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1. Introduction

According to one view: ‘economics is the science which studies human
behavior as a relationship between ends and scarce means which have alter-
native uses’, c¢.f. Robbins (1935, p. 16). The well developed neoclassical
theories of the consumer and the producer are evidence of the usefulness of
this perspective. Useful though it may be, this approach occasionally gives
economic theory a very static outlook, lacking the description of social
interaction. In this survey we place emphasis on the relationships between
different agents and markets. In economics the description of the interaction
between agents is frequently cast in terms of arbitrage. One of the oldest
branches to use this device is international economics. The cornerstone of
most trade theories is still the principle of comparative advantage, which
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Ricardo introduced some 200 years ago. In international finance interest
parity can only be understood from the viewpoint of arbitrage.

This review, then, discusses current trade theory as an application of the
arbitrage principle. Recent innovations have given the traditional locally-
competitive explanations for trade a more general applicability by relaxing
the restrictive 2 x 2 x 2 dimensional assumptions. In connection with what is
empirically testable, this has reduced these theories to a set of correlations,
which exemplifies arbitrage as a tendency towards a certain trade pattern.
This simplifies the contents of these theories considerably, and as such
provides a nice application of Occam’s razor.

It is certainly too early to provide leanness to the theories that take
imperfect competition on local markets as the incentive for trade, as this part
of the field is currently evolving very rapidly. These theories model arbitrage
as a game of stategic interaction between merchants. As will be seen, and has
been discovered before in the area of industrial organization, different
solution concepts produce different outcomes. For international trade issues
it matters considerably whether price or quantity is the strategic variable. A
possible unification, though, comes from the area of commercial policy. It
may very well turn out to be too costly to inform regulating agencies about
the specific circumstances that prevail in the international arena, such that
multilateral anti-cartel actions are to be preferred over industry specific
regulations.

The survey starts by discussing some preliminaries. To see trade theory in
its proper setting, it is useful to argue why we need a separate discipline
dealing with trade issues. Part of the answer lies in the stylized facts of
international trade that cannot be readily explained within the standard
micro or macro framework. We also pay some attention to the commonly
made separation between pure trade theory and the theory of international
finance. Sufficient conditions for separation are given, as well as some
examples when separation does not obtain. After these preliminaries we turn
to the core of the competitive trade theories, and discuss empirical problems
that are associated with tests of these theories. The final section addresses
trade under imperfectly competitive conditions. Each section ends with some
exercises that are complementary to the text and may further enhance the
reader’s understanding of the current trade theory.

2. Preliminaries
International economics may be defined as the branch of economics that

studies the arbitrage process, i.e. international trade, that ensues from
market imperfections in the international arena. Its domestic counterparts
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are industrial organization, spatial economics and finance. What is so special
about international economic interaction that it warrants a separate study?
The prime reason is the typical nature of the international market imperfec-
tions, that requires its own body of analysis. We distinguish three types of
market imperfections. The first type is institutional in nature and comprises
man-made constraints such as different currencies, immigration laws, and
tariffs. The second type relates to physical differences per market like
differences in endowments, technology and taste. The traditional explana-
tions for trade have focused on these two differences in particular, in
combination with the institutional restriction that commodity markets are
international, while factor markets are local. The third type is also physical
rather than institutional in nature, but covers frictions between markets. An
obvious example is the cost of transportation, but also the cost of
information, and the existence of returns to scale are worth mentioning. The
current emphasis in research on imperfect competition and trade is largely
based on the observation that these latter two causes of market imperfections
have become a dominant feature of the international markets. Taken
together, all these market imperfections give scope for arbitrage, which is
mainly accomplished through international trade in assets, commodities,
and some migration. This raises three questions concerning: (i) The direc-
tion, composition, and volume of trade, (ii) the terms of trade, and (iii) the
gains from trade and trade impediments.

Before analysing these questions it is useful to summarize briefly the
stylized facts about trade. The composition of trade has changed
dramatically from the times of Ricardo up to the present: (i) The trade in
final goods has declined from 70% to about 20% of total trade, (ii) the share
of trade in intermediates has risen to approximately 50% and (iii) the trade in
services has become an important category as well. With respect to the
direction of trade we may note that: (i) Roughly 60% of world trade is
between the developed countries, (ii) among OECD countries intra industry
trade has steadily risen vis-d-vis the decline in inter industry trade and now
amounts to about 60% of total trade, and (iii) close to half of all intra
industry trade is conducted internally by multinationals. During upswings of
the business cycle the growth of trade generally exceeds the growth of world
output, while the converse is true during downturns. Trade in factors also
occurs and takes a variety of forms. The most well known patterns are
migration and direct investment. A fairly recent phenomenon is the
appearance of guest workers on a large scale. Direct investment is an
important instrument for multinational enterprises. In the aggregate
countries exhibit very slow movements between the net debtor and creditor
status. The more outstanding facts about the political economy are the
persistence of protectionism and the long cycles in protectionist activities,
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which tend to be countercyclically correlated with the business cycle. In the
past and present there have been several movements towards the formation
of a customs union, e.g. the German ‘Zollverein’ and the European
Community.

In this survey the focus is on the real aspects of international trade. To the
uninitiated student the traditional distinction between the pure theory of
trade and international monetary economics may not seem a natural division
of labour. Most textbooks pay only lipservice to this issue; a notable
exception is Negishi (1972). Neglect of this topic, however, may lead to the
omission of an interesting area of research. Here we like to advance some
conditions under which the division is warranted, and also discuss some
cases when it is not.

Let there be two goods X and Z with domestic prices p and g, two
currencies M and L, i.e. home and foreign money respectively, with
exchange rate e. With given international prices p* = p/e and g* = g/e, the
terms of trade are p*/q* = p/q, assuming that X is exported. Suppose that
money enters the utility function as is described in Nagatani [1978, ch. 1],
and allow for currency substitution. Under suitable conditions, the relative
demand for commodities, i.e. X/Z, is not affected by movements in the
exchange rate. Hence, questions about the direction and terms of trade are
separated from the monetary issues.

Proposition 1. The following three conditions on preferences: (i) All indi-
viduals have identical utility functions, (ii) which are separable into two
functions, H in monies and G in goods, and (iii) these functions are
homogeneous of degree 1, imply that the relative composition of trade and
the currency mix are not interrelated when trade balances.

Proof. The consumer’s problem is to maximize

U=U[G(X, Z), H(M, L)],
subject to
Y=pX+qZ+M+eL,

where Y is income. By division of the first order conditions one obtains
(subscripts indicate partial derivatives)

G,(X,Z2)/G,(X,Z)=p/q=p*/q*%, 2.1
and
H, (M, L)y/H (M, L)=1le. 2.2)

By homogeneity the partials Gy, Gz, Hy, and H, are homogenous of degree
0. Hence, if X, Z, M and L satisfy equations (2.1) and (2.2), then AX, A\Z,
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oM and ¢ L for any \, ¢ > 0 also satisfy these equations. Therefore, given
the terms of trade p/q, variations in e do not affect the commodity ratio
X/Z; and, vice versa, changes in p/q do not affect M/L givene. O

Note that while the relative composition of trade is unaffected, the volume
of trade can be affected by changes in e, due to the income effect. This may
beillustrated by a simple merchant model that focuses on the implications of
exchange rate volatility for trade. Consider an importer who domestically
sells imports Z against price a, buys the product abroad against unitary price
times the exchange rate!, and faces some quadratic transportation and
handling costs. The profit function of the importer reads

N=aZ-eZ-12% 2.3)

As is customary in trade, the importer receives credit for one period, and
hence e denotes the one period ahead spot rate, which is a random variable.
Assume that E[e] =¢, and Varle] = 62, and ¢ < a. A risk averse importer
chooses Z such as to maximize expected utility

E[U] = E{II] - § Var[II], 2.4

where « is the coefficient of absolute risk aversion.
The optimizing choice for Z is

Z=@-¢/(+ad?. 2.5)
Let an exporter face a similar problem with profit function
D=eX-bX-1X?% (2.6)

where e X are his sales abroad denoted in the domestic currency, b is the
domestic market price of X, and € > b. His optimizing choice for X is

X =(e~b)/(1-aa?). 2.7

How do variations in the volatility of the exchange rate o2 affect trade? Note
first that the relative composition of trade is unaffected as d(X/Z)/d¢%=0.
The volume of both exports and imports, however, are negatively affected,
as dZ/00%>< 0, and 8X/30* < 0. We have established the following
result.

1 Foreign prices are normalized at one for simplicity.
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Proposition 2. For the simple merchant model of trade, the relative
composition of the trade flows is neutral with respect to changes in the
volatility, but the volume of trade is affected negatively. O

Often there exists the possibility of hedging one’s currency risk via the
forward market. This issue is taken up in the exercises below, as it would take
us too far astray from the pure theory. We hope, however, that the above
discussion serves to delimit the scope of the pure and monetary theory, and
brings the interesting interface between the two areas to the reader’s
attention. For further reading, Ethier (1973) and Kawai (1984) provide the
necessary theoretical background, while Hooper and Kohlhagen (1978) and
Gotur (1985) investigate these matters empirically.

Exercise 1. Show that Proposition 2.1 also holds when G and H are
homothetic.

Exercise 2. For the above merchant model show that there is no neutrality
with respect to changes in €.

Exercise 3. Suppose the importer and exporter have different views about
o2. Discuss how this might affect the neutrality of the composition of the
trade flows.

Exercise 4. Suppose merchants can hedge their currency risk on a forward
market. Solve for the equilibrium forward rate when there are n importers,
m exporters, and no other agents operate on this market. Show that changes
in ¢? have a non neutral effect, except when trade balances: mX - nY =0.
[Supplementary material is contained in Viaene and De Vries (1989).]

3. Competitive Trade Theory and Core Correlations

The prime incentive for trade is the difference in prices between local
markets. Trade theorists usually dig at least one level deeper and phrase this
in terms of the principle of comparative advantage: countries tend to export
those goods for which their production costs are relatively low. The ensuing
trade process then arbitrages this price difference (partly) away. This may be
couched in terms of a correlation between the vectors of autarky prices P,
trade prices P,, and imports M. Let D and X refer to domestic demand and
supply respectively. By expenditure and cost minimization we have that (the
superscript T stands for transpose)

PID, > PID,=PlX, > PIX,. (3.1)
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By definition imports equal M = D, - X,, hence Pj M > 0. With balanced
trade: PTM =0. This implies the following positive association between
price differences and imports

(Py-P,)™ > 0. 3.2

The problem with the above correlation is that autarky prices P, are usually
not observable, and certainly are not observable simultaneously with P, .
One might then propose to interpret both P, and P, as post trade prices
pertaining to different years, say. Unfortunately, the inequality (3.2) does
not apply in this case due to income effects that destroy the semi-positive

V{\

Equilateral Trade Triangles

Home autarky budget line
cum transformation curve

, , a (2=
Foreign transformation
curve
tan @ =-pz/ Py
tan g =-agay|

tan ¥ =-(ayfay)’

Figure 1. Comparative advantage with one factor of production.
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definiteness which derives from the Slutsky matrix. Another drawback of the
approach so far is that the principle of comparative advantage does not
explain how the price differences come about. For these reasons economists
have devised trade theories that purport to explain the price differences from
other variables that are observable. The first explanation was advanced by
Ricardo who noted that relative sectoral productivity differences might
generate trade, even if a country has an absolute advantage in all products.

In Figure 1 we have depicted the customary Ricardian transformation
schedules for two countries and two products X = (Z, Y), where labour is
the only production factor. Assuming identical labour endowments, so that
transformation curves reflect productivity differences, but the home country
enjoying greater labour productivity in both products, there is still scope for
arbitrage through trade as long as the relative labour productivities differ.
Define the technical coefficients a,; as the required amount of labour per
unit of output (hence 1/a; gives the labour productivity). Note that the
relative labour productivities reflect the autarky price ratios, and thereby
indicate a potential for trade. Commodity trade exerts competitive pressures
on wages such that the terms of trade P,/Py will eventually be between the
relative labour productivities:

[.‘_IZ_L] < & < [ﬂ’;]* (3.3)
ayr py ayy, ’

where a superscript * refers to the foreign country.

If the free trade price ratio is strictly between the autarky price ratios, then
both countries specialize in the production of one commodity (Y being
produced domestically), which thereby determines the pattern of trade.
Incomplete specialization may result if one country is large vis-@-vis the other
country, such that the terms of trade equals its autarky price ratio. In this
case the larger country does not benefit from trade. However, from a world
point of view there are always gains from trade.?

For further reading on the Ricardian model one should consult the classic
survey by Chipman (1965-66). A first test of comparative advantage was
done by MacDougall (1951). Dornbusch, Fischer and Samuelson (1977)
provide an interesting extension to a continuum of goods which is insightful
because of its simplicity. Recently Ruffin (1988) gave an interpretation of the
standard trade models which is halfway between the one factor Ricardian
and the multifactor Heckscher-Ohlin model, by assuming that production

2 This may be seen by drawing the world transformation schedule and noting that world
autarky production is strictly below this schedule, provided that (az;/ay;) # (az /ay; ).
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factors are perfect substitutes. Before one can appreciate this intermediate
case, however, the traditional multifactor multiproduct HOSV-model
(named after its principal contributors Heckscher, Ohlin, Samuelson and
Vanek) should be discussed.

Suppose that, in comparison with the Ricardian model, there is an
additional factor of production. Assuming constant returns to scale and the
factors being imperfect substitutes, the transformation schedule attains its
familiar concave curvature due to diminishing marginal returns.? The shape
of the transformation surface when still more factors, more goods or both
are taken into account, can be inferred in analogy with the shape of the lower
dimensional surfaces. With an equal number of factors and goods, the trans-
formation surface is curved (strictly concave) in all directions. Given a price
hyperplane (world terms of trade), this determines a unique production
vector. If there are more commodities than factors, the production surface
becomes ruled, just like the Ricardian linear transformation schedule.

This implies that there may be multiple output (and trade) vectors
consistent with given prices. Conversely, with more factors than com-
modities, the choice of inputs becomes indeterminate. Such higher dimen-
sional ambiguities have taken much wind out of the sails of the traditional
2 x 2 x 2 approach towards trade with its very definite results, c.f. Jones
(1979). This has led towards a restatement of the theory and its predictions in
terms of correlations. While one may regret that this implies a loss in
precision, it is at the same time a virtue, since these correlations are measur-
able and closer to what empirical work can accomplish. Therefore, the
following presents the theory from the viewpoint of its measurable
implications.

The structure of the economy with n traded goods m factors of production
can be succinctly described by a few equations. We employ thé following
notation.

A -m x n matrix with technical coefficients (a;),
X -n x 1 output vector,

D -nx1 demand vector,

M-n x 1 import vector, i.e.: M=D - X,

V -m x 1 factor endowment vector,

P -n x 1 commodity price vector,

W-m x 1 factor reward vector,

* —superscript referring to world variables.

3 Another requirement is that the contract curve is off the diagonal in Edgeworth’s factor box.
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All results are derived under the ‘small country’ assumption, i.e. the country
under consideration cannot influence the world prices P*; hence P = P*.
Factor markets are local, commodity markets are international and perfect
competition prevails on all markets. This implies that the unit costs equal the
product price

ATW=P, (3.9
and that there is full employment of all factors of production

AX=V. 3.5)
In contradistinction to Ricardo’s explanation for trade, it is assumed that the
set of available techniques is the same at home and abroad: {4} = {A*].
Moreover, the production techniques exhibit constant returns to scale, and

factors are imperfect substitutes. It follows from Shephard’s lemma that the
least cost technique is a function of the factor prices

A =AW). (3.6)
Unless stated otherwise, it is assumed that there are at least as many goods as
factors, i.e. n = m, and that A has full row rank, c.f. footnote 3. With
respect to the demand side, it is assumed that preferences are homothetic and

the same at home and abroad. Define s as the ratio of home income to world
income

s=PTX/PTXx*, (3.7)
If trade is balanced, i.e.
P™M=0, (3.8)

then homotheticity of demand implies that domestic demand is just a scaled
down version of world demand:

D =sD*, 3.9

The only difference between countries is their relative endowment of factors,
such that

V#sV*. (3.10)
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These endowment differences are the basis for trade under the HOSV
hypothesis. For most derivations, however, it is necessary to restrict the way
in which the endowments may differ.

An economically appealing restriction is to require that all countries have
their factor endowments ¥ in the same cone of diversification C. Formally, a
cone of diversification C comprises the set of non negative m x 1 vectors of
factor endowments Z spanned by the columns of A(W), for given prices P,
W and all non negative outputs X that are consistent with full employment
and zero profits:

C(W,P)={Z|Z=A(W)X, for some X > 0,

and AT(W)W = P, for given P, W]}. G-1D
Two examples are drawn in Figures 2 and 3. These so-called
Lerner-Pearce diagrams depict the unit value isoquants of X, and X,, i.e.
quantities of X; that are worth $1. The unit value isoquants just touch the iso
cost lines that represent $1 worth of inputs. Actual outputs are along rays
through the origin and those points of tangency. The cones of diversification
are all convex linear combinations of such rays for a given W in the positive
orthant. They are indicated by the hatched areas in the diagrams. Figure 3
shows that a factor intensity reversal implies that there can be more than one
cone of diversification. In cone D, X is the capital intensive good, while X, is
capital intensive in cone B. Thus, there are two different factor reward
vectors W and W consistent with the prevailing commodity prices P:

AT WW=A"(WYW=P,and W+ W

c.f. equation (3.4). To obtain a definite relation between trade prices and
factor rewards, however, it is required that with every P there is associated an
unique W. This will be the case if all ¥ are in the same C(W, P). Hence,
factor intensity reversals, for example, are only a latent possibility if this
factor endowment similarity condition is satisfied.

Equations (3.4) to (3.11), together with the factor similarity condition that
for all countries Ve C(W, P) summarize the structure of the world economy.
With these preliminaries at hand the main theorems can now be stated and
proved. The first result relates the commodity prices to the factor rewards.

Proposition 1 (Factor Price Equalization) Suppose all countries have their
factor endowments in the interior of the same cone of diversifcation, then, as
trade equalizes commodity prices, factor price differences tend to be
arbitraged away as well.
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K A

)¢ \\ﬁ

tana = KL tan =-S/R

K/L —capital labour endowment ratio, V' = (K, L)
S/R—wage-rental ratio, W' = (S, R)

V —domestic endowment point

V* —foreign endowment point

X, —unit value isoquant for good /

X3 —foreign unit value isoguant (Stolper—Samuelson)
E, —total output of X;

E —foreign output of X; (Rybczynski)

C —cone of diversification

Figure 2. The cone of diversification and the HOSV theorems.
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D Diversification cone where X1 is capital intensive
B Diversification cone where X2 is capital intensive
E Specialization cone of X1

F _ Specialization cone of X2

WW - Isocostlines

Figure 3. Factor intensity reversal.
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Proof. [McKenzie (1955)] The proof proceeds by contradiction and
consists of two steps. The first step shows that for given Z and P, the W
vector is unique. In the second step Z is allowed to vary in such a way that W
remains fixed.

Suppose the commodity prices are equalized through trade, i.e. P= P*,
and that for some given vector Z of factor endowments there is another
factor reward vector W, W # W, and associated output vector X, consistent
with the equilibrium conditions (3.4) and (3.5). By cost minimization, A( W)
is the least cost technique at factor prices W. Therefore, employing the other
technique A(W) at W must be at least as costly: AT(WYW > AT(W)W.
Hence,

AT(WYW - W)= AT(W)AW < 0. (3.12)

Remark. If A were square, i.e. n=m, and as A is assumed to have full row
rank, let A # 0. This implies that AT(W)AW = 0 has no other solution than
W =W. Hence if W + W, then at least for some column a;(W) of A(W) :
a,T(W)AW< 0. In case A is not square, i.e. n > m, the same conclusion
follows as A has full row rank.*

In similar fashion we find
AT (WY W - Wy=AT(W)AW > 0. (3.13)

Take the transpose of equation (3.5) and post multiply it with AW. Using
inequality (3.12) and the remark, it follows that

ZTAW <0, (3.14)

because there is at least one production process that makes a loss if A(W) is
used at . On the other hand we also have that, by using equations (3.5) and
(3.13):

ZTAW > 0, 3.15)

which contradicts inequality (3.14). Hence, it is necessary that W= W. This
concludes the first step of the proof.

The second step shows that for some other country with Zand W, Z
cannot be in the interior of both C(W, P) and C(W, P). By the above, for

4 To see this, use the largest square submatrices of 4 that have a non vanishing determinant and
apply the above argument repeatedly.
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any ZeC(W, P), ZYAW < 0 holds. For the foreign country X "4™(W)=Z"T
holds as well. Post-multiplication with AW implies ZTAW > 0. Both
inequalities can only hold simultaneously if Z is not in the interior of
C(W, P). Hence, if at home and abroad V, V*e C(W, P), and V, V* not
necessarily equal, then W= W*, |
For any m, n > 2 we have the following corollary when factors are
internationally mobile, while commodity trade is prohibited.

Corollary 1. [Mundell (1957)] Let the cost functions be differentiable.
Then, factor mobility accomplishes commodity price equalization.

Proof. Factor mobility arbitrages wage differentials away, i.e. accom-
plishes W= W*. By Shephard’s Lemma, given a W, the unitary input
demands are uniquely determined. Hence, for any W, AT(W)W implies a
unique P vector. O

Both the proposition and its corollary are illustrated graphically in Figure
3. Commodity prices determine the location of the unit value isoquants, and
factor prices fix the unit cost lines. If all products are produced and the
endowments of all countries are in the same cone of diversification, then
either one of the two price vectors P and W implies the other through cost
minimization. Thus, either commodity arbitrage or factor arbitrage
eradicates price differences in the dual space. Given sufficient factor
endowment similarity the two arbitrage processes are perfect substitutes.
Note, however, that of the two results, the corollary is more robust as it does
not require factor similarity. Moreover, as has been demonstrated by
Markusen (1983), the two arbitrage processes may become complementary
in case of distortions such as a non uniform value added tax. Taken together
the two results are of current interest now that the EC has decided to allow
for free movements of factors and goods from 1992 onwards. One prediction
is that this will equalize wages across the EC.

Proposition 2. [Stolper-Samuelson (1941)]. Incipient commodity price
differentials between two small countries are positively correlated with
factor reward differentials of those factors that are used relatively intensively
in the production of these commodities.

Proof. Differentiate the costs equal price equation (3.4) to obtain

AT(W)dW=dP. (3.16)

Note that cost minimization implies W'dA/dW = 0, by application of the
envelope theorem. Squaring this relationship gives
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dP:=dPTAT(W)dW > 0. (3.17)

Interpret d P and d W as the two countries’ price differentials, and conclude
that on average positive commodity price differentials d P; are associated
with high factor intensities a;;and positive factor price differentials dW;. [

A graphical exposition of this result is provided in Figure 2. Suppose the
price P, of X, is lower abroad than at home. This causes the foreign unit
value isoquant to be outward shifted to X3, say. Hence, the foreign wage
rate relative to the rental rate is lower so as to have its iso cost line touch the
X} and X isoquants.

Proposition3. [Rybczynski (1955)]. Suppose the conditions of Proposition
1 apply. Let there be incipient differences in the factor endowments between
two small countries. Such factor endowment differences are positively
correlated with the output differences of the commodities that use these
factors relatively intensive.

Proof. Differentiate the full employment equation (3.5) while holding W
constant (by the small country assumption):

Adx=dV. (3.18)
Squaring equation (3.18) gives the positive association.

dV?=dVvTAdXx > 0. 3.19)

]

In Figure 2 the home country possesses endowments indicated by point V

and produces quantities of X, and X, as indicated by points E, and E,

respectively. The foreign country has its endowments point at V* and

produces relatively less of X, (see point E*) and more of X,. The foreign

country is seen to produce more of the labour intensive commodity X,

relative to the capital intensive commodity X;, because of its relative
abundance of labour as is indicated by the endowment vectors.

The Rybczynski result paves the way for the main proposition of the
HOSV theory. If preferences are identical in the two countries, then one
might expect the endowment differences not only to predict the production
patterns but also the trade patterns of the two countries.

Proposition 4. [Heckscher-Ohlin-Vanek, Vanek (1968)]. A country tends
to import services of its relatively scarce factors if at home and abroad (i) the
factor endowments are in the same cone of diversification and (ii) the
preferences are homothetic and identical.



International Trade and the Arbitrage Principle 365

Proof. Exploit the feature of homothetic preferences as embodied in
equation (3.9) in the definition of imports

M=D-X=sD*-X=sX*-X.

The last step follows from the equality of world demand and supply.
Premultiply M by the technology matrix A, which is the same everywhere by
Proposition 1. Recall equation (3.5), hence

AM=sAX*-AX=sV*-V. (3.20)
Squaring this relationship gives the desired association

[sV*-V]ITAM > 0. 3.21)
O

The nonzero vector (recall equation (3.10)) sV* — V is said to constitute
the factor content of trade. It gives the net movement of factors that is
embodied in the production of exports and imports.

Most empirical studies of the HOSV theory are based on a version of
equation (3.21), as it is the only equation that contains the trade vector M.,
Very few studies, however, measure all three concepts of this relationship,
but rather infer the third from the other two and then compare this inference
with common sense expectations about the third variable. For example,
Leontief’s (1953) classical study only measures A and M, and then appeals to
the suspected capital abundance of the US to determine the sign of the factor
content vector. This is, of course, an unreliable procedure. Most researchers
have gone one step further by trying to infer the missing variable from a
regression between the other two variables. A popular procedure is to regress
AT on M which gives coefficients (447) '4AM, where the vector AM
measure the factor content, see equation (3.20). The idea is that the signs of
the regression coefficients would match the signs of the factor content
vector. Aw (1983) has demonstrated, however, that in general the (4A47) !
matrix destroys the sign pattern. Leamer (1984) in his impressive study
estimates the Rybczynski coefficients A~' from a regression of (s¥* — V) on
M. Unfortunately, Leamer’s A-matrix is not square as m > n, and it is
unclear how to interpret the estimates. Probably the most convincing results
can be obtained from studies that measure all three concepts independently
and verify the correlation predictions. Two recent studies by Bowen, Leamer
and Sviekauskas (1987) and Brecher and Choudri (1988) go in this direction.
The former study also corrects nicely for trade imbalances that would impair
equations (3.8) and (3.9); see also Exercise 4. An interesting study that is not
burdened by distortions is the study for the inter state commodity flows of
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the US and was conducted by Horiba and Kirkpatrick (1981). Empirical
research has paid little attention to the dual versions of the above
correlations, probably due to data problems, but it may prove a fruitful
avenue for research. An interesting study on the effects of international
factor mobility is contained in Wong (1988). Wong finds that factor
accumulation is not ultra-anti or ultra-pro-trade biased, in contradistinction
to the Rybczynski prediction. For further reading on testing the HOSV
propositions, one should consult the excellent survey by Deardorf (1984).
There is one last issue related to testing the major trade theorems to which we
like to devote some attention.

A special problem for empirical research on trade theory is the absence of
clear alternatives. One might consider testing the HOSV predictions against
Ricardo’s. However, the two theories are observationally equivalent in
important special cases. For example, consider the 2 x 2 HOSV model and
the 2 x 1 Ricardian model. Suppose that in the HOSV model the production
functions are of the Cobb-Douglas type, where « and 3 are the capital shares
of industry 1 and 2 respectively. From the unit cost function, unit labour
inputs a;, and a,, are easily derived; for example: a,, = (R/S5)*((1 - a)/ )",
where R is the rental rate and S the wage rate. It follows thatdln¢;; = —a dIn
S/R, and dIn @;, = — 3 dIn S/R. Subtraction gives

Suppose that o < B3, i.e. commodity 1 uses labour relatively intensively.
Then, proposition 4 predicts that commodity 1 will be exported if labour is
relatively abundant at home. The relative abundance may be translated into
autarky factor price differences, i.e. S/R < S*/R*. Subtract 1 from both
sides of this inequality, and rewrite it as dln S/R < 0, if the two sides do not
differ too much. Note that this inequality implies dln ¢,,/a,, < 0, by
equations (3.22), This, however, coincides with Ricardo’s condition for
exporting commodity 1, i.e. a,,/a,, < a}/a},. Given this observational
equivalence between the two mainstay models, one has no other way of
judging the correlations than by goodness of fit and prediction statistics. The
equivalence issue is appropriately covered by Falvey (1981).

At the end of this survey of the competitive theories, it is useful to provide
some extra references. The seminal survey by Ethier (1984) was the basis for
the theoretical part. Excellent treatments of trade theory on the basis of
duality theory, which we did not emphasize, are given in Mussa (1979), Dixit
and Norman (1980) and Woodland (1982). Neary (1978) has looked into the
differences between the sort run, when some factors are sector specific, and
long run. Brecher (1974) studies the effects of minimum wages. The growth
and trade issues are effectively covered by Findlay (1984), and trade in
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depletable resources is discussed elsewhere in this volume. Up to this point
we did not pay much attention to the normative side of trade, i.e. the welfare
effects of intervention. We will discuss this issue more extensively in the next
section, but the main conclusions are easily summarized. In case of a
domestic market failure, trade intervention is usually not a first best policy,
as it is best to countervail the market failure at its source. In case of an inter-
national market failure to the extent that the home country possesses some
monopoly power, an export tax to restrain exports can be optimal from a
domestic point of view. Bhagwati (1971) remains a useful source, as well as
Kemp and Wan’s (1976) proposition on the advantages of a custom union.
Baldwin (1982) contains a lucid exposition of the asymmetries in the political
process that make impediments to trade so persistent.

Exercise 1. Consider a two country many commodity (possibly a
continuum) Ricardian world. Let preferences be of the Cobb-Douglas type.
Answer the following questions.

(i) Show that the relative wage rate determines which goods are exported
and imported.
(ii) Show that monetary disturbances in a flexible exchange rate system
do not affect the pattern and volume of trade.
(iii) Suppose that there are some non traded goods; does this affect the
neutrality of money? [Hint: Consult Dornbusch (1980, ch. 8).]

Exercise 2. Consider two countries within a HOSV model that have
identical endowments. Show that demand bias between the countries
generates trade.

Exercise 3. From the Mundell and Factor Price Equalization propositions
it follows that trade and factor mobility are substitutes. Markusen (1983)
shows that the two become complementary when there are distortions.
Discuss these issues within a Ricardian production model.

Exercise 4. With trade imbalances, i.e. PTM # 0, define the country’s
share in world consumption as §=(P"X + P"™M)/PTX*. Deduce that
SV¥*— V; can have the same sign for all i. Could this explain the so-called
Leontief paradox? Leontief (1953) found that contrary to expectations, US
imports embodied more capital than its exports. [See Leamer (1980) for
additional material.]

Exercise 5. Show that o, > 0,, where g, denotes the i-th industry elasticity
of substitution, is a sufficient condition for observational equivalence of the
Ricardian and HOSV models.
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Exercise 6. We assumed n > m for the proofs of the HOSV propositions.
Suppose, however, that there are more factors than goods, i.e. m > n, but
that some factors are traded internationally to the extent that the number of
factors is less than the sum of mobile factors and goods. Show that in this
case all four propositions remain valid. Instead of reworking all the proofs,
obtain equivalence between the old and the new situation by imagining that
the mobile factors have themselves as inputs to their own output. [Supple-
mentary reading may be found in Ethier and Svensson (1986).]

Exercise 7. Return to the case n > m, but with some goods being non
traded to the extent that there are still more traded goods than factors. Show
that the analysis of the traded cum non traded goods case is isomorphic to the
analysis of the trade model with variable factor supplies. For example,
suppose that when the amount of labour services offered depends on the
wage rate, this is analogous to having a non traded good like housing. [ Hint:
you may want to consult Woodland (1982, ch. 8).]

Exercise 8. Show that any linear aggregation over factors does not impair
the Proposition 4, and hence empirical tests of the Proposition do not
depend on the number of included factors. Does this also hold for the dual
version of the theorem? [The problem is based on Gift and Marxsen (1984).]

Exercise 9. What are the necessary and sufficient conditions on the A-
matrix such that the regression coefficients in a regression of AT on M
preserve the signs of the elements of the factor content vector?

4. Imperfect Competition and Trade

When the EEC was established in 1957, there was some fear that the levelling
of the tariff walls would cause a pattern of inter industry specialization
between the member countries on the basis of comparative advantage,
thereby wiping out whole industries in each of the countries. In addition, as
the similarity between the EEC countries (with respect to endowments,
technology) was much greater than between the EEC and third countries, it
was expected that inter EEC trade would grow more rapidly vis-d-vis intra
EEC trade. Just the converse occurred, and we witnessed rapid growth in
intra EEC cum intra industry trade,’ i.e. trade in similar products between

5 Some analyses, however, did anticipate this trade pattern early on. In a noteworthy study
Verdoorn (1952) modelled demand by assuming product differentiation and predicted
significant trade diversion effects but very moderate net trade creation effects.
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similar countries. This type of trade arises when markets are imperfectly
competitive due to economies of scale.

Three alternative models have been advanced to explain trade between
similar countries in similar products. Models of horizontal product differ-
entiation focus on the demand for product variety and commodity charac-
teristics. Due to increasing returns, different countries produce different
varieties and two-way trade in horizontally differentiated products occurs.
Similarly, models of vertical product differentiation distinguish goods
according to their quality, and two-way trade in vertically differentiated
products results. In contrast to the differentiated product models, models of
strategic interactions among firms demonstrate that two-way trade in homo-
genenous products may result when firms engage in strategic behaviour. In
the differentiated product models, arbitrage through trade ensures a greater
product diversity. In the strategic interactions models, arbitrage in similar
products reduces the local monopoly power of producers. Kierzkowski
(1985) provides an apt survey of these models, and Helpman and Krugman
(1985) give an in-depth treatment.

Whenever there are market imperfections, there is scope for market
intervention. It was quickly realized by the profession that the above models
provide a new motive for trade policy.® From the Industrial Organization
literature it is well known that there exists a myriad of models and solution
concepts of the firm’s behaviour in oligopolistic markets. Consequently, the
appropriate intervention policy was found to depend strongly on the
specifics of the trade models employed. Below we will illustrate this
tenuousness with some examples. At this point in time this is the appropriate
way of surveying the area, as the theories have not attained a sufficient level
of generality to provide the necessary robustness; and there are other reasons
(empirical) as well, which will become evident as we go along.

The first example deals with two duopolists, a home and a foreign firm,
who compete in a third market. Assume that quantities are the strategic
variable, and consider the Nash solution. With an appropriately chosen
linear demand function and some fixed costs & that exhibit the presence of
scale economies, the Nash—-Cournot equilibrium is found at the intersection
of the two linear reaction curves (i.e. the curves along which the isoprofit loci
have their maximum), see Figure 4.7 Note that the direction of increasing
profits is towards the axes, as the monopoly solutions obtain at the axes
where the competitor’s output is zero.

This model of trade in a third market can easily be extended to a model of

6 The older motives being the infant industry argument and monopoly power in trade.
7 Figure 4 is based on the inverted market demand curvep =1 — Y1 — ¥,, which implies reaction

curves y;|y; = % - % ¥;. The Nash-Cournot solution is at y; = y, = % .
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two way trade between two markets, see Brander (1981). No matter how
detailed the breakdown of trade statistics is, one always observes some of the
same product going both ways.® This trade pattern is now easily generated by
having the two duopolists servicing two segmented markets instead of one,
and by identifying these two markets with the home and foreign country.’

8 There are other explanations for this phenomenon, see e.g. Grubel and Lloyd (1975).
9 For example, assume that the inverted demand curves are p;=1-y;, -y, and
Pa=1-y1-2.
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This generates for each market a solution similar to the one discussed above.
It involves two way trade for strategic reasons. Clearly, the collusive solution
is for each firm to serve its own market only. In the absence of binding agree-
ments, however, it is optimal to capture a part of the foreign market in case
the foreign firm decides to supply to the home market. The gain of this
strategic arbitrage goes to the consumers who benefit from increased
competitiveness. There may be some waste involved as well when trans-
portation costs are non zero, see Exercise 1 below.

Due to the duopoly nature of competition there are positive rents, and the
interesting question arises whether an activist policy can achieve a favourable
shift in these rents from the one firm (country) to the other. For simplicity we
return to the third market model and suppose that the home government
contemplates intervening by means of a specific export tax ( > 0) or a
specific export subsidy (¢ < 0). This changes the home firm’s profits from
m =py;—k to 7, =(p-t)y, -k, and implies a new home reaction curve'®:
»|y,=3(=1)-1y,. How to choose ¢? Note that a subsidy (tariff) shifts
the home firm’s reaction curve, and thereby the Nash-Cournot solution, to
the right (left). The net gains of intervention to the country as a whole are:
™, + ty, = py, — k, which are just the home firm profits without intervention
(¢t = 0). Given that the foreign firm acts according to its reaction function, the
home country’s net gains are maximized at the point where the zero inter-
vention home iso profit curve just touches the foreign reaction curve. Note
that this occurs at the Stackelberg point S, where the home firm would be the
leader, see Figure 4. Thus the home firm would accomplish a unilateral gain
if it could commit itself to selling the Stackelberg quantity. For this to be a
credible strategy, the firm requires an export subsidy from an outside agency
like the government, such that its reaction curve is shifted to the right. Note
that in a competitive setting an export subsidy is not reccommended (as at the
very best the terms of trade do not deteriorate while the costs of the subsidy
are still there), though an export tax can be useful if the countries’ influence
on the terms of trade is sufficiently strong. Here the output expansion (from
1/3 to 1/2) more than compensates for the loss in the terms of trade (from
1/3 to 1/4) due to the presence of positive rents (the price cost margin is
positive) in combination with the fall in the foreign firm’s output (from 1/3
to 1/4).

One has to interpret this activist policy with considerable care. Suppose
the firm uses a specific input which adds some variable costs, and that the
specific input is supplied inelastically. Let there be another imperfectly
competitive industry that also uses this specific input. Then the increased

10 See also Footnote 7.
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demand for this specific input, c.f. the rise in y,, raises its price. The higher
price of the specific input, though, lowers the competitiveness of the other
industry. Thereby, some of the positive rents captured through the subsidy
dissipate abroad. Dixit and Grossman (1986) have shown that if the two
countries are symmetric all gains from the subsidy may be lost in this way.
Another concern is the possibility of retaliation. Brander and Spencer
(1985), however, demonstrated that if the two governments play the
equilibrium non-cooperative Nash strategies for intervention this involves
positive production subsidies in both countries. Thus there exists a strong
incentive to subsidize in the absence of cooperation, as it is in a sense
immaterial whether the other government reacts or not.

In order to enquire further into the robustness of the case for an
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export subsidy, consider the situation that firms compete in prices rather
than quantities. Suppose that the products are imperfect substitutes, i.e.
are differentiated. Let the market demands be y,=1-p,+p, and
y2=1-p,+p,, respectively. This implies reaction curves p;|p;=1 + $D;.
The so-called Nash-Bertrand solution is again at the intersection of the
reaction curves, see Figure 5. Note that the direction of increasing profits is
now away from the axes, as a high price set by one’s opponent increase one’s
own competitiveness. An activist policy by the home government again shifts
the home firm’s reaction curve, to the extent that p, |p,= 1 (1+¢) - 4 p,. The
Stackelberg point is again to the right of the Nash-Bertrand solution. In
order to attain this solution, however, this requires ¢ > 0, i.e. an export tax!
Apparently, different strategic behaviour requires a radically different
policy. Note also that the terms of trade improve - even p,/p, rises - and that
the foreign firm is better off as well. For further details the interested reader
is referred to Eaton and Grossman (1986) who first derived this surprising
result.

Because of its practical implications, one wonders whether or not more
robust results can be obtained. For example, one might argue that price
competition is the prevalent strategic behaviour on international markets,
and therefore the export tax would seem to be the dominant case.
Unfortunately, this conclusion is not warranted as the following example
shows. Continue the assumption about price competition, but alter the
demand side in the following way. Customers are divided into three groups,
each having a demand function which is linear in price. The first and second
group have a strong demand bias, in that the first group is only interested in
the product of the home firm (‘Buy British’), while the second favours the
foreign firm’s product (‘Be Mundane’). Apart from these two ‘brand loyal
groups’, there is a third group of switchers who inform themselves and buy at
the lowest price. If prices are equal, the switchers are indifferent between the
two products. For simplicity, it is assumed that the two firms have zero
production costs.

Consider two extreme cases. First, suppose there are no switchers. In that
case, the markets for the two products are completely segmented and each
firm behaves like a monopolist. Under these circumstances the home country
would not benefit from an export tax or subsidy, as it is unable to capture
part of the foreign firm’s market segment. Second, consider the case with
no brand loyalty. With only price conscious customers around, price
competition produces the monopolistically competitive solution, so that
prices and profits are equal to zero. In this situation a specific export tax
¢t > 0 levied by the home country would be ‘disastrous’, as it wipes out all
demand for the home firm’s product and transfers a comfortable profit of
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t(y, + »,) to the foreign firm." A specific export subsidy, on the other hand,
wipes out the foreign firm, but leaves the net country benefits at zero. The
third case, when there is a mixture of brand loyal and price conscious
customers, involves a mixed strategy solution and is a bit outside the scope of
this paper; however, the interested reader is referred to the exercises. Never-
theless, in the latter case the export tax is shown to be welfare reducing as
well, see Baye and De Vries (1988). (The tariff revenue collection falls short
of the firm’s loss in profits as the switchers do not buy from the home firm
with certainty.) To conclude, with price competition it matters consider-
ably for the activist policy whether the products are homogeneous or
differentiated.

There is still another way in which perfect competition and imperfect
competition trade models differ from each other. Not only do different
strategies and differences in product similarity require different inter-
ventionist response, whereas these things are not a matter of concern under
perfect competition, but also virtual trade policies can have a real effect.
With locally competitive markets intervention is only effective if it imposes a
binding constraint. Under imperfect competition a quota above the current
volume of trade, though, can change the outcomes as it affects the strategy
space. This idea was first expounded by Harris (1985); we use the simple
example provided by Baye (1988) to illustrate these matters. Return to the
two duopolists who compete in quantities on a third market. Assume that the
home firm is the market leader and that the foreign firm follows. Thus,
equilibrium is at the Stackelberg point S, see Figure 6.

Now suppose that the foreign country institutes a voluntary export
restraint (VER) above y3, i.e. above its current export level. This seemingly
ineffective policy does, however, change the strategy space of the foreign
firm. At y, = VER, the reaction curve of the foreign firm becomes flat, see
the kinked solid line in Figure 6. The VER assures the domestic firm that
when it lowers its own output firm 2 can not increase its own output beyond
¥, = VER. From the way in which we have drawn the figure it appears that
firm 1 can increase its profits by reducing its output to y,=jy,. Pre-
viously, the foreign firm would have responded with an increase in its out-
put to ¥, that would have reduced the profits of firm 1, buf now it reacts
with the smaller quantity y, = VER. Note that this virtual VER is beneficial
to both firms!

Let us summarize the above. From an activist point of view there may be
scope for unilateral improvement when a beggar-thy-neighbour trade policy
can be correctly imposed. The catch is, that it may be very difficult to
institute and monitor the appropriate policy. We have seen that the correct

11 The foreign firm can capture the whole market by just barely undercutting the home firm’s
limit price: ¢ > 0.
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policy hinges critically on the type of strategic interaction and the degree of
similarity of the products; and that the wrong assessment of the situation
may actually produce a deterioration. Even virtual actions may have a real
response. Rent extraction by an inelastically supplied factor, in addition,
may evaporate the welfare gains from intervention. Taken together this
turns the activist trade policy into a tenuous business with tremendous
informational requirements. Thus, the costs of information may well wipe
out the possible benefits, see Krugman (1987). The scant empirical results
that are available in this connection do support this fear; e.g. Laussel,
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Montet and Peguin-Feissolle (1988, p. 1564) report that ‘the welfare gains
are remarkably low, owing to the relatively low level of rents to be captured’;
see also Feenstra (1988, ch. 5, 6 and 7). In addition to information costs,
there is the possibility of retaliation (except in case there exists a first mover
advantage) that may spur a vicious circle. On this point, Marvel and Ray
(1987) present some evidence which suggests that intra-industry trade links
the interests of importers to those of exporters in closely related products,
thereby mitigating protectionist pressures. This study also challenges the
product differentiation view of intra industry trade, and argues that it is intra
industry specialization that generates intra industry trade. In the above we
did not analyse the issue of entry. In the presence of rents, though, this is
clearly an important issue, as entry may further weaken the case for inter-
vention; Dixit and Kyle (1985) provide an interesting analysis of this topic.
Given all these points, at the present it seems best to be prudent about the
possibilities for an activist trade policy. Rather, a policy towards enhancing
international competition through the opening of more markets and
dissolving cartels may prove to be the first best intervention stategy, as
it directly tackles the market imperfection. Researchwise this means
formulating robust theories, that do generate the same predictions across
different strategic interactions. In this respect the theory of industrial
organization may be helpful, as anti trust measures have been studied exten-
sively. Empirically, this may prove to be an interesting avenue for research as
well. For example, Sleuwaegen and Yamawaki (1988) investigate the effects
of EC integration on the industry concentration level and thereby on the
price cost margin, It is shown that through the removal of trade barriers EC-
wide concentration has become an important factor in determining the
national price cost margins. This indicates that multicountry intervention
which counters the international oligopolistic tendencies is potentially a
better policy prescription, than unilateral protectionist activities. The adage
remains to stimulate arbitrage through trade.

Exercise 1. For the two way trade model, show that non zero trans-
portation costs imply that each firm has a larger market share at home than
abroad. Model the transportation costs between the two markets as a
depreciation of the cargo (Samuelson’s iceberg model).

Exercise 2. Consider trade in a homogeneous good to a third market.
Assume that the firms compete in price, that there are some variable costs
only, and suppose that there is a mixture of brand loyal and price conscious
customers. For simplicity you may assume that each customer just buys one
item, and that there is a limit price R above which demand is zero.

(i) Show that the equilibrium Nash pricing strategies involve continuous
randomization, and obtain these pricing strategies explicitly. [Hint:
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You may want to consult Varian (1980) for the domestic analogue of
this problem.]

(ii) Show that a specific export subsidy for the home firm induces a mass
point at R in the foreign firm’s strategy which reduces the foreign
firm’s expected profits.

Exercise 3. Consider the Bertrand price competition model with differ-
entiated products. Suppose that the foreign country declares a VER which
just equals the quantity it trades under the Nash-Bertrand solution. Discuss
its implications and draw a graph in the strategy space.

Exercise 4. Kreps and Scheinkman (1983) have argued that Bertrand
competition yields Cournot outcomes when firms first decide over their
capacities and then compete in price for demand. Let there be two firms, one
domestic and one foreign, that compete in a third market. Discuss the effects
of a unilateral export tax and subsidy within Kreps and Scheinkman’s model.

Exercise 5. Consider again the trade model with quantity competition in a
third market. Suppose that there are two home firms and one foreign firm
with an inverted market demand curve p=1-y,—-y,~y,. Derive the
optimal home country intervention rule, i.e. export tax or subsidy, when the
firms play Nash Cournot. What do you conclude with respect to the
robustness of the export subsidy case?
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