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Abstract

Johnson (1953-54) offered a powerful explanation for the existence of equilibrium tariffs when he showed that governments face incentives to deviate from free trade even in the face of retaliation by their trading partners.  Subsequent analyses by Kennan and Riezman (1988) and Syropoulos (2002) identify the relationship of country size to import demand elasticities and, hence, confirm the view that large countries win tariff wars. This paper explores an additional route by which country size systematically determines the net benefit of retaliation across trading partners.  Using models in which one industry exhibits scale economies, we identify circumstances under which the ability to win a tariff war shifts in favor of the smaller country.  
We thank Eric Bond, Devashish Mitra, and seminar participants at Syracuse University and at the Fall 2002 Mid-West International Economics Meetings at Northwestern University for helpful comments.

I. INTRODUCTION

Johnson (1953-54) offered a powerful explanation for the existence of equilibrium tariffs when he showed that “tariff wars” do not necessarily result in Prisoner’s Dilemma situations and that governments face incentives to deviate from free trade even in the face of retaliation by their trading partners.
  A key insight of Johnson’s contribution is that countries differ in their power to improve their terms of trade through protection and, thus, the net benefit of retaliation differs across trading partners.  Consequently, one country may find its welfare higher in a bilateral tariff war than in free trade; it will “win the tariff war.”  Johnson’s insights have been useful in explaining observed trade protection and, more recently, in the specification of threat points in cooperative and non-cooperative models of trade agreements.


Johnson’s exposition, framed as a comparison of the partners’ elasticities of import demand, invited a role for country size in the determination of the “winner” of the tariff war.  Kennan and Riezman (1988) and Syropoulos (2002) identify the systematic influence of country size on the tariff war outcome.  Both analyses identify circumstances under which a sufficiently large country will prefer a non-cooperative Nash tariff equilibrium over free trade.
  This paper explores an additional route by which country size systematically determines the net benefit of retaliation across trading partners.  Using models in which one industry exhibits scale economies, we identify circumstances under which the ability to win a tariff war shifts in favor of the smaller country.  The presence of scale economies ties productivity to the set of goods produced.  Since trade alters production patterns, small countries may be able to raise productivity by protecting the increasing-returns sector.


The idea that a country may improve its welfare by imposing trade barriers when scale economies are present dates back at least to Graham (1923).
  Formal treatment of the Graham argument by Ethier (1982b) delineates the conditions under which protection may be welfare improving for the smaller of two trading partners.  Surprisingly, Ethier shows that this is more likely the smaller the scale economies and the closer the partners are in size.  While Ethier notes the potential for bilateral conflict in such circumstances, he does not explore the potential for welfare-improving protection in the face of retaliation by the larger trading partner.  


The influence of scale economies in determining the outcome of Nash equilibrium tariffs has been explored with numerical general equilibrium (NGE) models.  Markusen and Wigle (1989) explore the roles of country size, scale economies, and capital mobility in determining the Nash equilibrium tariffs for the United States and Canada.  NGE simulations support their theoretical predictions that the optimal tariff is smaller when the country is smaller and there are scale economies and free entry.


We find that these conclusions about relative size and optimal tariffs can be reversed when the mechanics of the assumed scale economy are altered.  In contrast to the Markusen-Wigle model, in which protection worsens an existing production distortion, we use a model in which protection may offset an existing production distortion.  Consequently, we find that scale economies may lead to higher levels of protection by the smaller partner relative to a constant-returns economy.  These comparisons are systematically related to the size difference between trading partners.  The small country is more likely to win a tariff war when it is sufficiently close in size to its partner.  Even if its larger partner could credibly commit to free trade, the small country would prefer to levy its optimal tariff and risk retaliation.


The paper proceeds as follows.  In the next section, we consider the welfare effects of a tariff in a general model with scale economies.  As Markusen and Wigle (1989) note, theory cannot tell us the actual size of Nash equilibrium tariff rates, as these are expressed in terms of elasticities, which may be sensitive to where they are evaluated.  Considering how welfare is affected by a tariff can, however, indicate which factors are determinants of non-cooperative tariff levels, their associated welfare levels and how these change with relative country size.  


In the third section, we consider the role of country size in determining the winner of a tariff war.  Next, we present a model with differentiated non-traded intermediate goods.  In the fifth section, we use simulation methods to illustrate how the scale economy interacts with country size, shifting the outcome of a tariff war in favor of the smaller partner.  The concluding section summarizes and relates these findings to multilateral liberalization efforts.

II. TARIFFS AND WELFARE WITH SCALE ECONOMIES


In neoclassical models, the relationship between tariffs and welfare is well understood.
  A tariff reduces a country’s import demand, thereby improving its terms of trade, while imposing a deadweight loss by distorting production and consumption decisions.  For a small country, there can be no terms of trade improvement and, thus, free trade is preferred to any tariff-ridden equilibrium.  For a country that can influence its terms of trade, the optimal tariff is positive when the trading partner does not retaliate.


To illustrate the role of scale economies in determining the optimal tariff, we posit a two-country model.  Home, the smaller country, will import manufactures, M, and export grain, G, which serves as numeraire.  We denote the domestic relative price of M by PM, the relative international price of M by 
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 and the Home ad valorem tariff by t.  Let home consumption of M be denoted by
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.  We characterize Home welfare (W) as a function of aggregate consumption, 
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.  The standard Bhagwati, Ramaswami, Srinivasan (1969) decomposition gives the change in welfare due to a small deviation from an initial laissez faire equilbrium:
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where 
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 denotes the marginal utility of grain.  If there are no scale economies and the production sector maximizes the value of output at world prices, 
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.  The tariff influences Home welfare through its influence on the terms of trade 
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.  When the Marshall-Lerner condition for market stability holds, the tariff improves the terms of trade (in this case, it would cause 
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to fall).  Domestic consumption of the importable typically falls, however, and the optimal tariff reflects the trade off between the resulting welfare loss and improvement in the terms of trade.


In the absence of marginal cost pricing, however, it is well-known that the value of output may not be maximized by the production sector as the equilibrium relative price of M exceeds the domestic rate of transformation (DRT).
  In that case,

(2)
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Laissez faire ensures that 
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 while the absence of marginal cost pricing implies that 
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and, thus, a policy that slightly expands the manufacturing sector raises welfare.  This production-expansion effect is added to the familiar consumption and terms-of-trade effects.

The mechanism by which a tariff affects the manufacturing sector depends on the nature of the assumed scale economies and market structure.  In the model used below, scale economies are realized at a constant rate, (, and the market is characterized by average cost pricing.
  In this case, 
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and the BRS decomposition can be written as

(3)
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When protection raises home output of M, it improves welfare beyond the usual effect on the Home terms of trade.  This effect appears in the model used below, in which the manufacturing sector expands through an increase in the number of domestic intermediate varieties.  As final manufacturing productivity is positively related to input variety, such entry is welfare improving.  The presence of scale economies increases the marginal benefit of a tariff and, ceteris paribus, increases the size of the optimal tariff for a country with a comparative disadvantage in the increasing-returns sector.


When the number of firms or firm scale matters for domestic welfare, the effect of the tariff depends on how the manufacturing sector expands when the domestic price rises.  In contrast to the results from the national external economies model, however, are the implications of the models analyzed by Markusen and Wigle (1989).  Based on models of economies exhibiting internal scale economies, imperfect competition, and free entry, Markusen and Wigle argue that scale economies reduce the size of the optimal tariff.  A general feature of their models is that productivity depends on the level of output per firm in the increasing-returns sector.  Larger firm scale allows the economy to capture the surplus of price over marginal cost on incremental output.  Tariffs generate entry, however, and may decrease firm scale with a concomitant productivity loss.  Although the complexity of interactions in a multi-good, multi-factor general equilibrium model makes a general statement elusive, Markusen and Wigle argue for a presumption that optimal import tariffs are lower in the presence of scale economies, and their NGE results support this prediction.
   

III. COUNTRY SIZE AND NASH TARIFFS

In the absence of scale economies, size influences the welfare effects of a tariff only through the terms of trade.  Kennan and Riezman (1988) use a pure exchange model to explore the effect of size on a country’s ability to win a tariff war.  They find that when both countries are close in size, both lose a tariff war in the sense that welfare in both countries is lower in the non-cooperative Nash equilibrium of a tariff game than it is under free trade.  When the size difference is sufficiently large, however, they find that the large country wins the tariff war.

 
Syropoulos (2002) provides a significant generalization of Kennan and Riezman (1988).  He uses limit arguments to prove the existence of a threshold level for each country’s relative size, such that a country wins a bilateral tariff war if its actual relative size exceeds the threshold relative size. By placing further structure on his model, Syropoulos is also able to show that in the context of a Hecksher-Ohlin model, a country wins the tariff war if it is larger than an upper-threshold relative size, loses the tariff war if it is smaller than a lower-threshold relative size, and that a Prisoner’s Dilemma situation results for sizes in between.  Syropoulos’ model is based on constant-returns-to-scale production functions and the smaller partner never wins the bilateral tariff war.


With external scale economies, productivity in the increasing-returns industry depends on industry size and thus protection that raises the size of the industry confirms welfare gains independent of terms-of-trade effects.  The link between size and productivity is comparative advantage; as Markusen and Melvin (1981) and Helpman (1984) show, there exists an equilibrium in which the larger country exports the commodity produced with increasing returns to scale.
  For the large country, a tariff (on its importable, grain) will reduce output of the IRS good, reducing domestic factor productivity.  For the small country, a tariff will raise output of the IRS good, increasing domestic factor productivity.  With scale economies, the effect of a tariff on welfare is asymmetric: the large country loses via this channel while the small country gains.  This asymmetry opens the possibility that the small country may win a tariff war.

IV. THE MODEL

To understand the determinants of the optimal tariff and to simulate the outcomes of tariff wars, we introduce a model with a specific production structure.
  One good, manufactures, exhibits increasing returns to scale in production.  We assume that free entry results in average cost pricing, introducing a well-understood production distortion.  In the absence of optimal policy, which is a subsidy to the production of manufactures, the autarky equilibrium is not Pareto optimal in either country.
  Consistent with GATT rules under the WTO, we assume that sector-specific subsidies are not permitted and, consequently, motivation for a tariff includes the gains from expansion of the manufacturing sector.


(i) Production Structure


Consider two countries, Home and Foreign, which produce and trade two goods, manufactures (M) and grain (G) using capital 
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.  K and L are in fixed supply, perfectly intersectorally mobile, and internationally immobile.  The numeraire good 
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, is produced under constant returns to scale. G is assumed to be more labor intensive in production than 
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, which is produced under increasing returns to scale. To produce manufactures, capital and labor are combined under constant returns to scale in the production of factor bundles
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.  Factor bundles are used to produce a variety of intermediate inputs 
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 under internal economies of scale. Finally, intermediates are costlessly combined to produce 
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 with scale economies external to the firm but internal to the industry.
  The two commodities are costlessly traded between countries. 

This model, adapted from Ethier (1982a), is distinguished by the assumption of non-tradability in intermediate inputs.  Non-tradability of intermediate inputs, for example, due to high shipping costs or due to the difficulty between buyers and sellers to transact with one another, renders the external economy of scale national in scope.
  Production of each variety of intermediate inputs is via identical production functions and assembly of a unique variety of an intermediate input is given by

(4)
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where 
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 is the quantity of factor bundles used in the production of a unique intermediate input 
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, and 
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 is the quantity of intermediate 
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 produced. The constant fixed and marginal costs 
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 and 
[image: image28.wmf]a

 are positive and are identical across intermediates. In equilibrium, each monopolistically competitive firm produces a unique variety of a differentiated intermediate input.  The number of varieties produced equals the number of firms in the country. 

The production technologies for factor bundles and grain exhibit constant returns to scale.  The specific form assumed for production of factor bundles is 

(5)
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Similarly, the specific form assumed for the production function for grain is

(6)                               
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where c, d, 
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 and 
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 are constants.

Intermediate inputs are combined to produce M via the production function:
(7)
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where 
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 is a substitution parameter and 
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 is the number of intermediate varieties available.  The technical rate of substitution between two hypothetical pairs of intermediate inputs, 
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 . Each variety of the intermediate input contributes in symmetric fashion to the production of manufactures and they are imperfectly substitutable.  Intermediate inputs are produced in equal quantities and the total quantity of intermediates produced is 
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. Given the symmetry across the 
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[image: image42.wmf]1

ab

=

 indicates the degree of increasing returns to variety.  Equation (8) displays constant returns to scale for a given value of 
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.  In contrast, average costs are decreasing in the number of available varieties of intermediate inputs. 

The demand function facing a representative intermediate producer is derived by the cost minimization problem of the manufacturing firm (
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 is the price of an intermediate input.  For a pair of intermediate inputs, 
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 which has a constant price elasticity of 
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This is also the elasticity of substitution for a pair of intermediate inputs in the assembly of finished manufacture. Higher values of 
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 indicate that components can be less easily substituted. From (4), the total cost of a representative intermediate input producer is 
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 is the price of a factor bundle.  An intermediate input producer equates marginal revenue 
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 to marginal cost 
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where 
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 represents a constant mark-up over marginal cost. In the monopolistically competitive market for the intermediate inputs, profits are driven to zero in the long run by free entry. This yields the quantity of a distinct intermediate produced, 
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Denoting by 
[image: image61.wmf]M

P

 the competitive supply price of manufactures, zero profit in production of the final good leads to
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Marshallian production stability requires a normal price-output response, implying that an increase in price leads to increased output.  This condition is satisfied under mild economies of scale, where the influence on the relative cost of M due to differences in factor intensity dominates the impact on relative costs due to the scale effect.
 

To close the model we assume that demand functions take the Cobb-Douglas form, with a constant share of income spent on each good.  Tariff revenue is given by 
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 is the ad-valorem tariff rate, 
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 is the world relative price of 
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(ii) The Pattern of Trade

The only asymmetry between the trading partners is country size.  Henceforth we assume the Home country is smaller in size, although both countries are large enough to affect world prices.   We define country size as 
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 This implies that as a country’s relative size increases, its factors increase at the same rate. We fix aggregate world factor endowments so that an increase in one partner’s size entails a decrease by the other. For that reason an increase in 
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 denotes an increase in the size of the home country and a decrease in the size of the foreign country. 

Because the countries are identical in technologies, preferences, autarkic equilibrium conditions, and factor proportions, the Heckscher-Ohlin and the Ricardian models are not sufficient to explain trade patterns. Economies of scale are an independent cause for trade. As shown by Helpman (1984) the larger country has the lower autarkic relative price for manufactures and a stable equilibrium exists in which the larger country is the exporter of final manufactures and an importer of grain. 

(iii)  Trading Equilibrium


A trading equilibrium requires that commodity and factor markets clear while consumer maximizes utility subject to their budget constraints.  Let 
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 denotes the home (foreign) ad valorem import tariffs on manufactures (grain). Let the price of the international numeraire good grain equal unity so that the internal and external price ratios are
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, where 
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 is the home (foreign) internal price ratio.  Tariff revenue is distributed as lump-sum transfer to consumers and trade is balanced so that national income for Home is 
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 and for the Foreign country is
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.  National income is higher than national product by the amount of the tariff revenue. Finally, the commodity market clearing condition equates aggregate demand to aggregate supply.  Using Walras’ law, we need only specify the market clearing condition for manufactures: 
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 In our simulations, given endowments, preference and production parameters we solve for equilibrium values of M, G, n, x, f, r, w, U, Y, and C , for the home and foreign countries and the price ratios,
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   To measure welfare, we ignore distributional issues and assume the home government’s objective is to maximize utility of a representative consumer.

(iv) Non-cooperative Nash Equilibrium


We model the tariff war as a single-period tariff game between two welfare-maximizing governments.  Each country seeks to maximize utility of a representative consumer, where the level of welfare depends upon both countries’ choice of tariff.  Letting 
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 be the indirect utility of a representative consumer in country i and noting that 
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because tariffs influence the price level and income, the first-order conditions for utility maximization by each partner is
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In the standard case, the Nash equilibrium has each country setting a tariff equal to the inverse of the elasticity of demand for its exports.
  In the present case, however, scale economies must be added to the standard concerns about tariff revenue (and, hence, consumption) and the terms of trade.  In the simulations below, we find the home tariff levels that maximize home welfare given the foreign tariff and vice versa.

V. SIMULATION RESULTS

To explore the relationship between country size and optimal tariffs, we use Mathematica
 to solve for the values associated with three equilibria: autarky, free trade, and a Nash tariff war.  The tariff war is defined by the equilibrium resulting from each government levying the tariff that maximizes home welfare, given the tariff levied by the partner country.  We solve the general equilibrium model for the sequence of country relative sizes in the range 
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  We specify the parameter values of the general equilibrium model as follows: the fixed and marginal cost in intermediates production are set to unity
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.  Production of factor bundles and production of grain are assumed to take the forms given by (5) and (6), with 
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set at 0.9 and 
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set at 0.9, d=0.4 and c=0.6.  The share of grain in total expenditure is 0.75.  Factor supplies are fixed with 
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. To ensure that the economy operates with increasing opportunity costs, we specify a commensurate degree of increasing returns to scale, setting 
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(i) Home Country is Relatively Small


When the Home country is relatively small, the gains from trade are large enough to outweigh the decrease in manufacturing productivity that accompanies a shrinking of this sector as Home expands production of its exportable, grain.  In Table 1, we present the equilibrium values for both countries when foreign factor supplies are 27 times larger than Home endowments.  This case captures the results for a range of relative sizes.
	Table 1: Selected Equilibrium Values for Three Equilibria; 
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	Autarky
	Free Trade
	Tariff War

	M
	17.9622
	14.338
	15.6948

	M*
	553.322
	557.524
	555.869

	W
	14.8551
	14.9775
	14.9009

	W*
	442.773
	442.873
	442.899

	P Autarky
	1.40342
	-
	-

	P* Autarky
	1.23008
	-
	-

	P World
	-
	1.23268
	1.28463

	Exp (Imp*)
	-
	5.38566
	3.2987

	Imp (Exp*)
	-
	4.36907
	2.56782

	VOT: Exp + Imp
	-
	9.75473
	5.86652

	t, t*
	-
	(0,0)
	(0.035,0.043)


As the table shows, when the size disparity between the partners is very large, the smaller country has a higher welfare level in free trade than in autarky. For the smaller country, free trade welfare also dominates the level of welfare it can attain when each country levies its Nash tariff.  Given the size disparity, the reduction of consumption that accompanies the optimal retaliatory tariffs is large enough to dominate the positive scale effects. The smaller country also suffers a terms of trade deterioration, as the large country has the power to move the terms of trade in its favor.


While the home country favors free trade, the larger country prefers the Nash outcome.  The welfare level that the larger country can achieve under tariff war dominates both autarky and free trade welfare because the positive terms of trade effect dominates the negative scale and consumption effects. These results show that when the size disparity is large, the standard tariff war outcome obtains.  Compared to the free trade outcome, the larger country is better off and the smaller country is worse off.  The large country wins the tariff war.


(ii) Home Country is Small But Big Enough to Cause Trouble


In this case, the home country is a bit larger and, therefore, its tariff retaliation begins to affect the ability of the foreign country to gain through improvements in its terms of trade.  As shown in Table 2, the home country continues to achieve higher welfare with free trade than in autarky.  The home country also continues to prefer free trade to a tariff war.  In this case, though, the large country now also prefers free trade to a tariff war. For the foreign country, the negative scale and consumption effects due to trade restrictions dominate the positive terms of trade effects so that the country prefers free trade.
	Table 2: Selected Equilibrium Values for Three Equilibria; 
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	Autarky
	Free Trade
	Tariff War

	M
	36.9344
	30.342
	32.9926

	M*
	532.025
	539.404
	536.339

	W
	30.3345
	30.4498
	30.3983

	W*
	425.892
	426.071
	426.053

	P Autarky
	1.36505
	-
	-

	P* Autarky
	1.23194
	-
	-

	P World
	-
	1.23662
	1.26188

	Exp (Imp*)
	-
	9.47234
	5.56801

	Imp (Exp*)
	-
	7.65986
	4.41248

	VOT: Exp + Imp
	-
	17.1322
	9.98049

	t, t*
	-
	(0,0)
	(0.037,0.022)



The Nash equilibrium outcome is a tariff war in which both countries are worse off than they would be in free trade. This case conforms to the standard Prisoner’s Dilemma: the optimal outcome fails to be reached in a non-cooperative setting.  As in a Prisoner’s Dilemma scenario, cooperation will lead to a situation in which both countries achieve a higher level of welfare. This is a situation where the World Trade Organization (WTO) and its General Agreements on Tariffs and Trade (GATT) can act to facilitate negotiation and to ensure enforceability of reduced trade restrictions.

(iii) Home Country is Large Enough to Win a Tariff War


In this case, the home country is large enough to gain from levying a tariff in several ways.  First, expansion of manufacturing raises its factor productivity without too large an effect on the relative cost of manufactures.  Secondly, its ability to move the terms of trade in its favor is greater due to its larger size.  As seen in Table 3, home country welfare is still higher in free trade than in autarky.  However, the home country now prefers a tariff war to either free trade or autarky.  Thus, the best outcome for the smaller country is tariff war. 
	Table 3: Selected Equilibrium Values for Three Equilibria; 
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	Autarky
	Free Trade
	Tariff War

	M
	75.9455
	65.1437
	69.715

	M*
	489.53
	501.192
	496.167

	W
	61.9439
	61.9619
	62.0196

	W*
	392.188
	392.48
	392.349

	P Autarky
	1.32772
	-
	-

	P* Autarky
	1.23589
	-
	-

	P World
	-
	1.24377
	1.24048

	Exp (Imp*)
	-
	15.018
	8.54712

	Imp (Exp*)
	-
	12.0746
	6.89015

	VOT: Exp + Imp
	-
	27.0926
	15.43727

	t, t*
	-
	(0,0)
	(0.039,0)


The equilibrium with the highest welfare level for the larger country is free trade. Free trade welfare dominates both autarky and tariff war welfare because the negative scale and consumption effects due to the trade reductions outweigh the positive terms-of-trade effect. The Nash equilibrium outcome is tariff war where, compared to the free trade outcome, the smaller country wins and the larger country loses. 

(iv) Home Country Loses from Free Trade but Wins a Tariff War


At this country size disparity, the best outcome for the smaller country is to adopt a tariff war policy. The tariff war welfare dominates both autarky and free trade welfare. First, autarky welfare dominates the free trade welfare because the smaller country is better off in autarky with its higher factor productivity than to import manufactures at a somewhat lower price. Second, tariff war welfare dominates autarky welfare because the welfare gain due to the relatively lower manufactures price dominates the extra manufacturing production gains. Thus, the smaller country prefers a tariff war policy. 

The best outcome for the larger country is free trade because the negative scale and consumption effects due to the tariff dominate the improvement in the terms of trade for the larger country. The smaller country prefers a tariff war to free trade, however, so free trade is not a Nash equilibrium.  In this size range, the Nash equilibrium is tariff war in which, compared to the free trade outcome, the smaller country wins and the larger country loses.
	Table 4: Selected Equilibrium Values for Three Equilibria; 
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F=



	
	Autarky
	Free Trade
	Tariff War

	M
	115.781
	103.051
	111.68

	M*
	447.177
	460.619
	451.456

	W
	94.0529
	93.9595
	94.0734

	W*
	358.568
	358.912
	358.671

	P Autarky
	1.30636
	-
	-

	P* Autarky
	1.2402
	-
	-

	P World
	-
	1.25003
	1.24348

	Exp (Imp*)
	-
	17.371
	5.53016

	Imp (Exp*)
	-
	13.8965
	4.44731

	VOT: Exp + Imp
	-
	31.2675
	9.97747

	t, t*
	-
	(0,0)
	(0.039,0)



(v) Home Country Prefers Autarky


As the country size disparity diminishes, the gains from trade for the home country also diminish.  The best outcome for the smaller country is to adopt a tariff war policy, where its optimal tariff is a prohibitive tariff.  Consequently, the Nash equilibrium outcome is autarky, and compared to the free trade outcome, the smaller country wins and the larger country loses.
	Table 5: Selected Equilibrium Values for Three Equilibria; 
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F=



	
	Autarky
	Free Trade
	Tariff War

	M
	183.043
	172.186
	183.043

	M*
	376.377
	387.546
	376.377

	W
	148.0386
	147.859
	148.0386

	W*
	302.298423
	302.584
	302.298423

	P Autarky
	1.28355
	-
	1.28355

	P* Autarky
	1.24845
	-
	1.24845

	P World
	-
	1.25823
	

	Exp (Imp*)
	-
	14.5293
	

	Imp (Exp*)
	-
	11.5474
	

	VOT: Exp + Imp
	-
	26.0767
	

	t, t*
	-
	(0,0)
	Prohibitive


VI. CONCLUSION

We have shown that when scale economies are external and national in scope, it is possible for a small country to win a tariff war.  That a small country may gain by restricting trade is not due to the familiar terms-of-trade gains, but rather reflects the welfare gains of expanding production of the increasing-returns sector.  In the absence of sector-specific production subsidies, the tariff acts as a second-best policy.  When the smaller country is large enough, this source of gain outweighs the standard terms-of-trade loses experienced by the smaller country.


These findings on comparative country size suggest new issues for research on whether the formation of trade blocs undermines or facilitates the attainment of global free trade.  Suppose a very small country trades with a larger country and that policymakers believe that there are significant national, external economies in an industry, perhaps from locally produced inputs.
  In the standard analysis, if the small country acts unilaterally, it will prefer free trade to a tariff war.
  If the large country seeks global free trade, perhaps for non-economic reasons, it can achieve this outcome by committing to a zero-tariff schedule, as the small country prefers free-trade to the outcome of a tariff war.
 However, if the small country forms a trade bloc with other small countries such that the bloc is close in size to the large country, the resulting bloc may not prefer free trade to the tariff war.  Scale economies, therefore, may make liberalization more difficult to obtain, even if the large country can credibly commit to free trade, once smaller countries have formed trade blocs.
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� How these outcomes differ with the choice of policy instrument has been studied by Lockwood and Wong (2000) and Tower (1975).


� Examples include Bagwell and Staiger (1990) and McLaren (1997).


� Syropoulos (2002) is a significant generalization of the issues raised by Kennan and Riezman (1988), and the endowment model used by the latter authors may be considered a special case of the Hecksher-Ohlin model analyzed by the former.


� As Graham (1923) argued, and Ethier (1982b) confirms, this argument for protection is different from the infant industry argument and it requires permanent protection of the increasing-returns sector.


� Dixit (1985) provides a comprehensive discussion of tariffs and welfare and a precise description of the neoclassical production structure and welfare measurement.


� Formally, we treat the economy as having one consumer with homothetic preferences and all the income.  See Dixit (1985) for a statement of the circumstances under which such a treatment is justified.


� This is the case for many types of scale economies including homogeneous products with external economies, homogeneous products with internal economies, and differentiated products with monopolistic competition.


� This condition holds for a class of models, including the model used by Ethier (1982a) to illuminate Frank Graham’s argument for protection, and the model used by Panagariya (1986) to study dynamic stability.


� The situation is more complex if the production set is not convex in the neighborhood of the free-trade equilibrium.  Besides changing the level of output in the increasing-returns sector, a tariff may have unexpected effects on relative prices.   It is possible that a small tariff, levied from an initially stable equilibrium, “fails to protect” in the usual sense as the Home relative price may fall.  We confine our attention here to a model in which the tariff raises the domestic price of the importable.  


� Using a one-factor model, Horstmann and Markusen (1986) find market configurations in which a tariff expands output of an increasing-returns sector, but does so entirely through entry.  Because the tariff generates no gain in firm productivity but induces foreign rationalization and a fall in the price of foreign goods, Horstmann and Markusen argue that a tariff produces no more than the usual beneficial terms of trade effect.


� The proof is based on an assumption of constant elasticity of firm output with respect to industry output and on identical homothetic preferences.


�  We characterize the optimal tariff neglecting issues arising from distributional concerns.  Dixit (1985) derives the optimal tariff using a Bergson-Samuelson welfare function, thereby permitting interpersonal welfare comparisons.


� Holtz-Eakin and Lovely (1996) examine optimal policy for a small, open economy with a similar production structure. 





� Paul and Siegel (1999) find that both internal and external effects are important in explaining observed scale economies.


� For discussions of the assumption of non-tradability of intermediate inputs see Rodriguez-Clare (1996) and Rodrik (1996.)


� See Wong (1995) for a derivation of the production stability condition.


� See Syropoulos (2002) for a derivation.


� Mathematica is a registered trademark of Wolfram Research, Inc.


� “Competitiveness” strategists, such as Michael E. Porter, advise countries on the benefits of industry clusters, arguing that clusters increase productivity, among other virtues.  These ideas are contained in Porter (1998). That countries pay for such advice and sometimes act in concert certainly suggests that policy makers are concerned with the presence of national, external economies.  


� Political economy concerns may reverse this preference.  See Djeredjian (2003) for a discussion of how political-economic concerns alter equilibrium tariffs.


� Non-economic objections may be necessary to make such behavior rational.  Kowalczyk (2001) derives the size of the loss to a large country from integrating with a small one in the absence of scale economies. 
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