2 Classical International Trade Theories

This chapter introduces the basic ideas and conclusions of classical inter-
national trade theories in mathematical form. Section 2.1 studies Adam
Smith’s trade theory with absolute advantage. Although Smith’s ideas about
absolute advantage were crucial for the early development of classical
thought for international trade, he failed to create a convincing economic the-
ory of international trade. Section 2.2 examines the theories of comparative
advantage. Ricardo showed that the potential gains from trade are far greater
than Smith envisioned in the concept of absolute advantage. Section 2.3 de-
velops a two-good, two-factor model. Different from the common dual ap-
proach to examining perfectly competitive two-factor two-sector model in the
trade literature, we use profit-maximizing approach to demonstrate the most
well-known theorems in the Heckscher-Ohlin trade theory. These theorems
include the factor price insensitivity lemma, Samuelson’ factor price equali-
zation theorem, Stolper-Samuelson theorem, and Rybczynski’s theorem. In
Sect. 2.4, we illustrate the dual approach for the same economic problems as
defined in Sect. 2.3. Section 2.5 examines the Heckscher-Ohlin theory which
emphasizes differences between the factor endowments of different countries
and differences between commodities in the intensities with which they use
these factors. The basic model deals with a long-term general equilibrium in
which the two factors are both mobile between sectors and the cause of trade
is that different countries have different relative factor endowments. The the-
ory is different from the Ricardian model which isolates differences in tech-
nology between countries as the basis for trade. In the Heckscher-Ohlin the-
ory costs of production are endogenous in the sense that they are different in
the trade and autarky situations, even when all countries have access to the
same technology for producing each good. Section 2.6 introduces the neo-
classical theory which holds that the determinants of trade patterns are to be
found simultaneously in the differences between the technologies, the factor
endowments, and the tastes of different countries. Section 2.7 develops a
general equilibrium model for a two-country two-sector two-factor economy,
synthesizing the models in the previous sectors. Section 2.8 introduces public
goods to the two-sector and two-factor trade model defined in the previous
sections. Section 2.9 concludes the chapter. Appendix 2.1 represents a well-
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known generalization of the Ricardian model to encompass a continuum of
goods.

2.1 Adam Smith and Absolute Advantage

Adam Smith (1776) held that for two nations to trade with each other vol-
untarily, both nations must gain. If one nation gained nothing or lost, it
would refuse it. According to Smith, mutually beneficial trade takes place
based on absolute advantage. When one nation is more efficient than (or
has an absolute advantage over) the other nation is producing a second
commodity, then both nations gain by each specializing in the production
of the commodity of its absolute advantage and exchanging part of its out-
put with the other nation for the commodity of its absolute disadvantage.
For instance, Japan is efficient in producing cars but inefficient in produc-
ing computers; on the other hand, the USA is efficient in producing com-
puters but inefficient in cars. Thus, Japan has an absolute advantage over
the USA in producing cars but an absolute disadvantage in producing
computers. The opposite is true for the USA. Under these conditions, ac-
cording to Smith, both nations would benefit if each specified in the pro-
duction of the commodity of its absolute advantage and then traded with
the other nation. Japan would specialize in producing cars and would ex-
change some of the cars for computers produced in the USA. As a result,
both more cars and computers would be produced, and both Japan and the
USA gain. Through free trade, resources are mostly efficiently utilized and
output of both commodities will rise. Smith thus argued that all nations
would gain from free trade and strongly advocated a policy of laissez-faire.
Under free trade, world resources would be utilized mostly efficiently and
world welfare would be maximized.

To explain the concept of absolute advantage, we assume that the world
consists of two countries (for instance, England and Portugal). There are
two commodities (cloth and wine) and a single factor (labor) of produc-
tion. Technologies of the two countries are fixed. Assume that the unit cost
of production of each commodity (expressed in terms of labor) is constant.
Assume that a labor theory of value is employed, that is, goods exchange
for each other at home in proportion to the relative labor time embodied in
them. Let us assume that the unit costs of production of cloth and wine in
terms of labor are respectively 2 and 8 in England;' while they are re-
spectively 4 and 6 in Portugal. Applying the labor theory of value, we see

! Units for cloth and wine are, for instance, yard and barrel.
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that 1 unit of wine is exchanged for 4 units of cloth in England when Eng-
land does not have trade with Portugal. The ratio is expressed as
1/4 unitsof cloth/per wine. The ratio is the relative quantities of labor re-

quired to produce the goods in England and can be considered as opportu-
nity costs. The ratio is referred to as the price ratio in autarky. Similarly,
2 units of wine is exchanged for 3 units of cloth in Portugal (3/2 units of
cloth/per wine). England has an absolute advantage in the production of
cloth and Portugal has an absolute advantage in the production of wine be-
cause to produce one unit of cloth needs less amount of labor in England
than in Portugal and to produce one unit of wine needs more amount of la-
bor in England than in Portugal. Adam Smith argued that there should be
mutual benefits for trade because each country has absolute advantage in
producing goods. For instance, if the two countries have free trade and
each country specified in producing the good where it has absolute advan-
tage. In this example, England is specified in producing cloth and Portugal
in producing wine. Also assume that in the international market, one unit
of wine can exchange for 3 units of cloth. In England in open economy
one can obtain one unit of wine with 3 units of cloth, while in the autarky
system one unit of wine requires 4 units of cloth, we see that trade will
benefit England. Similarly, in Portugal in open economy one can obtain
one unit of cloth with 1/3 unit of wine instead of 2/3 unit of wine as in
autarky system, trade also benefits Portugal. In this example, we fixed the
barter price in open economies with one unit of wine for 3 units of cloth.
It can be seen that mutual gains can occur over a wide range of barter
prices.

2.2 The Ricardian Trade Theory

Although Smith’s ideas about absolute advantage were crucial for the early
development of classical thought for international trade, it is generally
agreed that David Ricardo is the creator of the classical theory of interna-
tional trade, even though many concrete ideas about trade existed before
his Principles (Ricardo, 1817). Ricardo showed that the potential gains
from trade are far greater than Smith envisioned in the concept of absolute
advantage.

The theories of comparative advantage and the gains from trade are usu-
ally connected with Ricardo. In this theory the crucial variable used to ex-
plain international trade patterns is technology. The theory holds that a dif-
ference in comparative costs of production is the necessary condition for
the existence of international trade. But this difference reflects a difference
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in techniques of production. According to this theory, technological differ-
ences between countries determine international division of labor and con-
sumption and trade patterns. It holds that trade is beneficial to all partici-
pating countries. This conclusion is against the viewpoint about trade held
by the doctrine of mercantilism. In mercantilism it is argued that the regu-
lation and planning of economic activity are efficient means of fostering
the goals of nation.

In order to illustrate the theory of comparative advantage, we consider
an example constructed by Ricardo. We assume that the world consists of
two countries (for instance, England and Portugal). There are two com-
modities (cloth and wine) and a single factor (labor) of production. Tech-
nologies of the two countries are fixed. Let us assume that the unit cost of
production of each commodity (expressed in terms of labor) is constant.
We consider a case in which each country is superior to the other one in
production of one (and only one) commodity. For instance, England pro-
duces cloth in lower unit cost than Portugal and Portugal makes wine in
lower unit cost than England. In this situation, international exchanges of
commodities will occur under free trade conditions. As argued in Sect. 2.1,
trade benefits both England and Portugal if the former is specified in the
production of cloth and the latter in wine. This case is easy to understand.
The Ricardian theory also shows that even if one country is superior to the
other one in the production of two commodities, free international trade
may still benefit the two countries. We may consider the following exam-
ple to illustrate the point.

Let us assume that the unit costs of production of cloth and wine in
terms of labor are respectively 4 and 8 in England; while they are 6 and
10 in Portugal. That is, England is superior to Portugal in the production
of both commodities. It seems that there is no scope for international trade
since England is superior in everything. But the theory predicts a different
conclusion. It argues that the condition for international trade to take place
is the existence of a difference between the comparative costs. Here, we
define comparative costs as the ratio between the unit costs of the two
commodities in the same countries. In our example comparative costs are
4/8 =0.5 and 6/10=0.6 in England and Portugal respectively. It is

straightforward to see that England has a relatively greater advantage in
the production of cloth than wine: the ratio of production costs of cloth be-
tween England and Portugal is 4/6; the ratio of production costs of wine

is 8/10. It can also seen that Portugal has a relatively smaller disadvan-

tage in the production of wine. The Ricardian model predicts that if the
terms of trade are greater than 0.5 and smaller than 0.6, British cloth will

be exchanged for Portuguese wine to the benefit of both countries. For in-
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stance, if we fix the trade terms at 0.55, which means that 0.55 units of

wine exchanges for one unit of cloth, then in free trade system in England
one unit of cloth exchanges for 0.55 units of wine (rather than 0.5 as in
isolated system) and in Portugal 0.55 (rather than 0.6) unit of wine ex-
changes for one unit of cloth. The model thus concludes that international
trade is beneficial to both countries. It is straightforward to show that the
terms of trade must be strictly located between the two comparative costs
(i.e., between 0.5 and 0.6 in our example). It is readily verified that if the
terms of trade were equal to either comparative cost, the concerned coun-
try would have no economic incentive to trade; if the terms of trade were
outside the interval between the comparative costs, then some country will
suffer a loss by engaging in international trade.

We now formally describe the Ricardian model.> The assumptions of the
Ricardian model are as follows: (1) Each country has a fixed endowment
of resources, and all units of each particular resource are identical; (2) The
economy is characterized of perfect competition; (3) The factors of pro-
duction are perfectly mobile between sectors within a country but immo-
bile between countries;* (4) There is only one factor of production, labor
and the relative value of a commodity is based solely on its labor content;*
(5) Technology is fixed and different countries may have different levels
of technology; (6) Unit costs of production are constant; (7) Factors of
production are fully employed; (8) There is no trade barrier, such as trans-
portation costs or government-imposed obstacles to economic activity.

First, we consider that the world economy consists of two countries,
called Home and Foreign. Only two goods, wine and cloth, are produced.
The technology of each economy can be summarized by labor productivity
in each country, represented in terms of the unit labor requirement, the
number of hours of labor required to produce a unit of wine or a unit of
cloth. Let a, and a,. stand respectively for the unit labor requirements in

wine and cloth production, and @O, and Q. for levels of production of

wine and cloth in Home. For Foreign, we will use a convenient notation
throughout this book: when we refer some aspect of Foreign, we will use
the same symbol that we use for Home, but with a tilde ~. Correspond-

2 The Ricardian model presented below can be found in standard textbooks on
international economics. This section is referred to Krugman and Obstfeld (20006).
A formal analysis is referred to Borkakoti (1998: Chap. 6).

3 This assumption implies that the prices of factors of production are the same
in different sectors within each country and may differ between countries.

* The assumption of a single factor of production can be replaced by that any
other inputs are measured in terms of the labor embodied in production or the
other inputs/labor ratio is the same in all industries
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ingly, we define a,,, a., QW and QC for Foreign. Let two countries’ to-

tal labor supplies be represented by N and N, respectively. The produc-

tion possibility frontiers of the two sectors in the two countries are given
by

aWQW + aCQC S N’

‘NZWQW + CN’CQC <N.
A production possibility shows the maximum amount of one product that
can be produced once the decision on the amount of production of the

other product has been made. We rewrite the above two inequalities in the
following form

a,0, +a.0. <N, (2:2.1)

where a variable with macron  stand for both Home and Foreign. Figure
2.2.1 shows Home’s production possibility frontier. The absolute value of
slope of the line is equal to the opportunity cost of cloth in terms of wine.’
The slope of the line is equal to a./a, .

absolute value of the line’s slope equals opportunity
cost of cloth in terms of wine

»

L/a, O

Fig. 2.2.1. Home’s production possibility frontier

5 The opportunity cost is the units of wine the country has to give up in order to
produce of an extra unit of cloth.
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The production possibility frontiers show the combinations of goods
that the economy can produce. To determine what the economy actually
produces, we need to know prices. Let B, and P. stand respectively for
the prices of wine and cloth. As it takes a,, hours to produce a unit of
wine, under the assumption of perfect competition the wage per hour is
equal to B, /a, in the wine sector in Home. Similarly, the wage rate of
the cloth sector is P./a.. For a moment, we are concerned with autarky

system. As labor is freely mobile between the two sectors, both goods will
be produced only when the wage rates equal in the two sectors, that is

Otherwise, if P, /a, > (<) P./a., the economy will specialize in the
production of wine (cloth). As a./a, is the opportunity cost of cloth in
terms of wine, the economy will specialize in the production of cloth
(wine) if the relative price of cloth, P./ P, , exceeds (is less than) its op-
portunity cost.

To examine trade, we compare the opportunity costs, a./a, and
a./a, . The opportunity cost in country may be greater or less than or
equal to the opportunity cost in the other country. First, we are concerned
with the case when the opportunity cost in Home is lower than it is in For-
eign, that is, a./a, <d./a, , or equivalently
222
> (222)
C

ISYARS)
z|q

ISYARS)
z|§

w

The requirement means that the ratio of the labor required to produce a
unit of cloth to that required to produce a unit of wine is lower in Home
than it is in Foreign. We say that Home’s relative productivity in cloth is
higher than it is in wine. We also say that Home has a comparative ad-
vance in cloth. As Fig. 2.2.1, we can also draw Foreign’s production pos-
sibility frontier. Since the slope equals the opportunity cost of cloth in
terms of wine, Foreign’s frontier is steeper than Home’s.

It should be noted that the concept of comparative advance involves all
the four parameters, a;, j = W, C. The concept of absolute comparative

advantage used in the previous section is different from the concept of
comparative advance. When one country can produce a unit of good with
less labor than the other country, we say that the former has an absolute
advantage in producing that good. In autarky systems relative prices are
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determined by the relative unit labor requirements. But once the possibility
of international trade is allowed, we have to examine how relative prices
are determined. We now examine how supply is determined. First, we
show that if the relative price of cloth is below a./a, , then there is no

supply of cloth. We have already shown that if P./F, <a./a,, Home

will specialize in the production of wine. Similarly, Foreign will specialize
in the production of wine if P./P, <a./a, . Under (2.2.2), there is no

supply of cloth. When P./P, =a./a,, Home will supply any relative

amount of the two goods. We draw the relative supply curve (RS) in Fig.
2.2.2, where the horizontal axis is the relative supply,

(QC + éc )/ (QW + QW ), and the vertical axis is the relative price, P./ P, .
At P./P, =a./a,, the supply curve is flat. IfP./P, >a./a,, Home
specializes in the production of cloth, the output being L/a. . As long as
P./B, <a./a, , Foreign will specialize in production of wine, the output

being L /@, . We see that if

the relative output is (L/ac)/(Z/JW ) When P./B, =a./a, , Foreign is
indifferent between producing cloth and wine, resulting in a flat section of
the supply curve. Finally, if P./P, >a./a, , both Home and Foreign

specialize in production of cloth. The relative supply of cloth becomes in-
finite. In summary, we see that the world relative supply curve consists of
steps with flat sections connected by a vertical section.

The supply curve is plotted in Fig. 2.2.2. The relative demand curve
(RD) is plotted as in Fig. 2.2.2. As the relative price of cloth rises, con-
sumers will tend to purchase less cloth and more wine. The equilibrium
relative price of cloth is determined at the intersection of the RD and RS.
From two different RDs, we have two different equilibrium points, 4 and
B, as illustrated in Fig. 2.2.2. At equilibrium point 4, each country spe-

cializes in production of the good in which it has a comparative advantage:
Home produces cloth and Foreign produces wine. At equilibrium point B,

Home produces both cloth and wine. Foreign still specializes in producing
wine. Foreign still specializes in producing in the good in which it has a
comparative advantage. We also see that except the case that one of the
two countries does not completely specialize, the relative price in trade
system is somewhere between its autarky levels in the two countries.
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RS
é% 0. + 0.
o 0, + 0,

Fig. 2.2.2. Relative supply and demand curves in the world market

We have demonstrated that countries with different technologies will
specialize in production of different goods. To see that trade benefits the
two countries, consider how Home uses an hour of labor. Home could use
the hour either to produce 1/a, units of wine or 1/a. units of cloth. This

cloth could be traded for wine, obtaining (P./P, )/a, units of wine. There

will be more wine than the hour could have produced directly as long as
(P./P,)/a. >1/a, , thatis P./P,/>a,/a, , which holds if both coun-

tries specialize in producing one good. This implies that Home uses more
effectively its labor in trade than in autarky. This is similarly holds for
Foreign. Both countries gain by trade.

One of the attractive features of the Ricardian model is that its modeling
structure allows virtually all the results obtained for the simple two-
commodity and two-country case to be extended to many countries and
many commodities, even though some new features appear in high dimen-
sions.® For example, when the global economy consists of many commodi-
ties but only two countries, commodities can be ranked by comparative
costs in a chain of decreasing relative labor costs:

¢ For instance, Ethier (1974), Chang (1979), Jones and Neary (1985) and Neary
(1985).
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a, (2.2.3)

all alZ a

a a
22572 5> 2n

s
1j aln

in which a; is country i’s labor requirement per unit output in sector j,

i=1,2, j=1,2,.., n. Demand conditions determine where the chain is

broke. The comparative unit costs ensure that country 1 must export all
commodities to the left of the break and import all those to the right, with
at most one commodity produced in common.

This theory may be represented in different ways. For instance, we may
interpret the theory of comparative costs in terms of optimization. We refer
the following example to Gandolfo (1994a). We consider a simple case in
which the world economy consists of two countries and produces two
commodities. Here, we consider the benefits from international trade in
terms of an increase in the quantity (rather than utility) of goods which can
be obtained from the given amount of labor. Our optimal problem is to
maximize each country’s real income under constraints of the fixed labor
and technology. We use P, and P, to denote the absolute prices of cloth

and wine (expressed in terms of some external unit of measurement, for in-
stance, gold). Under the assumptions of free trade, perfect competition and
zero-transportation cost, the Home price ratio is equal between the two
countries. The exchange ratio of the two goods, P, /P,, is taken as given.

Let x, and y, denote respectively country ;'s outputs of cloth and wine
and N, stand for country j's fixed labor force. Country j's optimal prob-
lem is defined by

y

P
Max Y, z(Px]xj +Y,

subject to

@;%; + ay,y; SN,

x/ﬁy/ 20, j:l’ 25 (2'2'4)

in which Y, is country j's real national income measured in terms of good
y and qa; and a,; are respectively country j's unit costs of production of

cloth and wine. The optimal problems defined by (2.2.4) can find an easy
graphic solution. It can be shown that international trade and international
specification occur as the consequence of the maximization of the real na-
tional income of each country.
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The Ricardian model assumes that production costs are independent of
factor prices and the composition of output. The model throws no light on
issues related to the internal distribution of income since it assumes either
a single mobile factor or multiple mobile factors, which are used in equal
proportions in all sectors. From this theory, we can only determine the lim-
its within which the terms of trade must lie. Since it lacks consideration of
demand sides, the theory cannot determine how and at what value the
terms of trade are determined within the limits. This is a serious limitation
of this theory because a trade theory should be able to explain not only the
causes and directions of trade but also to determine the terms of trade.”

2.3 The 2x2x2 Trade Model and the Core Theorems in
Trade Theory

The Ricardian theory is concerned with technology. The theory has a sin-
gle factor of production. Nevertheless, economic activities involve many
factors. The Heckscher-Ohlin international trade theory is concerned with
factors of production. Before introducing the Heckscher-Ohlin theory in
the next section, we develop a two-good, two-factor model. Different from
the common dual approach to examining perfectly competitive two-factor
two-sector model in the trade literature,® we use profit-maximizing ap-
proach to demonstrate the most well-known theorems in the Heckscher-
Ohlin trade theory. In Sect. 2.4, we illustrate the dual approach for the
same economic problems.

We are concerned with a single country. Assume that there are two fac-
tors of production, labor and capital. Their total supplies, N and K, are

fixed. The economy produces two goods with the following Cobb-Douglas
production functions®

7 The terms of trade measures the relationship between the price a country re-
ceives for its exports versus the price a country pays for its imports. The higher the
ratio, the more favorable terms of trade are for the country (Sawyer and Sprinkle,
2003: Chap. 2). In general, we need to introduce demand theory to determine the
terms of trade.

8 The dual approach is referred to, for instance, Woodland (1977, 1982), Mussa
(1979), and Dixit and Norman (1980). The geometric approach to the problem is
referred to, for instance, Lerner (1952), Findlay and Grubert (1959), and Gandolfo
(1994a).

° The specified form is mainly for convenience of analysis. It can be shown that
if the production functions are neoclassical, then the essential conclusions of this
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a; arB; . _
F,=AK'NY, j=1,2, a,,>0, a,+ B =1, (2.3.1)

where K, and N, are respectively capital and labor inputs of sector ;.

We assume perfect competition in the product markets and factor markets.
We also assume that product prices, denoted by p, and p,, are given
exogenously. This assumption is acceptable, for instance, if the country is
open and small. Assume labor and capital are freely mobile between the
two sectors and are immobile internationally. This implies that the wage
and rate of interest are the same in different sectors but may vary between
countries. Let w and r stand for wage and rate of interest respectively.
Profits of the two sectors, z,;, are given by

z,=pF,—wN, —1rK,.

The marginal conditions for maximizing profits are given by

r= a,p;F; W= BipF, . (2.3.2)

K, N,

J J

The amount of factors employed in each sector is constrained by the en-
dowments found in the economy. These resource constraints are given

K, +K,=K, N,+N,=N. (2.3.3)

It is more realistic to use “<” instead of “=". We will use equalities for
simplicity of discussion.
Equations (2.3.2) and (2.3.3) contain 6 variables, N, K ,,w and r,

and 6 equations for given p,, N and K. We now show that the six vari-
ables can be solved as functions of p,, N and K. First, from Egs.
(2.3.2), we have

apF _opF, BpkE _ Bk, 234

Kl KZ , Nl NZ

From these relations, we have N, = @kN,, where a =, /a3, and
k=K,/K,. From N, =akN, and N, + N, = N, we determine the labor

distribution as a function of the ratio of the two sectors’ capital inputs as
follows

section holds. Some of the discussions in this section are based on Leamer (1984)
and Feenstra (2004: Chap. 1).
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_ OokN N (2.3.5)
Yltok T 1+ak

Substituting F; = A/K.;xiij into B, p,F,/N, = B,p,F,/N, yields
B.pA = pp, LK Nzﬁrﬁ' (/CO!)M1 , (2.3.6)

where we also use K, = kK, and N, = okN,. Here we require ¢, # @, .
From k= K,/K, and K, + K, = K, we have K, = K/(1+ k). Substitut-
ing this equation and N, in (2.3.5) into Eq. (2.3.6) yields

1+ ok (2.3.7)
= aO ,
1+k
where
(e~ )
o =| _Bp N
0 o :
o f,p,4, K
We solve the above equation in k as follows
i = l1-¢, . (2.3.8)
o, —o

Two goods are produced if & > 0. This is guaranteed if (1) 1> ¢, > & or
(2) I <, < a. The parameter, ¢, lies between 1 and «. In the case of
a > 1, thatis, a, > «,, we should require

ﬁ A ﬁ o <p2—Az(EJalzx2 < ﬁ B ﬁ a (239)
ﬂ2 az plAl K 182 az ‘

It is direct to show that under ¢, > ¢, the right-hand side of (2.3.8) is

greater than the left-hand side. Hence, under “proper” combinations of
technological levels,' relative price and factor endowments, we have a
unique positive solution k£ > 0. We can similarly discuss Case (1). In the

rest of this section, we require @, >, and (2.3.8) to be held. Once we

101t is difficult to explicitly interpret economic implications of these conditions
as a whole.
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solve k, it is straightforward to solve all the other variables. From
k=K /K, and K, + K, = K, we have

kK K (2.3.10)
Yl kT T 1+ kS
The labor distribution is given by Eqgs. (2.3.4). As the distributions of
the factor endowments are already determined, it is straightforward for us
to calculate the output levels and factor prices.
As the production functions are neoclassical, the wage and rate of inter-
est are determined as functions of capital intensities, K,/N,. We now
find out the expressions for the capital intensities. Insert F;, = A/.Kf’ Nk/.ﬁ !

in Egs. (2.3.4)

/5 Bl By Vey /o 2.3.11
5{0«1941} (K—J 5{%} [K—J 2310
Nl aZAZ NZ Nl ﬁ lp Al N2
where p = p,/p, and we have repeatedly made use of the fact that
a; + B, =1. We solve Egs. (2.3.11) as

5 (2.3.12)

KZ Bo
—=a ) —=a D)
N, P N, 2P

in which B, =1/(8 — f3,) and

y Bo ﬂ Babo o af y Bo IB BiBo a a1y
(33 (2

It is important to note that the capital intensities are independent of N and
K .From marginal conditions (2.3.2) and F, = 4K N/, we have

r= alAlpflﬂO W= ﬁlAlalal p1a2ﬁ0 (2’3’13)
alﬁl plﬁzﬂo p;ll/}o

We obtain the well-known factor price insensitivity lemma.

Lemma 2.3.1 (Factor Price Insensitivity)
So long as two goods are produced, then each price vector (p,, p,) corre-

sponds to unique factor prices (w, r).



2.3 The Trade Model and the Core Theorems in Trade Theory 37

This lemma also implies that the factor endowments (N, K) do not affect
(w, r). “Factor price insensitivity” is referred to the result that in a two-
by-two economy, with fixed product prices, it is possible that the labor

force or capital has no effects on its factor price. This property does hold
even for the one-sector Ricardian model introduced in Sect. 2.2.

Another direct implication of our analytical results is Samuelson’s fac-
tor price equalization theorem.!!

Theorem 2.3.1 (Factor Price Equalization Theorem, Samuelson, 1949)
Suppose that two countries are engaged in free trade, having identical
technologies but different factor endowments. If both countries produce
both goods, then the factor prices (w, r) are equalized across the coun-

tries.

When trade takes place, then the relative price, p, is the same across the

countries. As the two countries have the identical technologies, that is, &;
and A, are identical across the countries, from Egs. (2.3.13) we see that

Samuelson’s theorem holds. This theorem says that trade in goods may
equalize factor prices across the countries even when production factors
are immobile. One may consider that trade in goods is a perfect substitute
for trade in factors. It should be remarked that in the Ricardian model, this
result does not hold — equalization of the product price through trade
would not equalize wage rates across countries. In the Ricardian economy,
the labor-abundant country would be paying a lower wage.

Another well-known question in the trade literature is that when product
prices are changed, how the factor prices will be changed. Taking deriva-

tives of Egs. (2.3.13) with respect to p, and p, results in
ld B ddv e

r dpl - (al _a2)pl ’ Wa_ (al _a2)pl

b

1 dw 2, 1dr B (2.3.14)

w dp, (al - az)pz r dp, - (al - az)pz

b

" A general treatment of the subject for any finite dimensional case is referred
to Nishimura (1991).
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where we use B, =—1/(a, —a,). If @, >a,, an increase in goods 1's
price will increase the wage rate and reduce the rate of interest, and an in-
crease in goods 2's price will reduce the wage rate and raise the rate of in-
terest.
We now introduce another important concept. For the two industries, we

say that industry 1 is capital-intensive if!?

KK

Nl N2 '
If the inequality is inverse, then industry 1 is labor-intensive. From Eq.
(2.3.12), it is straightforward to show

K, K, _aph (2.3.15)
N (a] az) .
N1 Nz a2ﬁl

We see that the sign of K, /N, — K, /N, is the same as that of &, — ¢,.
If &, > ¢, then industry 1 is labor intensive.

Another important issue is related to changes in the real values, w/p,
and r/p,, in terms of goods. As we have already explicitly solved the

model, it is straightforward to calculate the effects of these changes. From
Egs. (2.3.14), we have

d(r/p,) B <o dw/p,) ow 0. (2.3.16)

- ’

dp1 (al - az)plz

dpl (al -, )plz

The real rate of interest falls and real wage rises under o, > ¢,. As the
condition of &, > ¢, implies that industry 1 is labor intensive, the price of

goods 1 rises the price of the factor that is intensively used and reduces the
price of the other factor. This is the Stolper-Samuelson (1941) Theorem.

Theorem 2.3.2 (Stolper-Samuelson Theorem)

An increase in the relative price of a good will increase the real return to
the factor used intensively in that good, and reduce the real return to the
other factor.

The implies that when product price changes because of changes in, for
instance, export conditions or tariffs, there will be both gainers and losers
due to the change. This implies that trade has distributional consequences

12 Similarly, we say that industry 1 is labor intensive if N,/K, > K, /N, .
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within the country, which make some people worse off and some better

off, even though the aggregated result for the national economy is benefi-
cial.

We now examine effects of changes in the endowments. From Eq.
(2.3.8), we have
Tk (i-ak,
kdN (1-a,)e, - )N

>0,

ldk = (1-a),

1dk (2.3.17)
kdk (1-a,)a, -a)K

<0.

Under o, >, and 1<, <a, dk/dN >0 and dk/dK < 0. Hence, an

increase in either of the factor endowments reduces the ratio of capital
stocks employed by industry 1 and industry 2. From Egs. (2.3.12), we
have

L dK, _ 1N, _ 1 dk
K, dN N, dN (+k}kdN "~
1 dk, 1 dN, 1 dk

— e T <0,

K, dN N, dN  (1+k)dN

Nd(VIN) _Vdk o N d(NIN) L dE
N, dN kdN =~ N, dK kdk

An increase in either of the factor endowments reduces the ratio of labor
force employed by industry 1 and industry 2. From Egs. (2.3.10) and
(2.3.12), we obtain

dN, 1

1
— = <0,
N, dK (1-a,)K

1 dK,
K, dK

1 dK, 1 dN, I/ (2.3.18)
— =— =- —+—>0.
K, dK N, dK (l+k)dk K

We note that changes in the endowments have no effect on the wage and
the rate of interest. From Egs. (2.3.2), we directly obtain

A AR _ L dK, o 1 dR 1 dK,
FdKk K dk ~ F,dk K,dKk
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LR _ L dK, o L dF 1 dK,
FdN K, dN ~ F,dN K, dN

N (2.3.19)

We notice that industry 1 is labor intensive and industry 2 is capital inten-
sive. Equations (2.3.19) state another important theorem in the trade the-

ory.

Theorem 2.3.3 (Rybczynski Theorem, 1955)
An increase in a factor endowment will increase the output of the industry
using it intensively, and reduce the output of the other industry.

An often cited example for applying this theorem is the so called “Dutch
Disease”. It was observed that the discovery of oil off the coast of the
Netherlands had led to an increase in industries making use of this re-
source and a decrease in other traditional export industries. The Rybczyn-
ski theorem predicts that for a small open economy, the increase in the re-
source would encourage the industry which uses the resource intensively
and reduce the other industry, with all the other conditions fixed.

Using our alternative approach to the common dual approach, we have
demonstrated the main conclusions about the standard two-factor too-
goods model for a small economy. As we have explicitly solved the equi-
librium problem with the Cobb-Douglas functions, it is straightforward for
us to prove the factor price insensitivity lemma, Samuelson’ factor price
equalization theorem, Stolper-Samuelson theorem, and Rybczynski’s theo-
rem. In fact, as shown in the literature,'* these theorems hold for general
(neoclassical) production functions. In our approach, we use the neoclassi-
cal production functions: F, =F, (Kj , N,). Marginal conditions for

maximizing profits are given by

r=p,flk), w=plf.k)-k 1K), (2.3.20)
where
= Kj — F'J(KJ > N/)
k/ :F’ fj( ;)Z N

From p, f (k)= p,f.(k,), we find k, as a function k,, denoted as
k, = ¢(k,). It can be shown ¢' > 0. From

13 See Corden and Neary (1982) and Jones et al. (1987).
14 For instance, Borkakoti (1998).
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b [fl (kl ) - klfll(kl )] =D [fz (¢(k1 )) - ¢<k1 )fz (¢(k1 ))]

This equation contains a single variable. From this equation, we solve £, .
We see that k,, w and r are uniquely determined as functions of k. As
k, is independent of N and K, k,, w and r are also independent of the
factor endowments. From Egs. (2.3.3) and the definitions of k,, we have

the following four equations for the four variables

K,
N+ Ny =N, K +K, =K, -=k

J

j 2
where k, are already known. We solve the above equations as

_K-kN o _kN-K

N ,
1 kl_kz ’ kl_kz

b

K=§:ﬁﬁh,&=@£;ﬁﬁ_
kl _kz kl _kz

We thus solved all the variables. It is not difficult to examine the compara-
tive statics results of the model with the neoclassical production functions.
Another important case of the 2x2 model is that either capital or labor
is specific to the sector so that there is no capital or labor movement. A
common assumption is that capital is specific to the sector but labor can
move freely between the sectors. The rental rates for capital employed by
two sectors may vary. The 2x2 model with specific-factors is called the
Ricardo-Viner or Jones-Neary model.’> The production functions are now
given by F, (Kj N, ), where K are fixed levels of capital. The marginal

conditions for capital are given by
= p‘/’fj'(kj ),

where 7, is the rate of interest for capital ;. It is straightforward to ana-

lyze behavior of the factor-specific model.'s

15 See Viner (1931, 1950), Jones (1971) and Neary (1978a, 1978b).

16 See Wong (1995) and Markusen et al. (1995). The specific-factor model is
extended in two directions. First, Mussa (1974), Mayer (1974a) and Grossman
(1983) regard sector specificity as a short-run phenomenon and in the long run
capital is mobile. Second, the extension is to treat the capital stocks in the two sec-
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2.4 The Dual Approach to the Two-Good, Two-Factor
Model

We now illustrate the dual approach commonly used in the literature of in-
ternational economics to examine the equilibrium properties of the two-
good two-sector model in Sect. 2.3."7 This section is based on Feenstra
(2004: Chap. 1).18

The basic assumptions are similar to the assumptions in Sect. 2.3. When
a symbol stands for the same variable, we will not explain it. The neoclas-
sical production functions are y, = Fj(Kj, N, ), where y; is the output of

good j. The resource constraints are
K +K, <K, N +N,<N. (24.1)

Maximizing the amount of good 2, y, = F,(K,, N, ), subject to a given
amount of good 1, y, = F/(K,, N,), and the resource constraints (2.4.1),
yields y, = h(yl , K, N). Under the assumptions of perfect competition,
the economy will maximize gross domestic product (GDP)

G(pl,pz,K, N):I)pg)o(plyl +p,y, sty :h(yl,K, N).

The first-order condition for this problem is

_p__Oh_

p W Wy
The economy produces where the relative price is equal to the slope of the
production possibility frontier. The function, G, has some “nice proper-

ties” for analyzing the equilibrium problem. Taking derivatives of this
function with respect to prices yields

tors as two different types of factors. This implies a three-factor, two-sector model
(see, for instance, Batra and Casas, 1976; Ruffin, 1981; Thompson, 1986; and
Wong, 1990).

17 The dual approach has been widely applied in static trade theory. Except this
example, this study does not follow this approach in deriving the classical results
of trade theory.

18 Explanations in detail and geometric illustrations are referred to Feenstra
(2004). We also refer this case to Appleyard and Field (2001).
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dG ay1 ayz
=v. =y
a‘—y, {pla. pza. =)V

J J J

where we use the envelope theorem. '
The unit-cost functions which are dual to the production functions,
Fj(Kj , N, ), are defined by

¢)(r, w)=, min K, +wN I F (KL N )21 (24.2)

Because of the assumption of constant returns to scale, the unit-costs are
equal to both marginal cost and average costs. The unit-cost functions are
nondecreasing and concave in (r, w). Let us express the optimal solution

of problem (2.4.2) as

cj(r, w)= ra (r, w)+ wajN(r, w),

where a, and a, are respectively the optimal choice of K, and N,.

They are functions of (r, w). According to the envelope theorem, we have

de, de, (2.4.3)
—=q, —=d.,.
or K2 Ow n
The zero-profit conditions are represented by
p;=¢, (r, W), ] =1, 2. (244)

The full employment conditions are now represented by
alel +a2Ky2 =K> alNyl +a2Ny2 =N (245)

We now have four equations, (2.4.4) and (2.4.5) and four variables,
r,w,y, and y,, with four parameters, p,, p,, K and N. We are pre-
pared to prove the factor price insensitivity lemma, Samuelson’ factor price

19 The theorem states that when we differentiate a function that has been maxi-
mized with respect to an exogenous variable, then we can ignore the changes in
the endogenous variables in this derivative. In fact, by taking partial derivatives of
v, = h(y,, K, N) with respect to p; and using 0k/dy, = - p,/ p,, we obtain

9y, 9y,
cd WESSCe
plap pZap

J J
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equalization theorem, Stolper-Samuelson theorem, and Rybczynski’s theo-
rem.

As ¢ j.(r, w) does not contain K and N, from Egs. (2.4.4) we can
solve the factor prices as unique functions of the product prices under cer-
tain conditions.® That is, Lemma 2.3.1 holds according to the dual ap-
proach. It is straightforward to see that Samuelson’s factor price equaliza-

tion theorem also holds. To prove the Stolper-Samuelson theorem, we take
total differentiation of Egs. (2.4.4)

dp, =a,dr+a,dw, j=12,

where we use Egs. (2.4.3). We may rewrite the above equations as

oy o dr W dw oLy,
w

p; c, r c;

Let 8, =ra,/c, and 0, = wa, /c, respectively denote the cost shares

of capital and labor. Then, the above equations can be expressed as

p; =07 +6,w, j=12,
in which a variable with circumflex " represents the percentage change of
the variable, for instance, p, =dp,/p, =dInp,.?" We solve the two lin-
ear equations in 7 and w as

(911\/ _ 021\/ )]32 _ (ﬁ1 - 152 )021\/
61/v - azzv

(911< — 921( )ﬁl + (A — 132 )61/(

61N - HZN

b

where we use 6, + 6,, =1.For convenience of discussion, assume hence-

forth that industry 1 is labor intensive, that is, L /K, > L,/K,. We have
the following relations

20 These conditions are that both goods are produced and factor intensity rever-
sals do not occur. The latter means that the two zero-profit conditions intersect
only once.

21 Expressing the equation using the cost shares and percentage changes follow
Jones (1965) and is referred to as “Jones’ algebra”.
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L L
?11>F22@01N>¢92N 0, <6,,.

Moreover, suppose that the relative price of good 1 increases, so that
p = p, — p, >0. With these assumptions, we have

P< by Wb > b
The above inequalities are the contents of the Stolper-Samuelson theo-
rem.
To confirm the Rybczynski theorem, totally differentiate Egs. (2.4.5)
ady, + a,dy, = dK,
ady, + a,ydy, =dN,

where we use the fact that the wage and rate of interest are independent of
the resource endowments. Rewrite the above equations as

Ay + Ay d, = 1%’ (2.4.6)

Ayh + A4y, =N,
where A, =y.a,/K=K,/K and A, =y.a,/N=N,/N respectively
denote the fraction of capital and the labor force employed in industry ;.
We also have 4, + A4, =1. As industry 1 is labor intensive, we have

A, — A, > 0. First, we examine the case of N >0 and K = 0. We solve
Egs. (2.4.6) as

y A PR (2.4.7)
b= N g o AN
_/IZN

yl - H y2
ﬂ’ZK /121( - /121\/

We can similarly examine the case of N =0 and K >0. The Rybczynski
theorem is thus proved.

2.5 The Heckscher-Ohlin Theory

The classical distinction introduced by Ricardo and maintained by most of
his followers has factors of production trapped within national boundaries.
Only final commodities can be traded. The Heckscher-Ohlin theory shows
that international trade in commodities could alleviate the discrepancy be-
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tween countries in relative factor endowments. This takes places indirectly
when countries export those commodities that use intensively the factors in
relative abundance. In 1933, Ohlin, a Swedish economist, published his re-
nowned Interregional and International Trade. The book built an economic
theory of international trade from earlier work by Heckscher (another Swed-
ish economist, Ohlin’s teacher) and his own doctoral thesis.?> The theory is
now known as the Heckscher-Ohlin model, one of the standard models in the
literature of international economics. Ohlin used the model to derive the so-
called Heckscher-Ohlin theorem, predicting that nations would specialize in
industries most able to utilize their mix of national resources efficiently. Im-
porting commodities that would use domestic scarce factors if they were
produced at home can relieve the relative scarcity of these factors. Hence,
free trade in commodities could serve to equalize factor prices between
countries with the same technology, even though the production inputs do
not have an international market.

The Ricardian model and Heckscher-Ohlin model are two basic models
of trade and production. They provide the pillars upon which much of pure
theory of international trade rests. The so-called Heckscher-Ohlin model
has been one of the dominant models of comparative advantage in modern
economics. The Heckscher-Ohlin theory emphasizes the differences be-
tween the factor endowments of different countries and differences be-
tween commodities in the intensities with which they use these factors.
The basic model deals with a long-term general equilibrium in which the
two factors are both mobile between sectors and the cause of trade is dif-
ferent countries having different relative factor endowments. This theory
deals with the impact of trade on factor use and factor rewards. The theory
is different from the Ricardian model which isolates differences in tech-
nology between countries as the basis for trade. In the Heckscher-Ohlin
theory costs of production are endogenous in the sense that they are differ-
ent in the trade and autarky situations, even when all countries have access
to the same technology for producing each good. This model has been a
main stream of international trade theory. According to Ethier (1974), this
theory has four “core proportions”. In the simple case of two-commodity
and two-country world economy, we have these four propositions as fol-
lows: (1) the factor-price equalization theorem by Lerner (1952) and
Samuelson (1948, 1949), stating that free trade in final goods alone brings
about complete international equalization of factor prices; (2) the Stolper-
Samuelson theory by Stolper and Samuelson (1941), saying that an in-

22 The original 1919 article by Heckscher and the 1924 dissertation by Ohlin
have been translated from Swedish and edited by Flam and Flanders (Heckscher
and Ohlin, 1991).
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crease in the relative price of one commodity raises the real return of the
factor used intensively in producing that commodity and lowers the real re-
turn of the other factor; (3) the Rybczynski theorem by Rybczynski (1955),
stating that if commodity prices are held fixed, an increase in the endow-
ment of one factor causes a more than proportionate increase in the output
of the commodity which uses that factor relatively intensively and an abso-
lute decline in the output of the other commodity; and (4) the Heckscher-
Ohlin theorem by Heckscher (1919) and Ohlin (1933), stating that a coun-
try tends to have a bias towards producing and exporting the commodity
which uses intensively the factor with which it is relatively well-endowed.
The previous section has already confirmed the factor price insensitivity
lemma, Samuelson’ factor price equalization theorem, Stolper-Samuelson
theorem, and Rybczynski’s theorem. We now confirm the Heckscher-
Ohlin theorem. The original Heckscher-Ohlin model considers that the
only difference between countries is the relative abundances of capital and
labor. It has two commodities. Since there are two factors of production,
the model is sometimes called the “2x2x2 model.” The Heckscher-Ohlin
theorem holds under, except the assumptions for the two-product two-
factor model developed in Sect. 2.3, the following assumptions: (1) capital
and labor are not available in the same proportion in both countries; (2) the
two goods produced either require relatively more capital or relatively
more labor; (3) transportation costs are neglected; (4) consumers in the
world have the identical and homothetic taste. Like in Sect. 2.2, we call the
two countries as Foreign and Home. We will use the same symbol as in
Sect. 2.3 and the variables for Foreign with a tilde ~. We assume that

Home is labor abundant, that is, N/K > N/K. The two countries have

identical technologies. We also assume that good 1 is labor intensive.
Trade is balanced, that is, value of exports being equal to value of imports.
Under these assumptions, the following Heckscher-Ohlin theorem holds.

Theorem 2.5.1 (Heckscher-Ohlin Theorem)
Each country will export the good that uses its abundant factor intensively.

The theorem implies that Home exports good 1 and Foreign exports 2. In

order to determine trade directions, we need mechanisms to determine
prices of goods. The analytical results in Sect. 2.3 and or the dual theory in
Sect. 2.4 cannot yet determine prices. To determine trade directions, we
further develop the economic model in Sect. 2.3. We now introduce a
utility function to determine prices in autarky. After we determine the
prices in autarky, we can then determine the directions of trade flows. The
consumer’s utility-maximizing problem is described as
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Max C7Cs*, st..pC, + p,C, =7,

where C; is the consumption level of good j, & and &, are positive
parameters, and Y is the total income given by

Y=rK+wL.

For simplicity, we require & + &, = 1. The optimal solution is given by

p,C =gy
As C, = F,, we have

ph _&

NS

Substituting » = &, p,F, /K, into the above equation yields k = &, where

we use k=K, /K, and & =& /a,é,. Substituting Eq. (2.3.8) into the
above equation yields

n 1/(er—e) — 1+ a§ (251)
E+1)a’
where
V(e -o)
nzﬁ, o = —'BIAI )
K o BuA,

Equation (2.5.1) determines the relative price in Home. According to the
assumptions that the two countries have the identical technology and pref-
erence, the values of the parameters for Foreign corresponding to «, &

and o are equal to the values of &, & and & . We thus have

npl/((lz—(ll) — ﬁﬁl/((lz*al) . (252)

The assumption of N/K > N/K implies n>n. For n>n and Eq.
(2.5.2) to hold, we should have

1/(a 1(ay-ey)

P 2-a) < ﬁ .
The assumption that good 1 is labor intensive implies «, > ¢,. As
a, —a, >0, wehave p < p, thatis
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LIS
P, P

Hence, when the two countries are in autarky, the relative price in Home
is lower than the relative price in Foreign. This implies that when the two
countries start to conduct trade, good 1 is exported to Foreign and good 2
is imported from Foreign. We have thus confirmed the Heckscher-Ohlin
theorem. It should be noted that we do not determine trade volumes. We
will not further examine this model in this section as we will study a more
general trade equilibrium model later on.

The Heckscher-Ohlin model was a break-through because it showed how
comparative advantage might be related to general features of a country’s
capital and labor. Although the theory cannot describe how these features
vary over time, it can be used to provide insights into some simple dy-
namic trade issues. In the light of modern analysis, Ohlin’s original work
was not sophisticated. The original model has been generalized and extended
since the 1930s. Mundell (1957) first developed a geometric exploration of
the model with substitute relationship between factor movements and
commodity trade in a Heckscher-Ohlin setting. Here, by trade in commodi-
ties being a substitute for international mobility of factors we mean that the
volume of trade in commodities is diminished if factors are allowed to see
their highest return in global markets. Mundell analyzed a two-country
economy in which the two countries share the same technologies for pro-
ducing the same two commodities with different factor endowments. Free
trade leads to a trade pattern that the relatively capital-abundant country
exports its relatively capital-intensive commodity, and the return to capital
equalized between countries. Notable contributions were made by Paul
Samuelson, Ronald Jones, and Jaroslav Vanek.?? In the modern literature,
these syntheses are sometimes called the Heckscher-Ohlin-Samuelson (HOS)
model and the Heckscher-Ohlin-Vanek (HOV) model. We now mention a
few basic results from the HOV model.*

The economy of the HOV model consists of C countries (indexed by
i=1,..,C), J industries (indexed by j=1,...,J), and M factors (in-
dexed by «, ¢ =1, ..., M ). Assume that technologies and tastes are identi-
cal across countries and factor price equalization prevails under free trade.

2 These developments introduce many real-world considerations into the basic
analytical framework, even though the fundamental role of variable factor propor-
tions in driving international trade remains.

24 The rest of this section is based on Feenstra (2004: Chaps. 2 and 3). Wong
(1997) represents a comprehensive treatment of the subject.
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Let a,, stand for the amount of factor x needed for one unit of production
in industry j, and 4 = [a/.x];xj. The matrix is valid for any country. Let

Y' and D' represent respectively the (J ><1) vectors of outputs in each in-
dustry and demands of each good in country i. Country i's net exports
vector is

T'=Y -D'".

The factor content of trade is defined as F' = AT', which is a (M x1)
vector. Let F! and F, represent respectively the individual positive and

negative components of F'. The HOV model reveals the relation between
the factor content of trade and the endowments of the country. We note
that AY' represents the demand for factors in the country. Let V' = AY".

Since product prices are equalized across countries, the consumption vec-
tors of all countries must be proportional to each other. Hence, we can ex-

press D' =s'D", where D" is the world consumption vector and s’ is
the share of country i in the world consumption. As trade is balanced, s’

also represents the country’s share in the world GDP. Since world con-
sumption equals world production, we have

AD' = §'AD" =s'AY" =5'V".
We thus have the following relations
F'= AT =V' -5V, (2:5.3)
This equation represents the content of the HOV theorem. If country i's
endowment of factor x relative to the world endowment exceeds its share

of world GDP, that is, V! /V* > s', thatis, F' >0, we say that country i

is abundant in that factor. When we have two factors, capital and labor,
then the following theorem holds.

Theorem 2.5.2 (Leamer, 1980)

Let there be only two production factors, capital and labor. If capital is
abundant relative to labor in country i, then the HOV theorem implied by
Egs. (2.5.3) means that the capital/labor ratio embodied in production for
country i exceeds the capital/labor ratio embodied in consumption
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K' K -F (2.5.4)

L[ Li_Ei’

where K' and L' are respectively the capital and labor endowments for
country i.

This theorem holds for only two product factors. It has become clear
that the results for the 2x2x2 model are not valid for many countries
with many factors and many products.”® The Heckscher-Ohlin model has
been extended and generalized in many other ways. For instance, Purvis
(1972) proposed a trade model, showing that trade in commodities and
mobility of factors might be complements. By complements, it means that
opening up factor mobility could cause the previous level of international
trade in commodities to rise. In Purvis’ framework, the pattern of trade
might reflect different technologies between countries that happen to be
endowed with the same factor endowment proportions. If the home coun-
try has an absolute technological advantage in producing the labor-
intensive commodity which will be exported in the free trade system, its
wage rate will be higher. Free migration attracts the foreign labor because
of the higher wage. Consequently, free trade expands the volume of ex-
ports. In this case, trade in commodities and factor mobility is comple-
ments. Markusen (1983) synthesized the ideas in the two approaches, con-
cluding that if trade is a refection of endowment differences, commodities
and factors are substitutes, while if trade is prompted by other differences,
they can be compliments. A further examination of these ideas is referred
to Jones (2000). Leontief tried to empirically test the theory, concluding
that the theory is empirically not valid.2® Leontief observed that the United
States had a lot of capital. According to the Heckscher-Ohlin theory, the
United States should export capital-intensive products and import labor-
intensive products. But he found that that it exported products that used
more labor than the products it imported. This observation is known as the
Leontief paradox. From the assumptions made in the Heckscher-Ohlin
theory, it is evident that the assumptions are strict. An early attempt to
solve the paradox was made by Linder in 1961. The Linder hypothesis
emphasizes demand aspects of international trade in contrast to the usual

25 Reviews about the literature on equilibrium trade models with many goods
and many factors is referred to, for instance, Wong (1997) and Feenstra (2004).

26 Many other researches are conducted to test the theory, for instance, Leamer
(1980), Bowen et al. (1987), Trefler (1993, 1995), and Davis and Weinstein
(2001).
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supply-oriented theories involving factor endowments. Linder predicted
that nations with similar demands would develop similar industries. These
nations would then trade with each other in similar but differentiated
goods. Batra and Beladi (1990) propose a two-good and two-factor trade
model with unemployment. It is observed that in spite of the presence of
trade, the capital-rich countries have higher wages but lower capital rents
than the labor surplus and/or land-rich countries. This conflicts with the
factor-price equalization theorems of the Heckscher-Ohlin international
trade theory. Also, labor-rich countries usually export either labor-
intensive or land-using commodities. Assuming that wages are institution-
ally fixed, Battra and Beladi demonstrate some phenomena which are not
compatible with what the Heckscher-Ohlin theory predicts.

2.6 The Neoclassical Trade Theory

The Ricardian theory failed to determine the terms of trade, even though it
can be used to determine the limits in which the terms of trade must lie.
The Heckscher-Ohlin theory provides simple and intuitive insights into the
relationships between commodity prices and factor prices, factor supplies
and factor rewards, and factor endowments and the pattern of production
and trade. Although the Heckscher-Ohlin model was the dominant frame-
work for analyzing trade in the 1960s, it had neither succeeded in supplant-
ing the Ricardian model nor had been replaced by the specific-factor trade
models. Each theory has been refined within its own ‘scope’. Each theory is
limited to a range of questions. It is argued that as far as general ideas are
concerned, the Heckscher-Olin theory may be considered as a special case
of the neoclassical theory introduced in this section as it accepts all the
logical promises of neoclassical methodology.”” The Heckscher-Olin the-
ory may be seen as a special case of the neoclassical trade theory in which
production technology and preferences are internationally identical.

It was recognized long ago that in order to determine the terms of trade,
it is necessary to build trade theory which not only takes account of the
productive side but also the demand side.® The neoclassical theory holds
that the determinants of trade patterns are to be found simultaneously in
the differences between the technologies, the factor endowments, and the
tastes of different countries.? Preference accounts for the existence of in-
ternational trade even if technologies and factor endowments were com-

27 For instance, Gandolfo (1994a).
28 For instance, Negishi (1972), Dixit and Norman (1980), and Jones (1979).
2 See Mill (1848) and Marshall (1890).
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pletely identical between countries. As an illustration of the neoclassical
trade theory, we show how Mill solved the trade equilibrium problem and
how this problem can be solved with help of modern analytical tool. Mill
introduced the equation of international demand, according to which the
terms of trade are determined so as to equate the value of exports and the
value of imports. Mill argued: “the exports and imports between the two
countries (or, if we suppose more than two, between each country and the
world) must in the aggregate pay for each other, and must therefore be ex-
changed for one another at such values as will be compatible with the
equation of the international demand.*” He initiated the theory of recipro-
cal demand which is one of the earliest examples of general equilibrium
analysis in trade theory. In Chap. 18, book 3 of his Principles, he showed
the existence of trade equilibrium, using a simplified model and explicitly
solving equations in the model numerically. He assumed that there exists
only one factor of production and production is subjected to constant re-
turns to scale and requires on the demand side as follows: “Let us therefore
assume, that the influence of cheapness on demand conforms to some sim-
ple law, common to both countries and to both commodities. As the sim-
plest and most convenient, let us suppose that in both countries any given
increase of cheapness produces an exactly proportional increase of con-
sumption; or, in other words, that the value expended in the commodity,
the cost incurred for the sake of obtaining it, is always the same, whether
that cost affords a greater or a smaller quantity of the commodity.’!” As a
numerical example, consider that the world economy consists of Germany
and England and the economic system has two goods, cloth and linen. Let
us assume that in Germany 10 yards of cloth was exchanged for 20 yards
of linen and that England wants to sell 1,000,000 yards of cloth to Ger-
many. If Germany wants 800,000 yards of cloth, this is equal to 1,600,000

yards of linen at German exchange ratio. Since German expended value in
cloth is constant, England will receive 1,600,000 yards of linen in ex-
change of 1,000,000 yards of cloth, replacing Germany supply of cloth en-
tirely. Under the assumption mentioned above and some additional re-
quirements, Mill explicitly solved the international exchange ratio of two
commodities in terms of coefficients of production in two countries and by
so doing showed the existence of trade equilibrium. Chipman pointed out
that the case analyzed by Mill can be treated as a problem of non-linear

30 Mill (1848: 596).
31U Ml (1848: 598).
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programming and the existence of trade equilibrium can be proved by the
existence theorem of a solution of non-linear programming.*

We now use analytical methods to prove the existence of trade equilib-
rium as shown by Mill.¥® This example also illustrates the difference be-
tween the Ricardian theory and the neoclassical theory. Let subscript in-
dexes 1 and 2 represent respectively Germany and England. We denote
the amount of cloth and linen produced by country ; respectively y, and

¥, which are non-negative. If we denote the total amount of cloth (linen)
produced in country j when the country is completely specified in pro-
ducing cloth (linen) by @, (a, ), the possible sets of y, and y, are given
by

(2.6.1)

ey Xcy y Ly, 20, j=1,2.

dje 4y

The above two equations mean that the demand for labor does not exceed
the supply in each country. We denote respectively the prices of cloth and
linen by p, and p,. At equilibrium country ; should choose

(¥e» ¥;;) such that the following GDP is maximized

P,

1

yjc+yj1'

Multiplying (2.6.1) by a,, (j =1, 2) and adding the two equations, we get

a a
1cy”+ ZCSa,

c

Ye

u ay
where
y(nylc+y2c’ acEa1c+a2c‘

If we assume that Germany has the comparative advantage in linen, i.e.,
a,la, <a,la,, from the above inequality we get
Vi o 4. (2.6.2)

+—=s 5
a; a

Fe
a

le le

32 See Chipman (1965a, 1965b) and Negishi (1972).
33 See Negishi (1972).
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where y, =y, + y,,. Similarly multiplying (2.6.1) by a,, we get

Y M@ (2.6.3)
a2L‘ aZl a21
where a,=a, +a,. In order to describe the demand, let

x,(20),x, (20) and R (=0) respectively stand for the demand for
cloth, demand for linen, and income measured in terms of the factor of
production. Maximizing the following utility

U=xx,

subject to the budget constraint p_x, + p,x, = R yields the demand func-
tions

R R
X, =—, X, =—,
2p,

which satisfy Mill’s assumption. Since the two countries have an identical
preference structure but different incomes, we have that country j's de-

mand for cloth and linen, X, and X, are given by

R R (2.6.4)
X,=—1, X, ==, j=1,2,

2pc’ 2pl

where R, is country j's income. Since demands for commodities cannot

exceed supplies at the equilibrium of free international trade, we have
X SVt Do Xy Sy + 9y (2.6.5)
where
X, =X.+X,, X,=X,+X,.
Introduce the world utility function as
U=logX, +logk,.

We maximize this U subject to (2.6.1) and (2.6.5). The Lagrangean is
given by



56 2 Classical International Trade Theories

loch + long + pc(ylc + Y5 — Xc) + pl(yll + Yy~ X/)

2 . .
+ Zw{ﬁ 2 1}.
=

aj.c Clﬂ

It is shown that the Lagrangean has a strictly positive saddle point at which
(2.6.1) and (2.6.5) are satisfied with equality at the saddle point. In fact,
this saddle point is an equilibrium of free international trade, with
p./p,,w/p, and w,/p, respectively satisfying the price of cloth, the
price of factor of production in Germany and in England. Since the world
total income is equal to

pX.+pX =w+w,,

we have R, =w,. By (2.6.4) we get X, and X, which is an optimal so-

lution of the problem that country ; maximizes its utility subject to its
budget constraint with the given world prices.

2.7 A General Two-Country Two-Good Two-Factor Trade
Model

Section 2.3 examined a two-good two-factor model with fixed prices. Sec-
tion 2.5 determined prices for an autarky economy by studying house-
holds’ utility-maximizing behavior. Section 2.6 showed how the neoclassi-
cal economic trade theory determines trade pattern for a two-country world
with a single factor. This section develops a general equilibrium model for
a two-country two-sector two-factor economy, synthesizing the models in
the previous sectors.

2.7.1 The General Equilibrium Model

The two countries are called Home and Foreign. Assume that there are two
factors of production, labor and capital. For Foreign, we will use the same
symbol that we use for Home, but with a tilde ~. Home’s and Foreign’s to-
tal supplies of capital and labor are fixed and are denoted respectively by,

3% This section will not analyze pattern of specializations in detail, as we will
examine similar issues in Chap. 7 when dealing with economic structures with
capital accumulation.
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Nand K, Nand K. Each economy may produce two goods with the fol-
lowing Cobb-Douglas production functions

F-AR“N" i=12 @ B >0 @ +8 = 2.7.1
F =4K'N", j=12, @,B, >0, @+, =1, (27.1)

J

where K, and N, are respectively capital and labor inputs of sector j in

Home and Foreign. A variable with macron ~ stands for both Home and
Foreign. We assume perfect competition in the product markets and factor
markets. Let p; stand for the price of good ;. Assume labor and capital

are freely mobile between the two sectors and are immobile internation-
ally. This implies that the wage and rate of interest are the same in differ-
ent sectors but may vary between countries. Let w and 7 stand for, re-
spectively, wage and rate of interest in Home and Foreign. Marginal
conditions for maximizing profits are given by

%lij _ ﬂfﬁij . (27.2)

b

K. N,

J J

=|

7=

The amount of factors employed in each sector is constrained by the en-
dowments found in the economy. These resource constraints are given

K +K =K, N, +N,=N. (27.3)
Each country’s income is given by

Y =7K + wN. (2.7.4)
The consumer’s utility-maximizing problems are described as
Max ag‘“(_?f‘” , St.: pl(_?1 + pz(_?2 =Y, Em: 5_02 >0,

where E} is the consumption level of good j in Home and Foreign. The

optimal solution is given by
p,C, =&Y, j=1,2, (2.7.5)

where

We now describe trade balances. The total output of world production of
any good is equal its total consumption. That is
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¢, + 5/‘ =F + ﬁ/ (2.7.6)

Let X, and X ; stand for respectively the amount of (net) imports of

good j by Home and Foreign. When the variable is negative (positive),

then the country exports (imports) that good. A country’s consumption
plus its exports is equal to its total product. That is

C,=F +X,, j=1,2. 2.7.7)

The sum of the net exports for any good in the world is equal to zero, that
is

X +X,=0, j=12. (2.7.8)

From Egs. (2.7.7) and (2.7.8), we directly obtain Egs. (2.7.6). Hence, two
equations in (2.7.6)-(2.7.8) are redundant.
In terms of value, any country is in trade balance, that is

pl)?l + pz)?z =0.
From these conditions and Egs. (2.7.8), we have®

X, :p)?za szz)?la

where p=p,/p,.

We now solve the model. We have 26 variables, p,, p,, Ej X, Fj ,
N B 1? ;»w and 7, to determine. First, from Egs. (2.7.2), we have
apk _apF, BpF _ Bp.F 2.79)

Kl KZ ’ Nl N2
From these relations, we have N, = @kN,, where @& =a,f, /e 3, and
k =K,/K,. From N, = kN, and N, + N, = N, we determine the labor
distribution as a function of the ratio of the two sectors’ capital inputs as
follows

— @kN  — N 2.7.10
leﬂ, N, = N__. ( )
1+ ak 1+ ak

35 This is also obtainable from Walras’s law.
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Substituting F/ = Z/I?/ﬁ jlva "into B, p,F,/N, = B,p,F,/N, yields
BpA =B pAK=“NEAge 2.7.11)

where we also use N, = JIWZ. As in Sect. 2.3, we require &, # &,. From
k=K /K, and K, +K, =K, we have K, = [?/(1 + 1;). Substituting
K,=K/(1+k) and N, in (2.7.10) into Eq. (2.7.11) yields

eak (2.7.12)
vk P
where
_ i | N _ 1
pzﬂjaozj—_L l,’UE_ —
)2 a“p4, ) K a, - ¢
We solve the above equation in k as follows
P 1- fiopﬁ . (2.7.13)
a,p’ -

The two goods are produced in Home if & > 0 and in Foreign if k>o0.
We have k£ >0 if (1) 1>@,p” >@ or (2) 1<@,p” <&. The variables,
a,p’, lies between 1 and @. In the case of @ > 1, thatis, @, > &,, we
should require?

BY'(aY A (N)y"™ _(BY(a&) G719
) \@) “pi\K 5) @)

It is direct to show that under @, > ¢, the right-hand side of (2.3.8) is

greater than the left-hand side. Hence, under proper combinations of tech-
nological levels, relative price and factor endowments, we have a unique
positive solution k& > 0. In the rest of this section, for simplicity we re-

quire &, > &, in Home and Foreign. We omit the other possibilities of

d,<a and o, 2¢,0r 0,20, and o, < ¢,.

3 The conditions guarantee that both countries produce two goods. If these
conditions are not satisfied, then one or two countries may specialize in producing
a single good.
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Once we solve &, it is straightforward to solve all the other variables.
From k = K, /K, and K, + K, = K, we have
— kK = K 2.7.15
Kl = k—]<—’ Kz = L— ( )
1+k 1+k
The labor distribution is given by Egs. (2.7.10). As the distributions of the
factor endowments are determined as unique functions of the relative

price, we can calculate the output levels and factor prices.
As the production functions are neoclassical, the wage and rate of inter-

est are determined as functions of capital intensities, I?j/ ]Vj. We now

find the expressions for the capital intensities. Insert IFJ = Zjl?f" ]Vj’.ﬁ 7 in
Egs. (2.7.9)

— 0 B/ B — — V&, — \®/T 2.7.16
£ (@' ()" £ (L)) o
N1 o, A N2 1 ﬁlpAl Nz

We solve Egs. (2.3.11) as

2||_>=|

(2.7.17)

ial

_ K.
==ap’, ==ap°,
N, N,

in which

_=£ﬁﬁﬁzﬁzﬁzﬂ_ ﬁlﬂlu_alv
“\)\s) &) T &)\ B) &)

We note that the capital intensities are independent of N and K. From

marginal conditions (2.7.2) and F, = AK* N” | we have

BAG" p™ (2.7.18)

00

P,

a Alpz

al" '

r= , W=

From the definitions of ¥ and the marginal conditions, it is straightfor-
ward to show Y = F +F From this equation, ¥ = 7K + wN and

F.i = A.iK.ilN./ﬁl , we have
7K +wN = ARONP + LRENE

Substituting Egs. (2.7.18) and (2.7.17) into the above equation yields
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Insert Egs. (2.7.10) and (2.7.13) in the above equation
(ﬁ + Epg)pl = Zl_alﬁl ( - 070p§)+ (ﬁopy - C_X)Zzazﬁzpa (2719)

where

- (1—5)@717111? —
'N

—_ ,b=(-a)a,BAa™.
al

Dividing the two equations in (2.7.19) yields
_ntbp’ (-ap)eal +(op - a)aarp _, (2720)

B n+ 5}75 (1 — &opﬁ)‘zlaﬁlﬁ1 + (&opﬂ - 07)22‘72&2]9

The equation, Q(p) = 0, contains a single variable, p. Once we determine

a meaningful solution of the equation, all the other variables in the system
are uniquely determined as functions of the solution.

Lemma 2.7.1
Assume that ¢, > @, and &, > @,. If the equation, Q(p)= 0, has a posi-

tive solution satisfying (2.7.14), then each country produces two goods.
The world trade equilibrium is determined by the following procedure: p

by (2.7.20) — p, by (2.7.19) —» p, =p,/p — 7 and w by (2.7.18) —
Y=7K+wL — C,, j=1,2, by (2.7.5) - k by (3.7.13) > K, by
(3.7.15) > N, by (3.7.10) > F, by 3.7.1) > E,=—E,=F, - C,.

It is difficult to interpret the conditions for Q( p) =0 to have meaning-
ful solutions. As the problem is difficult to analyze, we are concerned with
a special case. First, we examine the Heckscher-Ohlin model, in which all
aspects, except the factor endowments, of the two economies are identical.
From the definitions of the parameters and Eq. (2.7.20), the relative price
is determined by

n +2pv _ (1 — %PU)AIW.“‘ + (aopv - 0(>A2azazp -0
n+bp® (1 - &opv)Alaalal + (&opu - O()Aza;2p

in which we use n = n. From the above equation, we have
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——.
a2a1 + aﬂlal a22A2

) z( a,a, + Ba, Jaaful

Further calculating yields

_ab (2.7.21)
aZﬂZ '

al ﬂZ al aZQZAZ ﬂl

If p satisfies (2.7.14), that is
/v

1+, I+ — 1+4; t+e, !
AZ ﬂ 2 aZ N AZ ﬂ 2 aZ
then the problem has a unique equilibrium point and each country pro-

duces two goods. The relative price is not dependent on any production
factor. From Eq. (2.7.19), we get

(1 - ,p")40af + (o,p* — @)4,a2 p (2.7.22)
n+ bp" ’

p

where we use

1/v

1 p—
where we use ¢, =a,N/K.The prices are related to factor endowments.
Following Lemma 2.7.1, we can determine all the other variables. Home’s
net export of good 1 is given by

2.7.23
R-c=r -0 e
b

From Y =rK + wN and Egs. (2.7.2), we have

Y _aRK  BFN
D K, N,

Insert this equation into (2.7.23)

X, = [_%EIK + —ﬂ‘f\;‘N - 1]Fl.

1 1
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Substituting K, = kK /(1 + k) in (2.7.15) and N, =a@kN /(1 + @k) in
(2.7.10) into the above equation yields

X (sz_]ﬁ

1 _aopv a, é:l

It is straightforward to solve all the other variables in the system. We see
that different trade patterns may occur in this equilibrium model with het-
erogeneous tastes and technologies. For instance, country 1 may specialize
in production of good 1 and country 2 produce goods 1 and 2. Although

this is a simple neoclassical trade model with the Cobb-Douglass produc-
tion functions and utility functions, it is difficult to get explicit conclusions
about trade.’

2.8 Public Goods and International Trade

The Ricardian theory is concerned with technology. The Heckscher-Ohlin
international trade theory is mainly concerned with factors of production.
We have used two-sector and two-factor trade models to show the core
trade theorems. This section introduces important determinant, public
goods, of international trade to the two-sector and two-factor trade model
defined in the previous sections. Public goods are incorporated trade theo-
ries in different ways.*® This section is influenced by Abe (1990).%

2.8.1 The Two-Sector Two-Factor Model with Public Input

The world consists of Home and Foreign. As Foreign is similar to Home,
first we are concerned with Home. The economy produces two goods,

37 By examining all possible cases in this simple model, one can obtain many of
the important insights that the traditional international trade theories provide. Add-
ing tariffs and transport costs to the model is conceptually easy and can provide
more insights into reality. In Sect. 2.8, we will introduce public good into the
model, showing how public goods may affect trade pattern.

3% With regard to public economics, see, Auerbach and Feldetein (1990, 1991)
and Jha (1998, 2003). For trade with public sectors, see, for instance, Manning and
McMillan (1979), Tawada and Abe (1984), Okamoto (1985), and Ishikawa
(1988).

3% Abe (1990) applies the cost-minimization approach, while this section uses
profit-maximization approach with the Cobb-Douglas functions.
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called good 1 and good 2. There are two primary factors, labor and capi-

tal, and one pure public intermediate good. The total supplies of capital
and labor, K and N, are fixed. Let G stand for the amount of the public

intermediate good. For firms G is given. The economy produces two
goods with the following Cobb-Douglas production functions

r = A.iGVjK.;'ZjN./ﬂj= J=12,v,20, &, ,>0, a; + B, =1, (2.8.1)

where K, and N, are respectively capital and labor inputs of sector ;.

We assume perfect competition in the product markets and factor markets.
We also assume that product prices, denoted by p, and p,, are given
exogenously. Marginal conditions for maximizing profits are given by

. ap,F, e ,ijij. (2.8.2)

b

K. N,

J J

In the rest of this section, we choose p, =1 and express p = p,. Public

good is also produced by combining capital and labor. The production
function of the public sector is specify as

_ % 1By — R
G=AK'N)", a,B, >0, a +f, =0, (2.8.3)

where K, and N, are respectively capital and labor inputs of the public
sector and A, is the productivity. Assume that the amount of public good

is fixed by the government and the public good production is financed by
the income tax.* The total cost of the public sector is 7K, + wN . Mini-

mizing the total cost subject to the constraint (2.8.3), we obtain the follow-
ing marginal conditions
— 'B pK P

@ )
a,N,

where w = w/r. From this equation and Eq. (2.8.3), we can express the

optimal levels of K and N, as functions of r, w and G as follows

40 This assumption follows Abe (1990). Indeed, there are different ways of fi-
nancing public good sector (see Jha, 1998). In a growth model with public good
proposed by Zhang (2005a), tax rates on producers are fixed by the government.
The common approach to determining levels of public goods is to assume that the
government makes decision on tax and/or public goods by maximizing some so-
cial welfare function.
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(2.8.4)

_ _ By
N, = K, =4,Ga",

o, By
B, 1 a,| 1
Aa—[a— R N e
p P p P

Let 7 stand for the tax rate on the total income, Y = rK + wN. Then
we have

where

rK, + wN, =T(rK+WN).

From this equation and (2.8.4), we can determine the tax rate as a function
of r,wand G

e 7,Ga” (2.8.5)
1+nw’

By %p
a, ﬂp 1 N
w5t e ttE
P V4 P

We determine the tax rate as a function of the public good and the wage-
rental ratio. The amount of factors employed in each sector is constrained
by the endowments found in the economy. These resource constraints are
given

where

K +K,+K,=K, NJ+N,+N,=N. (2,8,6)
The consumer’s utility-maximizing problem is described as
Max CS'C, st.: pC, + p,C, =(1-1)Y,

where C; is the consumption level of good j, & and &, are positive

parameters. For simplicity, we require & + &, = 1. The optimal solution is
given by

p,C,=(-7)Y. (2.8.7)

For an isolated economy, we also have C, = F.
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We have thus described the model for Home without trade. We can solve
equilibrium problem of Foreign’s economy in the same way. We now
examine how trade direction is determined.

2.8.2 Equilibrium for an Isolated Economy

First, we will determine equilibrium of an economy in autarky. As
C, = F,, from Egs. (2.8.7) we have

PF,_ & (2.8.8)

E &
Substituting » =, p,F,/K, into the above equation yields & = ¢,
where we use k£ =K, /K, and & = ,&,/ a,&,. From Egs. (2.8.2), we have

apF _o,p,F, BpF _ Bk

K K, = N, N,

i
From these relations, we have
N, =aN,, (2.8.9)
where we use k=& and o = S¢& /5,5, From Egs. (2.8.2), we also ob-
tain
_BK, (2.8.10)

(4 .
alNl

Insert (2.8.4) in (2.8.6)

o

(2.8.11)
1)2 v _ 4G
wﬂ

1 5y
K1[1+EJZK_AﬁGw , N1[1+;

We are interested in the case that the both goods are produced, that is,
we should have 0 < K, <K and 0 < N, < N. From (2.8.11), we see that

for w > 0, the conditions are satisfied if

2.8.12
K o s %. (28.12)

B
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This implies that the amount of public good should not be too large for
given K and N; otherwise the problem has no solution or the economy
may specialize in producing a single good.
From Egs. (2.8.11) and (2.8.10), we obtain
G 45 K (2.8.13)

Qlw)= A, — o, A, )— - =0,
(a)) a)+( p ao a)aoNa) OtoN

where

L a+1E) _ad +ag
’ ﬂ1(1+1/a) ﬁl§1+ﬁ2§2'

The equation contains a single variable, @. In the case of 4, — 4, =0,

we solve w=K/a,N. We note that by the definitions of the parameters

ller, - + (@, - ) J4, (2.8.14)
ﬂp(ﬂl§1+ﬂ2§2) ‘

We see that the term 4, — &, 4, may be either positive or negative. As it is

we have

Ay — o4, =

difficult to explicitly interpret conclusions, we just assume that Q(a)) =0
has at least one positive solution which satisfies (2.8.12). As

BG .

",

Q=1+(4, - 4,)

0

we see that if 4, — &4, >0, then the solution is unique. Once we deter-
mine @, then we determine all the variables by the following procedure:
K, and N, by (2.8.11) > N, by (2.8.9) — K, by (2.8.8) > N, and K,
by (284) — 7 by (2.85) — F, by 28.1) —» C; by (2.8.8) —
p=0f,F,/BF* — r and w by (2.8.2).

2.8.3 Trade Patterns and Public Good Supplies

Section 2.8.2 solves the equilibrium problem when there is no trade be-
tween the two economies. We cannot solve the problem explicitly without

41 This relation is obtained by Egs. (2.8.2).
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further specifying parameter values.” For explaining the role of public
goods, we are interested in the situation when the two countries are identi-
cal in all aspects, except that the two countries have different levels of
public goods.

To determine directions of trade, we first determine the relative prices be-
fore trade liberalization. Taking derivatives of Eq. (2.8.13), we have

ﬂpG w‘% dw_ a)ﬂp (2815)
a,N dG a,N

[1 +(4, - o4, —(4, - a,4,)

In the case of 4;,-0¢,4,=0, dw/dG=0. In the case of
Ay —o,A4, >0, we have dw/dG <0. In the case of 4, —,4, <0,
from Eq. (2.8.3) we have

B
ﬁpG o = K - (Aﬂ - aOAa)Gapa) -0
o,N o,wN

1+ (4, - ,4,)

Hence, we have dw/dG > 0. We conclude that the sign of daw/dG is the
opposite to that of 4, — a,4,. From (2.8.14), we see that the sign of
dw/dG is the same as the sign of the following term

E=(o - a, K + (e, - a, ), . (2.8.16)
The above discussions are valid for Foreign as well. As the two countries
are identical (except in G *), we see that in the case of & >0, if
G>(<)G, then @> (<) @; and in the case of £<0, if G>(<)G,
then @ < (>) @, when the two countries are in isolation.
We now compare p and p. From Egs. (2.8.1) and (2.8.2), we have

_ aB4,G KN
ﬂl IquVl I<lw1 Nlﬂ1 .

Substituting N, = N, ,and k = ¢ into the above equation yields
p=AG""@™™ ", (2.8.17)

where we also use Eq. (2.8.10) and

4 As the procedure of determining all the variables are explicitly given, it is
straightforward to simulate various possibilities with computer.
4 The macron is defined as before.
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A = a;’z Zﬂz AZ .
allll l/31 AI
Taking derivatives of Eq. (2.8.17) with respect to G yields

ldp _v,—v L% dw
p dG G ® dG’

Insert Eq. (2.8.15) in the above equation

1 dp :Vz—Vl . (A,B_aoAa)(az_al)1
pdG G |1+(4,-,4,)8,Go " IeN|w"a,N’

This result is important for determining trade patterns.
The magnitude of v, represents the degree of spillover of public input

into sector j.If the public good has no effect on the production of sector
J» then v, = 0. If the public input is effective in increasing the productiv-
ity of sector j, the parameter value is high. To determine factor intensi-
ties, from k£ =& and N, = aN,, we obtain
K _ap K (2.8.18)
Nl aZﬂl NZ ’
where we use the definitions of & and «. We say that sector 1 is rela-
tively capital (labor) intensive if K, /N,>(<)K,/N,. From
a; + B, =1, we see that sector 1 is relatively capital (labor) intensive if
a, > (<) a,. We also define that the public sector is capital (labor) inten-
sive relative to the private sectors if
K +K, K-K,
N,+N, N-N,

K
_p>(<)
Np

We see that the public sector is relatively capital (labor) intensive if

K
_p>(<) 5
N N

P

From Egs. (2.8.4), the above inequality is equivalent to
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K
> (<) g”N.

P

This states that if the wage-rental ratio is higher (lower) than the ratio
B,K/a,N, then the public sector is relatively capital (labor) intensive.

We now examine trade pattern. First, we are concerned with the situa-
tion when the spillover effects of the public good are the same between the
two sectors, i.e., v, =V,. Then, by Eq. (2.8.17), we have

ld_Pz, (A,B_aOA(x)(al_az)_‘
p dG [1 + (A[, - a,A, )ﬂpGaf”" /aONJa)”"aoN'

We know that denominator is always positive. Hence, the sign of dp/dG
is the same as that of

A= l(ap - )‘fl + (ap -, )‘fzkal -, )

In the case of A >0, if G> G, then we have p > p. Home imports
good 1 and exports 2. According to the above discussions, we have the
following lemma.

Lemma 2.8.1

Assume that the two countries have identical preferences, technology, and
factor endowments, and the spillover effects of the public good are the
same between the two sectors. Then, if A > (<) 0 and Home supplies

more public goods than Foreign, then Home exports (imports) good 2 and
imports (exports) good 1.

The case of A >0 occurs, for instance, if @, >, >¢,. It can been
seen that with different combinations of ¢, f , and &, we have different
patterns of trade. Another extreme case is when ¢, = &,. We have

ldp _v,-v (2.8.19)
p dG G

Lemma 2.8.2
Assume that the two countries have identical preferences, technology, and
factor endowments, and the two (private) sectors have the same factor in-
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tensities. Then, if Home supplies more public goods than Foreign and sec-
tor 1's spillover effect is stronger (weaker) than sector 2's, then Home

exports (imports) good 1 and imports good 2.

From Egs. (2.8.19) and (2.8.14), we can explicitly judge the sign of
dp/dG in the cases when v, —v, and A have the same sign. If v, —v,

and A are positive (negative), then dp/dG is positive (negative). Hence,
we have the following lemma.

Lemma 2.8.3

Assume that the two countries have identical preferences, technology, and
factor endowments and Home supplies more public goods than Foreign. If
v,—v, and A are positive (negative), then Home exports (imports) good

2 and imports (exports) good 1.

If (V2 -V, )JA < 0, we need further information for judging trade pattern.

Like in Abe (1990),* We have discussed only the case when the two coun-
tries have identical preferences, technology, and factor endowments. It is
important to examine what will happen when the two countries have dif-
ferent preferences, technology, factor endowments and public policy.*

2.9 Concluding Remarks

Ricardo’s initial discussion of the concept of comparative advantage is
limited to the case when factors of production are immobile internation-
ally. His arguments about gains from trade between England and Portugal
are valid only if English labor and/or Portuguese technology (or climate)
are prevented from moving across national boundaries. The Heckscher-
Ohlin theory is similarly limited to the study of how movements of com-
modities can substitute for international movements of productive factors.
It is obvious that if technologies are everywhere identical and if production

4 Abe applies the dual approach. Although the functional forms in Abe’s
analysis are more general than in this section, as we have explicitly solved the
model with different factor endowments, technology and preferences, we can eas-
ily discuss more issues which may not be easily discussed by the dual approach.

4 We don’t discuss issues related to validity of the core theorems in trade the-
ory. The problems are examined by Altenburg (1992) in a similar framework as
Abe’s.
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is sufficiently diversified, factor prices become equalized between coun-
tries. But if production functions differ between countries, no presumption
as to factor equalization remains. Most of early contributions to trade the-
ory deal with goods trade only and ignore international mobility of factors
of production. For a long period of time since Ricardo, the classical mobil-
ity assumption had been well accepted. This assumption states that all final
goods are tradable between countries whereas primary inputs are non-
tradable, though they are fully mobile between different sectors of the
Home economy. In reality, this classical assumption is invalid in many cir-
cumstances. For instance, many kinds of final ‘goods’, services, are not
traded and capitals are fully mobile between countries as well as within
Home economies. A great deal of works on trade theory has been con-
cerned with examining consequences of departures from these assump-
tions. There is an extensive literature on various aspects of international
factor mobility.* It is also important to introduce transport costs into the
models in this section.*’

To end this chapter, we introduce how to analyze effects of, for in-
stance, a tariff on trade.*® As we have already solved the model without
any trade barriers. We can determine trade direction. For instance, we as-
sume that Home imports good 2 and Foreign imports good 1. We assume

that there is no other trade barrier. Let use assume that Home introduces a
tariff at ad valorem rate, 7. Prices of good 2 differ in Home and Foreign.
In Home, the equilibrium price equals (1 + T)p2 , where p, is the price of
good 2 in Foreign. In the tariff income is given by ,(F, — C,). This in-
come may be distributed in different ways. We may generally assume that
the government distributes @, (F, — C,) to the households in Home and
the rest to the government expenditure, where the parameter, ¢, satisfies
0 <@ <1. With these notations, we can correspondingly determine the
equilibrium values of all the variables. After determining the equilibrium
values with the given tariff rate, we can then analyze effects of tariff on the
two economies. As we can explicitly solve the equilibrium problem, it is
not difficult to calculate the effects. Under certain conditions,* the tariff

46 See Jones and Kenen (1984), Ethier and Svensson (1986), Bhagwati (1991), and
Wong (1995).

47 See Steininger (2001: Chap. 2).

48 A graphical illustration of this case is referred to Bhagwati et al. (1998: Chap.
12).

4 The condition is presumed stability. See, Jones (1961) and Amano (1968) for
the definition of stability.
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tends to worsen the terms of trade in Foreign (that is, p,/ p, falls) and en-
courage the terms of trade in Home (that is, p,/ ( p, + pzz') rises).%

Appendix

A.2.1 A Ricardian Model with a Continuum of Goods

The single-input version of the Rcardian model has been generalized in
different directions. It is straightforward to extend the model to a two-
factor model with fixed input-output coefficients. We now represent a
well-known generalization of the Ricardian model to encompass a contin-
uum of goods.*! First, we assume that there is no transaction cost.

We index commodities on an interval [O, 1], in accordance with dimin-
ishing home country comparative advantage.”> A commodity z is associ-
ated with each point on the interval. For each commodity there are unit la-
bor requirements, a(z) and @(z) in Home and Foreign. The requirement

of diminishing home country comparative advantage on the interval is rep-
resented by

The relative unit labor requirement function, A(z), is also assumed to be

continuous. Let w be wages measured in any common unit. Home will
produce all those commodities for which domestic unit costs are less than
or equal to foreign unit costs. This means that any commodity z will be
produced in Home if a(z)w < @(z)w, that is, @ < A(z), where @ = w/w.

For given @, from equation @ = A(z), we uniquely determine

0 The well-known Metzler (1949: 7-8) paradox states that a tariff may actually
lower the relative domestic price of the importable.

31 The model below due to Dornbusch et al. (1977). The model is also repre-
sented in Rivera-Batiz and Oliva (2003: Sect. 1.2). See also Wilson (1980), Flam
and Helpman (1987), Stokey (1991), and Matsuyama (2000, 2007). It should be
noted that Dornbusch et al. (1980) propose a model with continuum of goods to ex-
amine Heckscher-Ohlin trade theory.

32 An alternative description is to take an interval [0, oo]. See Elliot (1950).
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z" = ¢(w). (A2.1.1)

Hence, for a given relative wage @, Home and Foreign will respec-
tively efficiently produce the rages of commodities as follows

0<z<g(w), plw)<z<1.

The relative price of a commodity z in terms of any other commodity

z', when both goods are produced in Home, is equal to the ratio of home
unit labor cost

(A2.12)

plz) _ alz) 0<z< (o).

plz) alz)

The relative price of a commodity z produced in Home in terms of any
other commodity z" produced in Foreign is given by

Pl2) _ m(z), 0<z<d(w), dlw<z<1. (A2.13)

plz") alz")
Assume identical tastes in Home and Foreign and Cobb-Douglas demand
functions that associate with commodity z a constant expenditure, b(z).
We should have

b(z)=l;(z), 0<z<1, J.l

0

b(z)dz =1.

Let Y stand for total income and ¢(z) for demand for commodity z.
Then, we have

b(z) = PLk) (A.2.1.4)
Y

We define the fraction of income spent on those goods in which Home
has a comparative advantage

¢
Alg)= [b(z)dz > 0, Z—/; =b(¢)>0, 1>Alg)=0.
0
The fraction of income spent on commodities produced by Foreign is

K(@)=1- [b)d= >0, 15 R(g)>0.
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Domestic labor income, wN, should equal the total expenditures of the
two countries on commodities produced by Home, that is,
wN = A(¢)(WN + WwN ) Hence, (1 — A)wN = AWN, which states that im-
ports are equal in value to exports. From this equation, we have

B A(z*) N (A.2.1.5)
C1-Al)N
This function describes behavior of the demand side, while Eq. (A.2.1.1)

shows behavior of the supply side. Equation (A.2.1.5) is illustrated in Fig.
A.2.1.1. The curve starts at zero and rises in z (to infinity as z ap-
proaches unity). This equation implies that a proper level of the relative
wage ratio is required to equate the demand for domestic labor to the exist-
ing supply. Equations (A.2.1.1) and (A.2.1.5) contain two variables, w
and z'. As shown in Fig. A.2.1.1, there is a unique solution to the equa-

tions.

Z*
Fig. A.2.1.1. Determination of equilibrium

Once we determine the equilibrium value of z° (which is the equilib-
rium borderline of comparative advantage between commodities produced
and exported by Home and Foreign. We determine the ranges of produc-

tion of Home and Foreign as follows 0 <z < z" and z" < z <1. The rela-
tive price structure is given by Egs. (A.2.1.2) and (A.2.1.3). The equilib-
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rium levels of production. From Y = wN + WN and Eq. (A.2.1.4), we de-
termine ¢(z). Let N(z) stand for the labor force employed for producing
commodity z. Then, the output level of commodity z is equal to

a(z)N(z). From ¢(z)=a(z)N(z), we determine N(z).
We have thus determined the equilibrium of the Ricardian economy. We
now examine effects of changes in some parameters. First, we increase the

relative size of labor endowments. An increase in N/N shifts the trade
balance equilibrium curve given by (A.2.1.5) upward in proportion to the
change in the relative size. From Fig. A.2.1.2, we see that the equilibrium
ratio of the relative wages rise and reduces the range of commodities pro-
duced in Home. When the labor force is increased, there will initially be a
labor excess in Foreign and an excess demand for labor in Home. The re-
sulting increase in Home’s wages serves to eliminate the trade surplus and
at the same time raise relative unit labor costs in Home. This implies a loss
of comparative advantage of Home. We may similarly examine effects of
technological change (for instance, through a uniform proportional reduc-
tion in a(z)).

Fig. A.2.1.2. A rise in labor supply in foreign
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