r from the latter to obtain
the change in the welfare of n;)n-agricultural interests. Our governments are thea m@ed to apply relative
political weights to these two welfare cﬁangcs in order to evaluate the overall affect of the policy change in a
linear objective function.

To derive the political weights on agricultural and non-agricultural interests, we assume that the

% In our model there is only one consumer in each country, thus there is only one cost of living index in cach country. Note that the
change in the price of the specific factor, as well as the' cost of living, are denominated in terms of some (arbitrary) numeraire good.

% In the concluding section we mention how our results could be extended to consider different trade policies for cach of these sectors.
We assume away issues of the “endogenous structure” of trade policies. If such issues were addressed it would not be appropriate to assume
that the interests of the two sectors coincide perfectly. Our calculation of political weights would then need to be extended to account for
three {obby groups instead of two, necessitating the use of a formal non-linear programming approach presented in Rutstrdm [1991; Chapter
8] in the place of the back-of-the-envelope arithmetic used here. Ia all other respects our approach generalizes easily to allow for more

than two |obbying groups.
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benchmark equilibrium policies in our model are the outcome of a political lobbying process. Specificaily, allow
the US government to consider two altt;:rnative policy options: maintaining the status quo in terms of agricultural -
support, or complete (unilateral) abolition of agricultural support. We consider more than one alternative to the
status quo, but for illustrative purposes just assume that there is one liberalization alternative.

Assume that our lobbying groups have opposite interests in the policy being considered. This is always
the case for the policies being considcréd in this study. Agricultural interests i)rcfer more agricultural support
and non-agricultural interests less.

A minimal weight on agricultural payoffs in the objective function is calculated such that none of the
alternatives to status quo that are preferred by the non-agricultural interest groups would be chosen. For our
illystrative example it would imply that the weighted payoffs to the government from complete (unilateral)
abolition of agricultural suppor-t is I?_;“)S -than that in the status quo.

Similarly, 2 maximal weight for agricultural payoffs will have to be calculated when allowing for
éiternativcs with higher levels of support than status quo.' These alternatives would be preferred by agricuﬁura_i
groups. Tb~e weighted payoff to the govérnment from this higﬁcr support alternative must be less than their
weightred payoff in the status quo.

The interpretation of these weights is straightfo;ward. They tell us the range of weights within which
lies the weight that one lobby group must receive in terms of the government’s objective function so as to
rationalize the fact that the Gﬁ model has a support level equal to the value assu:.ﬁ;cd. No empirical rabbit is -
being pulled out of the air, since we are not claiming that we have estimated these weights. Rather, we are just
taking a particular model that represents the support policies that were assumed or observed to be in effect in
the benchmark year, and asking how one could explain that using a simple model of government behavior."

As constructed, the weights that we employ are best described as being model-consistent rather than being

19 Note thar if the policy variables were modetied as being continucus rather than discrete then the minimal and maximal weights would
coincide.

! The political lobbying process underlying this model of government behavior is not part of our GE model. Recent developments in
GE modelling now allow one to incorporate such political equilibrium models simultancously with the sconomic model: see Rutherford
and Winer [1990]. The calibration of such politicai economy GE models can be delicate, however, and it is well beyoad the scope of the
present study to undertake such an exercise. Qur approach has the disadvantage of appending a political modet to a (calibrated) GE model,
but has the advantage of simplicity and transparency.
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empirical estimates.
Fﬁrthcr, we make no attempt at explaining the political lobbying process that leads to the establishment
of these weights. We simply take them as given in the benchmark, The benchmark is therefore assumed to be

in both ¢conomic and political equilibrium,

3.2 Policy Instruments of a Trade War

The policy instruments mﬁdercd here are dirccdyr related to the agricultural support policies in the
two countries.

The Common Agricultural Policy in the EC is modelled as a threshold price constraint on the import
price of goods in agriculture and food that is enforccd%hrough a variable import levy. The levy in 1985, the
benchmark year in our model, caused a 4% difference between the domestic and the international price.

In addition there is an intervention price constraint on domestic goods, above the threshold price, L_hat
is supported by interveation purchases and export subsidies. This constraint forces domestic prices up by an
additional 1% in the benchmark. The share of intervention purchases that is exported is fixed at 82% for
agriculture and 87% for food. The export subsidy is dctémincd such that these excesses can be sold on the
international market; these benchmark subsidies are 28% and 1.7%, rcspcctiw_acly, for agriculture and food. The
fraction of the intervention purchases that is not exported is simply treated as waste to the economy (i.e., it is
stockpiled and does not enter any agent’s consumption). The final instrument of the CAP is an exogenously
determined production subsidy, averaging about 1%. |

In any one simulation all three of these instruments (the threshold price, the intervention price, and the
production subsidy) are manipulated simultaneously and to the same extent. That is, if we scale the CAP down
by 25% then all thrce are lowered by this percentage.

The agricultural policies of the US are simply exogenously determined import tariffs (1% to 2%}, export

subsidies (1% or less), and production subsidies (3% and 1% for agriculture and food, respectively). Again they

12 There is 2n uninteresting philosophical issue here. To the extent that the GE model is "estimated® or "calibrated® from observed data,
then one might try to argue that the political weights are indirectly estimated. We much prefer the simpler interpretation, advanced in the
text, of these being "model consistent® weights.
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are manipulated sii:nultanc-c)usly and with equal percentage changes in any one simulation.

The simulations we investigate involve independeatly changing the EC and the US protection levels from
-100% to +100% in steps of 25%. All bilateral combinations are evaluated.

The instruments that are varied in our simulations do not include Non-Tariff Barriers (NTB’s). We
believe that NTB’s should be treated differeatly to more direct forms of assistance when considering tra&e
negotiation options. The reason tha-t they should be treated differently is simply that there is always some
credible doubt as to whether they are intended as a trade barrier or not, at least from the ncccssz_uily legalistic
perspective of international trade diplomacy. All of our resuits could be extended to include NTB’s,

There is one aspect of our further interpretation of the policy instruments that must be addressed at this
point: the treatment of the CAP as a set of endpgenousfpolicies. The issuc‘ arises when we compare the payoffs
to countries under a zero-CAP scenario to the payoffs for the same countries under an epsilon-CAP scenario.
' In the first case i-t is natural in terms of the economics of the policy to "turn off* the endogenous features of the

CAP, whereas in the latter case the CAP does remain endogenous albeit at a tiny level. The issue hcrc. is the
possibility for some discontinuity in payoffs to countries as we make an arbitrarily small change in the CAP

scenario. |

If the U.S. engages in some agricultural support program that causes world prices as perceived by the

EC to increase above unity (the benchmark value), then it would make a difference if the zero-CAP scenario
were implemented as a set of' exogenous or endogenous polices. If the polic_ies were endogenous then there
would be somc.variabl;: import levy set up to insulate EC domestic agents; if the policies were cxogenoﬁs there
Awould bc no such response. The discontinuity arises when we study an epsilon-CAP scenario in which the EC
sets threshold prices at one millionth of a penny above the benchmark prices. For all substantive purposes this

may seem like the zero-CAP option, but it is oot since it calls for endogenous variations in the import levy.

From the- perspective of game theory this type of discontinuity 1s bothersome if one insists on
interpreting the strategy space as continuous. We are not so restricted in our numerical work, preferring to deat
with finite numbers of discrete pure strategies. As such there is no formal problem in allowing the CAP to be

_ exogenous in the zero-CAP scenario and yet endogenous in the epsilon-CAP scenario.

-13-



More important than the potential problems of formal interpretation, we believe that the economics of
the CAP require that one recognize the discontinuity inherent in moving from an endogenous policy to an
exogenous policy, even if the benchmark values (which are ceteris paﬁbm the policy values of other countries)
are identical. As such we would defend our approach as being more natural linan the alternative of studying a
zero-CAP scenario in which. the import levy and export subsidy remained endogenous.

Ia the event this problem does not arise in our numerical simulations, since we do not examine ¢psilon-
CAP scenarios that are all that close to the zero-CAP scenario. But it is important to be aware of this possibility

in any further work.

3.3 Uncertainty About Payoffs ' e

Like any numerical simulation model, our GE model is calibrated to particular values of certain
parameters that may or may not be reliable estimates of the "true value”. Recognizing this fact, it is becoming
common in policy applications of such models to undertake a systematic sensitivity analysis of results, at least
with respect to the elasticity ;peciﬁcations adopted. We conduct a sensitivity analysis using the statistical
procedures developed by Harrison and Vinod [1991}, Appendix B details the particular distributional assumptions
that we have made in this analysis.

The upshot of running such’a sensitivity analysis is that we generate a distribution of solution values |
for any particular countcr-factual policy simulation. In other words, if the EC dismantles the CAP we would be
able to say something such as "the mean change in agricultural payoffs in the EC is -8.3%, with a standard
deviation of 0.6%". We can also make statements as to the reliability of a qualitative result. For example, we can
say such things as “the probability of a decrease in agricultural payoffs in to the EC from dismantling the CAP
is 0%". Such statements reflect the intrinsic uncertainty about the particular empirical model underlying the
simulations. -

A natural question arises for the conduct of our trade war. We are assuming that this is a game in which
all agents know the relevant payoffs to every agent. In effect we arc assuming that all agents might agree on the

basic empirical model being used to generate the payoffs of alternative strategy combinations, even if neither side
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thinks that the lmddel is "true” in any deeper sense. For present purposes we suppose that the agents adopt the
GE model we use here.

If this is so, then how are we to deal with the uncertainty over the model’s results? Expected utility
theory provides a natural answer to this question. We know how to evaluate the utility (or payoffs) to each agent
given that they agree on the model and the particular sef of elasticities used in any counterfactual policy
simulation. This was discussed above in section 3.1. Now we must extend that caiculation to allow for the fact |
that different elasticities will result in the same model giving different payoffs for the same counterfactual policy
simulation. Expected utility theory assumes that the expected utility of some uncertain outcome is just .thc
probability-weighted average utility of the utilities associated with each outcome.

To be specific, assume that we just try two sets of elasticities, called High and Low for convenience, and
one counterfactual policy simulation, such as the dismantling of the CAP and US farm suppeort policies. Assume
hypothetically that the payoff to the EC is 1.44 if clasticitics are Low and 2.22 if they are High. If there is a 65% .
chance of the elasticities bcing Low and only a 35% chance of them being High, then the expected utility of this
uncertain pfospcct to the EC is just 0.65(1.44)+0.35(2.22) = 0.936+0.777 = 1.713.

Qur sensitivity analysis undertakes a calculation of this kind over more than two sets of elasticities. In
fact our samplc sizes for each cell of the payoff matrices used here are equal to 500. The simple logic of the
above expected payoff calculation is just the same, however,

Table 2 summarizes our anaiys:s of the robustncss of these resuits. In Tablc 2a the robustness of both
unilateral and bilateral elimination of agricultural support policies is illustrated. Our results are very robust to
variations in elasticity values. Standard deviations are consistently low and ther qualitative results” are certain
to 100% with only two exceptions -- the change in the weighted payoffs to the US government’s objective
function has approximately a 5% chaace of being of the opposite sign. Table 2b illustrates partial and full
bilateral liberalizations with equally robust results. Qualitative results always hold with 1009 certainty with
respect to variations in elasticity values.

It should be noted that we employ prior probabilities for the different sets of elasticities that reflect our

3 The quaiitative resuit refers to the sign of the change.



knowledge about these esﬁxﬁateg rather than always assuming diffuse priors. As such the sensitivity analysis does
involve greater weight being given to elasticity values that are "a priori” more likely to be observed. We thereby
constrain the range of counterfactual policy results to be consistent with elasticity values that are uncertain but
not unrealistic.

For example, our sensitivity analysis is much more likely to pick a value for an elasticity drawn from é
Normal distribution within one standard deviation of the mean than it is to pick a value between one and two
standard deviations from the mean, The objective is not to "let anything happén", but just to provide an honest

assessment of the intrinsic uncertainty surrounding numerical calculations such as those employed here."

4 This may seem to be a minor point, but we are aware of many instances in policy applications of models such as these in which
authors have not constrained their elasticity specifications to realistic values, and managed to find that a given policy can have virtually any

-qualitative effect. Such analyses have led many peopie to avoid the use of sensitivity analysis on the false grounds that it necessarily invotves
drawing indeterminate policy conclusions. -
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4, RESULTS

4.1 The Model-Consistent Political Weights

Complete and uﬁi]ateral liberalization of the CAP in 1985 results in fcductions in the real income of
agricultural interests in the EC of 8.34 billion 1980 U.S. dollars™, and overall welfare gains to non-agricultural
interests in the EC of 12.35 billion." The minimal political weight on agricuitural interests consistent with the
CAP being in place in our benchmark equilibrium is therefore 0.597 (=12.35/20.69). Thus one does not have
to give agricultural interests much more than half-weight in order to rationalize the existence of the CAP in this
model, at least in relation to complete liberalization as the alternative.

A similar calculation for complete and ynilateral liberalization of agricultural support by the US results
in reductions in real income of agricultural interests of 4.71 billion'’ and incre;ases in the real income of the
non-agricultural US interests of 6.81 billion. Thus the minimal political weight on agricul_tural interests in the US
is 0.591 (=6.81/11.52). This weight is coincidentally quite close to the weight found for the EC. |

It should be noted that each of these weights are based on the average changes in real income over 500
simulations, reflecting our sensitivity analysis with rcspcd to key elasticities and parameters in the underlying
empirical model." |

How do the political weights change as we consider alternatives to tilc status quo other than complete
liberalization? Figures 1 and 2 &isplay the results of comparable calculations for a wide range of unilateral policy

alternatives by the EC and US. Table 3 lists the corresponding values in these figures.

15 This figure is composed of losses to three distinct groups. Land and Capital that are specific to AGR in the EC each lose 3.7012%
of their real income with CAP liberalization, and Capital specific to FOO in the EC loses 8.3813% of it's real income. The endowments
of each of these factors, in billions of dollars, are 64.0213, 28.7632, and 58.4979, respectively. The total loss of 8.34 is therefore computed
as 0.037012(64.0213 + 28.7632) + 0.083813(58.4979).

16 Each of these amounts is the average value of a distribution of solution values generated from the sensitivity analysis described in
an Appendix. Note that-we could have generated a distribution of values for the political weights, but choose not to in order to keep this
calculation as transparent as possible.

17 This is also composed of losses to three factor groups. Capital and Land specific to AGR in the US each lose 7.51% of their reat
income due to the removai of support, and Capital specific to FOO in the US loses 2.76% of its reai income. These factors have initial
endowments of 12,1979, 27.1501, and 63.6760 billion, respectively, Weighted by the percentage changes in real income, these endowments
add up to the overall loss of 4.71 billion reported in the text.

13 As was seen in Table 2 the results are quite robust with respect to uncertainties in these clasticities and parameters.
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Iﬁ is apéarénl from these resuits that agricultural interests in each of the EC aad US would lobby against
liberalization of agricultural support and in favor 6f increases in that support. Coaversely, non-agricultural
interests would have diametrically opposed lobbying activities. These qualitative resuits are quite intuitive. They
do, however, imply that one must take a little care in interpreting the political weights.

Consider the political weights within the EC first. In order to rationalize the status quo as comparéd
to 100% liberalization of the CAP we found that agricultural interests needed a weight of at least 0.597 in the
objective function of the EC “goverament®. For all other reductions in the CAP this weight must be higher,
around 0.71 or 0.72 depending on the precise alternative to the status quo.

Now consider the alternative of increasing the CAP by 100%. In this case agricultural interests gain by
46760 billion as compared to the status quo and non-aéﬁcultural_intcrcsts- lose by 12.3811 billion. The poiitical
weight of 0.274139 is calculated as the minimal weight required on non-agricultural interests so as to rationalize
why the status quo was the benchmark in this ﬁmdcl. This means that one minus this weight, or 0.725861, is the
maximal feasible weight on agricultural interests that is consistent with the status quo being preferred by ti:c EC

- "government”, |

We therefore find that there ls a reasonably tight bound on the political weights for agricultural interests
that is consistent with the status quo. Sbcciﬁcally, this weight can lie between (.719766 and 0.722099 for the EC,
and between 0.601696 and 0.611874 for the US.” Any lower weight than given by these bounds would result
in the gains to non-agricultural intcreslts outweighing the losses to agricultural interests in the government’s
"eyes”, and the alternative fo the status quo being chosen by the government. Shﬂmly, any higher weight would
Tesult in the gains to agricultural interésts outweighing the losses to non-agricultural interests.®

Why are these weights so stable for all of the alternatives other than complete liberalization? The reason

is that the ratlo of the change in real income of agricultural interests and non-agricultural interests is relatively

12 We could evaluate policy alternatives that are arbitrarily closs to the status qua and cbtain even tighter bounds, but these intervals
are more than adequate for present purposes. Moreover, it is not obvious that such marginai changes in policies are feasibie from a
negotiating perspective, notwithstanding the aihilistic rhetoric commonpiace in the GATT bargaining process.

2 To see this point transparently, consider the effects of having weights of zero and one on agriculturai interests. In the first case the
_ government would completely ignore agricultural interests and fully liberalize unilaterally, whereas in the second case the government would
compietely ignore non-agricultural interests and expand agricultural support (to the maximal level of +100% considered here).
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constant. The absolute level of these changes in real income vary significantly with the different altcmativé
policies, but the ratio of the two does not for all but complete liberalization,

It is particularly noteworthy that there is 2 difference when we consider complete liberalization rather
than just a scaling up or down of the CAP. This indicates that it will be much casier to get the EC to engage
in partial liberalizations than it will be to get them to engage in complete liberalizations in the sense that the
political influence weight for agriculture only has to be lowered by a small fraction to remove enough opposition
to full liberalization®. This may seem like a trivial conclusion until one notices that in terms of the political
weights we have calculated it will be just as easy to get the EC to engage in a 75% lberalization as in a 25%
. liberalization. Qur analysis as to the political ease of alternative reforms have nothing to do with the absolute
size of the real income changes that. they imply for any.group of agents, but rather with their effect on their
relative lobbying influence.

Given this range of political weights we determine the objective _flmcticcn weights on agricultural interests
used in our simulations for the EC and US to each want to adopt the status quo. For the EC this weight is

roughly 0.72 and for the US it is roughly 0.61, comfortably within the bounds noted earlier.

42 The Trade War

We conduct the agricﬁltural trade war by evaluating the economic effects of each country adopting values
for their agricultural support péiicics that are -100%, -75%, -50%, -25%, 0%, +25%, +50%, +75%, or +100%
of the status quo values. This trade war therefore involves 81 (=9x9) policy combinations, or 81 distinet policy
simulations,

Each of these 81 policy simulations_is solved repeatedly as part of our sensitivity analysis, with every
major elasticity being randomly perturbed each time we solve it. In each cell we conduct a sensitivity analysis
with a sample size of 500, implying a total of 40,500 (=81x500) solutions of our model. From this sensitivity

analysis for each cell we determine the average changes in the real income of agricultural and non-agricultural

4 Recall our earlier discussion of why there is a difference berween partial and full liberalizations of the CAP. The latter involves a
fundamental *regime change” in relation to the vanables that are endogenous and exogenous (¢.g., the import levy is no longer variable,
but fixed).
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interests.

Tabies 4 and 5 report these unweighted changes in real income (in billions of dollars, per annum). The
first line of Table 4 is read as follows. When the EC adopts a policy of -100% liberalization (complete abolition
of the CAP) and the US does likewise, agricultural real income in the EC goes down by 7.231 bi]lioﬁ relative
to the status quo and by 1.717 billion in the US relative to the status quo. The second line shows that when the
EC maintains it’s policy of full Liberalization but the US only liberalizes by 75%, agricultural real income in the |
EC goes down by 7.427 billion and goes up in the US by 0.020 billion.

Similar interpretations apply to the payoff reported in Table 5. The first and second lines th'ere
correspound to the same policy packages as discussed above. In this case we see from the first line that complete
liberalization by the EC and US results in a 10.068 billipn gain in real income for nop-agricultural interests in
the EC and a gain of 3.085 billion in the US.

These payoffs are unweighted in the sense that we have not yet applied the political weights to each,
interest group to determine the payoff in the "government” objective function in each country. When we use the
' weights of 0.72 and (.61 for the EC and US discussed earlier, we obtain the weighted payoffs shown in Table
6. Consider the first line again. The weighted payoff to the EC "government” is -2.388 billion, which is the sum
of the weighted loss of 5206 (= 0.72 x 7.231) to agricultural interests and the weighted gain of 2.818 (= 0.28

x 10.068) to non-agricultural interests.

43 The Retaliatory Nash Equilibrium of the Trade War
Given the payoffs to each government shown in Table 6, it is a straightforward matter to verify that the
status quo is a Nash Equilibrium (NE) of this trade war, This follows by the way that we have constructed the

political weights for each agent: neither has any unilateral incentive to choose a policy that differs from the status

quo.?

To see this, examine the line in the payoff matrix that corresponds to both players choosing the status

quo. Each player receives a payoff of zero, since there is obviously no change in the real income of any interest

Z Indeed, verifying that the status quo is a-NE is a useful consistency check on the way that we have computed the political weights,
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group.h Now evaluate the ;altemativc‘ policies that the US could adopt, assuming that the EC maintains its
status quo polices. Any such unilateral deviation by the US results in it receiving a loss relative to the status quo.
Hence the US has no incentive to unilaterally deviate from the status quo, given that the EC is at the status quo.
Similarly, by comparing the lines of the payoff table corresponding to the US. adopting the status quo™ we see
that the EC does not gain by unilaterally deviating from the status quo. This v;riﬁcs that the status quo is a NE

It does not follow that this is the only NE. Our political weights have only been constructed to ensure
that the status quo is a best-response given that the other pﬁyer is choosing the status quo also. They do not
ensure that the status quo is a best-response if the other agent is deviating from the status quo. For cxaxﬁplc,
if the EC completely liberalizes the CAP then the best-response for the US would be to increase agricultural
support by 75%. I |

Nonetheless, it turns out that the status quo is indeed the only NE of this game.

| 4.4 The Cooperative Nash Solution

Given the policy alternatives considered thus far we can determine the unique negotiation outcome using
the Nash Solution (NS) with the NE as the disagreement outcome in the event of a breakdown in negotiations.
For the calibrated political weights the NS is for the EC to liberalize the CAP by 75% and for the US to increase
agricultural support by 50%. This generates losses to EC agricﬁitural interests of 3.443 billion, gains to US
agricultural interests of 3.364 billion, gains to EC non-agricultural interests of 9.383 billions, and lossc;; to US
non-agricultural interests of 4.953 billion.

It is impossible to conceive of a NS where no one loses relative to the status quo as the effects on
agricultural and non-agricultural groups, both in the EC and the US, are diametrically opposite. If an agricultural
group gains the corresponding non-agricultural group loses. All that we can conclude therefore is that with the
existing political influence weights in the government planning function a cooperative NS exists such that the EC

would completely eliminate the CAP and the US would augment its agricultural protection program with oet

2 Strictly speaking the minimal political weight on agricultural interests is zero at this point, but this is a mere technicality.

# These lines are in the middie of each block of payoffs, and are not contiguous.
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gains in both countries objective functions (15% for the EC and 12% for the US}).

4.5 Varying the Political Weights

Tt is of some interest to investigate possible non-cooperative and cooperative outcomes from changing
the political weights in the government objective function. This will be done in order to determine how much
the structure of political influence would have to change in the EC or the US so as to bring about a new political
equilibrium in which reform has occurred. Table 7 summarizes our results.

The first point to notice is how sensitive the EC position is to very small changes in its own political
weights. This is partly brought out by Table 3 where we saw, conditional on the US remaining in Status Quo,
that the weights were very stable across stratégy chan{é'es. The only major change was brought about by the
complete liberalization of CAP. We therefore would expect that marginal ch‘angcs in relative weights would
result in large, but not complete, libcra]iiation of the CAP. Table 3 does not take US retaliatory actions into
consideration, however, so we therefore need to construct a NE. |

Lowering the EC weight on agricuitural interests marginally by 1% results in the same liberaliiation for
the EC as a negotiated NS outcome. As there is no re;ta.l.iator'y action from the US in this equilibrium, this
directly confirms our conclusion drawn above based on Table 3-ouly. It can therefore be concluded that a fairly
small effort in lowering this influence weight can have quite drari:atic liberalization effects.

Increasing the weight by a marginal 1%, on the other band, would be expected to cause quite a dramatic
increase in agricultural protection. In this case, however, the US retaliatory action reduces the amount of
protection escalation and it halts at +50%. The US retaliation is quite mc_)deét, however, at'on.ly +25%. Again
the conclusion is that a fairly small effort of avoiding an increase in agricultural influence can have significant
impacts in terms of avoiding a potential trade war.

A natural-question here would be what action would be needed to get the EC to perform a complete
liberalization of th'c CAP. Looking at Table 3 it would appear that if there is no retaliatory action from the US

-lowering the weight to just slightly below 60% would give the desired result. As it turns out, howcw_:r, the best

response for the US in this case is a large increase in agricultural protection by +75%. This somewhat surprising
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response_follow; from the fact that the relation between the benefits to agriculture and to nonagriculture shifts
when CAP is eliminated. It is important to notice, ho;vcvcr, that the payoffs to the US government form a rather
flat surface, implying that there is a degree of indifference on behalf of the US government across a wide range
of policy choices. Due to this retaliatory response from the US, however, the influence weight for agriculture
in the EC needs to be decreased below 50% that marks the value where distributional concerns do not enter the
EC government objective function. A weight of 45% will generate a complete elimination of the CAP program
in the non-cooperative Nash equilibrium outcome.

Because of the flatness of the payoff surface to the US government there is a possibility of mult‘iple
equilibria at these weights. The alternative equilibrium is simply equivalent to the one we obtained when
marginally lowering the. EC weight.® There is an obvlsus solution to this immediate problem, however, and
that is to reduce the agricultural weight even further. This eliminates the alternative NE leaving (-100%, +75%)
as the unique siziglc-stagc equilibrium. |

In addition cither this NE from the marginaily lower weight or the Status Quo could scﬁc as
disagreement outcomes in cooperative negotiations leading to a NS where CAP is eliminated. Again, however,
this equilibrium involves a high US protection level of +100%.

If instead the US agricultural influence weight was to decrease, it would have no appreciable effect on
the EC as it would remain in the Status Quo. The agricultural protection systems in the US would be eliminated
at a weight of 0.57, which is oot far from the benchmark weight, By increasing the influence of agricultural
interests in the US a.ﬁd lﬁcrcby increasing US protection, the CAP would b-c Liberalized. We do not see a

'complcic elimination of the CAP within the limited strategies available to the US, however.

In summary then it is possible to Liberalize, or even eliminate, the CAP by changing the political
influence structure in either the EC or the US. Partial liberalization can be achieved reasonably easily by
changing the influence weight of agricuiture in the EC. An increased weight to US agricuiture is an altcfnativc

instrument to achieve partial CAP liberalization. This latter alternative is more costly for the nonagricultural

Z This possibility of multiple equilibria causes problems when analyzing agricultural relations as a repeated game. This wiil be discussed
in section 5.3.
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groups in the US, however, as it involves a larger increase in US protection. A complete elimination of the CAP
would require a dramatic change in the political structure of the EC. The agricultural weight would need to be

lowered past the point where the government is indifferent with respect to distributional concerns and instead

imposes a bias in favor of nonagricultural interests.
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5. DISCUSSION

There are many conceptual and practical issues that underlie our analysis of an agricultural trade war
between the U.S. and EC. In this section we address some of these, indicating how they could be addressed in

subsequent research if they were considered important enough.

5.1 The Scope of an Agricultural Trade War

The battle lines of the trade war considered so far have been limited in geographic and sectoral terms.
Only the EC and the US are assumed ta engage in retaliatory trade policy actions, and the only actions they
consider are with respect to agricultural protection. Thcfpossibility that such a trade war will escalate is a serious
one in the eyes of many commentators, and has clearly added a note of urgency to the need for multilateral
consideration of agricultural policies in the Uruguay Round. Hathaway [1987; p.4] argues this point convincingly:-

The experience of the 1980s has shown the extent to which agricultural trade tensions can erupt
into wider arenas and other areas of international cooperation. This is not new. Many still
remember the famous chicken war between the United States and the European Community
(EC) in the 1960s, which threatened all trade and political cooperation among NATO ailies.
During the 1980s, Japan-U.S. relations have been increasingly strained over agricultural trade
issues. In the 1980s we have seen a steady escalation in policy actions designed to offset the
actions of others that are asserted to be unfair. Countries too small or too weak economically
to engage in trade wars have seen their export earnings plummet and their economies crumble
from the side effects of two years of guerrilla trade warfare between the United. States and the
EC in international grain markets. Unless some kind of permanent settlement can be reached,
prospects are that these actions will increase, :

However unimportant agricultural trade issues appear to many persons, especially in
industrial economies, such chronic difficulties on these issues erode cooperation onr other -
international problems. Australia has questioned its continued commitment to U.S. defence
installations because of U.S. agricultural subsidies. U.S.- credibility on Caribbean Basin
development has been undermined by the U.S. sugar import policy. Just as war is too important
to be left to generals, agricultural policy -- especially as it affects trade -- has become too
important to be left to ministers of agriculture. The impartance of compieting a successful trade
round that disarms trade disputes in agriculture extends beyond agriculture.

Hathaway [1987; p.21] also argues that the possibility of such an agricultural trade war escalation is one
of three major reasons that the new round of GATT negotiations attempts some fundamental reform in the area
of agriculture. What would be the effects of a full-blown trade war conducted with across-the-board protection

on all imports as the policy variable?



52 Individual Rati;mality and Social Inefficieacy.

With our trade war simulations we have addressed the following question: If countries noncooperatively
try to improve their own objectives, and are not subject to GATT bindings, what levels of agricultural protection
could emerge in a strategic equilibrium under different assumptions regarding political structure? As we know
from clementary games such as Prisoqcr’s Dilemma, there is absolutely no presumption that uoucoopcrativé
strategic (Nash) equilibria lead to efficient outcomes. It is possible for countri;s to change the rules of the trade
liberalization game so as to encourage such efficient outcomes; but those types of changes are not considered
here. Indeed one can interpret many of the provisions of the GATT as crude attempts to develop such rules; ‘see,
for example, McMillan [1986). Changing the rules of a game so as to bring about certain outcomes that are
(socially) preferred is a differen_t question from detebmining what outcomes could emerge from a certain
specified set of rules. |

It is also important to realize that we are not modeling the way that countries negotiate now. There are
many types of constraints on the propensity of countries to engage in the type of retaliatory policy-makiné that
is implied by our trade war. These constraints range from the ﬁ:ost mundane of legalities (¢.g., GATT bindings)

to grander geo-political considerations.

5.3 Repeated Games

We have dcliberatclyrchqsen to model a very simple game. One feature of the game that might cause
some concern about the general validity of our results is the fact that we have analyzed a one-shot or static game
that is not rcpcated._How would our results change if we viewed the game analyzed here as just one stagc. {one
year) in a repeated game between the same players over several stages (multiple years)? The theory of repeated
games is much more complicated than the theory of single stage games, and the possible equﬂibﬁa of the
repeated game typically much larger: see Benoit and Krishna [1985], Fudenberg and Maskin {1986], and Abreu
[1988] for important contributions.

The so-called Folk Theorem of repeated games says that many possible equilibrium outcomes are

_possible in the repeated game that may not be equilibria of the single-stage game. The essential idea behind this
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is that players can dcvisc. "punishment rules” to impose on any player that deviates from any prescribed
equilibrium path of the repeated game. The only paths that cannot be protected with these sorts of punishments
are paths in which one player gets worse than he could even if all of the other plays cooperated in punishing him
the most (the player’s "minimax outcome").

The reason that this resuit is important, in the present context, is that it provides one possible way in
which cfficient multilateral liberalization strategies might come about even if they are not NE in a single stage
game. If one country deviates from this liberalization strategy, the other players enact punishments that make
the would-be deviant worse off than if he deviated without any such punishments being invoked. It can be mgﬁcd
that many of the provisions of the GATT can be interpreted in this way -- as prescribed punishment rules for
nations that deviate in certain ways. . fu

Is this another case in which game theory allows one to prove any lrcsults one likes, without any
possibilities being ruled out? Not quite. For simplicity we concentrate on the case in which the game is to be
repeated a finite number of times; this number may be arbitrarily large, but it must be finite. |

First it should be noted that one of the equilibria of the repeated game will always be just to répeat the
single stage NE. This is called "the trivial equilibrium” bjr game theorists, not because it is uninteresting, but
because it is stationary and perhaps an obvious equilibrium. Hchvcr, even though it is obvious from a formal
point of view it provides a natural benchmark for analysis. |

Second, if the single stage NE is unique then the only equilibrium of the repeated game is this trivial
equilibrium. This is a very important result, emphasized by Benoit and Krishna [1985; p.910] and Morca;ux [1985].
The simple logic behind this result is as follows. In the last period the players will not deviate from the Single
stage NE, since the only reason to deviate from a NE (in carlier periods) and forego some expected payoff is
to punish some other player for deviating. That is, to threaten to punish someone by undertaking an action that
causes me to forgo some expected payoff in the final period is not credible, When we actually get to the last
period you will not expect me actually to undertake my threat, since the game ends in that period. (Formally,
we are evaluating perfect equilibria of the repeated game).

Now consider the next-to-last period of the repeated game. What can I use as a threat to stop you
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deviating in Lhis.pci'iod? I cannot threaten to punish you in the final period by the above logic, and you are aware
of that! All I can credibly threaten you with is .that I w:ll play my NE strategy in the final period. Hence nobody
can be punished if they deviate in the next-to-last period, since it is in nobody else’s best interest to punish them
in the last period. If nb player can be punished for a deviation in the NE, each player will do what is in his best
interest to do in each period. That is just a definition of the single stage NE. So we have proved the result that
the only equili-brium of the repeated game is in fact the trivial NE of the single stage game.

The reason that this argument is so important here is that virtually all of the games that we have studied
had unique NE in their single stages. Hence we know that the only equilibrium of the repeated game is 'lhe
outcome we found as the NE pf the single stage game. (Note that the NE oaly has to be qnique in terms of the
. payoffs it generates for all players; there could be any nimber of NE stratégy combinations as long as they ail
generate the same unique payoff vector.) |

We do dot want to claim that the orﬂy repeated game of interest is the finite horizon complete-
information game we study here. If the time horizon is infinite or there exists some uncertainty about the p-ayoffs
(for example), the Folk Theorem does indeed open up a Pandora’s box of possible equilibrium outcomes over
time. The empirical relevance of these ﬁossibilitics is not yet established, however, and they provide a flimsy basis

for rationalizing a multilateral liberalization strategy as the equilibrium of some repeated game.



"~ APPENDIX- A:

COQPERATIVE SOLUTION CONCEPTS FROM GAME THEORY

Nash {1950] characterized a cooperative negotiation situation in terms of a bargaining environment and
a bargaining process. The environment is a pair (S,d) defined over a set of outcomes x = {x,, x,}, where x,
denotes the outcome to agent i, S is the set of feasible outcomes, and d is the disagreement outcome. We require
that S be compact and convex, and that there exists at Ieast. one point X ¢ Sst. x> d (ie, x, > d and x; ~ d).
The first two requirements on S are satisfied by allowing mixed strategy combinations of all pure stratcgic‘s in
S, for x finite. The third requirement on S is readily verified by inspection of S. It is assumed that the pair (S,d)
is common knowledge. - e

We will interpret S as consisting of the set of outcomes attainable by mixtures of the pure strategy
combinations evaluated in each payoff matrix we generate.

Two possible disagreement outcomes d can be considered. One is the Status Quo, and corresponds to
zero welfare improvements for each country. An alternative disagreement point is the non-cooperative NE for
the (non-cooperative) game generated by the same sets of pure strategies, This has the natural interpretation
of a “threat point”, in the spirit (if not the letter) of Nash [1953]). Harrison and Rutstrém [1991a] demonstrate
in the coatext of several u;dc war simulations that the choice of either of these interpretations of the
disagreement point can have a2 major quantitative impact on the outcome of the bargaining process.

The bargaining process is modelled as a function {(S,d) that selects a solution z = f(S,d) for z ¢ S. This
solution must possess four properties: |

¢Y) Parcto Optimality: if f(S,d) = z then there does not exist anx ¢ S, x%z st. x> z

(2) Symmetry: if x, = x,, for all x, and d, = d, then z, = 2z,

3) Independence of Irrelevant Alternatives: if T C S and if f(S,d) e T, then £(T,d) = f(S,d).

4 Independence of Equivalent Utility Representations: if*  denotes a given positive affine transformation,

and if z = f(S,d) and y = f(§’d"), theny = 2.

Nash {1950} established the remarkable result that there exists a (unique) solution that possesses these
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four properties and that it can be computed as the set of feasible outcomes that maximize the product of the

gains relative to d. Formalily, z is the solution to

max (% -dy) (% - d).
Xy xz

This solution generalizes naturally to n-person negotiation §ituations, providing one does not permit coalitions
or sidepayments.

Note that no particular "extensive form" bargaining process is modelled by the NS.”® However, there
is an implicit requirement buried in the definition of the bargaining environment that if S does not coatain any
feasible outcome that (strictly) Pareto-dominates d then each player has a final "veto power" over any proposed
agreement. Vieﬁg this as a final ‘sub-ga'me in the overall negotiation game, one is naturally led to adopt the
non-cooperative NE as the only credible outcolmc of tE;s "disagrcem.cnt sub-éaﬁxe".

We make one simplification when actually computing the NS. Rather than cvaluatc‘ the set of mixed

strategies to determine the unique NS, we evaluate only the set of pure strategies. This discrete approximation

~ to the true NS should be satisfactory for our purposes.

% There are many aliemative ways to “solve” bargaining games. We have selected the NS as the obvious and popular choice for present
purposes, although we do discuss one important alternative below. An axiomatic sofution, such as the NS, has the advantage of attempting
to characterize the cutcome of a wide range of distinct bargaining processes. Strategic approaches to bargaining games are typically very
sensitive to the cxact extensive-form represeatation of the process. Moreover, there are numerous non-cooperative “strategic
rationalizations® of the outcome predicted by the NS; see, for example, Nash [1953; pp.130-136], Harsanyi [1977], Binmore, Rubinstein and
Wolinsky [1986] and van Damme [1986].



APPENDIX B:

SYSTEMATIC SENSITIVITY ANALYSIS PROCEDURES

The procedures that we use to undertake a systematic sensitivity (S5) an.alysis of our general equilibrium
model was developed by Harrison and‘ Vinod [1991]. It essentially involves a controlled Monte Carlo series of
simulations of the model, with each simulation involving some random change in the values that elasticities take.
To undertake this analysis we use the MPSS software devlopéd by Harrison [1991b} to undertake SS analyses
of models written in the MPS/GE programming language for general equilibrium models (see Rutherford [1589]
for documentation of that language).

The most important aspect of suck a sensitiviria'anaiysis is the choice. of distributional assumptions on
each of the important clasticities. By and large we follow the specifications z;nd values detailed in Harrison,
Rutherford and Wooton {1991; p.101, 115]. The major exception is the use of a "high" import trade elasticities,
specifically a value of 10.0 for the import-source nest (this is the point at which domestic agents choose bct.wecn
alternative sources of imports). This value reflects our slrong. prior beliefs as to the plausible values for these
elasticities, largely ignoring a large empirical literature that generates much lower estimates.”

We can be even more precise as to the assumptions that are used in our sensitivity analysis by listing
the “configuration file" developed for MPSS. There are actually two versions opf this file. The one displayed
below is based on the model structure in which the CAP is completely liberalized (EC policy choice of -100%,
in terms of the payoff matrices). This file was used for the first nine models.? A slightly different fo.rmat is
required for a model in which the CAP is operative, due to differences in which variables are declared to be

endogenous or not.® There is no difference between the sensitivity analyses performed in each case, just a

77 This empirical literature is not naive to the priors that these elasticities shouid be “high*, and has artempted to correct for many
sources of bias. Our elasticities choice was made using the default ¢lasticities option in the program ECPOL. Any interested reader can
use lower elasticities, or simply alternative priors, by using the other options from that menu. (ECPOL is discussed in Appendix C below).

2 Denoted TMP1 through TMP9 in Appendix C.

2 It is a trivial matter to generate these configuration files using the "sctup® option of MPSS.
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difference in how variables are ordered. Hence all of the relevant information is shown in the following file™:

SSAMPMLE: 00

SMPS: up mpw

SMAFMEM: NUL

SSAVE:

SINTEGRATE: 0

SHISTOGRAM: 15
SCINTERVALS: 50 55 60 &5 0 79 &0 &5 90 95 100
SPERCENT: FALSE

PRODUCTION *** U-ERC rx 1000 3 051015
PRODUCTION .. U-EEC «
PRODUCTION .. U-EEC & 0.000
PRODUCTION _ G-EBC <
PRODUCTION _ U-EBC & 0.000
PRODUCTION .. U-EBC © 0.000
PRODUCTION *** U.USA & 1000 s 051015
PRODUCTION _ U.USA =« 0000
PRODUCTION _ U-USA & 0.000
PRODUCTION . U-USA = 0.000
FRODUCTION ., U-USA & 0000
PRODUCTION .. U-USA 0000
PRODUCTION *** U-IAF £ 1000 1 051015
PRODUCTION _ U-JAP o 0000
PRODUCTION — U-JAP b 0.000
PRODUCTION .. U-JA* o 0.000

PRODUCTION .. U-JAP & 0000 . 1'-»' -
PRODUCTION _ U-JA® 0000

PRODUCTION *** U-ROW g 1000 s 05 1.0 15

PRODUCTION _, U-ROW & 0000

PRODUCTION - U-ROW b 0.000

PRODUCTION . U-ROW 0.000

PRODUCTION - U-ROW

FRODUCTION .. U-ROW

PRODUCTION ., Y-AGRS1
PRODUCTION . Y-AGRO1
PRODUCTION .. Y-AGRa1
PRODUCTION .. Y-AGRO1
PRODUCTION _ Y-AGRO1
PRODUCTION _. Y-AGROL

0.000

0.000

0000 000510
0550 o 00413
0.000

0.000

RRFrERopAFREAITLER
o

PRODUCTION _ Y-FOQO1L 0000 000510
PRODUCTION _ Y-FOOO) 0950 o 00413
PRODUCTION — Y-FOOO01 0.000

PRODUCTION _ Y-FOCOO] 0.000

PRODUCTION _ Y-FOOO} 0.000

PRODUCTION _ Y-FOOO0L = 000

PRODUCTION _ Y-E+MOtL = 0000 000510 .
PRODUCTION . Y-B+M0OL & 0520 0014423 -
PRODUCTION __ Y-E+M01l B 000

PRODUCTION _ Y-B+M0l o 0000

PRODUCTION . Y-E+MO1 d 0.000

PRODUCTION .. Y-B+M01 11 0.000

PRODUCTION _ Y-MANO1 £ 0000 »0005i10
PRODUCTION - Y-MANOl & 105 n 00863
PRODUCTION .. Y-MANGL b 0.000
PRODUCTION . Y-MANIL = 0000

PRODUCTION . Y-MANOL & 0000 -
PRODUCTION .. Y-MANOL & 0000 .
PRODUCTION . ¥-T+T01 « 0000 s000319
PRODUCTION _Y-T+T01 & 1350 a04363
PRODUCTION .. Y-T+T01 & 0000

PRODUCTION .. Y-T+T01 & 0000

PRODUCTION _ Y-T+T01 & 0.000

PRODUCTION _ Y-T+T01 & 0.000

PRODUCTION _ Y-SERMA & 0000 #000519
PRODUCTION _ Y-SEROL = 211 n04563
FRODUCTION _, Y-SERG1 “ b 0.000

PRODUCTION .. Y-SEROL - & 0.000

PRODUCTION . Y-SEROL & 0.000

PRODUCTION _ Y.SEROI I ' 0.000

PRODUCTION . Y-AGROZ & 0000 #0003510
PRODUCTION _ Y-AGROZ & 09% o004l 5

¥ To avoid confusion, this is the file CAP.SSA and not the file TMP SSA.
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PRODUCTION .. Y-AGROZ b
PRODUCTION _ Y-AQR <
PRODUCTION _ Y-AGROZ &
PRODUCTION . Y-AGR® ¢
PRODUCTION _ Y-FOOOZ =
PRODUCTION _ Y-POOZ x
PRODUCTION . Y-POORZ e
PRODUCTION ... Y-POOR2 <
PRODUCTION _. Y-FOOO2 &
PRODUCTION - Y-FOOM
PRODUCTION _ Y-B+MR2 &
PRODUCTICN .. Y-B+M@Z &
PRODUCTION .. Y-B+ MG b
PRODUCTION . Y-E+M® «
PRODUCTION _ Y-B+M2 &
PRODUCTION _ Y-B+MZ
PRODUCTION .. Y-MANG £
PRODUCTION .. Y-MANGZ &
PRODUCTION . Y-MANGZ b
PRODUCTION _. Y-MANOZ <
PRODUCTION .. Y-MANGZ d:
PRODUCTION _ Y-MANZ
PRODUCTION _ Y-T+T®2 =
PRODUCTION .. ¥-T+T82 x
PRODUCTION .. Y-T+T02 &
PRODUCTION _ Y-T+T02 &
PRODUCTION . Y- T+T02 <&
PRODUCTION _ Y-T+T02 ©
PRODUCTION .. Y-SERO2 &
PRODUCTION __ Y-SERI2 x:
PRODUCTION _ Y-SER0Z &
PRODUCTION _ Y-SER02 <
PRODUCTION _ Y-SER2 &
PRODUCTION _ Y-SERGZ t
PRODUCTION _ Y-AGR3 &
PRODUCTION . Y-AGRI3 &
PRODUCTION _ Y-AGRD =
PRODUCTION _ Y-AGRI3 c
PRODUCTION _ Y-AGRI3  d:
PRODUCTION _ Y-AGRI
PRODUCTION _ Y-FOOB &
PRODUCTION _ Y-FOOD «
PRODUCTION _ Y-FOO@ &
PRODUCTION _ Y-FOOm &
PRODUCTION _ Y-POOR ¢
PRODUCTION .. Y-FOO@
PRODUCTION _ Y-E+M@ &
PRODUCTION _ Y-E+MI3 &
PRODUCTION _ Y-E+M@3 b:
PRODUCTION _ Y-E+MI3 c
PRODUCTION _ Y-B+ M3 o
PRODUCTION _ Y-E+M03
PRODUCTION _ Y-MANOG £
PRODUCTION _ Y-MANG &
PRODUCTION _ Y-MAND b
PRODUCTION _ Y-MANG <
PRODUCTION _ Y-MANG d:
. PRODUCTION .. Y-MANGY =
PRODUCTION _ Y-T+T &
PRODUCTION _ Y-T+T0 «
PRODUCTION .. Y-T+TW3 kx
PRODUCTION .. Y-T+T3 <
PRODUCTION .. Y-T+T83 &
PRODUCTION .. Y-T+T@ ¢
PRODUCTION .. Y-SERG3 «
PRODUCTION .. Y-SERGS =
PRODUCTION . Y-SER®
PRODUCTION _. Y-SERS -c
PRODUCTION _ Y-SER(3 &
FRODUCTION _ Y-SER@
PRODUCTION _ Y-AGR34 &
PRODUCTION .. Y-AGRO4 &
PRODUCTION .. Y-AGRO4  b:
PRODUCTION _ Y-AGRO4 «
PRODUCTION _ Y-AGRO4 &
PRODUCTION .. Y-AGRM4 -
PRODUCTION .. Y-FOOM &
PRODUCTION .. Y-FOO04 &

0000 £000510
0950 n0.1025
0.000

0.000

0.000
Q.00

0000 3000510

109 o 0105S

0.000

0.000

0.000

Q000

0000 2000510

106 n 0041 5

0.000

0.000

0.000

0.000
0000 £000510
188 n 0077 S
0.000

0,000
0000 ¢0.00510 '
L7 300275
0.000
0.000
0.000
0.000
0000 5000510
0950 o 00415
0,000
0.000
0.000
9,000
0000 3000510
0250 001025
0.000
0.000
0.000
0.000
0000 50005t0
0430 po.1a5S
. 0.000
0.000
0.000
0.000
0000 000510
0950 800415
" 0.000
0.000
0.000
0.000 .
0000 s000S10
0900 n 00775
0.000
0,000
0.000
0.000
0000 5000510
1000 o027 5
0.000
2,000
0.000
0.000
0000 000310
0550 000413
2.000
0.000
0.000
0.000
0000 4000510
0290 n.102 5
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PRODUCTION _. M-MANOT
PRODUCTION _ M-MANOL
PRODUCTION _ M-MANGL
PRODUCTION _ M-MANOL
PRODUCTION _ M-MANOL

05% m 1010304050
959

0.
9.000
0.000

8

PRODUCTION _ Y-FOOM4 & 0.000
PRODUCTION _ Y-POOM <  0.000
PRODUCTION . Y-POOM &  0.000
PRODUCTION _ Y-FOOM © 0.000
PRODUCTION _ Y-E+M £ 0000 1000510
PRODUCTION __ ¥-E+MM4 « 0430 n0.4053
PRODUCTION _ Y-E+MM b 0000
FRODUCTION . Y-E+M¢ < 0000
PRODUCTION . Y-E+MDé &  0.000
PRODUCTION _ Y-E+M04 t 0000
PRODUCTION _ Y-MANG: = 0000 1000510
PRODUCTION _, Y-MANGS 2: 0950 a0.041%
PRODUCTION _ Y-MANG b 0.000
PRODUCTION _ Y-MANGd &  0.000
PRODUCTION .. Y-MANGE dr 0.000°
PRODUCTION _ Y-MANOd © 0000 .
PRODUCTION _ Y-T+T4 = 0000 3000510
PRODUCTION . Y-T+T04 & 0500 n 0077 §
PRODUCTION _ ¥Y-T+TD4 B 0000
PRODUCTION _ Y-T+TO4 = 0.000
PRODUCTION _ Y-T+TD4 d=  0.000
PRODUCTION _ Y-T+TO4 © 0000
PRODUCTION _ Y-SERO4 = 0000 1000510
PRODUCTION . Y-SERM4 & 1000 000275
PRODUCTION _ Y-SERM b 0.000
PRODUCTION _. Y-SER04 & 0D.000
PRODUCTION _ Y-SERD4 d: 0.000
PRODUCTION _ YSERG4 ©  0.000
DEMAND . EEC e 0000
DEMAND . EEC x 0000
DEMAND . EEC w0000
DEMAND _ EEC e 0000
DEMAND .. EEC d  0.000
DEMAND . USA £ 0.000
DEMAND _USA x 0000
DEMAND . USA b 0.000
DEMAND . USA = 0.000
DEMAND . USA & 0000
DEMAND . JAP = 0.000
DEMAND L JAP a 0000
DEMAND  _ JAP o 0.000
DEMAND  _JAP o 0000
DEMAND _ JAP d: 0000
DEMAND _ ROW e 0.000
DEMAND _ ROW x  0.000
DEMAND . ROW n:  0.000
DEMAND . ROW & 0000
DEMAND . ROW d:  0.000
DEMAND . TAXAGT £ 0000 .
DEMAND _TAXAGT o 0000
DEMAND _ TAXAGT I 0000 -
DEMAND . TAXAGT « 0000
DEMAMND _ TAXAGT o 0000
FRODUCTION _ M-AGROL ® 1474 o 1020304030
FRODUCTION _ M-AGROL & 959
PRODUCTION _ M:AGRS] b 0.000
PRODUCTION _ M-AGROL o 0000
PRODUCTION — M-AGRO1 ¢ 0.000 -
PRODUCTION _ M-AGROY & 0.000
PRODUCTION _ M-FOOOL = 2%8 m 1020304050
PRODUCTION _ M-FOOO0L x 9599
PRODUCTION _ M-FOOOS X 0000
PRODUCTION _ M-FOOOT = 0000
PRODUCTION — M-POOCOI ¢ 0000
PRODUCTION _. M-POCOL & 0000
PRODUCTION _ M-B+MSL £ 0356 m 1020304050
PRODUCTION _ M-B+MOt & 9559
PRODUCTION _ M-E+MOL. & 0000
PRODUCTION _ M-E+M01 < 0.000
PRODUCTION . M-B+M01 &  0.000
PRODUCTION .. M-B+M01 & 0.000

3

=

b

[

&

[

PRODUCTION .. M-MANOL
PRODUCTION — M-T+T01

4.000
1992 m 1020304050



PRODUCTION . M-T+T0L
PRODUCTION _ M-T+TOt
PRODUCTION . M-T+T01
PRODUCTION _ M-T+T0
PRODUCTION . M-T+TO?
PRODUCTION . M-SEREL
PRODUCTION . M-SERt
PRODUCTION . M-SERSL
PRODUCTION _ M-SEROL
PRODUCTION _ M-SEROL
PRODUCTION . M-SER01
PRODUCTION ., M-AGRX2
PRODUCTION _, M-AGR2
PRODUCTION .. M-AGR22
PRODUCTION .. M-AGROZ
PRODUCTION _ M-AGRI2
PRODUCTION - M-AGRIZ
PRODUCTION _ M-FOOM2
PRODUCTION _, M-POO02
PRODUCTION _ M-POOG
PRODUCTION _ M-FOOX
PRODUCTION ... M-FOOR2
PRODUCTION .. M-POOG2
PRODUCTION . M-EH+M02
PRODUCTION .. M-B+MQ2
PRODUCTION .. M-E+ M2
PROGUCTION .. M-B+ M2
PRODUCTION .. M-E+M2
PRODUCTION .. M-E + MO2
PRODUCTION . M-MANGZ
PRODUCTION _— M-MANGZ
PRODUCTION .. M-MANGE
PRODUCTION .. M-MANGZ
PRODUCTION .. M-MANO2
PRODUCTION _ M-MANG2
PRODUCTION - M-T+T02
PRODUCTION . M-T+T02
PRODUCTION _ M-T+T02
PRODUCTION _ M-T+T02
PRODUCTION - M-T+T02
PRODUCTION _ M-T+102
PRODUCTION . M-SERO2
PRODUCTION _ M-SERCZ
PRODUCTION _ M-SERC2
PRODUCTION - M-SERO2
PRODUCTION . M-SERCZ
PRODUCTION .. M-SERX2
PRODUCTION .. M-AGRIS
PRODUCTION .. M-AGRX
PRODUCTION — M-AGRID
PRODUCTION _ M-AGRIX
PRODUCTION . M-AGRIX
PRODUCTION . M-AGR®
PRODUCTION .. M-FOOGS
PRODUCTION .. M-FOO
PRODUCTION _ M-FOO®
PRODUCTION _ M-FOOM@
PRODUCTION ... M-FOOM
PRODUCTION _. M-FOOM
PRODUCTION _. M-E+ MW@
PRODUCTION _ M-E+MG3
PRODUCTION — M-E + M@}
PRODUCTION _ M-B+ M3
PRODUCTION - M-B+ M3
PRODUCTION _ M-B+ M3
PRODUCTION .. M-MANG
PRODUCTION . M-MANDS
PRODUCTION _ M-MANGS.
PRODUCTION ... M-MANG
PRODUCTION .. M-MANGS
PRODUCTION _ M-MANGS
PRODUCTION _ M-T+T®
PRODUCTION _ M-T+T03
PRODUCTION _ M.T+T3
PRODUCTION _ M-T+T03
PRODUCTION _. M:T+T03
PRODUCTION _ M-T+T0
PRODUCTION _ M-SERM

""ﬂ'ngﬂ"ngng‘nnnﬁnggn"&nﬂ'nﬂngngnn“ﬂ‘ngﬂ"”ﬁ'“f"-"ng.ngp_nngngun“ﬁnﬂaﬂﬂﬂnﬂ’nn"h“““""n‘“ﬂ'"

9999
0000
0.000
9000
0.000
131 m 1020304050
9599
0.000
0.000
0.000
0.000
1474 m 10203040350
9
0.000
C.000
0.000
0.000
2%8 m LO20304050
9599
0.000
0.000
0.000
0.000
095 m 1020304050
9559
0.000
0.060
0.060
0.000
089 m 1010304050
9559

1992 m 1020304050
9509
2.000
0.000
0.000
0.000
1l m LO020304050
0959
0.000
2,000
0.000
0.000
1474 m 1020304550
9559
0.000
0.000
0.000
0.000
138 = 1020304050
95999 .
0.000
0.000
a.000 .-
0.000
0558 m 1020304050
9999
0.000
0.000
0.000
0.000
0% m 1020304050
959
0.000
0.000
0.000
2.000
1992 m 1020304058
9.5
2.000
0,000
0.000
0.000
1341 m 1020304050

f.&'
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PRODUCTION .. M-SERI
PRCOUCTION .. M-SERD3
PRODUCTION _. M-SER0S
PRODUCTION .. M-SERCS
PRODUCTION .. M-SEROS
PRODUCTION .. M-AGRO4
PRODUCTION .. M-AGRO4
PRODUCTION — M-AGRDM
PRODUCTION — M-AGRO4
PRODUCTION _ M-AGRO#
PRODUCTION _ M-AGRO4
PRODUCTION _ M-POOM
PRODUCTION .. M-FOOM
PRODUCTION ... M-FOO0
PRODUCTION — M-FO004
PRODUCTION .. M-FOOM
PRODUCTION .. M-FOO04
PRODUCTION . M-E+Mo0#
PRODUCTION .. M-B+MG4
PRODUCTION . M-B+Mod
PRODUCTION ... M-B+M04
PRODUCTION - M-E + M0+
PRODUCTION . M-B+M04
PRODUCTION .. M-MANO4
FRODUCTICN o M-MAMNO4
PRODUCTION .. M-MANOH
PRODUCTIGN _ M-MANO4
PRODUCTION . M-MANOG4
PRODUCTION .. M-MANG
PRODUCTION . M-T+T04
PRODUCTION _ M-T+T04
PRODUCTION .. M-T+T04
PRODUCTION .. M-T+T04
PRODUCTION - M-T+T04
PRODUCTION — M-T+T04
PRODUCTION .. M-SERO4
PRODUCTION - M-SERDS
PRODUCTION _. M-SERO4
PRODUCTION - M-SERO4
PRODUCTION _ M-SER04
PRODUCTION _, M-SERO4
COMMODITY *** EEC-U
COMMODITY *** USA-U
COMMODITY *** JAP-U
COMMODITY *** ROW-U
COMMODITY _ LABGI
COMMODITY _ LABX
COMMODITY _ LABIS
COMMODITY _ LABO
COMMODITY *** F_02010t
COMMODITY *** F 020201
COMMODITY _. F 020301
COMMODITY _ F_020401
COMMODITY ... F_02080t
COMMODITY _. F_020601
COMMODITY *** F 020102
COMMODITY **~ F_t2002
COMMODITY .. F 02102
COMMODITY _. F 020402
COMMODITY . F_020502
COMMODITY _ F_020602
COMMODITY *** F_ o
COMMODITY *** F_ 030308
COMMODITY . F 02003
COMMQDITY . F 020603
COMMODITY .. F_02051
COMMODITY ... F_020603
COMMODITY *** F_020104-
COMMODATY *** F_020%04
COMMODITY .. F_02004
COMMODITY . F 20404
COMMODITY .. F 020504
COMMODITY .. F_020604
COMMODITY *** LNDG1
COMMODITY *** LNDG2
COMMODITY *** LNDD

. COMMODITY *** LNDM
COMMODITY _ AGROI-O

TRAARRZAARTER s noppnpnRan RN Rapagrne ROAAER

m 10203040350

m 1029304050

m 1020304050

m (020304050

m 1020304050

m 1020304050



COMMODITY .- SERM-O
COMMODITY .. AGROL.I
COMMODITY _ AGROZ-
COMMODITY .. AGRG
COMMODITY .. AGROI
COMMODITY .. FOOO!-I ) 1’{
COMMODITY ... FOO2-
COMMODITY . FOOQX]
COMMODITY . FOOO4
COMMODITY _. E+MoL-
COMMODITY _ E+Mc2d
COMMODITY _ E+MI-
COMMODITY _, E_M0&{
COMMODITY _ MANOLT
COMMODITY _ MANOE]
COMMODITY .. MANGH
COMMODITY .. MANGH-
COMMODITY _ T+T01-4
COMMODITY .. T+T024
COMMODITY .. T+ T
COMMODITY .. T+To4
COMMODITY .. SER0IH
COMMODITY .. SERM-{
COMMODITY . SER0-
COMMODITY .. SERD4
COMMODITY . CUTRNSFR

Although the format of this ﬁlé may appear to be quite cryptic to readers not fmiﬁa with MPS/GE or MPSS,
it is relatively easy to decipher the exact form of the sensitivity analysis from the information provided.

The first few lines, starting w:th a dollar sign, are options that are not essential. The first field in the
remainder of the file defines the type of variable being listed, allowiné MPSS to find the variable in the
corresponding MPS/GE file. The second field consists of either three dots ("...") or three asterisks ("™***"). If the
asterisks appear then the solution value of thé vartiable will be retained after cach solution. Given the large
sample sizes being run it is inefficient to szivc all solution variaﬁlcs.

The third field defines the MPS/GE variable to which the elasticity applics. The fourth field, if it

appears, defines the particular elasticity to be varied. MPS/GE allows up to four nests of substitution, denoted
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by "a:", "b:", "c:"' or "d:", as well as two top-level elasticities of substition ("s:"} or traasformation ("t:"). The fifth
field defines the point estimate of the elasticity, which is generally the set of values selected via ECPOL.

Finally we come to the specification of the random disturbance. From the wide range of distributional
assumption pcrmhtéd in MPSS, we use three. The first is to "specify” a set of alternative elasticities which will
be selectected at random with equal probability, Thus to write "s 0.5 1.0 1.5" would result in a discrete
distribution taking on three values, with each value being selected one-third of the time. It is possible to repeat
certain values, so as to generate virtually any odd distributioa one likes (e.g., "s 1.0 1.5 1.5 would generate the
value 1.0 with probability one-third and the value 1.5 wioth probability two-thirds). Up to 20 suchl values can be
specified.

The second distributionai assumption, used chﬁ we have Gaussian estimates of elasticities such as the
factor-substitution elasticities, is to request a "uormal"' distribution. Thus to write "a 0.3 5" would generate a
random deviate from a normal distribution with the mean given by the point estimate (already specified in an
earlier field in this line) and standard deviation 0.3. This distribution would be carefully partitioned into five equi-
* probable intervals, and the (weighted) mean of each of those intervals used as the elasticity perturbation.

The third distributional assuxﬁption is to simply scale the point estimate by some "multiplicative” factor.
Thus to write "m 0.5 1.0 1.5" would méan selecting thret_t values that are 50%, 100% and 150% of the already-
specified point estimate. This is just a slightly more conv;’:njent form of the first distributional assumption.

The sample size for éach sensitivity analysis was 500. In each case we stored the variables of interest in
“level form”", rather than.convcrting to percentage deviations from the bcn&mmk (the SPERCEN’f option

- controls this).



APPENDIX C:

COMPUTER SOFTWARE

In this appendix we document the new computer programs that have been developed to uﬁdcrtake the
numerical calculations reported in the text. Qur objective is to provide specific technical descriptions of how our
caiculations were performed, to assist any reader interested in replicating or extending our results.

Detailed documentation for several background proérhms mentioned below may be obtained separately.
For the ECMODEL software suite’ used to estimate and generate the basic model see Harrison, Ruther.ford
and Wooton [1991]. For the ECPOL software psed to generate the policy simulations with ECMODEL see
Harrison, Rutherford, Rutstrom and Tarr [1991]. For the MPS/GE software used to solve the general
equilibrium model see Rutherford [1989]. For the MPSS software used to undertake the sensitivity analysis
described in Appendix B see Harrison {1991b}. Finally, for the PURE and NASH software used to compute Nash
Equilibria (in pure or mixed strategies) and the Nash Solution, see Harrison and Rutstrdm [1986] [1991]. The
reader is assumed to have access to the documentation for these programs or to be familiar with their use.

The first step in our calculations was to use ECPOL to generate all of the 81 policies that make up our
trade war. This step is conducted automatically by ECPOL, which is largely menu-driven. The “configuration file”

AGWARS,CNF that was used to generate these simulations is as follows:

® This i an Agriculrural Trade War POL file for use in ECPOL

[ritle}
™

[cbjective] ‘region’ ‘name’ “Beid idenritier’ TEVEL or CHANGE or PERCENT'
EEC WELFARE EEC Percemt .
USA WELFARE USA Percent

* ‘sector’ 'region’ IN < integer> STEFS FROM < %> TQ <%> LEVEL or CHANGE'
{Protection|

AG* EEC in 9 stepw from -100 to 100 change

AG* USA ig 9 stepu from <100 (0 100 changs tariffy esubsidies prubsdies

iap] O YES or NO lor endogemous CAP
yes

[solve] ' name of MPSGE solver to uee
nul

imixed NE] ' TRUE or FALSE' for computation of mixed-sraegy NE

3! This suite consists of many programs, but only one is relevant here. This program is ECGEN.EXE, which generates counter-factual
policy cases.
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FALSE

There are three features of this file that are not described in the existing ECPOL documentation, since
they were developed for thc‘prescnt project. The first is the use of the sectoral identifier AG* to indicate that
all policy changes are to apply to the sectors AGR and FOO jointly. The second is the use of additional fields
in the [policy] section when describing US agricultural policies. The user may choose to change any combination
of three sets of pre-existing policies: tariffs, export subsidies (“esubsidies’), and production subsidies
('psubsidics"). We elected to scale all of these equally, as described in the text, but have the capability of running
a trade war in which the US only uses a subset of these instruments (e.g., an export subsidy war). The third
feature is the use of the "nul” command for the [solve] delimiter. This instructs ECPOL to generate the case files
fot processing by ECGEN but not to procecdl to so:)i'.'i-r,’,thf:m.32 We_do this s0 as to undertake the seasitivity
analysis of each policy using a se.paratc program, MPSS.

The model used in these simulations is the "4x6" alternative in which there are 4 regions (the EC, the
US, Japan, and a residual Rest of World) and 6 sectors {Agriculture, Food Pr.oduc;ts, Mining & Energy,
- Manufacturing, Constmc[ioﬁ, and Services). We use the latest available year for the model, 1985. The vcrsioﬁ
of the model that is selected in ECPOL assumes that capital is sector-specific (the Ricardo-Viner assumption)
and that there is full employment of labor with flexible real wages.

Once the 81 case files have been generated by ECPOL, we use the program ECGEN (from the
ECMODEL suite of programé) to generate the MPS/GE file representing the gen'eral.cquilibrium model with
the counter-fgctual policy. - |

The sensitivity analysis of each-of the 81 policy cells was pgrformcﬂ with a program MPSS, déscribed
in Appeandix B.

The solution of each model was found using the powerful general-purpose modelling program MPS/GE.

We employed a 32-bit version of this program, using three 80386 PC’s, One was a 16mhz laptop, and the other

2 If the user enters a valid instruction to calt the MPS/GE program instead of "nul® then ECPOL will soive afl 81 policy simulations
automatically, collate the results in a payoff matrix and generate the NE and NS for the trade war, However, ECPOL will only sotve the
general equilibrium model using benchmark values for all elasticities, rather than repeatedly using perturbations of these clasticities as
generated by the MPSS program. For computationai efficiency we did not have ECPOL call MPSS, since this would have tied up on¢ of
our PC's continuously for a week or two. Instead we were able to “farm out” groups of the MPSS runs to several PC's and schedule them
to run over-night when computing resources are otherwise lying idle.
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two were 25mhz desktops. Each machine had over 3mb of RAM, and the laptop used 2mb of it’s total 6mb as
a fast RAM-drive®™. The dimensionality of the gencral equilibrium problem varied between 250 and 280, which
is to say that the algorithm was required to find solutions for that many variables. Each solution was found in
a matter of 3 or 4 seconds, with the benchmark solution values being used to initialize cach run. It is difficult
to understate the dramatic improvemept in technology that MPS/GE represents for exercises such as ours.*

Each of the 81 sensitivity analyses consisted of 500 solutions obtained with carefully perturbed elasticities.
These solutions were contained in a series of 81 "results fi.IEé", called TMP1.RES through TMP81.RES. The
benchmark solution, in which all elasticities are sct to their beachmark values, each region adopts the status quo
set of policies, and the sample size is one, is stored in a comparable file called TMPQ.RES, These files store only
the variables needed to construct our payoffs. - for -

A program called POOL.EXE was written for the purpose of "pooiing“ all of these solutions and
generating the payoff matrices and tables reported in the text. Specifically, POOL (i) reads in the benchmark
values for all of the relevant variables, (ii) reads in the 500 solution values for each of the 81 policy altem:;tives,
(ui) convc;'ts all endogenous variables to represent changes rclz.itivc to the status quo, (iv) computes the maximal
contribution that each interest group would make to move away from the status quo, (v) computes the political
weights discussed in the text, and (vi) generates output files for subsequent game-theoretic analysis (described
below). |

The program POOL requires two "configuration files® to describe the way in which the data is to be '
pooled (this is apart from the 81 results files and TMPO.RES, as just described). These files are the way in which
the user can instruct POQOL to parametrically vary political weights, as illustrated in the text. Specifically, the first

file is called AGWARS.CNF and describes the payoff matrix of the underlying game:

==> AGWARSCNF _ comfigurstioa file for POOL

[agents] “define the agents by D ia one line
EC US

3 Existing laptops have notoriously slow hard-disk drives, which will slow down IO for large jobs such as these that involve considerable
reading and writing of DOS-evel files. Overali performance is dramatically enhanced by using extra memory as a RAM-drive for all scratch
files. ’

 All of our calculations could be conducted on 80286 or 8086 machines, with or without math ¢o-processors, that have no extended
memory. :
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*Define the Siatus Qo as SQUO in the next tew Lines in order to have
*Pool computs the potitionl wrights seeded 1o enure that SQUO i a NE

{mrategies] ‘defhie the strasegios for cach player (each one w & mring)
-100% -75% S0 -23% SQUO +2Z¥% +3X% +75% +100
-100% -75% 0% -29% SOUO + 2% +50% +75% +100%

[files] * e nasos, the agents and their strategy sumbers

implres oc )
implres ecl
tmplaes ec 1
impd.res ec |
tmpSres ecl
Impé.ret ec |
ImpTres ecl
impdres ec b
tmphres ec
tmpllres ec 2
tmpliresecl
tmplires ec 2
tmplires ec 2
tmpiléres ec 2
tmpiS.res oc 2
tmplb.res ec 2
tmpllres ec 2
trmpl8res ec 2
tmpl9.res ec 3
tmp20.res ec 3
tmp2l.res ec 3
tmpd)res ec 3
tmp2ires ac 3
tmpd.res ec 3
tmpdS.res oc 3
tmplires ec 3
tmp2T.res ec 3
tmp2A.res ec 4
tmp29.res ec 4
cmpll.res oc 4
tmp3l.res ec 4
tapilres e 4
impIires o4
tmpdd.res ec 4
mpASses oc 4
1mp36.rex oc 4
tmp3T.res ec S
tmp38.res oc 5
{mp¥res ec 5
1mpdlres ec 5
{mpdl rer ec S
tmpddres ec §
tmpdl.res ec §
{mpéd.res ec 5
tmpdires ec §
tmpdbrey o 6
ImpdTres ec 8
[rnp48.cee o 6
mp.res o 8
tempS).res oc 6
rmpS].res oc 6
tnpSd res e 6
(mpSires ec 6
tmpS4.res ec 6
tmpSSres o0 7
tmpSéres oe 7
tmpST.res ec 7
ImpSires oo 7
1mpHres o 7
tmpéldores oc 7
tmp6l.res ec 7
1mpil res ec 7
imp&d.res ec 7
tmptd.ren ec 8
1mp6S.res oc 8
- imp6hses ot 8
1mps7res oc 8
ImpiBores ec 8
(mpéH res oc §
tmpM.res o §

wl
wl
e 3
-
s
wé
wT
us 8
s
el
wl
us3
ue 4
us s
w s
w7
us &
w9
w i
us 2

sl

us 4
us §
w6
w?

—,
¥
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tmp7lresecd il
tmpTlreaecd W9
tmpNresac? wml
tmpliren ec? wml
tmpTSree ec? wd
tmpTére ecd wmd
mpTTre e wl
tmpTiresecd us s
mpRreead w’
tmpidres ec® w i
mpdlresecd w9

The format of this file is self-explanatory from the comments in it. Note that the free-format features of all .of
the configuration files described in ECPOL and MPSS app_ly here also. The only substantive restriction is that
once the {files] delimiter appears the next set of non-blank ﬁnes must contain all of the files to be pooled. In
other words, do not add anything to the bottom of the file unless it is another set of RESults files to be
processed by POOL. Although this file may appear to be somewhat cryptic, it does provide POOL with the
information needed to generate intelligible tabular rcgarts such as presented in the main text,

The second configuration file is called WEIGHTS.CNF and contains the basic data on the endowments
of each of the éotcntial lobby groups in the EC and the US, as well as the political weights that are to be used
in pooling agricultural and non-agricultural interests in the government objective functibn. It has the following

format:

Agr_Lad_EC 640213 00
Ap_Lad US o 7asol
AgrLod Japen 00 00
Arlod ROW 00 09

Agr K EC M0 09
Agr K_US 0.0 1219%
Agr_K_Jspan 05 00
Agr_X_ROW 0o 0p
Food K_EC 2% 00
Food K_US 00 s
Food K fspan 0O 00
Food K_ROW 00 0Q
EV_EC ™9e8 00
EV_US 00 MmT

. EV_japan 00 0.0
EV_ROW 00 00
Pol_weight 07200  0.6100
M BC us

* 1o this file enter on each row the name of the lobbyist, (hen the

* ENDOWMENT wrights for ench of the lobbyists. Finally, in the Lt row
* enter the POLITICAL weight for the agricultural lobbyist (alpha).

* Enter zeroes for all orher lobbyiste. Each colummp refery to a country

* in which lohiving s ocerring. This formad atiows much more generad

* lobisying games (han we are acalyming for the firm USTR study,

Again, the comment lines at the bottom of the file explain the format adequately. In order to find the weights
(.72 and 0.61 we init.iﬁl]y ran POOL with arbitrary weights 0.5 and 0.5, studied the output file AGWARS.TAB

to see the information shown in the text in Table ??, and then re-ran POOL using the calibrated weights.
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POOL generates two output files. One is called AGWARS.TAB, and contains all of the basic data
underlying the construction of the political weights and the payoff matrices. These tables are reproduced in the
text, with some descriptive column headings added. The second output file is AGWARS.DAT, which reproduces
the payoff matrix in a format that can be processed by the game-theory software described below. -Spcciﬁcally,

AGWARS.DAT has the following format:

== > AGWARS.DAT _ payoll matrix (or (rade war

{tixie}

AGWARS

[number of players}

2

[grideize)

106

{corner|

' I
{iaop]

yet

[rewmtary]

oo

[trmce}

]

[disagreemsent payoils]

0.00

0.00

{number of strategien}

9

9
'Thféﬂcﬁn;wvighﬁmhﬁn;mmpmmrm&
* Lobbyi Agr_Lad BC .. 640213 00000
* Lobtywe Agr Lad US . 00000 271501

* Lobyim Agr_Lnd_Sspaa _— 00000  0.0000
* Lobbyw Agr [od ROW 0.0000 0.0000
* Lobbww A;r_K_E: — AT7432 0.0000

' Lobbyimt Agr_K_US — 00000 1219%

* Lobbyist Agr K Jepas  _ 00000 0.0000

* Lobbywt Agr X ROW — 0.0000 0.0000
* Lobbym Food K BC — 58497  0.0000
* Lobtyist Food_K_US - 00000  &.5740
* Lobbyist Food_K_Japss _ 00000  0.0000

¢ Lobbyis Food K_ROW 0.0000 0.0000
* Lobbyim EV_BC - TI0L9 0.0000

* Lobioyim EV_US - 0.0000 31037100

* Lobbyi EV_ispan — 00000  Q.0000

* Lobbyim EV_ROW - 0.0000 0.0000

* These wrights are bring ueed ia obiying activities for regions

A100% US -100% = => peyolls of -2388 s0d 0.158 {sample 500)
-100% US -78% ==> peyoltyof -2400 and 0422 (mmple 500)
-100% US -50% we> puyoffs of -2440 and (.648 (sample 500)
[100% US -25% «=> peyolls of -2479 and 0860 (sample 500)
-100% US SQUO ea> payofsol -2546and 1.025 (sampie 500)
+25% = ~> payolsof -2571 and 1.i41 (sample 500)
00% US +50% =-=> peyolyof -L639 and 1178 (mamplke 500}
A00% US +73% ==> peyotsof -2720and 1201 (sample 500)
{100% US +100% ==> payoftsof -274d and 1151 (mampie 500)
-75% US -100% =w> payom of 0400 and 0.009 (sampie 300)
-75% US -75% ~=> payoftsof 030Sand 0.0% (sample 500)
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US 0% ==> puyollsof 0341 and 0.[19 (mample 500)
S .29% =v> peyolhof 0.1 wnd 0.158 (mmpls 500)
US SQUO ==> payothof 0067 aad 0172 (samnple 500)
US +29% w==> peyollof 0055 and 0161 (sample 500)
US +50% =~> payolzof 0.4 snd 0120 (mmple 500)
US +79% as> pryolsof 023 and 0.040 (mmple 500)
US +100% ==> peyottiof 0348 and 0.087 (tampi S500)
US -100% ==> payofts of -0378 and -0.077 {sample 500)
US .75% ==> payofts of 0281 and -0.002 (rample 500)
US S0% ==> payofiaof 0300 sod 0.054 (sampie 500}
US -25% w=w> pmyoffsof -0.112 and 0093 (vample S00)
US SQUO ==»> pooffscl 0015 and 0111 {mmpie S00)
US +25% ww»> payoffs of 0061 and 0.100 (sampie S00)
US +50% ==> payotfsol 0lé6and 0061 (sampie 500)
US +79% ==> peyoffsof 0250 and 0014 {sample 500)
US +100% ==> payoitsof 0327 and 0.123 (sample 500}
US -100% =a> payotts of 0356 and 0.153 (sample 500)
US -73% ==> payoliyof 0258 and 0072 (rample 300)
US -50% ==> pwyofSof 0.175and 0008 (rample 30C)
US - =~> payolls of -0.085 and 0.033 {mmple 3500)
US SQUO ==3> peyotfsof 0001 sad 0050 (musple S00)
US +25% ==> pepoffsof 0086 and 0043 (mmple 500)
US +50% ==> poyofsof D.167and 0010 {mampie 500)
US +75% ==> peyotfsof 0251 sod 0066 (sample 509)
US +100% ==> payotsof 0335 and -0.167 (sampie 3500}
US -100% = => payolfs of 0339 und 0221 (rample 500)

SQUO US -75% ==> pmyollsof 0254 and 0.134 (sample 500)
SQUO US -50% ==> payolfsof 0168 and 0072 (emple 500)
SQUO US -2¥% ==> payottsof 0.084 and -0.026 (sample 300)
SQUO US SQUQO ==> payolsof 0.000 and 0.000 (sample 500)
SQUO US +23% ==> payoffaof 0082 acd -0.006 (mmple S500)
SQUO US +350% ==-> payolfs of 0.164and -0.04% (ssmple 500)
SQUO US +75% «=> peyoltsof 0244 and -0.107 (sample 500)
SQUO US +100% «=> payoflof 0325and 9221 (ssmpie 500)

US -100% «»> peyolls of 0343 and H.I77 (samphe 300)
US -79% ==> payoftsof 0263 and 0201 (sampis 500)
US -50% ==> payotwof 0.7 and 012 (samphke 500)
US .29% =a> peyoftyof 0.090 xod -0 - (sampie 500)
US SQUO ==> peyofsof 0.009 and 0058 (sampie 500}
US +25% ==> payolsof 0071 and 0.0 (eample 500)
US +30% ==> pmyoftnof 0.144 and 0094 (mmple 500)
US +73% ==> payollzof 0218 snd 0164 (mmple 500)
US +100% ==> payoftsof 0305 and -0.268 (mmple 500)
US -100% =~> peyotts of 0153 and 0342 (sample 500)
US 7% ==> payofis of 0271 and 0256 {mmple 500)
US -50% ==> payoffeofl 0 20Zand 0186 (wmnple 500)
US -25% ==> payottxof -0.124 and 0.136 (mmple 500)
US SQUO ==> peyotof 002 and 0.112 (sample 500)
US +25% ==> payofftsol 006 and .0.iil (sample 500}
US +50% ==> peyofSof 0111 and 0.142 (mmpie 500}
US +79% ==> payolof 0.199 and 0.19% (mmphe 50)
US +100% ==> payolsofl 0263 and 0311 (sample 500)
US -{00% ==> payollsof 0347 and 0.9 (rample 500)
US 7% ==> peyoffsol 0310 asd 0312 (mmple 500}
US -50% ==> payotfeol 0227 and 0343 (mmphe 500)
US -25% ==> peyotsof -O.155 and 0191 (mmph 500)
US SQUO ==> payolty of -0.000 and 0160 (mample 500)
US +25% ww»> peyofls of 0.008 and 0.158 (mmple 300)
US +50% we> peyotisof 0068 and -0.182 (mmpie 500)
US +79% ==> payoffeof 0.140 4nd 0251 (smmple 300)
US +100% ==> payofsof 0.20T amd 0349 (samphe 500)
US -100% ==> puyolts of 0411 snd 0461 (sumple 300)
US -T5% ==> puyoftyof 0355 sad 0064 (samphe 500)
US -50% ~=> peyolls of 0258 and 024 (samphe 500)
US -2¥% ==> peyotsof 0192 and 0242 (sample 500)
US S5QUO ==> payomls of 0.100and 0.8 (sampie 500}
US +2¥ =«> peyofieof 000 and 0206 (mmple 500)
US +50W -=> peyollsof 0019 and 02X (sampie 300)
US +75% e=> payoliyof 011l and 0296 (mmple 500)
US +i00% ==> peyofgol 0.153 and 0384 {sample 500}
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-270
L7444
0400
L2208
0241
£2.1%
2047

0.14
on
0348
Q378
281

0112



0.112
0.111
0.142
-0.199
-03t1
4399
42312

-0.191
0.160

.18
5251
0340
G461
1364
0294
0242
0208
D206
2229

0384
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Again, this ﬁlc- is reasonably self-documenting. Any line beginning with an asterisk is just a “remark® line to
explain what assumptions have been used to gener-ate the payoff matrix. The payoff matrix values are listed in
a particularly ordered manner which is far less transparent than the tabular format of AGWARS.TAB, but which
is easy for the sMuent software to read in.

Finally, the AGWARS.DAT file is used as an input file for the programs PURE.EXE and NASH.EXE.
They generate output files which summarize the NE and the NS that are found. For each NE that is found a NS
is computed assuming that the NE is the disagreement point, Also, if the AGWARS.DAT file contains payoff
values under the {disagreement payoffs] delimiter, the NS using these as a disagreement point will be computed.

The benchmark output file from PURE is called AGWARS.PNE and is as follows:

File AGWARS DAT containe the payolf mattix for this game, s {,'
Number of pure srategy combinations 31
Pure Strategy Nash Equilibrium 1:

Agent  Strategy Payo?

1 3 0.000000
2 5 0.000000

Naah Cooperstive Solution with this NI as [he
disagreement outanme:

Agent Strategy Payoll

1 2 0.145000
2 ? 0.120000

Nash Cooperstive Solution with the specified
dissgreement Dutcome:

Agent Strategy Pxyold

1 2 0.149000
2 7 0.120000

‘ The s&ategics are numbered here, so some reference back to the AGWARS.CNF file may be needed to
ascertain what these numbers refer to. Recall that strategy number 5 was the status quo (called SQUO in
AGWARS.CNF), hence we see that the only NE in pure strategies is indeed the status quo. The output of the
program NASH is-more specialized, but should not be needed for most readers since we are able to find all NE

in pure strategies.



TABLE 1

Two Simple Trade Games
‘Cﬂmc_l
US PAYOFFS EC PAYOFFS
EC EC* EC EC*
us® - 00 0.8s | us® 0.0 -3.85
Us* -331 1.46 ust 1.06 0.62

Source: Harrison and Rutstrém [1991; Table 1, p. 421].

US PAYOFFS EC PAYOQOFFS
EC\® EC® - EC®™ EC*™
Us=® 0.3 -0.37 us«w 1.16 133
Us® 0.21 036 ys® 1.06 1.22

Source: Harrison, Rutstrém and Wigle {1989; Table 11.1, p. 335].
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EC
Strategy

-100%

-100%

sSQ

Us

-100%

5Q

+100%

Descrinti

Mean
Std. Dev.
Prob. of Gain

Mean
Std. Dev.
Prob. of Gain

Mean
Std. Dev..
Prob. of Gain

TABLE 2a

Sensitivity Analysis and Results

EC

-2388
0.197
0.0

-2.546
0.285
0.0

0339
0014
0.0

3

0.156
0.100
0.950

1,025

0.167 -

10

-0.221
0.081
0.961

fi

-50 -

EC

-1.231
0.421
0.0

-8.339
0.633
0.0

0.007
0.002
1.0

Us

-1.717
0.356
0.0

5.862
0.568
1.0

-4.713
0.280
0.0

EC

10.068
0.388
1.0

12.351
0.618
1.0

-1.230
0.053
0.0

us

3.085
0.307
1.0

-6.540

0.463
0.0

6.805
0.232
1.0



TABLE 2b
" Additional Sensitivity Analysis

EC us Standard Prabability
Strategy Strategy Mean Deviatiog of Gain
Agriculture in EC
-100% SQ -8.339 0.633 0.0
-100 ' 5Q -8.339 {0.633) 0.0
75 5Q -3.439 (0.008) 0.0
-50 SQ -2.299 (0.005) 0.0
25 SQ -1.153 (0.002) 0.0
+25 SQ +1.159 (0.003) 10
+50 SQ +2325  (0.005) 10
+75 sQ +3497  (0.009) 1.0
+100 sQ +4676  (0.011) 1.0
: Ngn-Am'ggﬁm re in EC
-100% SQ 12.351 (0.618) 1.0
-75 5Q 8.6T7 {0.731) 1.0
-50 SQ 5.859 (0.477) 1.0
-25 sQ 2962 (0.240) 1.0
+25 sQ 3011 (0.248) 0.0
+50 sQ 6081 (0.248) 0.0
+75 sQ 9240  (0.739) 0.0
+100 sSQ -12381 (1.049) 0.0
Agriculture in US
-100% sSQ -4.713 (0.280).. 0.0
-75 sQ 3592 (0.218) 0.0
-50 - 8Q -2.455 (0.148) 0.0
25 sQ 1250 (0.080) 0.0
+25 SQ 1.315 (0.091) 10
+50 SQ 2678 (0.183) . 1.0
+75 sQ 4114 (0.297) 10
+100 sQ 5.570 (9.423) 1.0
Non-Agricyl
-100% 5Q 6.805 - (0.232) 1.0
-75 5Q 35274 {0.178) 1.0
=30 SQ 3.654 (0.120) 1.0
-25 SQ 1.888 (0.066) 1.0
+25 sSQ -2.074 (0.075) 0.0
+50 sSQ -4.296 {0.145) 0.0
+75 sQ 6709 (0.238) 0.0
+100 SQ -9.279 (0.350) 0.0
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All payoffs are measured in billions of US dollars.

Couptry  Strategy

EC

Us

-100%
-15%
-50%
-25%

+25%
+50%
+73%
+100%

-100%
-75%
-50%
-25%

+25%
+50%
+75%
+100%

The Political Weights

Payoffs from not being

in the Status Quo

Ag. Noo-Ag.
-83392 123511
-3.4392 8.6774
-2.2995 5.8592
-1.1532 2.9618
11588  -3.0111
23247 -6.0808
34972 $9.2397
46760  -12.3811
47134 6.8053
-3.5925 5.2744
-2.4548 36537
-1.2495 1.8876
13154 20737
26779  -4.2959

41145  -6.7094 .
55696  -9.2794

TABLE 3

-52.

Political
Weight
for Ag.

0.556951
0.716156
0.718155
0.719766

0.722099
0.723436

0725429
0.725861 .

0.590805
0.594842
0.598134
0.6016%6

0.611874
0.616004
0.619869
0.624916

Check-Sum
Net

Contribution

0.000000
-0.000000
0.000000
-(.000006

0.000000
0.000000
-0.000000
(0.000000

-0.000000
0.000000
0.000000
0.000000

0.000000
-0.000000
-0.000000
-(.000000



-1

SQUO

+ 5%

+50%

+7T¥%

+ 100%

TABLE 4: The U

igiviast Payatls is Agri

Intoresta

All payolls are meaured in billions of US dollars.

US Policy
-k00%

+75%

sQquo
+ 5%

+100%

+75%
+100%

-53.

EC PayoQ
1.1
1421

1.167

[.164

US Payoff
L7

1518
1™
58482

10.287
12813
15478

1318
678
4114
550
-4 8X7
-3816
-2.653
-LA61
<208
L1K

418
+3.051
-1.854
£.601
¢.702

a8
495
54T



TABLE $: The Unweighied Pxyods to Nos-Agricuitarsl Inierests

All payolls are measured i billicas of US dollars,

EC Policr US ol . BCPaog Us oy
-100% -100% 10.068 1088
ST5% 057 1.050
-S0% . 11073 -L1®
-25% 11662 374
sSQUO 2an 5540
+ 5% 13044 H.658
+50% 13283 -13.075
+75% 14797 16968
+100% 15.661 -1
-T5% -100% 104 4311
T5% 1™ 4776
-50% 154 113
5% 377 1314
SQUO 8677 0518
2% 9,045 LS
+ 50% 9383 4553
+ 5% 9657 797
+100% 10,107 9958
S0% -100% 4542 6461
75% 491 a2
50 515 im
-25% 5.508 L3516
SQUO 585 0.408
+ 5% 6137 24N
+50% 6.514 4719
+T5% 6824 113
+ 100% 7.102 215
5% -100% {' L6 Yy
-75% 077 5115
-50% s 1472
-25% 1458 1.704
SQUO 2962 0213
+ 5% ian 2266
+50% sn 4509
+75% 3z S907
+i00% 4.181 958
SQUO -+ LOG% -1.00 6505
5% 4% 5174
S0 0,519 1554
5% 0303 1488
sQUO 0.000 Q001
+ 5% 0300 2574
+50% 057 -4 .29
+75% 0488 4709
+100% 1.184 218
+25% -100% P -] 6934
1% -3913 545
S0 358 3818
-25% -3.306 2060
sQUO 3011 0177
5% . 2 ~1.874
+ 50% -LAST 4084
+75% ~2187 -S40
+100% L8 . 2037
+50% -100% J20 1093
TS 4963 593
-7 50% AT s
5% 6426 206
SQUO 5,081 03s2
+ 25% 597 -l.682
+50% -35K 3584
+75% -5252 -6.291
+ 100% 508 254
+75% -100% ~10304 128
5% -10.115 5748
-50% S84 4.147
= ~250% £552 410
sQuO 4040 03m
+ 5% S017 -£302
+50% ATH -3ni
+75% 478 S.062
+100% 435 L5642
+100 «100% 13309 13
15% -12308 35
-50% -129%6 454
-25% -12718 574
SQUC -12381 0.700
+ 5% 12207 -124
+50% 1509 -1528
+75% -i1.813 5B
+100% -llA% BAGH

-54 -



TABLE 6: The Welghted Fapeils b¢ Govurnmant
All payotts are messered in billiows of US doliars,

ECPolicy USPohiy BCPmo€  US Pryog
-100%: -100% -1 0.154

% -2408 043

-50% 2440 0.548

- 5% 24 086

SQUO 2548 1028

+ 5% -5 114

+50% 1899 L1786

- TS 720 Lan

+100% E% T L1s1

75% -100% 0.400 0,009
TS% 0305 0.0

-50% 0241 0.119

2% 019 0.158

SQUO Q047 X%/

+ 25% 0.085 0.161

+ 50%% 0.1 0120

+75% 0z 0.040

+100% 0348 0.087

-50% -100% 0378 Q4mr
-15% 0281 £.002

-50% 0200 0,054

5% 4152 0093

SQUO 0015 011

+25% 0.061 0.100

+50% 0.166 0.062

+75% 0.2% 0014

+ 160% 0327 s

-25% -100% 0356 415
-75% 0258 0072

-S0% 0175 0.008

-25% 0.085 0.053

SQUO £.001 0.050

- 5% 0.086 0.043

+50% 0.167 0.010

+T5% 0281 0,066

+100% oxs 4,167

SQUO  -jo0% H3I% o2
TS 0.5 0.134

-50% o168 0072

-25% 0084 0,026

SQUO 0.000 0.000

+ 25% 0.0 0.006

+50% 0164 D043

+T5% 0344 0,107

«100% 0328 o221

+25%  -100% o342 oI
-75% 0,263 0.0t

-50% 417 04129

-25% 0.090 0084

sQUO D00 0058

+ 5% oomn 0.0%

+50% 0144 0.004

+75% 0218 0.164

+100% 0305 0268

+50%  -100% 0383 0342
75% oan 0136

-50% H22 0188

-25% 044 £.136

SQUO 208 4112

+ 25% 0.040 0111

+ 50% [ F1}] 0542

+T5% 0.199 0199

+ 1009 0363 0311

+75%  -100% 2387 49
-T% 4318 L0312

-50% Lan £$243

% 0.158 = 4191

SQUO 0.0 0.160

+ 5% -0.008 0.158

+50% 0.058 0182

+75% 0.140 0251

+100% 0207 030

+100  -100% 0411 0461
-T5% {ass 0364

-S0% o058 054

-I5% Q192 D242

sQuUO 0.100 X8

+25% 505 0206

+50% 6.019 H29

+75% [R§1} 0296

+ 100% LAL:} 4384



TABLE 7 AU
- : Predicted Qutcomes of Trade Negotiations

Non—cboperative Cooperative Cooperative
NE NS with NE=d NS with SO=d
EC Us EC Us EC us EC us
Weight Weight Strategy  Strategy  Strategy  Strafegy  Strategy  Strategy
0.72 0.61 SQ sQ -75% +50% sQ sQ
071 0.61 5% . SQ — -15% +50%
0.73 0.61 +30% +25% -25% +75% -50% +50%
0.45 0.61 -100% +75% — -100% +100%
0.45 0.61 75% SQ -100% +100% -100% +100%
0.72 0.60 SQ -25% 75% +25% -75% +75%
072 057 sQ a0 s 0% - -
0.72 00001 - SQ -100% -
0.72 0.62 -25% +50% -75% +75% -75% +75%

0.72 on -75% +100% - --- -15% +75%
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