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1. Introduction

This paper describes a dynamic economic policy simulation model of the food processing in-

dustry in the new market economies of Central Europe (CE). Agricultural policy models, even

those used to evaluate transition economies, traditionally have focussed on commodity flows. Our

model focuses on firm behavior. This change in focus allows us to identify and evaluate the impor-

tant interrelationships between trade liberalization, competitiveness policy, and credit policy in a

dynamic, imperfectly competitive agricultural economy.

The model focuses in depth on the importance of imperfect competition and production ineffi-

ciencies in the food processing sector. This sector in CE countries is dominated in many product

lines by a few large firms which act noncompetitively. Further, some of these firms appear to pro-

duce very inefficiently, using inferior technology and overly bureaucratic decision structures. As a

consequence, the quality of processed output is typically below world market standards. The obvi-

ous solution—investing in new technology—is hindered in most cases by severe financial constraints

arising from weak credit markets and overwhelming preexisting enterprise debt.

Many of the models that have been used for agricultural policy analysis in CE countries are

reduced-forms that implicitly assume many of the institutional features of mature market economies—

well functioning credit and investment markets, easy availability of technology, instantaneous mar-

ket information, and stable market structures, to name a few. These market features are missing

or changing so rapidly in CE countries that these reduced-form representations are likely to mis-

lead policy-makers. Further, existing CE agricultural policy models are static, thus ignoring the

complicated but important dynamic effects of transition economies. As we will demonstrate with

our model, the intuition from static models rarely translates into a dynamic environment. The

Lucas critique (Lucas 1976) provides another reason to mistrust these reduced-form models: in

a policy model, the behavior of economic actors should not be assumed invariant to government

actions. This suggests a model that focuses not on commodity markets but on the decision-making
1
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structures of the economic agents affected by policy. Our model represents an important shift in

the focus of agricultural policy models of transition economies from commodities and prices in a

static environment to people and incentives in a dynamic environment. Some of our simulation

results include a demonstration of why widespread cartelization of the CE food processing sector

is unlikely, a reinforcement of the conventional wisdom that tariffs provide a cushion for inefficient

firms and prevent restructuring and a variety of results concerning debt forgiveness and credit

policies.

In the next section we provide a brief overview of some of the models that have been used recently

to analyze CE agricultural policy. We then present our model in §3. In §4 we present the results of

several policy simulations that illustrate the potential uses of our model. We conclude the paper

in §5.

2. Review of Modeling Alternatives

The success of agriculture and agricultural policy in the new market economies of Central Europe

is most often evaluated in terms of the success of agricultural production policies, such as land

reform and credit policies, the adjustment of the sector toward areas of comparative advantage, the

movement of labor between the rural and urban sectors, and the development of robust transaction

channels between agricultural producers and their input suppliers and output buyers. These criteria

are largely derived from economists’ experience in mature market economies, where institutions

and players at all levels of the agrofood chain are established and change only slowly over time.

Most agricultural policy models were designed with this traditional set of performance criteria in

mind. Thus, these models are almost universally static, reduced-form, generally commodity-level,

and are not well-suited to analyze structural change. In an economy in transition, however, the

performance of agriculture can not be proxied by the performance of the agricultural production

sector alone. The composition and competitiveness of agricultural input, processing and marketing

firms will affect the ability of these countries to successfully compete on world agricultural markets

and within regional trading areas, such as the European Union (EU). In particular, food processors

will crucially determine a country’s ability to market value-added agricultural products meeting

the phytosanitary and quality standards of both domestic and international consumers.

Nonetheless, traditional agricultural policy models are commonly used to analyze transition en-

vironments. A popular model used among policy analysts has been USDA’s Static World Policy

Simulation (SWOPSIM) Model (Roningen 1991). Koopman (1994), for example, uses a variant

of the SWOPSIM commodity marketing model to examine agriculture in the European transition
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economies. He models the reform process as an exogenously specified gradual increase in supply

and demand elasticities. Shifts in supply and demand are used to account for expected produc-

tivity increases and possible changes in excess demand. Tangermann (1994, 1995) also utilizes a

SWOPSIM model to evaluate the effects of CE country accession on the EU’s Common Agricultural

Policy.

Gravity models comprise a second class of models that have been used to evaluate agricultural

trade policy in CE countries (Hamilton & Winters 1992, Tyers & Anderson 1992). A gravity model

considers three components in determining bilateral trade flows: importers’ demand, exporters’

supply, and the costs of doing business between the two. Gravity models are generally used to look

at total trade, and are long-run equilibrium models. These characteristics make them poorly suited

to evaluate the dynamic nature of transition economies.

Computable General Equilibrium (CGE) models are a third approach that has been used to

evaluate CE agricultural policy. Orlowski (1995) uses the POLAGR model to examine alternative

EU succession and integration scenarios in Poland. Another example is Weyerbrock (1994) who uses

a six-region, thirteen-sector general equilibrium model to examine East-West European integration

and the role of the CAP. Like the commodity and gravity models, CGE models are generally too

aggregated to focus on the incentives facing individual economic actors, and how these incentives

are altered by government policies and the restructuring process itself.

While each of these models and model types has strengths and contributes to the analysis of

agriculture in the CE countries, they are unable to examine may issues that are important to

policymakers such as the effects of restructuring and competitiveness policy and the importance of

imperfect competition with respect to trade policy. Our policy model seeks to address some of these

concerns within an analytical framework that explicitly models features of particular importance

in a transition economy.

The analytical framework presented in this paper highlights the processing component of the

agrofood chain.1 The progress of the food processing sector in the Central European new market

economies may be summarized in the following, extremely stylized fashion. A small number of very

large state-owned firms has been supplemented or replaced by a large number of privately-owned

firms and firms of mixed ownership. Large numbers of new firms, many quite small, continue to

enter, and there are some state enterprises which have still not been privatized—ranging from 20%

of the total in the Czech Republic to about 40% in Poland (Organisation for Economic Cooperation

and Development 1996). Their continued existence affects the performance of newer and smaller

1For broader applications, see Goodhue, Lyons, Rausser & Simon (1995a) and (1995b).
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firms established during the liberalization period. Credit and investment policies, both formal and

implicit, appear to have differential effects on firms based on their origin and size. While large

and medium-sized firms may be able to attract foreign investors or obtain investment financing

domestically, this is generally more difficult for small firms, which are dependent upon local banks

for credit and often must pay higher rates.

These stylized facts have led us to construct a model that can be used to evaluate the importance

of competitiveness and productive efficiency in the food processing sector under selected trade and

credit policies. Our model is based on firm-level decisions, so that the effect of government policies

on firms’ incentives can be explicitly modeled. Consequently, interaction effects among different

government policies and market structure and conduct are endogenously determined. Finally our

model is dynamic, allowing us to capture an important class of incentive effects that are largely

missing in the existing literature on transition agriculture.

3. The Model

Our model encompasses three levels of the agrofood chain including raw commodity production,

processing, and final demand for the processed product. We model the supply of the raw commodity

and demand for the processed product in reduced form in order to focus on the complexity of the

processing sector. In our model, four types of processing firms compete in domestic markets for

a low and high quality processed good. One of the four firm types is foreign, allowing us to

incorporate trade considerations on the import side. The remaining three firm types represent

the stylized structure of many CE food processing sectors. We refer to these domestic types as

“small,” “medium,” and “large” in reference to their initial size in terms of capital stocks. However,

these firms are differentiated in several important ways. The “large” firms represent formerly or

still partially state-owned enterprises (SOE’s). Firms of this type are characterized by a very

large initial stock of low quality capital, little or no high quality capital, inefficient production and

decision-making structures and high levels of preexisting debt. The “medium” firms have sizeable

initial stocks of both low and high quality capital, are efficient and have reasonably low levels of

preexisting debt. The “small” firms have very little capital, but are efficient and relatively debt-free.

We model the interaction of these heterogenous players as a finite horizon, linear-quadratic

dynamic game. The information structure is assumed Markovian—that is, the effect of past play

on the current environment is captured entirely by a set of state variables that evolve under the

strategies chosen by the firms. This information structure gives rise to equilibrium strategies—also

called feedback or closed-loop strategies—which are subgame perfect. This means in any given
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period it is optimal for a firm to follow its equilibrium strategy regardless of the history of past

play. In other words, firms strategies are completely credible. This characteristic of equilibrium

strategies is very important to understanding the quality of our results.

Linear-quadratic models are widely used, especially in the analysis of dynamic oligopoly situa-

tions (see for example Karp & Perloff (1993)). While the linear-quadratic structure restricts our

modeling options, it has two important benefits that make it a very useful framework. First, it is

computationally tractable. A similarly rich nonlinear model would be very difficult to solve and

interpret. Second, we know the equilibrium strategies are subgame perfect.

We maintain the linear-quadratic structure through the following model specification. Domestic

firms produce a low and high quality processed commodity according to the Leontief technologies

yimt = min (eimkimt+1, qimt)(1)

where i indexes the firm, m indexes quality level, t indexes time, eim ∈ [0, 1] represents firm i’s

productive efficiency, kimt+1 is firm i’s period t post-investment stock of m-quality capital, and qimt

is firm i’s demand for the domestic raw commodity used to produce the m-quality output yimt.

Note that quality of the final product is determined entirely by the type of capital used in the

production process. The raw commodity is of a single quality. Firms sell both low and high quality

products in domestic markets only. We do not allow for exports in the model.

The raw commodity is supplied affinely by domestic producers according to

wt = a0
t + a1

t

∑
i

∑
m

qimt(2)

where wt is the time t price of the raw commodity as a function of all processors’ demands. Final

demand for the m-quality processed product is also linear:

pmt = b0mt +
∑
i

∑
n

b1mntyint(3)

where b1 is a symmetric, negative definite matrix.

Each firm’s objective is to maximize the sum of profits over a finite time horizon, t = 1 . . . T .

We incorporate the possibility of collusion between firms by defining a firm’s perceived profits as:

Πi =
∑
t

πit +
∑
j 6=i

λijπjt

(4)

where λij ∈ [0, 1] measures the degree of collusion between firms i and j. When λij = 0 there

is no collusion and the firms act as Cournot competitors. When λij = 1 firms collude perfectly.
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This formulation says that firms care about maximizing perceived profits Πi even though what they

actually receive is their own profits, πi. We will assume that there is no collusion between domestic

and foreign firms.

Foreign firms export both low and high quality goods to the country in question. These firms

are presumed to have constant marginal costs, cfmt. Their t period actual profits are given by

πft =
∑
m

(pmt − cfmt − τfmt)yfmt − γfmty
2
fmt(5)

where τfmt is an import tariff and γfmt represents a nonlinear import restriction. This quadratic

term allows us to partially capture the effect of an import quota on foreign firms while maintaining

the linear-quadratic structure of the game. The foreign firms choose output levels yfmt recognizing

their effect on domestic price pmt.

Domestic firms have a more complicated problem. Their Leontief production technology (1)

implies each firm produces yimt = qimt = eimkimt+1 units of the m-quality product in period t,

where kimt+1 = (1− δ)kimt + Iimt is firm i’s period t stock of m-quality capital after investment of

Iimt units of new m-quality capital. A domestic firm’s period t profits, then, are

πit =
∑
m

(pmt − wt + τimt)eimkimt+1 − (rmt − ρimt)Iimt − (φ0
imt − φ1

imtIimt)Iimt(6)

where τimt is a production subsidy, rmt is the domestic price of m-quality capital, ρimt is a credit

subsidy, and the φ parameters represent the “adjustment” cost of investment. Domestic firms

choose investment Iimt recognizing the effect of their decisions on both output prices pmt and the

input price wt—that is, they exercise market power on both margins. The state variables for the

model are the capital stocks for all domestic firms.

The quadratic costs associated with investment can be interpreted literally as adjustment costs.

However, we will also use them to partially capture the effects of credit constraints while maintaining

the linear-quadratic structure of the game (Rausser & Hochman 1979). Under this interpretation,

the φ parameters govern the additional marginal cost of investment above the subsidized price of

capital. The more debt a firm has, the more costly investment should be at the margin. Under a

standard credit constraint, firms would have access to capital at the subsidized price up to some

limit determined by their debt and collateral, after which the marginal cost of investment would

become infinite. The quadratic adjustment cost approach is a simplified, finite and smooth version

of this constraint.

The model is solved using backwards induction to derive a set of Ricatti-like matrix equations.

The linear-quadratic structure assures each firm’s optimal strategy is a linear function of the current
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state (i.e., the current capital stocks of all firms) and its total payoff in the game is a quadratic

function of the initial state. For simplicity, in the simulations that follow we assume that all

parameters are time invariant. However, it is possible and indeed straightforward to solve the

model with time varying parameters. All Greek-symbol parameters in the model are either direct

policy variables that we assume the government is able to choose or they are variables that can

be affected by government policies. Our simulations involve altering one or more of these policy

parameters and evaluating the comparative dynamic effects on the equilbrium strategies, the state,

and a variety of performance measures.

4. Some Simulation Results

4.1. The Effect of Protection on Domestic Performance. One surprise of the transition

process has been the negative agricultural trade balance realized by the CE countries. One ex-

planation observers have offered for this outcome is that trade performance has been hindered by

the presence of inefficient, large scale food processors and that governments have attempted to

protect these large firms from external competition in an effort to stave off the short-term costs of

massive layoffs. The conventional wisdom is that protection provides a cushion for the inefficient

large firms, preventing restructuring and reducing domestic performance.

Our simulations support this conventional wisdom. We ran three types of scenarios to simulate

different kinds of protective policies. The base case for these simulations allowed foreign firms

to freely compete in the domestic market (τfmt = γfmt = 0). The first simulation compared

this scenario to a complete import ban (i.e., removing foreign players completely from the game).

The second simulation allowed the foreign players to compete, but allowed some nonlinear import

restrictions (τfmt = 0, γfmt > 0). The third simulation considered the effects of positive tariffs

(τfmt > 0, γfmt = 0).

The results for all three simulations are similar: protection helps the large, inefficient firms at the

expense of the medium and small efficient firms. While this is in accord with conventional wisdom,

the conventional explanation is based on static intuition. Our result can only be fully explained by

the dynamic effects of market power. The argument is easiest to explain for the case of an import

ban versus free trade.

Under either scenario, large firms have too much low quality capital at the beginning of the

game. In general, then, they find it optimal to reduce their low quality capital stocks in the early

periods of the game until they reach an optimal profit rate. This means they are losing market

power in the low quality good during the early periods of the game. Conversely, the large firms
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start out the game with too little high quality capital and want to increase their stocks over the

course of the game. This means they are gaining market power in the high quality good during the

course of the game.

Now consider what happens when protection is removed and foreign firms are allowed into the

market. Because foreign imports put downward pressure on prices, the large firms must use their

market power (while they have it) to keep prices from dropping too low. But large firms have more

market power early on in the low quality market, so the presence of imports tends to increase the

rate at which the large firms disinvest in low quality capital. Foreign competition also reduces the

rate at which large firms invest in high quality capital—the price of the high quality good drops

and it is less attractive to large firms. The overall result is a major reduction in output by the large

firms in both quality markets, especially in the early stages of the model. Because large firms also

have market power in the raw commodity market, these drastic reductions seriously reduce input

prices. While output prices drop due to imports, the reduction in input prices is even greater. This

increased profit margin is enough to raise overall profits for small and medium sized firms whose

output levels do not significantly change thanks to the drastic reductions in output by the large

firms. This increased profit margin is insufficient to make up for the drastic reduction in output

suffered by the large firms, and thus they do much worse under foreign competition.

It is interesting to consider how this result is affected by the efficiency of the large firms. The

more inefficient the large firms are, the less drastically they need to disinvest in the low quality good

to undergird prices in the face of foreign competition. This means small and medium firms benefit

less from savings on input prices because (i) these savings are smaller per unit and (ii) they must

reduce output relatively more to accommodate imports. If large firms are sufficiently inefficient,

all domestic firms do worse by opening the market to foreign competition than in autarky.

4.2. Competitiveness Policy. We consider two categories of competitiveness policies. First, we

examine the effect of the government forcibly breaking up the large firms. If the exiting firm’s

capital is removed from the model, for instance to payoff creditors, then all firms remaining in the

model are unambiguously better off. However, consumers and raw commodity producers are worse

off, as prices rise and output declines. This result is less forceful as the inefficiency of the removed

firm rises.

Since we do not model entry endogenously, this experiment is somewhat artificial. Certainly,

after removal of the large firms one would expect entry if industry profits are unambiguously

higher. A more compelling experiment would allow entry after the removal of a large firm. We

can approximate entry by increasing the number of small and medium firms while we reduce the
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number of large firms. If we do so in a way that maintains the total stock of capital in the sector,

we find that all incumbent firms remaining in the model after the removal of a large firm are

unambiguously worse off. However, consumers and raw commodity producers are better off, as

prices decline and output increases. In particular, the output composition shifts towards higher

quality products. Note that now this result is more forceful as the inefficiency of the removed firm

rises. This occurs because the same amount of capital in the hands of more efficient and smaller

firms will increase output and reduce prices even more as the efficiency differential increases.

A second category of competitiveness policy involves the collusion matrix λ. Recall that λij

measures the degree of collusion between firms of type i and j. When λ = 0, all firms behave as

Cournot competitors. When λ = 1 the industry is fully cartelized.2 At first blush, λ can be viewed

as an index of the strength of the government’s anti-monopoly agency. If all firms benefit from

collusion, one can view λ as an upper bound on the degree of collusion allowed by government

policy. A reduction in the strictness of the government’s competitiveness policy, then, could be

implemented by increasing λ.

A stark result became clear, however, once we implemented this approach. For every parameter

combination tested, increasing λ above zero led to an increase in profits for small and medium

firms but a decline in profits for the large firms. Further, the loss to large firms always exceeds the

total gain to the small and medium firms. Collusive behavior therefore can not be an equilibrium

outcome under any profit sharing arrangement the cartel might devise.

The reason for the result is simple. There is a fundamental incentive compatibility problem

due to the difference in size between the large firms and the smaller firms. A successful cartel

reduces output to increase price. The smaller firms, however, have a strong incentive to cheat

under any cartel arrangement since by definition each small firm has a negligible effect on price.

The requirement that our equilibrium strategies be subgame perfect then implies small firms must

cheat in equilibrium. But when all the smaller firms cheat, output prices decline and the cartel

unravels. An analogous story holds for medium sized firms: while they have less incentive to cheat

than the small firms do, the impact of any cheating they do is larger given their size. Again the

cartel unravels. This story has more bite the larger the discrepancy between the size of the large

firms and the smaller firms. In addition, the cost of collusion for the large players is magnified the

more inefficient they are, as they wind up producing even less, thus strengthening the smaller firms’

incentive to cheat and reducing prices even more. This result once again illustrates the importance

of considering a dynamic model of oligopoly when asking questions about market power.

2We assume that foreign firms can not collude with each other or with domestic firms.
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4.3. Credit, Debt and Investment Policies. Trade performance, investment, and the treat-

ment of enterprise debt are all important policy concerns in transition economies. These policies are

likely to interact in ways that are not immediately apparent, especially in the presence of strategic

behavior.

Debt forgiveness could cause processors to be more successful, and might affect their speed of

modernization. There is a tradeoff between enhancing the performance of existing enterprises, which

may currently be struggling to survive and hence performing badly, and revitalizing the sector with

new entry. The source of the tradeoff is that new entry will be inhibited by the persistence of weak

incumbents. The nature of the relationship between investment and quality seems to suggest that

tradeoffs such as these will have significant effects on product quality. The relative size and market

behavior of the incumbents, who tend to be large and indebted, and of potential entrants, who tend

to be small and competitive and not incur significant debt, suggests that debt forgiveness policies

may have significant effects on the degree to which market power is exercised by the sector as well.

Unfortunately, it is difficult to accurately model debt within the linear-quadratic structure. Ide-

ally we would like to model debt as a state variable; however, the linear-quadratic structure requires

a linear state equation which is not entirely sensible in the context of debt. The alternative is to

consider a permanent reduction in one or both of the φ parameters that determine the adjustment

costs of investment as defined in equation (6). The logic behind this approach is that debt forgive-

ness should reduce the marginal cost of obtaining investment. Firms with high initial debt will find

it difficult to obtain investment credit since they will be considered a risky prospect by investors.

In this context, the φ parameters capture the risk premium investors associate with the heavily

indebted firm. There are two limitations to this interpretation. First, a permanent reduction in φ0

is indistinguishable in our model from a credit subsidy. The main difference between these policies

is, of course, the difference in their costs to the government, something we don’t explicitly evaluate

in our model. Second, a change in φ1 is symmetric vis-a-vis investment and disinvestment. While

it make sense that debt forgiveness should reduce the marginal cost of investment, it is not clear

why debt forgiveness should make disinvestment cheaper as well.

When we reduce φ0 for the large heavily indebted firms (with the interpretation either as a

form of debt forgiveness or a credit subsidy), the large firms do better at the expense of the small,

medium and foreign firms. The subsidy causes the large firms to invest more in both types of

capital, increasing their output, increasing the price of the raw commodity and reducing the price

of both types of processed goods. Despite the reduction in the profit margin, the large firms benefit

by producing relatively more of the high quality good. This crowds out investment by the smaller
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firms in both types of capital, reducing their output and their profits in both markets. Consumers

and producers of the raw commodity are both better off under the subsidy. These effects are

magnified for more inefficient large firms.

When we reduce φ1 for the large heavily indebted firms (with the interpretation either as a form

of debt forgiveness or some kind of reduction of adjustment costs), we get exactly the opposite

results. The large firms disinvest faster from low quality capital and slow their rate of investment

in high quality capital. The overall effect is a drop in their output in both markets, which reduces

the price of the raw commodity and increases the price of both quality goods. The small, medium

and foreign firms are able to take advantage of this increase in their profit margins, keeping their

output relatively stable. However, the reduction in output by the large firms leads to lower overall

profits for them. Consumers and producers of the raw commodity are both worse off under lower

adjustment costs. These effects are magnified for more inefficient large firms. These results indicate

the effects of debt forgiveness depend on how it is implemented.

Instead of reducing the debt of, or subsidizing credit for, the large firms, the government could

focus its energies on integrating national financial markets with world financial markets. This would

allow any firms meeting world credit standards to borrow as much money as they desired while

meeting the external market standard for credit.

Financial market integration is modeled as a reduction in the cost of capital for the efficient

small and medium firms (i.e., increasing ρ for these types). This policy increases the total payoff

to small and medium firms while reducing payoffs to the large and foreign firms. The policy has

the intended effect of increasing investment by small and medium sized firms in both quality levels.

The expansion of output by small and medium sized firms forces the large and foreign firms to

reduce output in an exercise of market power to maintain prices. The resultant increase in output

prices and reduction in the raw commodity price is insufficient to maintain the prepolicy payoffs to

the large and foreign firms. This policy also reduces the average quality level of output as the large

firms choose to exercise their relatively more effective market power in the high quality market late

in the game.

5. Conclusion

Market structure, market conduct, and unanticipated interaction effects among policies are

widely recognized to affect policy outcomes at both a practical and theoretical level. These consid-

erations, however, are exactly those which have been missing in the reduced-form commodity-level

models commonly used for analyzing agricultural policy in the new market economies of Central
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Europe. In a mature market economy, these omissions are relatively less important, due to the

stable institutional structure and long-established record of market outcomes. The behavior of

market participants may be taken as a given, and policy interaction effects may be insignificant

compared to their direct effects. In a transition economy, however, the institutional structure

and the nature of market participants are changing rapidly. Under economic liberalization, mar-

ket structure and firms’ market conduct are key determinants of internal and trade performance.

These market features underlie any reduced-form depiction of market responses, such as market

demand and supply elasticities. When these features are expected to be changing substantially,

this reduced-form representation is likely to prove to be inadequate for explaining and predicting

market responses. Accordingly, we focus on the incentives facing economic actors, rather than on

reduced-form representions of commodity markets.

Our analytical framework highlights the processing component of the agrofood chain. In Central

Europe, many product lines are dominated by a few large firms, often formerly state-owned. Ad-

ditionally, in some cases these firms are inefficient producers, whose losses are implicitly funded by

governments who fear the effects of large-scale companies shutting down. Their continued existence,

however, affects the performance of newer, often smaller, firms established during the liberalization

period. We evaluate the importance of the competitiveness and productive efficiency of the food

processing sector for predicting policy outcomes, and evalute the performance of a sector under

selected trade policies and other government interventions.

We model a finite-horizon, linear-quadratic dynamic game between foreign firms and domestic

firms of various sizes, efficiencies and debt levels. The firms’ equilibrium strategies are required to

be subgame perfect. This requirement in an important determining factor in many of our simulation

results. We use it to show, for instance, that processing firms will not want to collude with each

other. Other results include a confirmation and extension of the conventional wisdom regarding

protecting inefficient firms and an indication that credit and debt policies have highly differential

effects depending on how they are devised and applied.
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