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Preface

The literature on international trade has dealt separately with
international trade in goods and international financial capital flows,
i.e., international trade in securities. These channels of international
trade are interrelated, and there are many problems with which one
cannot deal in a satisfactory way without explicit recognition of the
interactions between them. We develop an integrated general
equilibrium framework for the analysis of international trade in
goods and securities. This framework recognizes the dependence of
markets for goods on financial markets and vice versa. The useful-
ness of our approach is demonstrated throughout the book by means
of applications to questions such as the effects of international trade
on resource allocation, taniff policy, and intervention in financial
capital markets. We derive new results which are important for
theoretical as well as policy oriented applications.

Our study draws mainly on two branches of economics: the
theory of international trade and the theory of financial markets. The
book is self-contained in that we provide in its early parts appro-
priate background on relevant material from these felds. It is
primarily directed to economists who are interested in international
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xi PREFACE

trade or international finance, including graduate students who
specialize in these fields.

This study began in 1973 in the Department of Economics and
the Foerder Institute of Economic Research at Tel-Aviv University.
and it was continued when the first author was visiting the Depart-
ment of Economics at the University of Rochester and the second
author was visiting the Department of Economics at Northwestern
University. We wish to thank all these institutions for very helpful
cooperation as well as the Ford Foundation for supporting our work
on Chapters 8 and 10,

For comments on parts of earlier drafts, we wish to thank
Wilfred Ethier, Murray Kemp, Anne Krueger, and John Pomery.
Lou Golan provided editorial assistance and Hiroshi Kodaira pro-
vided research assistance. For skillful typing we wish to thank Ms.
Stella Fedida from the Foerder Institute of Economic Research, Ms.
Virginia Bostrom from Northwestern University, and Ms. Martha
Colburn and Ms. Marjorie Adams from the University of Rochester.

Portions of this study appear in our papers “Uncertainty and

International Trade in the Presence of Stock Markets,” Keview af

Economic Studies (June 1978), “*Welfare Aspects of Inte rnational
Trade in Goods and Securities,”” Quarterly Journal of Econmmnics
{August 1978), and **The Protective Effect of a Tariff under Uncer-
tainty,”” Jowrnal of Political Economy (December 1978).

A Theory of International Trade
under Uncertainty



Chapter 1

Introduction

For many years the main body of the theory of international trade
was confined to nonstochastic environments. This is not to say that the
importance of uncertainty was not recognized. To the contrary, on
many occasions arguments about the existence of uncertainty were used
to justify assumptions upon which a deterministic analysis was built.
For example, this procedure has been almost standard in the analysis
of macroeconomic models, in which it is assumed that the composition
of portfolios depends on the expected returns on domestic and foreign
assets, but which use models without explicit random elements.

Much of the theory of international capital flows relies on the
existence of uncertainty. Following the work of Markowitz (1959) and
Tobin (1958) on portfolio selection, studies of international financial
capital flows adopted the mean-variance approach, and concentrated
on trade in securities without explicit interaction with problems of
commodity trade. This resulted in a situation in which the theory of
international trade in goods abstracted from trade in securities while
the theory of international trade in securities abstracted from trade in
goods, This situation continued to prevail even after elements of un-
certainty were introduced into the formal theory of international trade



2 l. INTRODUCTION

in commeodities; models that were developed abstracted from trade in
securities.

In the present study we develop a theory of international trade in
goods and securities in the presence of uncertainty, Our approach
makes use of recent developments in the theory of financial markets,
which we integrate in a systematic way into the theory of international
trade. This approach proves to be fruitful, as we demonstrate by
analyzing a series of problems which are intimately related to the
interaction between trade in goods and trade in securities, and problems
which are related to the impact of trade in securities on the domestic
allocation of factors of production.

Thus, we demonstrate in Chapter 7 that many of the fundamental
theorems ol the theory of international trade carry-over to uncertain
environments in the presence of international trade in equities, but that
they do not carry over in the absence of international trade in equities,
It may prove useful to evaluate this result in the light of the following
passage lrom Kemp (1976, p. 260):

To anyone who has not himsell attempted to reformulate the
central theorems of trade theory to accommodate elements of
uncertainty it must seem quite extraordinary that such a refor-
mulation has not long ago been provided by others; but no one
who has made the attempt will be in the least surprised. The
recognition of uncertainty seems to have a devastating effect on
many of our most cherished propositions.

In Chapter & we show that in the absence of international trade in
equities a tarifl may provide protection to the exporting industry of a
small country, but that this paradoxical possibility does not arise in
the presence of international trade in equities. These two examples
demonstrate the importance of international trade in securities in the
presence of uncertainty, and we expand more on this theme throughout
the text.

We have made a special effort to present our results in a way which
will make them accessible to a wide audience. We make heavy use of
diagrams in order to clarify our arguments, and wherever possible we
use well-known diagrams from the deterministic trade literature, while
examples are used to demonstrate new results. No heavy mathematics
are used; the reader is required to know no more than calculus. It is,
however, assumed that the reader knows some theory of production

REFERENCES 3

and the theory of consumer behavior. Hence, the book is accessible to
graduate students who had a course in microeconomic theory,

In order to make this volume self-contained, we survey in Chapter 2
relevant elements from the theory of international trade, and in Chap-
ter 3 relevant elements from the theory of decision making under
uncertainty. Readers who are familiar with these subjects may begin
with Chapter 4 which provides a critical survey of the literature of
international trade under uncertainty antedating our own work. Then,
in Chapter 5, we develop our basic model in a general equilibrium
framework. There we also describe the behavior of firms and con-
sumers—investors in an economy with stock markets. Qur basic model
is presented by means of diagrams in Chapter 6. These diagrams are
then used throughout the rest of the book. The fundamental theorems
of international trade theory are reformulated in Chapter 7. Problems
of commercial policy are discussed in Chapter 8, while gains from
trade in goods and securities are discussed in Chapter 9. In Chapter 10
we discuss issues of intervention in financial capital markets, and we
conclude with a dynamic extension of our basic model in Chapter 11.
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Welflare and Uncertainty.” Morth-Holland Publ., Amsterdam.
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Tabin, 1. (1958). Liguidity preference as behavior toward risk, Review of Evomomic
Studies 25 (February), 65-86,



Chapter 2

Elements of the Deterministic Theory
of International Trade

The purpose of this chapter is to briefly survey some of the funda-
mental elements of the deterministic Ricardian and Heckscher—Ohlin
theories of international trade, These elements will be used repeatedly
in later chapters in the construction and evaluation of the theory that
we develop. This chapter is designed for readers who have studied
international trade and need to be reminded of its basic theory, but it
may also serve as an introduction for those who are newcomers to the
field. Newcomers are advised to read the first three parts of Caves and
Jones (1977), including the supplements, which provide an excellent
introduction to the subject. The reader may also find useful the treat-
ment of the Heckscher-Ohlin theory in Kemp (1969). Those who are
familiar with the Ricardian and Heckscher-Ohlin theories of interna-
tional trade will find no interest in this chapter.

21 THE RICARDIAN THEOQRY

The Ricardian theory, which is sometimes also called the compara-
tive costs theory, is attributed to the English economist David Ricardo,

5



6 9 DETERMINISTIC THEORY OF INTERNATIONAL TRADE

who published his version of the theory in 1817 [see the late edition of
Ricardo (1971)]. The theory is concerned with an explanation of
patterns of specialization and trade by means of relative productivity
differentials among countries. Ricardo concentrated on the production
structure, but later developments of his theory incorporated the role
of preferences in the determination of international trade equilibria. We
shall present the modern version.

Consider a country that is capable of producing two goods by means
of labor. The country is endowed with L units of labor and the produc-
tion of good i requires ay,; units of labor per unit output, i = 1. 23 that
is, ay, is the constant labor—output ratio in sector i. We may represent
the production function of good i by

@.1) 0=l =t 113
Ay

where L is the amount of labor employed in the production of good i
and Q, is output of good i

Equation (2.1) represents the production function of a single firm or
of the entire industry that produces good i. We will refer to it as the
production function of the industry, so that L; will stand for labor
employed by industry i.

Assuming that the economy is competitive, producers choose labor
inputs so as to maximize profits, taking as given the observed wage
rate and commodity prices. Hence, the demand for labor by sector i is
the solution to

(2.2) choose L; =0

to maximize

L,
s L wil;

ay;

where p, is the price of good i and w is the wage rate. The solution to
(2.2) vields a labor demand function as depicted by the heavy line in
Figure 2.1 and an output supply function as depicted by the heavy line
in Figure 2.2,

For every pair of commodity prices (py,p2) there exists a unigque
wage rate at which aggregate labor demand equals the supply of labor.
Figure 2.3 shows all possible outcomes: Figure 2.3a for the case

AT

i
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FIGURE 2.1

L
Wi,
Q;=f(L;]
FIGURE 2.2

pajay; < py/ay,; Figure 2.3b for the case pyfa,, = pyfag,; and Fig-
ure 2.3c for the case po/a; . = py /o,

: In Figure 2.3 we measure the labor of the first sector from left to
.right and that of the second sector from right to left. Hence, the labor-
demand curve of the second sector is the mirror image of the demand
curve drfplcl::d in Figure 2.1. Equilibrium obtains at the point of
intersection of the two labor-demand curves, and the equilibrium
points are denoted by E. Observe that in Figure 2.3b the horizontal
portions of the demand curves coincide, so that all points on the
horizontal line constitute an equilibrium. It is clear from Figure 2.3
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that the equilibrium wage rate is related to prices by

29 o s (p_1 f’_)

»
dpy dpa

Observe also that in equilibrium all labor is allocated to the first
industry in Figure 2.3a, to the second industry in Figure 2.3c, a}r_ld Ilhat
every full employment allocation of labor is consistent with _eqml]bnum
in the labor market in Figure 2.3b. Hence, on the supply side

L
24a) P2<®  implies @, = and Q,=0
P g g
L.—L
pZ 'aLZ a . o Ll d AL _'_l
A —— = implies =— and Q;=—
[2 bJ pl UL]_ p Ql II-T]'_,]_ ﬂLZ

forall 0<L, =L

S—
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(2.4¢) P2 | Gia implies Q,=0 and Q,= L5

P a Aapz

The last result can also be represented with the aid of a transforma-
tion curve, Since @; = L.fag;, i = 1, 2, we have

(2.5) L, =a;;0;, =212

MNow, using (2.5), the full employment labor constraint Ly + L, = L
can be written as

(2.6) ap @y +a,,0: =L, 0,.0:=0

Equation (2.6) defines implicitly the transformation curve of the econ-
omy. This curve is represented by the straight line TT in Figure 2.4,
with the vertical intercept L/a,, and the horizontal intercept Lfag,.
The slope of TT (toward the horizontal axis) 15 ag,/a;,, which is the
constant rate at which ¢, can be transformed into Q. In order to see
this, make the following experiment. Reduce the output of good 2 by
one unit. This will save ap; units of labor, If this labor is applied to the
production of good 1, it will produce a,,/a;; units of good 1.

Now, according to Figure 2.3, if the relative price of good 2 (p,/p,)
is smaller than its relative labor requirement (a,»/a;,, which equals

1
1
1
I
1
1
1
I
I
I
I
I
1
|

1
ef=0l ¢, Loz
FIGURE 24




10 2. DETERMINISTIC THEORY OF INTERMATIONAL TRADE

the slope of the transformation curve TT), then producers will choose
to produce at point P in Figure 2.4. If the relative price of good 2 is
just equal to its relative labor requirement, then producers will be
willing to produce anywhere on the transformation curve. If the rela-
tive price of good 2 is larger than its relative labor requirement, then
they will choose to produce at P'. These choices are consistent with
maximization of national income,

Consumers derive income from sales of labor services. But from
(2.3) and (2.4), equilibrium wages are

(2.7} who=p,0Q, + p:00;

Hence, the consumers’ budget line is

(2.8) picy + pacy = Py @y + paQs

where ¢; is consumption of good i, i = 1, 2. The slope of this budget
line is py/p, and it passes through the production point in Figure 2.4,
Thus, T'T is the budget line when p,/p, = ag,/a,,, PB is the budget
line when p,/py < apafay,, and the slope of PB is py/p,. '

Suppose that all individuals are alike: they have the same prefer-
ences, labor endowments, and productivity levels. Then, we can draw
in Figure 2.4 a set of community indifference curves [see Samuelson
(1956) for a discussion of community indifference curves]. The con-
sumption point is chosen on the budget line at a point of tangency
between an indifference curve and the budget line. Thus, il p/p, <
dyafagy, producers choose the production point P (at which 0, = Lfag,
and @, = 0), the budget line is PB {assuming that the slope of PB is
pa/py), and the chosen consumption point is E,. Il pa/p, = apafag,.
the budget line coincides with the transformation curve and the con-
sumption point is Eg. If p;/p, > a;;/a;,, the production point is F'
and the consumption point is E, (assuming that the slope of P'B’ is
P2/p1)-

Consider now the situation in which there is no international trade.
In this case equilibrium commodity prices are those prices at which
the domestic supply of goods equals the domestic demand. This occurs
in Figure 2.4 only at the price ratio which equals the domestic marginal
rate of transformation; that is, p,/p, = a,,/a,,. with consumption and
production being at E,. It is also possible to have equilibrium output
and consumption at a corner point such as P or P, with the relative
price of good 2 falling short of or exceeding, respectively, the domestic

2.1 THE RICARDIAN THEORY 11

marginal rate of transformation. But even in this case, of a corner
equilibrium, p,/p, = a;,/a,, is an equilibrium relative price, although
not necessarily the unique equilibrium relative price. We shall abstain
from further discussing the corner equilibrium in order to concentrate
on the main issues,

tz-0

E" E
0 : p=padp
a2/, apfay :

L .

1T R T | s _.H—A
X
o
FIGURE 2.5

By changing the relative price p,/p,, we trace the excess demand
function of the economy for good 2. By using Figure 2.4, and assuming
that good 2 is normal in consumption, it is easy to see that the excess
demand function for good 2 is as described by the curve XX in Fig-
ure 2.5. It is above the horizontal axis and declining to the left of
dpafag; (where good 2 is imported), and it is below the horizontal axis
to the right of ay;/a;,, although it may have there some increasing
portions. Point P corresponds to the situation in which at prices
ay,3/a,; the economy specializes in the production of good 1 (point P
in Figure 2.4), while point P' corresponds to the situation in which at
prices a;,/a,, the economy specializes in the production of good 2
(point P’ in Figure 2.4). Point E corresponds to the situation in which
at prices ag,/a;,; the economy produces the demanded quantities of
both goods (point E, in Figure 2.4). Clearly, the equilibrium price ratio
is equal to the marginal rate of transformation.

Suppose now that there is also another country of the same type as
the country that we have discussed so far: call it the foreign country, and
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denote its variables by asterisks. Assume also that_ a,'f;fg?f, < a,__z_fa“;
that is, the relative labor requirement for cummpduy 2 is lower fn tl}-;c
foreign country than in the home_muntr}'. In thtg case we say [hldl t fi‘
foreign country has a comparative advantage in the prqductmn o

good 2. This does not mean that af, < agz; that1s, the foreign cnﬁntr_}'
may produce good 2 with more labor per unit output—all we say 1s
that its relative labor requirement is lower. .

Let X*X* be the excess demand curve of thn_: foreign country for
commodity 2. Then, its equilibrium relative price of good 2 in the
absence of international trade is af>/af,. _ _

Suppose that the two countries engage m international trade in
commodities under perfect competition. Labor does not move between
the countries. What will be the equilibrium relative price n!‘ goud: 2in
the presence of trade? In order to find the equilibrium relative price 05
good 2, we have to add up {vertically) the eXCess demand sclzhedules 0
both countries, X X and X*X* A point at which th_e combmcd excess
demand schedule intersects the horizontal axis in Figure 2_.5 will
indicate an equilibrium price. This cannot happen to the right of
ay.z/ay,, because for every pa/py = dpzfag,; there is an excess su;;:‘ply*u[‘
good 2 in both countries. [t also cannot happen to the left of afz/af,.
because in that area there is general excess demand for good 2. Hence,
the equilibrium relative price is bounded above by aga/a;, and below

L .
? ;ﬁg;é;ﬂ now that in the presence of intsrnlationai trade the cgmhb-
rium price ratio does not reach its predetermined bounds; that is,

ar iy 2
L2 . P: < ALz
af, 1

Then the home country will specialize in the pmdqulion of g::rod_l
(Figure 2.3a), and by a similar argument the foreign muntry_ WI::
specialize in the production of goqd 2. Hence, every country wi
specialize in production according to its comparative udvagtag:e. Morel-
over, every country will import the commodity in which it has a
comparative disadvantage. 1 : : =

Finally, observe that as long as the domestic rellatwe factor require-
ment differs from the foreign relative factor regulrtmt?nt, at leasf one
country will specialize in production acccrnlhr_lg to its r:‘ompal.alwe
advantage. The other country may not sp-elulahza, but if it does not,
then the posttrade equilibrium relative price of good 2 equals the
marginal rate of transformation of this country.

2.2 THE HECKSCHER —OHLIN THEORY 13
2.2 THE HECKSCHER-OHLIN THEORY

The Heckscher—Ohlin theory of international trade is attributed to
the Swedish economists Eli Heckscher and Bertil Ohlin (Heckscher,
1919; Ohlin, 1933). Contrary to the Ricardian theory which explains
international trade by means of productivity differentials among coun-
tries, that is, mainly a technological explanation, the Heckscher—Ohlin
theory explains international trade by means of differences in relative
factor abundance. To this end, the basic Heckscher-Ohlin theory
employs the assumption of identical linear homogeneous technologies
in all countries and occasionally also identical homothetic preferences
in all countries,

Since many propositions of the Heckscher—Ohlin theory are tech-
nological in their nature, we start the discussion with a description of
the technology. Then, after describing the results which are related to
technology and factor availability, we proceed to discuss problems of
international trade,

Consider the home country which is capable of producing two
goods by means of labor and capital, Its production [unctions are

(2.9) 0 = filL;, K;), i=12

where fi(-) 15 a concave positively linear homogeneous function with
positive first-order derivatives, L, is labor employed by sector i, K, is
physical capital employed by sector i, and {); is output of sector i
i=1,2. As in the Ricardian model, because of constant returns to
scale, we can aggregate all firms in a sector into one unit—the sector.
We assume that both factors are essential, which means that no positive
output can be produced without using positive quantities of labor and
capital,

Given commodity prices p;, i = 1, 2, the wage rate w, and the rental
rate on capital r, every sector chooses its output and employment of
labor and capital so as to maximize profits;

(2.10) choose Qyand L, K, =0
to maximize
piQi — wL; = rK;
subject 1o
Q-‘ = .-EU—-:‘: K;)

We assume that labor and capital are mobile within the economy.
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Due to constant returns to scale, the sulutipn o tlhis problem may be
unbounded, and it also can be written in the intensive form

(2.10a) choose O, and ay;, ag; =0
to maximize
(p — way; — rag)Q;
subject to
1= fila, dgi)

‘where ay; = Ly/Q;1s the labor—output ratio and ay, = K;/Q,the capiFa! -
output ratio in sector i. e :
It is clear from (2.10a) that the profit maximizing problem can be
solved in the following two stages. First, choose ay;, ax: = 0 to minimize
unit costs of production; that is,

(2.11) choose ap, ag =20
to minimize
Wiy + Fig;
subject to

1 = .Iﬁ[ﬂLh aﬁl’}

Second, compare the minimum unit costs with the mr_nmodny price py.
If unit costs fall short of p,. the Q; goes to infinity in order to make
infinite profits, and the demand for labor _and u_apita] a1_51_:~ goes to
infinity, provided the solution to (2.11) implies 5tr1.ctl§,r positive input—
output ratios. If unit costs are just equal to the price p;. tlhc supply of
(), is everything between zero and inﬁmty_. Corrcslpondlr}g to every
quantity of output there is also a demand for inputs. Finally, if minimum
unit costs exceed p;, output supply as well as factor demands fall to
ZETO.

Let ag(w,r) and ag(w,r) denote the solution to (2.11). Then, the
minimum unit-cost function is defined by

(2.12) C(w,r) = ag(w, )w + ag;(w,r)r, i=il;2

The functions ag(-), ag ). i = 1, 2, are homogeneous of degree zero,
and the unit cost funictions C;(-), i = 1,2, are concave and homogeneous

2.2 THE HECKSCHER —OHLIN THEORY 15

of degree one, Moreover, from the envelope thearem,

AC (W
(2.13a) BG0n ) L L
oW
e (R
(2.13b) Mlwns i iy

ar

It 15 also easy to see that the labor—output ratios are increasing in the
rental rate and decreasing in the wage rate, while the capital-output
ratios are decreasing in the rental rate and increasing in the wage rate.

Assume now that for every combination of factor prices the efficient
capital-labor ratio of sector 2 exceeds that of sector 1, This need not
always be the case, but this assumption is essential in some of the
well-known propositions in the Heckscher—Ohlin theory. It is referred
to as the assumption of no factor intensity reversals. Thus, we assume

(2.14) agalw, r) _ agq(w,r)

forall w,r=0
apalw, 1) aplw, r)

It is clear from the preceding discussion that the output supply
curve is like the heavy line in Figure 2.6, while the factor demand
curves are like the heavy lines in Figure 2.7; Figure 2.7a for labor and
Figure 2.7b for capital. a;(p,, r) is the value of w at which Ci{w, r) = p,,
and 7 p;, w) is the value of r at which C,(w, ¥) = p,, for i = 1, 2. Now,

Cilw, rd

FIGURE 2.6
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assuming inelastic supplies of labor and capital, L and K, then given
p; and r, the equilibrium in the labor market can be described by
means of Figure 2.8, just as in the Ricardian model (see Figure 2.3).
The equilibrium point is denoted by E in every case. A similar figure
can be drawn for the market for capital.

Equilibrium in factor markets obtains when factor prices are such
that aggregate demand for every factor of production is equal to its
supply. Hence, if Q, and Q, are the supply levels of output, the equi-
librium conditions read

(2.15a) g (w, 1)@y + aga(w, 1) = L
(2.15b) agy(w, 1Q; + agaw, 1Q; = K

225y
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FIGURE 2.8

From the previous discussions it is clear that at equilibrium unit costs
cannot fall short of commodity prices, for then there will be an infinite
supply of output and an infinite demand for factors of production,
which 1s inceonsistent with the factor market equilibrium conditions
{2.15) (remember that every factor of production is essential, so that
all input-output coefficients are positive). Similarly, the unit-cost
functions of both sectors cannot exceed in equilibrium commodity
prices, for then the supply of cutput is zero and so is the demand
for every factor of production, which contradicts (2.15). Hence, in
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equilibrium,

(2.16) Ciw, r) = py, with @,=0 if Ciw,7)=p
and @, =0 il Ciwrl=p,
i=1,2, and strict equality
holding for at least one i

Equations (2.15) and (2.16) describe the production equilibrium con-

ditions in the economy. . ;
Now suppose that equilibrium prices, including factor prices, are
such that Q, =0 for i=1, 2; that is, there is no specialization in

production. Then,
(217 Sl =, =12

In this case, due to the assumption of no factor intensity reversals,
there is a one-to-one correspondence between commodity and factor
prices. The relationship between commodity and factor prices is
described in Figure 2.9.

Colw, rl=ps

Cylw, rl=py

FIGLURE 2.9

We have drawn the combinations of factor prices which keep the
minimum unit costs of each sector equal to the price of its output.
These curves are convex to the origin from the concavity of Ci(*). A
slope of such a curve is equal to the capital-labor ratio of the sector,
as the reader can verify from (2.13). From the assumption of no factor
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intensity reversals, these curves can intersect only once, which implies
unique equilibrium factor prices for given commodity prices. Hence,
there is a one-to-one correspondence between commodity and factor
prices for which both sectors just break even. Point E describes an
equilibrium for the given commodity prices.

Now suppose that the price of good 2 increases by one percent,
Then, the curve of the second sector in Figure 2.9 will shift outward
by one percent along any ray from the origin, since C,(-) is homoge-
neous of degree one. Let the dashed line represent the new break-even
curve of sector 2. Then, the new equilibrium factor prices are described
by point E'. It is clear that in this case the wage rate has declined,
which means that the reward to labor has also declined in real terms,
independently of whether we measure the real reward in terms of good
1, good 2, or a bundle of both goods, It is also clear from the comparison
of E' with E that the nominal reward to capital has increased by more
than one percent, for point A indicates a one percent increase in the
reward to capital and E' is to the right of A. This is called the magnifi-
cation effect (Jones, 1965). Hence, the real reward to capital has
increased in terms of both goods. This proves the Stolper—Samuelson
theorem (Stolper and Samuelson, 1941), which states that under the
conditions already specified (that is, no fac