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This study is a test of the Heckscher-Ohlin
theory and alternative theories of international trade.

By applying the most recent input-output tables
and the industry input coefficients of the United
States, the United Kingdom, and South Korea to their
bilateral trade structure, it is found that the Heckscher-
Ohlin theory is capable of explaining the commodity
composition of trade among developed and less developed
economies. This result becomes more pronounced when
trade only in manufactured goods is considered. But
the theory fails to predict the pattern of trade between
-developed and less developed economies.

Similarly, bilateral trade of the same three
countries are examined to test the human capital approach
and neotechnology theories of trade. The results
indicate that while these theories can explain commodity
flows among developed economies, they all fail in their

attempt to explain trade among less developed countries.
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The existence of a systematic relationship
between national characteristics and the commodity com-
position of trade is tested for the manufacturing trade
of twenty-three countries, according to each hypothesis.
It is found that with the exception of the scale economies
hypothesis all theories perform satisfactorily. However,
among them the human capital approach, the stage of
production theory, and the product cycle theory indicate
the strongest showing.

Considering the results of the bilateral tests
and the regression analysis of the trade of twenty-three
countries, the study concludes that the various existing
theories are useful in explaining different segments of
international trade flows. The Heckscher-Ohlin theory
may be considered relevant for explaining trade among
less developed countries, while the product cycle and
human capital models are best suited for predicting trade
among developed countries and between developed and less

developed economies.
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INTRODUCTION

This study is an attempt to test empirically the
lleckscher-Ohlin theory and alternative theories of inter-
national trade.

International trade is brought about by differ-
ences in the relative prices of commodities. "It is the
inequality aé to the relative prices in isolation,"
stated Ohlin, '"that is a necessary condition for establish-
ment of trade" [5, p. 7]. But the main body of the '"pure"
theory of international trade seeks to determine the
predominant factor or set of factors which are responsible
for the intérnational differences in relative prices.

There are many variables in a country's economic
structure which have a bearing on that country's comparative
advantage. As Kuznets pointed out: '"Foreign trade flows

. . are affected by many complex factors in which techno-
logical changes, social inventions, economic advantages,
political revolutions and diversities in the structure and
endowment of nations all play their part" [2, p. 106].

Yet a theory of trade must be capable of determining the
exact relationship of these or any other variables with
the comparative advantage of a country within a systematic

and logically consistent framework.
1



2

The Ricardian theory of trade singled out rela-
tive labor productivity among countries in the production
of different commodities as the predominant force in
determining comparative advantage. According to this
theory, pre-trade commodity price ratios in each country
are determined by the relative average productivity of
the factor of production (which to Ricardo was labor but
could be any other factor as well) in producing different
commodities. However, the Ricardian theory provides no
explantion of what accounts for the differences in average
labor productivity.

The Heckscher-Ohlin (H-0) theory of trade attempts
to explain the commodity composition of international trade
through differences between the relative endowment of fac-
tors of production among countries and the relative factor
intensity of traded commodities. As introduced by Heckscher
[1] and later elaborated by Ohlin [2], the théory considers
other forces as secondary in nature and rarely strong
enough to change the direction of the predominant force
of the relative factor endowment. Thus, on theoretical
grounds the H-O theory assumes no variations in production
functions among countries. In this respect the H-O theory
is diametrically opposed to the Ricardian explanation of
trade.

For almost two decades the H-O theory enjoyed
the full respect of economists not only because of its

fresh insight into the cause of comparative advantage but
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also because of the simplicity ahd clarity of its logic
which could lend itself to the neoclassical analytical
framework. Illowever, several empirical studies of the
theory, beginning with Leotief's well-known tests of the
structure of United States trade [3], indicated the
limitation of the H-O theory's explanation of the com-
modity composition of world trade.

The failure of the H-O model to survive empiri-
cal tests has led during the past several years to the
development of new alternative theories for explaining
the commodity composition of international trade. These
ncw theories have undertaken two distinctly different
paths. One group, the neofactor theories, attempts to
reformulate the traditional version of the H-O theory by
modifying the concept of factors of production through
the inclusion of factor qualities. The second group,
the neotechnology theories, criticizes the assumption
of similarity of production functions among countries in
the H-O0 theory and seeks to explain the commodity com-
position of manufactured trade through differences in the
technological capabilities of countries. However; despite
their plausible assumptions, the alternative theories,
especially those of the second group, lack a rigorous
theoretical framework similar to the H-0 model.

Through a reconsideration of the H-O theory
this study will attempt to show that the}factor proportion

explanation of trade may be acceptable under certain
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restricted conditions. It is hypothesized that trade
structure will tend to conform with the [[-O thcory more
strongly between countries that are not widely different
in their level of economic development. By further
restricting the theory to an explanation only of the
pattern of manufacturing trade, an even better performance
of the theory is expected. This hypothesis is based on
the presumption that the H-O theory's critical assump-
tions of identical demand pattern, similar production
functions, and unique factor intensity ranking of com-
modities will tend to hold more strongly under the above-
state conditions.

The above hypothesis, along with alternative
theories of trade, will be tested in a comprehensive
study of trade patterns of the United States (1970),
the United Kingdom (1969), and South Korea (1969).

The second part of the study is an analysis
of the trade pattern of twenty-three countries according
to the 1I-O theory and alternative explanations of compara-
tive advantage. The existence of a significant and
systematic relationship between the commodity composition
of trade and the national characteristics of each country
is tested in order to determine the explanatory power

of each theory.
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Chapter 1

HECKSCHER-OHLIN THEORY
OF INTERNATIONAL TRADE

1.1 The Theory and its Assumptions

Postulating a simple world of two countries
which produce two commodities with two factors of pro-
duction, the H-O theory states that each country will
have a comparative advantage in producing the commodity
that uses the country's relatively abundant factor
relatively intensively.

The model is based on the following assumptions:*

1. Perfect competition exists in the factor and
commodity markets.

2. Capital and labor (factors of production) are
qualitatively identical in both countries.

3. There is perfect mobility of factors within the
country but no inter-country factor movement.

4. Supply of factors are given and are fully
.employed (full wage-price flexibility).

5. Production functions have the following
characteristics:

i. They are homogeneous of the first degree
(constant return to scale);

*These assumptions were first explicitly stated
by Samuelson [28].
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ii. They are identical for the same
commodity in both countries;

iii. They exhibit different and unchanging
factor intensities for different com-
modities for all possible relative
factor prices (no factor reversal); and

iv. The law of diminishing marginal pro-
ductivity holds.

6. No trade barriers or transportation cost exit.

Under the above assumptions each country will
export the commodity which uses the country's relatively
abundant factor more intensively. It can be shown that
the results follow from the above assumptions under the
alternative definitions of '"factor abundance'": They
are defined firstly in terms of relative factor prices
(in the Ohlin sense [24, p. 7]), and secondly in terms
of relative factor supplies in each country (as Jones
suggests [13].) Subsequently, in section 1.2.3. the
logical bases for choosing one definition over another
will be infroduced along with the problems that may

arise by accepting the more logical definition.

1.2.1 The Relative Price Definition of Factor Abundance

Given two countries, I and II, with country I
relatively abundant in capital and country II in labor,
and two commodities, X and Y, being capital and labor
intensive, respectively. Defining relative factor abun-
dance in terms of relative factor prices, country I is
capital abundant if (Pk/Pl)2 >(Pk/P1)1, where Pk and Pl

are capital and labor prices respectively, while the
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subscripts 1 and 2 refer to the two countries. It must
be shown that country I has a comparative advantage in the
production of X, and country II in the production of Y,
which would be manifested in a lower relative price of
X to Y in country I and the opposite for country II.

In Figure 1-1 let XX and YY represent the
isoquants for commodities X and Y. By the homogeneity
assumption any one of the isoquants for either commodity
can represent the family of isoquants for that commodity,
and because of the assumption of identical production
functions in both countries, Figure 1-1 represents the
relevant production conditions in both countries. The
only matter of distinction between the two countries will
be inequality of factor price ratios.

As the figure indicates PQ and CC' (which is
parallel to DD') are the relevant factor price ratios in
countries I and II, respectively. It is postulated that
capital in country I and labor in country II are the
relatively cheaper factor. From this it should follow
that country I enjoys a comparative advantage in pro-
duction of X, the capital intensive commodity, and coun-
try‘II in the production of Y, the labor intensive com-
modity. To show this a common measure of production costs
for both commodities in the two countries can be developed
by converting the cost of production of each commodity
expressed in terms of labor and capital inputs into its

equivalent in terms of only one factor, say capital.



Figure 1-1

The Relative Price Definition of Factor Abundance
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In country I, the production of a given quantity
of X requires Oty of capital and Ot; of labor. Oty of
labor is equivalent to Pty of capital. Therefore, the
total cost of producing X in country I, with capital as
the unit of account, is Pty + Ot, = OP.

Similarly, for country II production of the
same quantity of X requires Ovy of capital, and Ovj of
labor, Cvy + Ovy = OC units of capital. As a result the
cost ratio of X between countries II and I is %%%%. In
the same manner the relative cost of Y between the two
countries will be (OD)/(OP). It can be seen from Figure
1-1 that OC/OP > 0D/OP, indicating that country II has a
comparative advantage in production of Y and country I

in production of X, the commodities which use the coun-

tries' relatively cheaper factor more intensively.

1.2.2 The Relative Supply Definition of Factor Abundance

Alternatively, factor abundance may be defined
in terms of the relative supply of factors of production.
By this definition country I is capital abundant and
country II is labor abundant if K;/Lj > K;/L,, where K
and L denote the physical supply of capital and labor
in countries I and II, as indicated by the subscripts.

Our task is to show that this difference in relative
factor endowment will result in the comparative advantage
of country I in the production of X, the capital intensive

good, and country II in the production of Y, the labor
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intensive good. The Edgeworth-Bowely box diagram will
be utilized in this demonstration.

Consider once again countries I and II, each
producing commodities X and Y, with factors K and L.

In Figure 1-2 boxes I and II indicate the total supply

of K and L in countries I and II. The origin of X iso-
quants is at point Ox for both countries and of the Y
isoquants is at Qy for country I and at Q; for country
II. Along any ray from the origin such as QXTS the

ratio of marginal physical product of capital and labor
in the production of X must be equal in both countries,
if the production functions are homogeneous of the first
degree and identical in both countries. Furthermore, the
ratio of marginal physical products of both factors in the
production of X and Y must be equal at points similar to
S and T since these points are on the contract curves of
countries I and II. It follows that the ratios of mar-
ginal physical product for both commodities are the same
at points S and T along any ray such as OxTS. As a
result, rays QyS and Q}T must be parallel, remembering
that the Y production functions are also homogeneous of
the first degree as in the case for X.

To prove that points similar to S and T along
the rays from the origin are possible post-trade pro-
duction equilibrium points, it must be shown that at
these levels of production the relative commodity prices

are equal in both countries [16].
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II Q, -~ /

Figure 1-2

The Relative Supply Definition of Factor Abundance
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Let L'X; and L'X.,  denote marginal productivity

II
of labor in the production of X in countries I and II.
Similarly, let L'YI and L'YII stand for marginal pro-
ductivity of labor in the production of Y in the two
countries. Recalling that under the assumption of per-
fect competition the value of the marginal product of
labor is equal in both industries in each country, the
following relationships are obtained:

PX_ + L'X_=PY_ * L'Y 1
I I I I (1a)

or
(PXI/PYI) = (L'YI/L'XI) (1b)

where PXI and PYI are the prices for commodities X and Y
in country I.
Similarly for country II:

PX * L'X = PY * L'Y 2a
II II II II (22)

or -’

(PXII/PYII) = (L'YII/L'XII). (2b)

llowever, because of the constant return to scale
assumption the marginal productivity of any one factor is
constant at all production points along any ray from the
origin, such as OxTS. Hence at points T and S the fol-
lowing equalities hold:

L'X = L'X 3
I II (3)
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and

LY, = L'Y (4)

From relations (1), (2), (3), and (4) it can
be concluded that:

PXI/PYII = PXII/PYII (5)
In other words, points of intersection of any ray from
the origin O, with the two contract curves (such as S
and T) are proved to be possible post-trade production
equilibrium points for both countries.

Furthermore, at any equilibrium point such as
S and T, country I produces relatively more of commodity
X and country II more of commodity Y. To show this in
IFigure 1-2 draw Q'yG parallel to 0,S to intersect the
cxtension of SQY at point G. Given that SQy is parallel
to Q'yT, Q'yT is equal to SG. However, because OXS>>OXT,
it follows that

Q'yT/OxT )GS/OXS (6)
yet QyS is clearly smaller than GS; thgppfore
1
Q yT/OxT >QyS/0xS (7)

The above analysis shows that when the relative
endowment of countries is defined in terms of the physical
supply of factors of production, comparative advantage
will be revealed in terms of the physical supply of com-

modities. That is, each country will produce more of the
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commodity that uses the abundant factor more intensively.
In these terms country I has comparative advantage in
production of X and country II in production of Y in the

above example.

1.2.3 Definition of Factor Abundance and

the Demand Assumption

It is possible for the comparative advantage
in production of a commodity (as demonstrated above) to
be nullified by a strong internal demand preference for
that commodity. For example, although a higher ratio
exists in the production of capital intensive to labor
intensive goods in the capital rich country, a strong
demand for the capital intensive commodity may make the
relative price of this commodity higher in the capital
abundant country. In other words, it is possible for
the comparative advantage indicated by the factor endow-
ment ratio to be reversed by a strong demand bias in the
opposite direction. Therefore this version of the model
requires the additional assumption that the demand
patterns are similar in both countries.

Although Ohlin admitted [24, p. 10] the
existence of dissimilar demand patterns among countries,
he maintained that such differences are small enough not
to reverse the logical outcome of the model. However,
even equality of demand functions is not sufficient for
the logical consistency of the H-O theory. The demand

functions must also be such that differences in income
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levels would not affect the demand patterns. This condi-
tion is satisfied if it is further assumed that demand
functions are homogeneous of the first degree [25], that
is, the income elasticity of demand is equal to unity
for each commodity in both countries. But such assump-
tion may or may not be consistent with reality. If it
is not, then the pattern of trade predicted by the factor
endowment ratios may not be realized.

Alternatively, the relative price definition of
factor abundance implies that the commodity which uses
more of the relatively cheaper factor in a country will
have a lower relative price in that country as compared
to the second country. Although this interpretation of
factor abundance does not require an explicit assumption
as to the demand condition, it falls short of a meaningful
explanation of the trade pattern. What the theory states
is nothing more than the unique Samuelsonian rélation
between factor price and commodity price rations [27,28].
Thus even though the relative price definition of factor
abundance is logically true, it is '"trivial," as Jones
put it, in the sense that all it can explain is that '"each
country exports that commodity in the production of which
it enjoys a comparative advantage'" [13, p. 4], without
really showing that the factor endowment ratio alone is

responsible for the comparative advantage.

Therefore the physical definition of factor

abundance is to be considered the satisfactory explanation
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of the pattern of trade, even if it may be invalidated
by perverse demand conditions. It is this definition of
factor abundance that is relied upon on all empirical

verification of the theory.

1.3.1 Empirical Verification of the H-O Theory:

Leontief's Tests

The first® comprehensive test of the factor
proportion theory was carried out by Leontief [18] through
the application of interindustry input-output relations.

This method consisted of measuring the total
(direct and indirect) capital and labor requirements of
one million dollars of exports and of competitive import
replacements (those imports that are domestically produced)
in the United States. According to the H-O model, it is
expected that the United States, the most capital abundant
country in the world, would engage in international trade
to compensate for its scarce factor, labor, and would
enjoy a comparative advantage in the production of capital
intensive goods. However, Leontief found that a represen-
tative one million dollar basket of U.S. exports requires
a smaller capital/labor ratio than its equivalent amount

of competitive import replacements, Table 1-1. Clearly,

x

Although MacDougal [21] and Kravis [14] attempted
to test the H-O theory their results cannot be considered
conclusive because of the inadequacy of the methods
which they applied.
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Table 1-1

Domestic Capital and Labor Requirements
Per Million Dollars of U.S.
Exports and Competitive Import
Replacements (of Average 1947 Composition)

Capital Labor (k/lim *
(k) (1) k/1 Y= P
(k/1)
exp.
Dollars, 1947 prices Man years
Exports....... 2,550,780 182,313 13,992
1.300

Imports....... 3,091,339 170.004 18,184

* ¥ 1s refered to as the coefficient of factor
intensity of trade.

Source: Columns 1 and 2 from W. Leontief, "Domestic Production and
Foreign Trade, the American Capital Position Re-examined,'" Economia
Internazionale, February, 1954.
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this result is contrary to the H-O prediction of the trade
pattern, for it indicates that the U.S. specializes in the
export of labor intensive rather than capital intensive
commodities. As Leontief puts it: "This country [U.S.]
resorts to foreign trade in order to economize its capital
and dispose of its surplus labor, rather than vice versa'
[18, p. 25]. This is the so-called paradox by which is
meant a seeming contradiction between given facts and
expected results.

The Leontief test generated a strong wave of
criticisms based on statistical and methodological grounds
as well as an intense reevaluation of the theory and its
assumptions. On statistical grounds the major reservation
about the test was the method of estimating the input
coefficients, especially with regard to capital coeffi-
cients. Diab [8] considered Leontief's estimates of the
capital coefficients for agriculture too high. But after
reducing them to one half Leontief's estimates he obtained
the same results. Leontief's capital coefficients are
open to another, more substantial criticism. As Buchanan
[6] pointed out, instead of employing the estimates of
the service of capital required per unit of output, Leontief
used the estimates of the amount of investment in capital
goods per unit of output. However, the investment cogffi-
cients can be regarded as a proxy for capital (stock) coeff-
icients only if the durability of capital in all industries

are identical, which is an implausible assumption. On this



20
basis the capital coefficients employed by Leontief suffer
from a strong deficiency.

Furthermore, some reservations were expressed
by Swerling [31] as to the selection of the year upon
which the study is based. He points out that 1947 trade
was '"highly atypical of world trading relations in general
and of United States agriculture trade in particular."”

By that year, '"postwar disorganization of production
overseas had not yet been corrected . . ., and close to
half of United States exports were financed by grants
and credits under various foreign aid programs."

In his second study, Leontief [19] considered
most of the many criticisms that were directed toward his
earlier test. He applied the 1951 trade flow of the United
States to the 1947 input-output table of the industries.
llowever, the result was not significantly different from
what he obtained in the first study.

On methodological grounds the main thread of
criticism asks two questions: First, is the input-output
method appropriate for the analysis of international
problems, and second, is the extension of U.S. conditions
of production to the estimation of factor requirements of
U.S. imports a correct method of analysis of trade pat-
terns?

The difficulty with the application of input-
output analysis, critics maintain, is in the fixed coeffi-

cient characteristics of the input-output models which
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imply that the input ratio for the production of each good
is fixed and invariant with respect to the relative prices
of inputs. Thus input-output models, Valavanis-Vail [37]
argues, '"'except for rare luck are logically incompatible
with international trade.'" That is so because ''we cannot
be sure that every factor will be completely used up, ei-
ther with trade or in its absence.'" If each country em-
ploys all of its factors fully before trade, there will
be no assurance that the same will be true after a change
in the world's composition of outputs, as the result of
trade. Although the question raised by Valavanis-Vail is
valid, it is irrelevant to Leontief's study. Leontief
utilized the input-output tables for estimating the in-
direct factor requirements of each product under the
existing equilibrium condition [5, p. 177].

The other criticism of the fixed coefficient
characteristics of the model is the view expressed by
Ford [10, p. 67] that in the input-output models the
input coefficients are given regardless of the output
level of the industry. This implies that factor require-
ment remain the same for a proportionate decrease or in-
crease of one million dollars of exports and import com-
peting goods. llowever, Ford maintains that '"an industry
could be labor intensive for most increases in output and
yet when it has to increase by its contribution to the
one million dollars of trade it could be easily capital

intensive." In other words, factor intensity reversal
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may occur with scale changes. This, however, is incon-
sistent with the homogeneity assumption of the 1I-O theory.
For factor intensity reversal to occur the isoquants must
change their relative position with respect to the two
factors of production as the level of production changes.
But the characteristic of the homogeneous production
functions is that they expand along the rays from the
origin, that is, the marginal rate of technical substitu-
tion is equal along such rays for each family of isoquants
which cannot be true if isoquants change their relative
positions. This criticism, therefore, is not valid on
theoretical grounds. Besides, Leontief does not change
the level of output but only estimates the factor require-
ments for an average bundle of exports and import com-
peting goods [5, p. 177].

Extension of the American condition of produc-
tion to U.S. imports constitutes the second and potentially
the most important methodological criticism of Leontief's
tests. lle employed factor input coefficients along with
the interindustry input-output relations of the United
States to estimate the factor requirements of a one
million dollar bundle of that country's imports. This
in Leontief's terminology is called the factor require-
ment for import-competing industries for supplying, do-
mestically, a one million dollar reduction of imports.

It is argued by Ford [10,pp. 58-61], Swerling [31], and

Elsworth [9] that in comparing exports and imports one
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should take the actual factor requirements in the country
where the product is being produced, instead of applying
the same condition of production for both exports and
imports. In an attempt to reconcile the H-O theory with
Leontief's results, Elsworth asserts that it is possible
that the United States exports capital intensive goods
(relative to its imports) and, at the same time in pro-
ducing import replacements, also uses capital intensive
methods.

This type of argument may be interpreted to
mean that the conditions of production in the United
States and the rest of the world are such that factor
intensity reversal occurs. This factor reversal may be
caused either by widely different factor price ratios
between two trading countries or by variations in pro-
duction functions between two countries. But both these
arguments are in direct violation of the assumptions of
the -0 theory, and if Leontief's test is a test of the
II-O theory then such methodological criticisms are in-
valid. However, it can be argued that factor reversal,
for either of the above reasons, is an empirical reality,
and if so, we are outside the framework of the H-O theory.
These possibilities will be discussed in sections 1.4.2
and 1.4.3.

In an attempt to salvage the theory, Leontief
reconciled the paradox by redefining the factor endow-

ment of the United States. He asserted [18,pp. 25-29]
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that although it may appear that the capital/labor
endowment ratio of the United States is higher than that
of any other country in the world, the high efficiency
of American labor makes this country a relatively labor
abundant one. To be exact, he claims that this effi-
ciency factor is about three. That is, using the same
amount of capital, one man year of American labor is
equivalent to three man years of foreign labor. This
relative effectiveness of American labor is attributed
to "entrepreneurship, superior organization, and favorable
environment" [18, p. 29]. vLeontief, however, does not
explain how he arrived at the efficiency factor of three
or why the efficiency factor is attributed to labor only
and not to capital. But this claim cannot be supported
empirically. A study by Kreinin [15] shows that this
efficiency factor is about 1 1/5 or at most 1 1/4, which
fails to support Leontief's claim or his attempt in
reconciling the paradox. Furthermore, Arrow, Chenery,
Minhas, and Solow [1], in their inter-country study of
production functions, have found significant differences
only in over-all efficiency, and therefore even if Ameri-
can techniques of production are more efficient, this
situation cannot be attributed only to labor. Most impor-
tantly, howevgr, Leontief's explanation is theoretically
unsatisfactory. As Robinson pointed out: 'A comparative
advantage theory based on relative factor endowment cannot

seek explanation in productivity concept by redefining
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the units of measurement of factors of production, when

it fails in what it had been trying to explain" [25].

1.3.2 Qther Tests of the H-O Theory

Tests similar to that of Leontief pertaining to
the trade of Japan [33], Canada [40], West Germany [26],
East Germany [30], India [6], and the United Kingdom [11]
yielded mixed results. Bharadwaj's study of India indi-
cated that India's exports to the United States are more
capital intensive than their competitive import replace-
ments from that country. However, he explained this nega-
tive result by the atypical nature of Indian trade in 1951,
which is characterized by unusually high imports of agri-
cultural goods from the United States. Tatemoto and
Ichimura [33] attributed the high capital/labor ratio
embodied in the exports of Japan as compared to its import
replacements to the high concentration of that country's
trade with underdeveloped Asian countries which are pre-
sumed to have a lower capital/labor endowment ratio than
Japan. They concluded that the Japanese trade pattern
is consistent with the H-O theory, especially since the
capital/labor ratio embodied in Japanese exports to the
United States estimated separately, is lower than that
for Japan's total exports. Similarly, the higher capital/
labor ratio required for East Germany's exports as com-
pared to its competitive import replacements is explained
by Stolper and Roskamp [30] in relatively low capital

labor endowment ratio of other Communist countries which
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are East Germany's major trade partners.

lHlowever, Wahl's [40] study of Canada's trade
(1949) revealed that Canadian exports to the United
States and to the United Kingdom are, on the average,
more capital intensive than Canadian import replacements
from these countries. This result along with the pre-
sumption that both the United Kingdom and the United
States were capital rich relative to Canada around 1949
appears to be inconsistent with the H-O pattern of trade.
The structure of West German [26] trade, and the fact
that its exports are more capital intensive than its
import competing replacements, cannot support or reject
the 11-0 theory because the relative factor endowment
position of West Germany vis-a-vis its trading partners
is not clear. Only a bilateral study of West German
trade with individual groups of countries may offer a
more definite statement of the comparative advantage
position of that country.

Recently R. Baldwin [2] updated Leontief's
test of U.S. trade pattern by using 1958 trade data
and 1958 factor requirement coefficients and input-
output table. The result indicated that the Leontief
paradox still holds. However, in a bilateral test, the
study confirms the H-O pattern in U.S.-Western European,
and U.S.-Japanese trade.

Baséd on the 1963 input coefficients of U.S.

industries, the direct capital and labor requirements of
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U.S. exports and import replacements for 1958-60 and 1968
are estimated in a study by the United States Tariff Com-
mission [35]. The result indicated that while the para-
dox prevail in both periods the 1968 imports are less
capital intensive relative to exports than they were for
U.S. trade during 1958-60. However, these estimates are
deficient since they exclude the indirect capital and
labor requirements of U.S. trade. The change in the rela-
tive factor intensity of U.S. trade between the two
periods may not be all attributed to a change in the com-
modity composition of trade but also to variations in the
structure of U.S. industries and a change in the degree

of their vertical integration.

1.4.1 Reexamination of the H-O Theory and

its Critical Assumptions

The inconclusive nature of the empirical tests
of the II-O theory is based by the critics on the five
following factors:

1. Factor reversal: uncertainty about the
existence of a unique factor intensity
ordering of commodities for all relevant
factor price ratios in different countries.

2. Different production functions: variations
in production function for the same commodity
in different countries. Factor quality
differences may be considered as a case of
variation in production functions.

3. Demand: substantial differences in the
demand pattern of countries which may
reverse the pattern of trade as indicated
by comparative advantage in production of
commodities.
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4, Natural resources: special characteristics
of natural resource base commodities.

S. Barriers to trade: tariffs, quotas, or
other instruments of commercial policies
which disturb the free flow of inter-
national trade.

The following sections examine the above
violations of the H-O assumptions, attempting in each
case to evaluate the empirical validity of the assump-

tion and to point out the conditions under which the

H-O assumptions may be considered realistic.

1.4.2 Factor Intensity Reversal

A necessary condition for realization of the
H-O pattern of trade is the assumption that the production
functions exhibit different (among commodities) and un-
changing (among countries) factor intensities for all
possible factor price ratios. This means that a commodity
which is capital intensive relative to another commodity
remains capital intensive irrespective of the relative
factor prices, and so also will a labor intensive good.
This is called the strong Samuelsonian factor intensity
assumption.

If production functions are of the Cobb-Douglas

form,
. b.
Q; = Akt - L? (ayo, bYo) (8)

where Qj; is output of industry, i, K and L are capital

and labor inputs, and Ay, a;, and bi are the parameters,
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it is shown below that the relative factor intensities
are independent of factor price ratios, and thus the
strong factor intensity assumption holds.
From (8) the marginal productivity of labor

and capital in industry i can be written as:

2Q,/0L = A;b.K L (9)

]
>

2Q; /9K ja:K L (10)

and the marginal rate of substitution between capital

and labor:

(3Q;/3L): (3Q;/2K) = (b;/a;) (K/L) * (11)

Recalling that under perfect competition the
marginal rate of substitution is equal to the factor
price ratio, the optimal capital/labor ration in indus-

tries i and j will be:

~
[}

i = (K/L); = (aj/by) (w/r) (12)

~
|

5 = (K/L)j = (aj/bj) (w/T) (13)
With equality of factor price ratios among industries in
equilibrium, the relative factor intensities can be writ-

ten in the form:
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(X;/%5) = (aj/bj):(aj/bj) (14)

which is independent of the relative factor prices.
However, production functions may be best
fitted in the form:

-b, -b; -1/b;
Q; = (A;k Y +aL ) Y (15)

as suggested by Arrow, Chenery, Minhas, and Solow [1],

in which case we can show that relative factor intensity

is not necessarily independent of factor price ratios.
The marginal productivity of capital and labor

in industry i can be written as:

bi + 1

2Q;/0L = a3 (Q/L) (16)

bi + 1
A5 (Qi/K) (17)

bQi/bK

and the marginal rate of substitution between capital

and labor will be:

bi+l

(2Q;/2L): (3Qi/K) = (ai/Ai)(K/L) - (18)

Equality of the marginal rate of substitution
with factor price ratios, under the perfect competition
assumption, yields the following optimum factor use

ratios in industries i and j.
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1/(b; + 1)

(Aj/73;) (w/T) (19)

>~
1]

(K/L);

1/(b. + 1)
j 7 (KL = (Aj/ap) (w/r) ) (20)

=~
]

where 1/(b + 1) = Z 1is the elasticity of substitution
for each industry. With market equilibrium, the relative
factor intensity can be written as

Z; Z

i 2:-7;
(Xi/X5) = [(A;/a5) i (A5/a5)

Noun 7 2

Therefore, factor intensity can be independent of factor
price ratios only if Z; = Zj' That is, factor intensity
reversal is ruled out only when the elasticities of sub-
stitution for industries i and j are equal. With factor
intensity reversal the neat and clear conclusions of the
H-O0 theory do not necessarily hold. Consider the relation

for the optimal factor use ratio for industry i which can

be rewritten from equation (19) in the logarithmic form:
Log(K/L)i = Log(Ai/ai) + 1/(b; + l)Log(w/r)Ezz)

This relation between the factor use ratio and relative

factor prices can be drawn as a straight line for any
1
b +1°

industries the elasticities of substitution are different,

industry with a slope of Zi = If for any two

the two lines will definitely intersect at some critical
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factor price ratio, at which point the relative factor
intensities will be reversed.

In Figure 1-3 the straight linés of XX and YY
represent the optimal factor use ratio for industries X
and Y at different factor price ratios. At the relative
factor price of (w/r), commodity X is capital intensive
and commodity Y is labor intensive. However, when the
relative price of labor increases to (w/r); the optimum
factor input ratios indicate that Y is more capital in-
tensive than X, and at the point (w/r), both commodities
have the same factor intensity. The far-reaching impli-
cation of this possibility is that if the relative factor
prices in the two trading countries are such that they
are as widely different as (w/r); and (w/r);, or more
precisely if they are such that they fall on different
sides of (w/r)o, then nothing definite can be said about
factor intensity of commodities, and the H-O pattern of
trade will not hold for at least one of the trading coun-
tries.

Let E; and E, denote the factor endowment ratio
of countries I and II for which the range of relative
factor prices in country I will be between (w/r)'; and
(w/r)"1 and in country II will be between (w/r)'z and
(w/r)"z. As shown in Figure 1-3 factor reversal occurs
in the relevant range of relative factor prices. Country
II, which is richly endowed with labor, will have a com-

parative advantage in Y, the labor intensive commodity.
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Figure 1-3

Factor Intensity Reversal
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Country I, which is capital abundant, will have a
comparative advantage in the production of X, the labor
intensive commodity in that country. Thus country II's
production and trade conform with the H-O pattern while
those of country I do not.

The important question is how widespread is
this phenomenon, if it exists at all. In Samuelson's
view [29], "factor intensity reversal is much less
important empirically than it is interesting theoreti-
cally." It was Minhas [22] who suggested that factor
reversal is in fact an empirical possibility. le main-
tained that, based on the study with Arrow, Chenery, and
Solow [1], production functions are not internationally
characterized by the Cobb-Douglas form but are best fitted
in the form of CES production functions represented above
by equation (8).

In a test of twenty-four industries in nineteen
countries Minhas found [22,pp. 35-39] that in fact factor
reversal occurs between five pairs of industries (from
twenty-five pairs) in the relevant range of factor price
ratios. However, the result of these estimates depends
upon the method of estimating the value of elasticities
of substitution. Leontief [20], using Minhas' data but
with an alternative method of estimating elasticities,
found that only seventeen of 210 possible factor reversals
occur in the relevant range of factor prices between the

U.S. and India. He therefore concluded that the strong
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factor intensity assumption is supported by Minhas' data.

Alternatively, the strong factor intensity
assumption can be tested by ranking the factor intensities
of industries among countries. Then, if the assumption
that for any ratio of factor prices '"the optimal ratio
of capital to labor in any given industry i is always
greater or less than any other industry j were true,
then the ranking of industries between the two countries
with widely different factor price ratios must match"
[22, p. 39]. 1In fact Minhas performed the same ranking
for the U.S. and Japan and found the Spearman rank cor-
relation coefficient of only 0.328, '"which is nowhere
near unity, the value implied by the strong factor in-
tensity assumption."

llowever Ball [3] showed that when Minhas'
ranking is applied to only non-agricultural goods, the
rank correlation coefficient for both direct and total
input requirement of U.S. and Japanese industries in-
creases. If both agricultural and food products are
eliminated on the basis of greater dissimilarities in
the composition of output and methods of production
among countries, the rank correlation coefficient increases
further. Ball maintains, therefore, that factor intensity
assumption cannot be rejected as was done by Minhas. Nor
can it be accepted.

Similar results were introduced by Lary [17]

who used non-wage value added per employee as an index
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of capital intensity in his bilateral comparison of
manufacturing industries between the U.S. and the U.K.,
the U.S. and Japan, and the U.S. and India. Lary takes
the direct input coefficients to measure factor intensity.
But for a two-factor H-O model only the total requirement
coefficients are the proper measure of factor intensity.
And if only direct factor input is used, '"we no longer
remain within the bounds of a two factor world and all
sorts of extraneous things (like differences in the
degree of vertical integration among industries) can
effect the nature of the results" [22, p. 41].

Although there is no strong basis for rejecting
the uniqueness of factor intensity ranking of commodities
among countries, the issue is not settled. However, with
reference to Figure 1-3, it may be concluded that the
wider the factor price ratio differential between two
countrics, the higher the probability of factor reversal

for a larger number of commodities.

1.4.3 Production Functions and Factor Qualities

Two necessary assumptions of the H-O model
are the equality of production functions and factor
qualities in the trading countries. However, differ-
ences in factor qualities can be transformed into dif-
ferences in production functions, and thus their equality
is the only significant assumption with respect to the

inter-country condition of production.
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Thus the empirical validity of the H-O theory
is not insured if variations of significant magnitude
are observed in the production functions in different
countries.* Consider Figure 1-4, which depicts a situa-
tion where production functions of X and Y are distinctly
different in countries I and II. It can be observed that
relative to Y, X is capital intensive in country I and
labor intensive in country II. Recalling that country I
is abundant in capital and country II in labor, according
to the theory both countries can produce X cheaper than
Y. Therefore the direction of trade cannot be determined
unequivocally but will depend on the relative intensity
of each product in each country and the relative factor
endowment of the two countries. Suppose the relative
factor intensities of commodities and the relative factor
endowment of country I are such that the relative price
of X there is less than that in country II. Then country
I will export X and country II will export Y. For coun-
try I the pattern is consistent with the H-O theory, but
for country II it is not. Therefore the pattern of trade
is not necessarily consistent with the H-O pattern if
wide variations exist in the production functions as demon-

strated above.

*This problem is different from factor intensity
reversal, which may be caused by differences in the elasti-
cities of substitution of production functions. Here, how-
ever, while the elasticities of substitution may be equal,
the problem arises from differences in efficiency and scale
coefficients of the production function of a commodity among
the countries.
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Although there is no justification for assuming
similar production functions for all types of commodities
in all countries, it is reasonable to assume a high de-
gree of similarity in production functions of manufactured
goods, mainly bccause of the widespread diffusion of
technology among countries, and the standardized methods
required for production of these goods. Therefore on
an a priori basis it appears that this adverse possibility
can be reduced if the H-O theory is applied only to the

manufactured goods.

1.4.4 1Identical Demand

The analysis in section 1.2.2 indicated that the
logical consistency of the H-O theory, with its relative
supply definition of factor endowment, requires an explicit
assumption about demand patterns in trading countries.
According to this assumption, demand functions must be
identical in both countries and should be homogeneous of
the first degree to insure independence of demand pattern
from income. However, neither parts of this assumption
may be considered realistic on an a priori basis, specially
when we consider countries with significantly different
income levels. In general the wealthier nations are the
more developed economies, and economic development in most
cases implies a higher degree of industrialization, auto-
mation, and urbanization, all of which will inevitably
affect the consumer's conception of utility and thus his

demand pattern. Although the equalization force of the
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international demonstration effect may tend to influence
the demand patterns of the less developed countries (LDC's),
it cannot be assumed that the patterns are identical in
such widely different countries as India and the U.S.

Furthermore, a unitary income elasticity of
decmand for all goods is hardly an empirical reality;
different goods have different income elasticities. The
I1-0 theory faces special difficulty if a systematic bias
exists in demand for capital intensive commodities in the
wealthier countries, which are with rare exceptions the
capital rich countries.

It can be anticipated that in these countries
there will be a demand bias toward manufactured consumer
durablc goods, higher quality housing, and for non-
traded services. The first and second items are def-
initely capital intensive commodities. For services,
however, relative factor intensity is not as easily de-
termined, since there are significant variations in quality
and definition of services between the very high and very
low income countries. Certain aspects of manufacturing
in an industrialized society may be considered as labor
intensive services in the less developed economies.” At
the same time changes in the quality of services in the

development process often embodies high degrees of

* e s .
For example, the television set in a modern
economy replaces the old Coffee House in a village of
a traditional economy for the evening entertainment.
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mechanization and automation which tend to increase
their capital intensity.*

Therefore a distortion in the H-O pattern of
trade may occur as a result of a systematic consumption
bias toward capital intensive commodities in the capital
rich countries. A capital rich country (U.S.) which pro-
duces relatively more of the capital intensive commodities
than a poor, labor abundant country (India), may demand
so much more of the capital intensive commodities that
the pattern of trade will be reversed. This possibility
is likely to be limited if we apply the theory to coun-

tries with not too dissimilar income levels.

1.4.5 Natural Resources

The tests of the H-O theory consider capital
and labor as the only significant factors in determining
the commodity composition of trade. However, Diab [8]
and Vanek [38,39] have pointed out that exclusion of
natural resources may distort the indicated pattern of
trade for capital abundant countries that are not well
endowed with natural resources. The distortion is caused
they argue, by the high proportion of natural resource
primary goods, which have a relatively high capital in-

tensity, in the imports of these countries.

*The most notable change of this type may be
observed in communication, information, and transporta-
tion services.
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llowever, the difficulty in the treatment of
natural resources in the I1-O theory may be considercd
from a different perspective. A considerable amount of
capital and labor must be expended to bring a resource
into a form which is usable for production purposes,
namely primary goods. As long as the conditions of the
production of primary goods are similar in all countries
we can treat them as intermediate inputs within the two-
factor model of the H-O theory, with no problem. But
difficulty arises when we apply factor requirements for
the extraction and utilization of natural resources of
one country to another one. In a country with an unfavor-
able endowment of natural resources, their supply can be
expanded only at a relatively high cost and with the
employment of highly capital intensive methods. llence
the actual production functions for natural resources
can be different for two countries because of the rela-
tive accessibility and quality of resources. And since
there is no reason to believe that natural resources are
distributed evenly among the countries of the world,
they cannot be treated very easily in the context of the
H-O0 theory, which requires identical production func-
tions for each commodity in all countries. It should
be emphasized here that the difficulty with natural re-
sources comes from their characteristic as a produced
commodity and not because of their exclusion as a factor

of production. The only solution is to consider natural
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resources as non-competing imports when they are not
easily available in a country. But since we have no
operational criterion for 'easily available'" resources,
and because any natural resource is scarce in one counl
try or another, the H-O theory appears to be incapable
of including natural resource oriented commodities.

In reality the problem is more complicated
as a result of the mobility of capital across national
boundaries to the countries in which natural resources
are located. However, the important consideration
then is the location of capital, not its ownership.
That is, a capital poor but natural resource rich
country may become abundant with capital as a result of
the inflow of foreign capital for the extraction and
export of its natural resources. One can no longer then
consider the recipient country capital scarce if its
relative endowment of capital changes vis-g-vis the

other country.

1.4.6 Trade Barriers

A theory of comparative advantage can predict
the pattern of trade only if no artificial barriers exist
to the free flow of international trade. Otherwise, al-
though the theory may be capable of explaining comparative
advantage, that is the forces that determine the relative
prices of commodities in isolation in each country, it can
fail to predict the commodity composition of their trade.

This, Travis [34] points out, is the most important reason
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for the failure of the H-O theory in predicting the
pattern of world trade.

This view is supported in a study by Tarshis
[32], which examines the wholesale prices of selected
commodities in the U.S., the U.K., the Soviet Union, and
Japan. lle found that the comparative advantage of each
country, as reflected in the relative commodity prices
in that country, is consistent with the factor propor-
tion theory. In many cases, however, the direction of
trade is clearly contrary to the pattern indicated by
the relative prices of commodities.

A study by Vaccara [36] revealed significant
and positive correlations between nominal tariff rates
and the direct labor cost and labor use coefficients
in 311 American manufacturing industries. But a sub-
scquent study by Basevi [4] showed that once nominal
rates are replaced by effective tariff rates the above
relationships are no longer significant.

Igbal [12] applied a more accurate measure of
factor intensity along with effective tariff rates to
a limited number of less advanced industries and demon-
strated that a positive relation exists between the labor/
capital requirement (direct plus indirect) of these in-
dustries in five less developed countries and the effective
rate of protection in the developed countries.

Therefore, while there are no conclusive studies

of the relationship between comparative advantage and the
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tariff distortions in the total U.S. trade and the trade
among developed economies, it is reasonable to expect,
based on Iqbal's study, some systematic distortions in
the trade pattern between the developed and the less

developed economies.






(1]

(2]

(3]

(4]

(5]

(o]

[7]

[8]

[9]

REFERENCES

Arrow, K.J., Chenery, H.B., Minhas, B.S., and Solow,
R.M. '"Capital--Labor Substitution and Economic
Efficiency." Review of Economics and Statistics.
August, 1961, pp. 225-50.

Baldwin, R. '"Determination of the Commodity Structure
of the U.S. Trade." American Economic Review.
March, 1971, pp. 126-46.

Ball, D.S. "Factor Intensity Reversal in International
Comparison of Factor Cost and Factor Use."
Journal of Political Economy. February, 1966,
pp. 77-80.

Basevi, G. '"The United States Tariff Structure:
Estimate of Effective Rates of Protection of
United States Industries and Industrial Labor."
Review of Economics and Statistics. May, 1966,
pp. 147-160.

Bhagwati, J. '"The Pure Theory of International Trade:
A Survey.'" Survey of Economic Theory, Growth
and Development prepared for the American
Economic Association and the Royal Economic
Society. New York: St. Martin's Press, 1965.

Bharadwaj, R. Structural Basis of India's Foreign
Trade. Bombay: University of Bombay, 1962.

Buchanan, N.S. "Lines on the Leontief Paradox."
Review of Economics and Statistics. August,
1954, pp. 286-287.

Diab, M.A. The United States Capital Position and
the Structure of its Foreign Trade. Amsterdam:
North-Holland PubIishing, 1956.

Ellsworth, P.T. "The Structure of American Foreign
Trade: A New View Examined." Review of Eco-
nomics and Statistics. August, 1954, pp. 279-85.

46



[10]

[11]

(12z]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

47

Ford, J.L. The Ohlin-Heckscher Theory of the
Basis and Effects of Commodity Trade. New
York: Asia Publishing House, 1965.

Hodd, M. "An Empirical Investigation of the H-0
Theory." Economica. February, 1967, pp. 20-
29.

Igqbal, Z. The Comparative Advantage of Developing
Countries 1n the Manufacturing Industries and
the Effects of Generalized Tariff Preferences.
Ph.D. Thesis, Michigan State University, 1971.

Jones, R. 'Factor Proportions and the Heckscher-
Ohlin Theorem." Review of Economic Studies.
1956-57, pp. 1-10.

Kravis, I.B. '"Availability and Other Influences
on the Commodity Composition of Trade." Jour-
nal of Political Economy. April, 1956, pp.
143-44.

Kreinin, M. '"Comparative Labor Effectiveness and
the Leontief Scarce Factor Paradox.'" American
Economic Review. March, 1965, pp. 131-40.

Lancaster, K. "The Heckscher-Ohlin Model: A
Geometric Treatment.'" Economica. February,
1957, pp. 19-39.

Lary, H. Import of Manufactures From Less Developed
Countries. New York: NBER, Columbia University
Press, 1968.

Leontief, W. 'Domestic Production and Foreign Trade,
The American Capital Position Re-examined."
Economia Internazionale. February, 1954, pp.
9_450

. '"Factor Proportion and the Structure
of American Trade: Further Theoretical and
Empirical Analysis." Review of Economics and
Statistics. November, 1956, pp. 387-407.

"International Factor Cost and Factor
Use." American Economic Review. June, 1964,
pp. 335-45.

MacDougal, G.D.A. "British and American Exports:
A Study Suggested by the Theory of Comparative
Advantage Part I." Economic Journal. December,
1951, pp. 697-724.




48

[22] Minhas, B.S. An International Comparison of Factor
Cost and Factor Use. Amsterdam: North-Holland
Publishing, 1963.

[23] Mookerjee, S. Factor Endowment and International
Trade. Bombay, 1968.

[24] Ohlin, B. Interregional and International Trade.
Revised Edition. Cambridge, Mass.: IlHarvard
University Press, 1967.

[25] Robinson, R. "Factor Proportions and the Compara-
tive Advantage: Part I." Quarterly Journal
of Economics. May, 1956, pp. 169-92.

[26] Roskamp, K. '"Factor Proportions and Foreign Trade:
The Case of West Germany.'" Weltwirtschaftilches
Archives. 1963, pp. 319-26.

[27] Samuelson, P.A. "International Trade and Equali-
zation of Factor Prices.'" Economic Journal.
June 1948, pp. 163-84.

[28] . '"International Factor Price Equal-
1zation; Once Again.'" Economic Journal. June
1949, pp. 181-97.

[29] . "A Comment on Factor Price Equal-
‘1zation.” Review of Economic Studies. 1951-
1952, p. 121.

[30] Stolper, W., and Roskamp, K. '"Input-Output Table
for East Germany With Application to Foreign
Trade." Bulletin of Oxford University Insti-
tute of Economics and Statistics. November,
1961, pp. 379-92.

[31] Swerling, B.C. '"Capital Shortage and Labor Sur-
plus in the United States.' Review of Economics
and Statistics. August, 1954, pp. 286-89.

[32] Tarshis, L. "Factor Inputs and International Price
Comparisons." In M. Abramovitz and others (eds.),
The Allocation of Economic Resources. Stanford,
California: Stanford University Press, 1954,
Pp. 236-44.

[33] Tatemoto, M., and Ichimura, S. '"Factor Proportion
and Foreign Trade: The Case of Japan.'" Review
of Economics and Statistics. November, 1950,
Pp. 342-36.




[34]

[35]

[36]

[37]

[38]

[39]

[40]

49

Travis, W.P. The Theory of Trade and Protection.
Cambridge, Mass.: [Ilarvard University Press.
1964.

United States Tariff Commission. Competitiveness
of U.S. Industries. TC Publication 473, Wash-

ington, D.C., April, 1972.

Vaccara, B. Employment and Output in Protected
Manufacturing Industries. Washington, D.C.:
Brooking Institution, 1960.

Valavanis-Vail, S. "Leontief's Scarce Factor
Paradox." Journal of Political Economy. 1954,
pp. 523-28.

Vanek, J. The Natural Resource Content of United
States Foreign Trade, 1870-1955. Cambridge,
Mass.: M.I.T. Press, 1963.

"Factor Proportion Theory: The N-Factor

" Case." Kyklos. October, 1968, pp. 749-56.

Whal, D.F. '"Capital and Labor Requirements for
Canada's Foreign Trade.'" The Canadian Journal
of Economics and Political Science. August,
1961, pp. 349-58.




Chapter 2

ALTERNATIVE THEORIES OF TRADEC

2.1 Introduction

The apparent failure of the H-O model to
explain the commodity composition of trade prompted
the development of alternative theories. While the
[1-O theory assumes uniformity of factors of production
and equality of production functions, alternative theo-
ries seek to explain the flow of trade through dif-
ferences in either factor qualities or in the produc-
tion functions. The factor quality approach, or the
so-called neofactor theories,* may be considered an
extension of the H-O theory. They attempt to replace
the simple concept of capital and labor by a more
realistic and somewhat more complex notion of factor
endowment which incorporates factor qualities as well
as quantities. On the other hand, the second approach,
or the so-called neotechnology theories,* in sharp con-
trast with the H-O theory, sets out to explain the flow
of international trade through differences in produc-

tion functions.

*As referred to by Hufbauer (11, p. 195].
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2.2 Neofactor Theories: The Iluman Capital Approach

Proponents of neofactor theories maintain that
while the logical framework of the H-O theory is valid,
its treatment of factors of production is hopelessly
crude. The central concern in this approach is the
development of a more meaningful measure of labor in-
stcad of what the 1I-O theory has provided for, namely
simple and undifferentiated labor. It is argued that
by considering the stock of physical capital and the
number of workers at work as the relevant measures of
socicty's endowments of factors of production, one 1ig-
norcs a substantial part of society's resources which
have been channeled into the stock of "waiting'" in the
form of human capital, [15].

Similar to the stock of physical capital, the
human capital endowment of an economy, manifested in
the skill composition of the workers, will affect the
productive capacity and the structure of relative costs
and outputs of the economy [4,23]. Proponcnts of the
human capital approach therefore maintain that the H-0
theory ignores a significant part of society's resources
embodied in the form of human capital, and in their view
there should be little surprise if the theory cannot
stand the test of empirical verification.

The recognition of skills as a determinant of
the commodity composition of trade dates back to 1956

when Kravis [18] found that American workers receive
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higher wages in cxport industries than in import competing
industries. |lle attributed the relatively high wages in
export industries to the higher skill mix of these in-
dustries. This hypothesis was later tested and confirmed
by Waehrer [27] through a statistical analysis of the re-
lationship between wages and skills in Kravis' industries.
Both Kravis and Waehrer concluded that the U.S. has a com-
parative advantage in the production and export of skill
intensive commodities.

While the above studies present some relationship
between the skill mix and comparative advantage, the effort
was not put within a systematic model for explaining com-
modity composition of trade. The general contention of
the human capital approach has been put forward in two
different forms. Human capital may be considered along
with physical capital as one composite factor of produc-
tion, capital, with unskilled labor (the number of man
years) being the second factor. This approach was sug-
gested by Kenen and Yudin [16], Kenen [15], Bharadwaj
and Bhagwati [5], and Roskamp and McMeekin [22]. They es-
timated the wage differentials between unskilled labor
and various skilled categories, The excess of earnings
of a skilled over an unskilled worker was considered as
a return to the human capital invested in him for educa-
tion and training. The stock of human capital is then
estimated by applying a ''realistic'" rate of return to his

earnings.
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Kenen [15], through the application of the
above method and assuming 12.7 and 9 percent rates of
return to human capital, measured the physical and the
human capital embodied in one million dollars of Ameri-
can imports and exports for 1947 trade. However, the
results were only a slight improvement over those of
Leontief (in terms of the H-O model) and thus the para-
dox prevails.

With a similar approach, Roskamp and McMeekin
[22] undertook a study of West German trade and found
that one million marks of Germany's exports contain a
higher ratio of human capital to labor and human capital
to physical capital than it's one million marks of im-
port competing commodities. They concluded that Germany
experiences a comparative advantage in the production
of skill intensive relative to capital and labor inten-
sive commodities.

Bharadwaj and Bhagwati [5] applied Kenen's
method to Indian trade during 1953-54. Although their
results indicated that Indian exports are, on the ave-
rage, more labor intensive relative to imports, an
unexpected situation existed that the inclusion of human
capital reduced the degree of relative labor intensity
of Indian exports.

Using wage differentials as a proxy for human
capital has several shortcomings. First, one must choose

a "standard" wage rate for '"standard" unskilled labor,
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a selection which is often arbitrary and therefore may
bias the results rather considerably. Once the '"stan-
dard'" wage rate is established, a more difficult task
is to select a '"realistic'" rate of return to human capi-
tal. Once again the choice is relatively arbitrary and
can affect the results significantly. However, the other
shortcoming of Kenen's method lies in attributing the
total wage differentials to skill levels, and thus to
human capital. What is assumed away is the effect of
the monopoly power of labor unions in the labor market
on the wages of the skilled workers.

Within the context of Kenen's approach, the
stock of human capital may be measured directly by
estimating the cost of education for each skill level.
In this way Baldwin [2] estimated the total capital
embodied in imports and exports as the sum of the physi-
cal capital and the educational cost for required skills.
lle found that for U.S. trade in 1962, after excluding
natural resource intensive commodities, the coefficient
of factor intensity of trade* becomes 0.97, and thus the

paradox is reversed.

*The ratio of factor intensity of imports to
exports, or

(K/L)
m

(K/L)
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An alternative method for assessing the human
capital requirement of trade was introduced by Keesing
[12, 14]. lle attempted to find the relationship between
the commodity composition of trade and interindustry
skill differentials by looking into the actual skill mix
of industries. ''The availability of labor skills deter-
mines the pattern of international location and trade of
manufactured products, those not closely tied to natural
resources,'" said Keesing [12, p. 28]. This hypothesis
is based on the observation that labor is much 1less
mobile internationally than capital. While in the ab-
sence of labor mobility skills may be acquired only
through a long process of industrial experience and edu-
cational training, the mobility of capital and the trans-
formation of new technology embodied in capital goods are
rather prevalent among economies. Therefore, within the
framework of the H-O theory, it is only the relative
endowment of skilled to unskilled labor that determines
the pattern of trade.

Kessing classified labor skills into five
Categories:

I. Professional, technical, and managerial.
II. Craftsmen and foremen.
ITI. Clerical, sales, and services.

IV. Operative (semi-skilled).
V. Laborers (unskilled).
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Applying the immediate skill requirements of
U.S. industries® in 1950 to 1957 imports and exports of
the U.S. and eight other countries, he found that U.S.
exports are more skill intensive than imports by using
three different definitions of skill intensity (Table
2-1). Moreover, for the other countries he discovers
that the relative skill intensity ratio of expofts to
imports is larger than one for West Germany, Sweden, and
the U.K. and smaller than one for the Netherlands, Bel-

gium, Italy, France, and Japan.

Keesing's results cannot be considered conclu-
sive and affirmative verification of the human skill
theory without properly identifying the relative skill
endowment of the countries under study. If one accepts
that the U.S. is the most skill abundant country in the
world, then the U.S. result is a positive confirmation
of the theory. However, very little can be concluded
from the trade structure of the other eight countries
without specific knowledge of their relative skill en-
dowment in terms of trading partners.

Hufbauer [11] attempted to test for the gener-
ality of Keesing's hypothesis by correlating the skill

intensity of exports with the skill endowment of a

——

*The application of U.S. skill coefficients to
the trade structure of other countries may be justified
Oon the basis of the tests performed by Keesing [12], and
Hufbauer [11], which show significant similarity of rank-
1ng of skill intensities of industries among countries.
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Table 2.1

Keesing's Estimate of Skill Intensity
of U.S. Trade (1957)

Definition of skill Group (I + II) Group I Group 11

intensity ratio Group (IV + V) Group (IV + V) Group (V + V)

Export skill ratio

Tmport skill ratio 1.724 1.582 1.8u9

Note: Groups refered to in this table correspond to the skill

caltegories used by Keesing.

Source: [12, p. 291, Table 3].
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selected group of countries. He found 0.695 and 0.822
for the Spearman and weighted rank correlation coefficients
between the two variables.

In criticism it should be noted that both
Keesing and Hufbauer apply the immediate (i.e. the final
stage) instead of the total input requirements of each
industry, thus ignoring the indirect input requirements
for the industry. Their estimates will thus be biased
to the extent that the degree of vertical integration and

the indirect factor requirements may vary among industries.

2.3.1 Neotechnology Theories

The H-O theory assumes that the technological
conditions of production are similar in all countries.
However, in actual fact a country may enjoy a comparative
advantage as a result of favorable technological conditions.

A country with large domestic markets can have
a comparative advantage in the production of a decreasing
cost commodity. More significantly, the comparative
advantage may be the result of the development of a more
efficient process for producing the old commodities or
from the monopoly position resulting from new innovations
in producing new products.

The proponents of neotechnology theories of trade

Maintain that "a complete explanation of trade must take

account of differences in technological capabilities and
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the relative efficiency among countries and industries
[1,p. 241]. A1l neotechnology theories assume demand
as given and similar factor endowment ratios in all
countries, and they set out to explain the commodity
compositioﬁ of trade through comparative technological
advantage. In this section several neotechnology
explanations of trade will be presented under the four
alternative theories of scale economies, stage of pro-

duction, technological gap, and the product cycle.

2.3.2 Scale Economies

According to the scale economies explanation
of trade, a country with a large home market will tend
to enjoy a comparative advantage in the production of
those commodities which exhibit the greatest scale
economies.
Hufbauer, the first proponent of this thesis in
1966, pointed out that the above proposition carries with
it a "hidden" assumption, that "internal commodity price
ratios are established in all countries before trade
opens; that is to say that all goods are produced every-
where before trade commences'" [10, p. 23]. The assump-
tion implies that small nations could not, with reliance
on international markets, develop a scale economy industry.
However, Hufbauer argued that while contrary to this

assumption production and trade are often simultaneous,
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geographical and psychological barriers to trade, along with
the protcective measures of tariffs and quotas, prevent a
small country from taking advantage of international markets
(10, p. 3; 11, p. 176].

In a detailed study of the trade and development
of synthetic materials Hufbauer found that the size of home
markets, as measured by gross domestic product, '"exercises
considerable influence over the direction of synthetic
materials trade" [10, p. 72].

Baldwin [2] tested the scale economies hypothesis
by applying Weiss' estimates of scale index [29] for each
industry (the percentage of employees in establishments with
250 or more employees) to an average one million dollar
bundle of U.S. imports and exports for 1962. The results
supported the theory in the cases of U.S. total trade and
trade with Canada and the less developed countries but
contradicted it in trade with Western Europe and Japan.

In a recent study, Hufbauer [11] introduced a
more sophisticated method for testing the scale economies
theory. As a measure of the scale coefficient he estimated
the percentage change in value added per worker for a per-
Centage change in the plant size for each one of the three-

. . *
digit SITC group of U.S. manufacturing industries. This

. * A detailed explanation of the method of estima-
tion of this coefficient and the coefficients of the
following three neotechnology theories will be presented
in Chapter 5, where the bilateral trade structure of the
U.S., the U.K., and South Korea will be tested.
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coefficient is then weighted by the relative size of exports
of each commodity group in the expdrt baskets of the U.S.
and twenty-three other countriés for 1963 to obtain the co-
efficient of scale economies embodied in exports. IHufbauer
tested the theory by estimating the Spearman and the weigh-
ted correlation coefficients between the rank ordering of
scale coefficient of exports and the size of manufacturing
output of the economies as a measure of economic size. He
found the two coefecients to be 0.627 and 0.788, respect-

ively and concluded that the test confirms the theory.

2.3.3 Stage of Production

The stage of production hypothesis attempts to
explain comparative advantage in terms of the level of
economic development and the technological sophistication
of production in the economy. The essential logic of the
thesis grows out of economic development studies which are
concerned with structural transformation and growth through
import substitution. The theory states that the less advan-
ced economies tend to specialize in the production of fini-
shed consumer goods while the more advanced economies spec-
ialize in production of consumer goods. The reason for this
Pattern of specialization is that the required technology
for the production of consumer goods is less complicated and
1s less capital intensive. In addition there already exists

a8 substantial domestic market in the less developed economies

for these commodities which were imported prior to their
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domestic production [24, p. 5; 9, PP. 6,7].

The only test of this theory was performed by
Hufbauer [11] by estimating the proportion of consumer
goods in the exports of twenty-four countries (as explained
in section 5.3), he found the Spearman and rank correl-
ation coefficients between consumer goods ratio in exports
and the GDP per capital as a measure of the level of
economic development to be coefficients of 0.818 and
0.801 respectively. This, in Hufbauer's view, confirms

the theory's hypothesis.

2.3.4 Technological Gap

The dynamics of industrial development manifested
in the introduction of innovations and imitations is
considered by the technological gap theory as the
significant factor which shapes and affects the structure
of manufacturing trade among countries.

The effect of technological change on the
structure of trade became the focus of studies during
the 1950's when the dollar shortage problem became
apparent. The works of Hicks [7], Balogh [3] and
Williams [28], among others, concentrated on the con-
Sequences of technological progress, particularly of
the U.S., on the relative prices of commodities in the
international market. However, Kravis [19] pointed
out that the éffect of technological change on the

Structure of trade is not only through the forces of
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comparative cost and therefore through relative price
adjustments but, more significantly, through 'the
advantages which result from the possession of the newest
product and of the most recent improvement on the old kind"
[19, p. 151]. This is the so-called availability
thesis.

Since the innovation of new products and
processes is the result of systematic efforts of pro-
ducers in research and development, Keesing [13] and
Gruber, Mehfa, and Vernon [6] attempted to test Kravis'
hypothesis indirectly by considering the relationship
between the level of activities in research and develop-
ment and the export performance of a selected group of
U.S. industries. They found a positive and significant
correlation between the proportion of expenditure on, and
the proportion of scientist and engineers in research
and development and the level of export performance of
the industry.

The simplistic version of the technological
gap theory introduced by Kravis in the above proposition
was formulated into a dynamic model by Posner [21].
Posner assumes no international differences in factor
Proportions, no factor mobility, and no transportation
Cost among countries in this model. If a country
introduces a new product or an improvement of an old
Product, the country will enjoy a comparative advantage

in the production of that product in the international
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market until other countries become capable of producing
this new product. The lag between the time that the
product was introduced and the time that another country
can imitate it is called "imitation lag" (t tz in
Figure 2-1). The size of the lag may depend on the
availability of technological requirements for the
imitating country and on the extent of legal barriers
to patent rights.

llowever, once the other countries are able to
set up similar production processes, the leading
country loses its favorable position and the export of
the new commodity declines. Of course if new innovations
take place in the advanced country, by the time comparative
advantage is lost in production of one commodity innovations
will provide comparative advantage in production of other
commoditics. The important point, however, is the extent
of the aggregate imitation lag.

Hufbauer [11] tested this theory by correlating
the average age of exports of twenty-four countries
(explained in section 5.4) and the GDP per capita as
the measure of industrial sophistication. Ile obtained
significant Spearman and weighted rank correlation
coefficients of 0.698 and 0.864,respectively,and considered

the result a positive test of the theory.
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2.3.5 Product Cycle

To the extent that the product cycle approach
deals with the timing of innovations and the level of
technological sophistication of economies, the theory
is little different from the technological gap theory.
However, the product cycle theory attempts to consider
the elements which bring about the imitation gap and
in this respect it is one step beyond the technological
gap thcory.

llirsch [8] and Vernon [26] maintain that the
more sophisticated economies can produce the new and
differentiated product. The high income of the economy
justifies the expectation of large profits through
developing the new product. In the early stages of pro-
duction the producer is confronted with the uncertainty
concerning the dimension of the market, the specifications
of the inputs, and the exact method of production. But
once the product is introduced and its production
expanded, a certain degree of standardization in the
method of production and the product itself takes place.
Before standardization, the innovator is the sole producer,
and he therefore enjoys a comparative advantage on the
international market.

But with standardization the product can be
imitated, which is referred to as the maturing period

for the product, and the first producer may lose his
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comparative advantage if the cost of production is less
for other economies due to more favorable factor endow-
ment positions.
Hirsch's study of the U.S. electronic industry
[8] showed that between 1960 and 1964 the competitive
position of the matured electronic products deteriorated
while the industry maintained its lead in the growth
(not yet matured) products. |
llufbauer [11] attempted to test the product
~cycle theory in a cross sectional study of exports of
twenty-four nations by correlating the index of product
differentiation (explained in section 5.5) embodied in
exports and the GDP per capita. He obtained Spearman
and weighted rank correlation coefficients of 0.724 and
0.763, respectively, and concluded that the result is a
positive confirmation of the product cycle theory.

*
2.4 An lLvaluation of Alternative Theories of Trade

The neofactor and neotechnology theories of

trade, as presented in this chapter, choose distinctly

*

By applying Hufbauer's measures, a recent study
by the United States Tariff Commission [25] tested the
scale economies, the technological gap, and the product
cycle theories for U.S. trade during 1958/60 and for 1968.
The results confirmed the technological gap and the
Product cycle theories for both periods. However, in the
case of the scale economies hypothesis while the 1958/60
trade is consistent with the predicted pattern, incon-
Sistency is observed in the 1968 trade.
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different variables as the predominant forces in the
determination of comparative advantage. For neofactor
theories, the determining element is the relative
endowment of factors of production in each country.
Added to the traditional version of the H-O theory is
the admission of differences in factor qualities through
consideration of relative endowment of human capital.
Thus, neofactor theories preserve the logical framework
of the 11-O model and its static characteristic.

In contrast neotechnology theories depart from
the relative endowment of factors of production ex-
planation of trade and seek to determine comparative
advantage through relative differences in production
functions. In this case, since the predominant variable
is the relative technological advantages of economies,
the theories are molded in a dynamic form which attempts to
explain the effect of technological change and its un-
even incidence on countries and commodities on the pattern
of trade. The only exception to this generalization is
the scalc cconomies theory which is primarily concerned
with the relative efficiency of production achieved as
2 result of the economic size of the country.

While stage of production, technological gap,
and product cycle theories each give a different hypothesis
for the commodity composition of trade, all three theories
are essentially saying the same things: The more advanced

€conomies will have comparative advantage in the production
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of the more sophisticated commodities. The level of
sophistication of commodities is measured by its newness
in the technological gap theory and by the degree of
nonstandardization in the product cycle theory. Howexer,
since new products are also nonstandardized products,
there is little difference between the two theories.

While the stage of production theory differs
in its explanation of comparative advantage from the
other two theories, the underlying elements remain rather
similar. Consumer googi are relatively more standardized
both in commodity form and in the production process
and require less sophisticated methods of production
which are available in the less advanced economies.

Given the degree of similarity between these
three theories one should expect that they would perform
similarly in a test of international trade flows. In
fact, llufbauer's study, as pointed out above, confirms all

three theories, along with the scale economies and the

human capital approach.

E3

The correlation coefficient between the
coefficient of product age and the product differentiation
Index of trade of twenty-three countries was found to be
-0.710 in Table 6-4 Chapter 6 below.

* %

The correlation coefficient between the
consumer good ratio and the index of product differention
of trade of twenty-three countries was found to be
-0.796, in Table 6-4, Chapter 6 below.
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In addition to what was mentioned in section
2.2 about the shortcoming of Hufbauer's test of the human
capital theory, his tests are open to another criticism.
If one wants to verify the consistency of trade flows
with the comparative advantage of countries, attention
must be directed toward trade performances as reflect
in import relative to export characteristics of each
country and the country's national characteristics.
Hufbauer instead based his conclusions on a series of
correlations between export characteristics and national
characteristics, as hypothesized by each theory. Thus
he may conclude, for example, that country I has a
comparative advantage over country II in the trade of
skill intensive commodities if country I's exports contain
a higher skill ratio than the exports of country II.
llowever, this result amy be misleading if by inclusion of
imports we find that country I is a net importer of skill
intensive commodities while country II is a net exported
of them.

In conclusion, despite several tests of
alternative theories of trade presented in this chapter,
there is no conclusive result with respect to their

empirical validity.
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Chapter 3

EMPIRICAL TEST OF TIL
HECKSCHER-OHLIN THEORY:
A BILATERAL TRADE STUDY

3.1 Introduction

This part of the study attempts to test the

-0 theory by considering the commodity composition of
trade of the United States, the United Kingdom and South

Korea. 1In the case of the United States, the novelty of

the test lies in the employment of a more recent, hitherto

unused in this context, set of input-output tables for

1963 [24]). It provides a basis for a new look into the

s tructurc of American foreign trade.

In order to examine the generality of the H-0O
theory, it was considered desirable to test the hypothesis

for a developed Western European economy and for a less

developed economy. At the time of this study the United

Kingdom was the only major Western European country for

which the required data was available. The only other

Study of the U.K. pattern of trade was carried out by

Hlodd [11] for British trade during 1947-48. However,

given the atypical nature of world trade in the immediate

74
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post war years, a study of the commodity composition of
U.K. trade for recent years may well be in order.
In selecting a less developed economy for a

test of the H-O0 theory, one encounters a dual problem.

The detailed sectoral data required for an input-output
study are seldom available for less developed countries.

On the other hand, most less developed economies specialize
in the export of primary commodities. However, the intent
of this study is to consider the commodity composition of
trade in manufactured goods as well as the total trade of
cach country. It was therefore necessary to select among
the less developed economies one that had a considerable
amount of manufactured exports. With these requirements
the choice of a country becomes very limited, and South
Korea was selected among the very few qualifying countries.
No other study has examined the commodity composition of

S outh Korean trade.

3.2 Methodology

Following Leontief [15,16], the H-O theory
may be tested by estimating the total (direct plus indirect)
Capital and labor requirements of a representative bundle
of the country's exports and the similar requirements for

domestic production of an equivalent bundle of imports.
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This may be done in the following manner.

Let the Matrix A,

all.

-

x:} ln

«eed

13

1177343 34

_anl' LR .amﬂ

represent the direct requirement input-output table of

the economy.

Then the total (direct plus indirect)requirement
input-output table of the economy is [18]

r I SRS

11°°° 713 "F1n

(I - A]

(]
2]
H
o]

where rij is the total requirement of industry j from
industry i to produce one dollar of output.
Furthermore, let
ki be capital input (in $1,000) per one million
dollars of value added in industry ij;and
1. be labor input (in man years) per one million

i
dollars of value added in industry i.

Then the total capital and labor requirement

Per million dollars of output of industry j are respectively
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k = (1)
kj ié% ki rij
— n (2)
1 852% li rij

The proportional amount of each commodity in an
average bundle of imports and exports is represented by

m-j and xj respectively, where

mj = the value of the j commodity (industry
j's output) in representative one
million dollar bundle of the country's
imports; and

x = the value of the j commodity (industry

J

j's output) in representative one
million dollar bundle of the country's

exports.

Then the total capital and labor requirements

pPcr one million dollars of imports and exports will be

n n
Ky ; Z r)omy (3)

n

LMZ( l m

j=1 i=1 EELI
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=1 4= 1 17
s (2

L, = ( 1.r. )

X jéi .1 11

where K and L connote the total capital and labor
M M

requirements for one million dollars of imports. K

X
and L show similar measures of exports.
X

Now the Leontief coefficient of relative factor

intensity, ¥ , 1s estimated by

% Zlcr m%/2(21

j=1 {=1 "3

¥ =

(4)
Z(Zkir ) x, /Z(zli ryy)

j=1 i=1 j=1 1=1 *3

or by substituting (1) and (2) into (4):

S kmp /(31
k, m,) ( 1. m
‘j,ljj &9

cz K, )/(j_1 (s)

Simply stated, ¥ represents the relative factor
(K/L) intensity of imports compared to that of exports
of a country. Therefore, for a relatively capital abundant

country ¥ is expected to be less than one, and greater

than one otherwise.
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The input-output table of each country is
obtained from national statistical sources. TFor the
present context the ideal input-output table is one
that separates the input requirements of each industry
according to its domestic or imported origin. Unfortunate-
ly, few countries provide this level of disaggregation
in their tables. The input-output tables of the U.S.
and the U.K. list separate entries only for noncompetitive
imports, and they include the input of competitive imports
along with the input of similar domestic industries. As
a result, to the extent that imported intermediate
commodities may be used for production in some industries,
the capital/labor ratio estimates of imports and exports,
cach considered separately, will be biased.
llowever, we are interested in the relative factor
intensity of imports as compared to exports. While the
imported intermediate inputs are included in the import
s i1de, the product for which the intermediate input is
utilized is included in the export side. Therefore, the
imported intermediate inputs are accounted for, indirectly,
in the export bundle. Thus they net out in the capital/
labor ratio of imports over that of exports.
As a measure of capital we used the net book
Value of industry's fixed assets plus inventories per
million dollars of value added [3, 14]. Inventories

Include the value of finished and unfinished products
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as well as input materials inventories.
Labor input coefficients are the number of workers
employed to produce one million dollars of value added.
All workers receiving wages and salaries and unpaid

family workers are included in this coefficient.

3.3 The Commodity Composition of U.S. Trade

Total capital and labor requirements of U.S.
industries were estimated by applying the 1963 capital
and labor coefficients for each industry (Table A-2
Appendix) to the 1963, eighty-two sector, total require-
ment input-output table of the United States [24]. The
1970 U.S. trade data reported according to the SITC
classification [21] were grouped to match the output
of the industry groups of the input-output table. Although
the correspondence between the SITC and the SIC classifi-
cations is not exact, the detailed cross classification
charts published by the U.S. Department of Commerce [23]
make possible a relatively accurate groupings of commodities.

The relative factor intensity of U.S. trade 1is
shown in Table 3-2. Capital and labor embodied per
million dollars of U.S. imports are shown in columns
i and ii, while columns iii and iv indicate similar
figures for exports. The estimate of the relative factor
intensity of U.S. trade, ¥ , is shown in column v.

For the H-O theory to hold, this ratio must

be consistent with the relative factor endowment position
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of the country, thus for the U.S. which is relatively
morc capital abundant than any other country in the world
with the cxception of Canada, as Table 3-1 indicates,
the ratio must be less then one in all cases except in

trade with Canada.

The results shown in Table 3-2 indicate that
the Leontief paradox prevails with respect to U.S.-
world trade. Similarly, the bilateral patterns of U.S.
trade with Japan, Australia and New Zealand, Africa,
lLatin Amcrica, and the centrally planned economies do not
rcflect the relative factor abundance of each country
vis-a-vis the U.S. On the other hand, U.S. trade with
various recgions in lurope and with Canada affirms the
11-0 pattern.

Swerling [20] has argued that the service
scctors, mainly wholesale trade and transportation, con-
tributed to the relatively low capital/labor ratio
cmbodied in U.S. exports. However, excluding inputs
of the service sectors (Table 3-3) makes very little
diffecrence to the results.

It was pointed out in Section 1.4.3 that the
Critical assumption of similar production functions among
Countries may be most seriously violated in the case of
Non-manufactured commodities. Therefore, it should be
€Xpected that the H-O theory applied to the trade of only

Manufactured commodities would perform more satisfactorily.



Country

U.S.
Canada
Japan

EEC

France
Netherlands
Belgium
Germany
Italy

EFTA

U.K.
Norway
Sweden
Austria
Denmark
Portugal

Australia
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Table 3-1

Capital/Labor Endowment Ratio of Selected
Developed Economies

(1964)

Fixed Capital per manu-
facturing Employee (U.S. $)

7950
8850
3100

4900
4750
4400
4250
2600

4000
6100
5400
4000
2850
1500

5300

Sources: Hufbauer [12], U.N. [22]. The estimates are the sum
of current outlays for gross manufacturing investment between
LYY and 1904 divided by 1964 manufacturing employment.



andino-3ndur °g°

*[1z] woay eiep apei3 ‘[4z] woaj a1qel

*xtpuaddy ‘z-y °[qel ul pajuasaid SIUDTOTIF0D IoqeT pue Te3TdE) :S321n0§

X
eraeTso3ni pue ‘ured ) AM\MN /4
* BT ‘uredg ‘puelai] ‘puead] ¢°0931¢ { =
T pueTad] M) rﬁg\xv A 1
991" TT°9LT 6€ °789¢ 99°8/1 06°LTTE *¥°S*S°n
L9¢°1 L8°LSC 7L °T8TE 68°96T €1°LL0¢E saTwouody pauueTd ATTBIIUI)
T0%°0 L6°9ST 86 ZETE 09°6L2 £€8°9£2T ©910Y Yanog
0ZL°0 8€"TLT 16°ZT0€ 26812 LL"89LT eISy
991 68 16T 08°60LC 0€ "SHT IS 6LEE eOTIaWy ur3Ie]
€6%°T 69°T8T 66°6062 98°GET 69°9%Z¢ BOT13V
96T T 98°78T 96°L18C 0€°SLT 99°€ZIE saTwouody padoTaaaq SS9
S6T°T 16°502 £€2°686¢ 6%°6L1 69°1692 epeue)
€SE°T T1S°18T G€TTST 82°68T GL'8GGE PUBTESZ MON pue EBITEI3ISNY
020°T 69°692 SE*%0TE 8L°86T T9°89€¢ ueder
L66°0 6L°912 19°9862 6S°602 69°8(87 Nmaousm 13430
S%8°0 90°ZLT €2°98L2 S%°G6T €9°%L9C an
LS80 €8°9L1 LY°%08T 85°96T 98°0L92 Vidd
698°0 LT°66T 6%°6062 8T 96T T9°6L%92 odd
LT0'T %2°802 800082 65061 L0°L092 satwouodg padoraaaq
L90°T ST°102 18°908¢ €0°L8T 60°2ELT TTIOM
/9, (182} uER) (000T$) (1e3) uey) (000T$)
1 A 1 A
A AT TIT Tt T .
S1404Xxd SINOdWI HIIM IAVEL °S°N 0L6T

(pepnToul sinduy [TV ‘SaT3TpPOommO) TTV)
sjuawadelday 3Jiodumy aar3iTiadwony pue sizzodx3y °Se

jo sielToQ UOTTTTW 124 Sjuawairnbay ioqe] pue Te3rde)

-t 2Tqel



84
Indeed the results (Table 3-4) indicate that the paradox
no longer exists in the case of U.S.-world trade. Moveover,
U.S. trade in manufactures with Japan and the centrally
planned economies conforms with the theory. But the
structure of trade with Africa, Latin America, Australia
and New Zealand, and the U.S.S.R., still does not reveal
the expected pattern.
llowever, by confining the H-O theory only to
trade in manufactured commodities, a more accuratc
measure of factor intensity of trade will be obtained
when the nonmanufactured inputs are excluded from the
estimate of factor intensities. Once this is done
the relative factor abundance of U.S. vis-a-vis the
rest of the world becomes more pronounced. The coefficients
fall in all cases in Table 3-5. But the paradox
prevails in trade with the same countries and regions
indicated in the previous case.
The U.S. results lend substantial support
to a less generalized H-O0 theory which attenpts to ex-
P lain the pattern of trade among countries with similar
levels of economic development. Whether the trade of
al1l or only of manufactured commodities are included,
Transatlantic and Canadian trade follow the H-0
Pattern.
When only manufactures trade is considered,
the comparative advantage of the U.S. in the production

qNnd  export of the relatively more capital intensive
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commoditics bhcecomes more pronounced. In these
cascs, (Tables 3-4 and 3-5) the trade with Japan
and the centrally planned economies also follows
the [1-O pattern.

It may be interesting to note that the so-
called Last-West trade, which is included in the
category of the centrally planned economies, conforms to
the forces of comparative advantage as explained by the
[I-O thecory. Among the socialist countries, the U.S.
trades only with the U.S.S.R. and Eastern European
countrics. Trade with the latter constitutes two-
thirds of this category.

Although the less generalized H-O theory
allows for divergence of trade pattern of the U.S. with
the less developed countries (the cases of U.S.-Latin
Amcerican and U.S.-African trade), the U.S.-Asian trade and
1 n particular the U.S.-South Korean trade consistentiy

conform to the theory.

3.4 The Commodity Composition of U.K. Trade

The estimates of capital and labor (1960) and
thc input-output table (1960) published by the Department
O 1" Applied liconomics of Cambridge University [4,5]
Providc the data for estimating the total capital and
labor rcquirements of British industries. The trade
data ;s reported by the United Nations [21] were grouped

t© match the industry groupings of the input-output
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table. In doing so, some difficulty was encountered in
assigning commodities to industries since the detailed
composition of each input-output sector was not reported.
Thus the grouping of the commodities was based on the
sectoral description of the input-output table which may
be somewhat inexact.

Before considering the relative factor intensity
of U.K. trade, the relative factor endowment of that
country with respect to its several trading partners must
be examined. It is reasonable to presume that the U.K.
is capital abundant relative to the less developed,
centrally planned, and '"other European' economies. The
relative factor endowment position of the U.K. with
rcspect to the developed economies is shown in Table
3-6. The endowment position of the U.K. is not substantially
different from the EEC (Italy excluded*), the EFTA
(Portugal excluded**), and the Southern Dominion countries.
llowever, the U.K. is definitely capital abundant relative
to Japan and capital scarce relative to the U.S. and Canada.

The factor requirement of U.K. total trade is
shown in Table 3-7. While the relative endowment
position of the U.K. is somewhere in the middle of the
spectrum with respect to the world as a whole, the U.K.'s

imports are, on the average, more capital intensive than

*
Italy is excluded because its K/L endowment

" position of $2,600 makes it definitely capital scarce
relative to the U.K.

AR
Similar to Italy.
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its cxports. llowever, the results in Table 3-7 indicate
that UI.K. cxports to the relatively capital scarcce
cconomics of Japan and "other Lurope'" are more capital
intensive than the country's imports from them. Con-
versely, its imports from the U.S. (contrary to Hodd's
findings [11]), and Canada are more capital intensive
than the U.K.'s exports to them. Both situations confirm
the I[1-O theory.

While the trade pattern with the centrally planned
cconomics 1s consistent with the H-O theory, the relative
factor intensity of trade with the less developed coun-
trics, with thc exception of South Korea, is contrary
to the prediction of the model.

As in the U.S. case, little change in the pattern
of trade is observed once the inputs of service sectors
arc cxcluded (Table 3-8).

lixclusion of non-manufactured inputs and commo-

ditics, Table 3-10, results in almost identical coefficients
of rclative factor intensity when compared with the case
that only manufactured inputs are excluded, Table 3-9.
In comparison with Tables 3-7 and 3-8 some minor changes
arc noted in the cocfficients. Illowever, the pattern
rcemains unchanged with the only exception being that of
trade with the U.S.S.R., which no longer conforms to the
H-0 theory.

Summing up, the inclusion or exclusion of manu-

factured inputs and trade does not alter the relative
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Table 3-6

Capital/Labor Lndowment Ratio of Selected
Developed Economies

(1964)
Fixed Capital per Manu-
facturing Employee

Country or Economic Region (U.S. $)

U.K. 4,000

Canada 8,850

U.S. 7,950

Japan 3,100

EEC (Excluding Italy) 4,440

EFTA (Excluding Portugal and the U.K.) 4,590

Southern Dominions 4,150
Australia 5,3001 2

New Zealand 10,0001’

South Africa 3,000

lFixed capital per employee in all sectors.

2'I‘he estimate is unreasonably high and is not included in
the ratio for the region.

Source: See Table 3-1.



92

intensity pattern of U.K. trade significantly. U.K.
trade with the U.S., Canada, "other Europe,'" and Japan,
all developed economies, are consistent with the II-0
pattern. On the other hand, U.K. trade with the less
developed economies of Latin America, Africa, and Asia
with the exception of South Korea, cannot be explained
by the model.

Interestingly, the U.K. trade with Lastern
Lurope consistently conforms with the predicted pattern.
Little may be said, however, about the trade with the
LEC, EFTA, and Southern Dominion countries, given their

similar relative factor endowment positions.

3.5 The Commodity Composition of South Korean Trade

Capital and labor input coefficients for South
Korcan mining and manufacturing industries (1966) were
obtained from national statistical sources [6,19].
Unfortunately, similar data for agriculture and the
service sectors were not available. The Japanese input
cocfficients for 1955 were substituted for the missing
data [7,8,9,10,25]. Although this substitution may
result in some errors, it is believed that the input
coefficients of South Korean argiculture and service in-
dustries are substantially similar to that of Japan in
1955. The Japanese data were the closest substitute for
the missing South Korean data.

South Korea is unquestionably less capital
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abundant than any of the developed economies. The factor
endowment position of South Korea relative to its less
developed trading partners is shown in Table 3-11.
Because the required capital and labor estimates were
not available for many less developed economies in Africa
and lLatin Amcrica, the capital/labor endowment ratios of
the major trading countries with South Korea are con-
sidered.

In the Middle East, among the three major
trading countries with South Korea, the capital/labor
cndowment ratio of Iranm could be estimated. llowever,
it 1Is rcasonable to assume that Kuwait and Saudi Arabia
arc morc capital abundant than Iran which in turn is
rclatively more capital abundant than South Korea.
Similarly, although data are not available for Burma,
India, Pakistan, and Indonesia, it is safe to assume that
cach of thesce countries, and four of them together, are
more labor abundant than South Korea.

The estimates of relative factor intensity of
South Korean trade (1969) indicates that the country,
in its total trade, imports capital intensive and exports
labor intcnsive commodities (Table 3-12).

In trade with developed economies the coefficients
of South Korea-U.S. and South Korea-Australia and New
Zcaland indicate inconsistency with the predicted pattern.

[t is intcresting to note that the relative factor
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Table 3-11

Capital/Labor Endowment Ratio of Selected
Less Developed Countries

(1964)
Country or Economic Region Fixed Capital per Employee
(U.s. $)

South Korea 315
Latin America 950

Chile

Mexico

Panama

Peru

*

Africa 1950

Ghana

Moracco

Nigeria

*k

Middle East 1100

Iran

Kuwait

Saudi Arabia
Burma, India, Pakistan, and Indonesia Not Available
Taiwan and Thailand 400
Malaysia, Singapore, and Hong Kong 1200

*
The estimate is unreasonably high.

*k
The given estimate is only for Iran.

Sources and method of estimation explained in the footnote to Table

3-1 except here the K/L ratios include capital and labor of all sectors
since similar data for the manufacturing sectors were not available

for the above countries.
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intensity of trade between South Koreca and U.S., cstimated
with the Amcrican coefficients and input-output table,
wias consistent with [i-0 pattern. Illowever, using South
Korcan production conditions the results become
inconsistent with the theory. It was shown in sections
1.4.2 and 1.4.3 that this form of results may be obtained
if eifher the Samuelsonian factor intensity assumption
or the assumption of equality of production functions
among countries are violated.

Morcover, the relative factor intensity co-
efficicnts of South Korean trade with the less developed
countries, each group considered separately, confirm the
I1I-0 pattern. |

When non-manufactured commodities and inputs
arc cxcluded (Table 3-13), the relative factor intensity
cstimates of trade with all regions become consistent

with the prcdicted pattern of the II-O theory.

3.6 Conclusion

The result of the study, as presented in this
chapter, reveals that the H-O theory provides a rather
powerful cxplanation for the bilateral trade of nations.
The theory faces no serious empirical contradictions as
long as the pattern of trade among either developed or
less developed countries or regions are considered. The
results improve even more if the analysis is confined to

the trade of manufactured commodities.
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Morcover, these findings arc contrary to Linder's
asscertion |17] that countrics with similar lcvels of
cconomic development will tend to exchange manufacturced

commodities with similar characteristics among themselves.
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Chapter 4

THE HUMAN CAPITAL THEORY OF INTERNATIONAL
TRADE: A BILATERAL TRADE STUDY

4.1 Introduction and Methodology

In this chapter the bilateral trade structure of
the United State, the United Kingdom, and South Korea
will be examined in an effort to test the human capital
thcory of international trade.

Following Keesing [4,5], the labor input
requirement of each industry is classified into six
categories:

1. Professionals and technicians.
2. Administrators and managers .
3. Clerical workers.

4. Sales workers.

5. Manual workers.

6. Service workers,

Let St 1 represent the number of workers of
category t (t=1,2...6) required to produce one million

dollars of value added in industry i. Then the total

requirement of group t workers by the jth industry
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will be

' (1)

_ n
Sty T 11 Ped Tij

where r is an element of the total requirement input-
ij
output table of the economy.

Morgvoer, let mj and X5 represent the value of
the jth commodity (industry j's output) in a representative
onc million dollar bundle of manufactured imports and
exports respectively. Then the total requirement of the

t category of workers per one million dollars of imports

and exports will be (St)y and (St)x respectively. Where:

(2)

n n
(), =2 (2_s r,,) x
0 S B R S A

Substituting (1) into (2) the following relations

may be obtained:

n
(), =2_ s ., m
U TS I
(3)
(s)., = 3 s x
ex T 5 %y
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llowever to determine the relative skill
intensity of trade, the six categories of workers
must be classified into skilled and unskilled groups.
HHere the following three measures of relative skill
intensity of trade appear plausible:

(5104 / (SS)M

gi - (4a)

Sy / (55

(S 1 [(8)y + By + (5] (b)

¥S -
2 sy
VX /7 (50, + (54 + (Se)x |

. \.(SI)M + (Sz)u] /[(84)M Syt (56)M]

3

(4c)
[‘Sl)x + (5] / (S5 + g+ 9]

Substituting (3) into the above equations, the

coefficients may be estimated by:

n n
=1 T"‘1j m, / jgl 555 ™ (5a)

(S

Y3 =

1

n n
%zi 313 x, / :z: S.. X
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> Sy e /> 2
s,, m, / s, , m,
[ErEE R Iy S T
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2 n_ Zé n_ (_51))
> s,.ox, / >_ s . X,
j.1 MO e .1 B
[ 2 n (6 n
oz g2 =i
(e=1 j=1 e=b =1 i 3
S _ . SC
X3 T r 2 n r n (5¢)
> 2 St xj]/ Z Z x
Lt=l j=1 \E=4 j=1 tj 5
The problem involved in selecting one definition
of skill intcnsity over the other two concerns the vari-

ations in training and educaitonal requirement for

different catcgories of workers in different industries

and countries.

Group 2

of skill categories (administrators

and managers) contains the most notable variations in the

lIcvel of training and education.

The most consistent

categorices arce the professionals and technicians (group 1)

and manual workers (group 5).

the most
rclative
the U.S.
manpower

However,

reliable and

Therefore, 'Xi is considered

X3S the least reliable index of

factor intensities.

The skill coefficients of selected industries of

and the United Kingdom were obtained from a

study by llorowitz,

Zymelman, and Hernstadt [1].

similar data was not available for South Korea,
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so as an approximation the Japanese data for 1950 wecre
cmployed. The Japanese coefficients were the closest
available substitute for the missing data. The input-
output tables and the trade data were obtained from

sources explained in Chapter 3.

4.2 The Commodity Composition of U.S. Trade

The United States may be considered relatively
skill abundant compared to the less developed and to
the centrally planned economies. The relative skill
cndowment of the U.S. with respect to the developed
cconomies is shown in Table 4-1. Estimates indicate
that the U.S.is skill abundant relative to any one
of the developed countries except Sweden. Illowever,
taking the LEFTA as one group, the U.S. is definately
more skill abundant than any of its trading partners.

The coefficients of relative skill intensity
of U.S. manufacturing trade is presented in Table 4-2.
The estimates of Kls and  ¥,> give almost identical
results. U.S. exports are rclatively more skill inten-
sive than its imports in its trade with the world as a
whole and with each ecconomic region considered, cxcept
the U.S.S.R.

With Xss as the index of relative skill

intensity, U.S. cxports remain more skill intensive
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Table 4-1

Skill Endowment Ratio of Selected Developed Economies
(1961-1964)

Skilled Employees
as a Percentage of

Country or Economic Region Total Labor Force
United States . 0.108
Canada 0.106
Japan 0.049
EEC 0.081
*
France 0.083
Netherlands 0.092
Belgium 0.080
Germany 0.100
Italy 0.046
EFTA 0.088
*
United Kingdom 0.095
Norway 0.080
Sweden 0.129
Austria 0.068
Denmark 0.078
Portugal 0.027
Other Europe 0.047
Greece 0.034
Iceland 0.046
Ireland 0.071
Spain 0.041
Yugoslavia 0.056
Australia & New Zealand 0.101*
Australia 0.103
New Zealand 0.093

*Estimated by Hufbauer [2].

Source: The ratios indicate the percentage of professional, technical,
and related workers, category "0" of ILO classification, in the total
active population. Data from the International Labor Office [3]

except those with asterisks.
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than imports in its trade with the world as a whole
and with most of the economic regions. HHowever, in two
cases, Australia and New Zealand and Latin America,
reversal occurs. This, and the fact that ¥ 35 coefficients
are consistently larger in magnitude than Yls and XZS,
indicates that the U.S. comparative advantage is less in
the commoditics which require relatively more administra-
tive and managerial workers than those that require more

professional and technical workers.

4.3 The Commodity Composition of U.K. Trade

The relative skill endowment of the U.K. is
shown in Table 4-3. Relative to its trading partners
the U.K. 1is less skill abundant compared to the United
Statcs and Canada, has an almost similar skill endowment
ratio compared to the LFTA and the ECC, and is relatively
morc skill abundant vis-a-vis Japan, "other Europe,"
and the Southern Dominion countries. It is also presumed
that the U.K.'s endowment ratio of skilled to unskilled
workers is greater than any one of the less developed
regions.

An examination of the relative skill intensity
of U.K. trade in Table 4-4 reveals that the U.K. is an
exporter of relatively skill intensive commodities in
its trade with the world as a whole with "other LCurope,"

Japan, the Southern Dominions, less developed, and
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Table 4-3

Skill Endowment Ratio of Selected Developed

Countries and Economic Regions
(1961-1964)

Skilled Employees as a

Country or Economic Region Percentage of Labor Force
*
United Kingdom 0.095
United States 0.108
Canada 0.106
Japan 0.049
EEC (Excluding Italy) 0.092
EFTA (Excluding Portugal and the U.K.) 0.091
Other Europe, plus Portugal 0.044
Southern Dominions 0.061,
Australia 0.103
New Zealand 0.093
South Africa 0.019

*
Estimated by Hufbauer [2].

Source: The ratios indicate the percentage of professional, technical,
and related workers, category '"0" of ILO classification, in the

total active population. Data from the International Labor Office

[3] except those with asterisk.
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centrally planned economies. On the other hand, the
contrary is truc for U.K. trade with the U.S. and Canada.
Both situations confirm the human skill theory of trade.

The above relations preVail.regardless of the
coefficient of factor intensity that is used with the
exception of Canada. Trade with Canada is consistent with
the theory if the Xls and YSS definitions of relative
skill intensity are used and is inconsistent with the

¥ ,® coefficient.

However, given the similarity of skill endowment
ratios of the U.K., the EEC, and the EFTA, no statement
may be made with regard to the pattern of trade with

these economic regions.

4.4 The Commodity Composition of South Korean Trade

The relative skill endowment of South Korea
compared to other less developed economies is presented
in Table 4-5. South Korea is less endowed with skilled
workers than are Latin America, Malaysia, Singapore,
and Hong Kong. However, skilled workers are more
abundant in South Korea than in the Middle East, Burma,
India, Pakistan, Indonesia, Taiwan, and Thailand. And
the relative endowment position of South Korea is
similar to that of Africa. A comparison of South Korean
skill endowment with that of the developed countries,

shown in Table 4-1 supports the presumption that the
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Table 4-5

Skill Endowment Ratio of Selected Less Developed
Countries and Economic Regions

(1961-1964)

Country or Region

South Korea

Latin America
Chile
Mexico
Panama
Peru

Africa
Ghana
Morocco*
Nigeria

Middle East
Iran
Kuwait
Saudi Arabia

*
Burma, India, Pakistan, and Indonesia

Taiwan and Thailand

Malaysia, Singapore and Hong Kong

Skilled Employees as a
Percentage of Labor Force

0.022

0.037

0.022

0.015

0.017
0.016

0.035

" .
Data not available.

Source: See Table 4-3.
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country 1is less skill abundant than any group of
developed economics.

The commodity composition of South Korean trade
showed in Table 4-06 indicates that its trade with all
of the developed countries conforms to the human capital
thcory of trade. Illowever, inconsistencies between the
thcory and empirical findings arise in the cases of
trade with Africa, the Middle Last and with Burma, India,
Pakistan, and Indonesia. Among less developed countries,
only the trade with Latin America and Taiwan and Thailand
confirm the theory. The above situations exist with all

three definitions of relative skill intensity of trade.

4.5 Conclusion

The human capital approach to the factor pro-
portion thcory of international trade performs rather
satisfactorily in explaining the commodity composition
of manufacturing trade. The results of the empirical
tests concerning the bilateral trade of the U.S., the
U.K., and South Korea reveal a general consistency between
the theory and the actual flow of commodities. The
bilateral trade of the U.S. and the U.K. with developed
and less developed economies conforms with the predicted
pattern of trade. The same hold true for the trade of
South Korea with developed economies. However, the trade

of South Korea with other less developed economies
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does not conform to expectations based on the human skill
hypothesis.

The failure of the thecory in cases of tradec among
less developed cconomies may be the result of significant
variations in the definition of skill categories of
workers in these countries. lowever, the problem may
not be wholly a statistical one.

Skill intensity reversal may be an empirical
reality among less developed economies. Some skill
intensive commodities may be produced by highly capital
intensive methods in a country lacking the required
skills to the extent that modern machinery may be
substituted for skilled workers. These variations
in skill requirements of industries may not be substan-
tial enough to change the pattern of trade between
developed and less developed economies, yet they may be
significant among less developed countries which have
rather small differentials in their skill endowment ratios.
In the abscnce of any serious empirical test of skill
intensity reversal among less developed countries
(ecssentially due to a lack of data), the above proposition
remains speculative in nature.

Furthermore, this inconsistency between the
prediction of the model and the actual flow of commodities
may be, at least partially, a result of extensive trade

restrictions in the less developed countries.
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Chapter 5

NEOTLCIINOLOGY THEORIES OF INTERNATIONAL
TRADE: A BILATERAL TRADE STUDY

5.1 Introduction

The distinct charactersitic of neotechnology
theories of trade is their consideration of technological
requirements of production as the predominant force in
determining the commodity composition of trade in manu-
factured goods (see section 2.3). In this chapter the
four neotechnology theories of trade will be tested
through an examination of the trade structure of the U.S.,

the U.K., and South Korea.

5.2 Scale LEconomies

According to the scale economies hypothesis
the main determinant of the comparitive advantage of a
country is the extent of the scale economies ecnjoyed by
its manufacturing industries [2]. Producers located
in economies with large markets are able to take advantage
of economies of scale and can therefore produce their
outputs more cheaply than can producers in smaller markets.
Thus the theory maintains that large economies will have a

121
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comparative advantage in the production of those commodi-
ties where production is characterized by increasing
return to scale.

In testing the scale economies theory, however,
economies of scale for various industries must be estimated.
This may be done by measuring increasing return to scale
as reflected in the production functions or by considering
the cost functions directly [11].

Engineering data may be used to estimate the
relationship between inputs and output. However, in this
approach the nontechnical aspects of production are not
considered. Thus, the plant or the process function, as
Walters [11] calls this class of production functions, may
not be relied upon in estimating economies of scale.
Although it is possible to observe increasing return to
scale in the plant, the producer may not realize economies
of scale duc to high cost in the nontechnical aspects of
production.

Alternatively, the extent of increasing return
to scale may be found by estimating the production function
of an industry as a relationship between inputs and the
value of output in a cross-sectional study of the firms in
the industry. 1In this method output is measured by the
value added of a firm in the industry, with capital and
labor being considered as inputs. In addition to the

specification problem and other econometric constraints,
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the most troublesome aspect in estimating production
functions is the difficulty in considering various
qualities of inputs in various firms within an industry.
By taking the number of workers as a measure of labor
input, labor quality as reflected in skill and age
composition in different firms is not accounted for. A
similar difficulty exists in estimating the capital input
into the production process. The appropriate measure of
capital input is the estimate of the flow of capital ser-
vices. llowever, by taking the stock of capital of a
firm as the capital input, not only is the degree of
utilization of the factor not reflected in the measure,
but the similarity of composition of stock of machinery,
equipment, building, and land is also assumed. Consequently,
to the extent that the larger plants may employ higher
quality capital and labor than the smaller plants, the
resulting efficiency observed may not be attributed to
scale alone.

The difficulty in estimating the economies of
scale directly from the cost function lies in determining
the cost of production for various firms under imperfect
market structure [11]. Tﬁe cost of production is defined
as the difference between total revenue and the return
to entrepreneurial capacity. In perfect competition,
where the return to entrepreneurial capacity is the

opportunity cost of that factor, the price of the output
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may be considered as the long run avcrage cost [11].
llowever, in a market characterized by monopolistic
elements, where specialized factors are controlled by
the firm and are not marketable, the true nature of the
cost function may not be estimated.

In this study, however, an additional difficulty
is encountered in estimating the scale economies. The
test of the scale economies theory requires measures of
economies of scale for over one hundred industries, a
task beyond the limits of this study. Furthermore, no
cstimate exists of production functions or cost functions
for such a large number of industries. Consequently,
for the purpose of testing the scale economies theory
of trade, two measures which approximate scale economies
by methods other than those explained above will be
utilized: scale elasticity and optimum plant size for
a large number of U.S. industries as estimated by lufbauer
[3] and Saving [5], respectively.

llufbauer estimated scale elasticity of U.S.
industries based on 1963 Census of Manufacturing [9]
by the following method.

Let V., represent the ratio of value added per
worker for a given size class of plant to the average
value added per worker for all establishments in that
industry, and let N represent the average number of

workers employed per establishment in a given size class
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of plants. Then:

v, = kN7?
where k is a constant and o] is the coefficient of scale
elasticity for industry i. The coefficient « indicates
the percentage change in output per worker as the result
of a percentage change in the plant size.

HHowever, to the extent that larger plants may
employ more skilled workers or a higher ratio of capital
per worker than the smaller plants, the above estimate of
scale economies is exaggerated. With this deficiency in
mind, Hufbauer's estimates of scale economies is applied
to the trade structure of the U.S., the U.K. and South
Korea. Although it is plausible that the scale
coefficients may vary among countries, in the absence of
similar estimates for the other two countries, it is
reasonable to assume that the ranking of these co-
éfficients is similar for manufacturing industries

®
among countries.

The scale coefficients are directly applied to a
representative one million dollar bundle of manufacturing
imports and exports of the above three countries in their

trade with the world as a whole and with several economic

—

The same problem is encountered in applying the
U.S. coefficients to the other two countries in tests
of technological gap and product cycle theories, and using
the Japanese coefficients for all three countries in the
test of the stage of production theory.
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Table 5-1

Total Manufacturing Output and Gross Domestic
Product Per Capita for Selected Developed
Economies (1964)

Country or Economic Region Total Manu- GDP/Capita 2
facturing Output U.s. §
in Billions of 1
U.s. §
U.S. 173.04 3000
Canada 10.55 2110
Japan 21.56 720
EEC 19.04 (95.20) 1464
EEC (Excluding Italy) 19.45 (77.80) 1640
France 27.53 1580
Netherlands 5.55 1430
Belgium 4.11 1460
Germany 40.61 1770
Italy 17.40 1030
EFTA 7.75 (46.49) 1557
EFTA (Excluding Portugal & U.K.) 3.18 (12.71) 1650
U.K. 32.22 1710
Norway 1.81 1880
Sweden 5.62 2100
Austria 2.90 1030
Denmark 2.38 1680
Portugal 1.56 420
Southern Dominions 3.72 1454
Australia 5.63 1810
New Zealand N.A. 2046
South Africa 1.88 507

1The figure for each region is the simple average of the manu-
facturing output of the principal trading countries in that region.
EFTA and the EEC may be considered as unified markets, the

figures in parentheses which are the total market size represent
this alternative measure.

2The figure represents the GDP per capita of the principal trading
countries in the region.

Sources: U.N. [8].
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Table 5-2

Total Manufacturing Output and Gross Domestic Product Per
Capita for Selected Less Developed Economies

(1964)
Country or Economic Total Manu- CDP/Capita2
Region facturing Output inl In U.S. §
Billions of U.S. §
South Korea 0.51 140
Latin America 0.91 409
Chile
Mexico
Panama
Peru
Africa 0.14 160
Ghana
Morocco
Nigeria
Middle EastS3 1.54 224
Iran
Kuwait

Saudi Arabia
Burma, India, Pakistan & Indonesia 2.65 75
Thailand & Taiwan 0.36 117

Malaysia, Singapore, and Hong
Kong 1.055 301

1’ZSee Table 5-1.

3The estimates are only for Iran.

Sources: U.N. [8].
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regions. These results are presented in Part A of
Tables 5-3, 5-4, and 5-5.

However, since the o coefficient for industries
may be either positive or negative, the measures of
scale economies emboided in imports and exports may also
be either positive or negative. In order to obtain a
consistent estimator of the relative scale intensity of
trade, the coefficients of scale economies of imports

and cxports were transformed in the following manner:
= (C+ <
Yoo =(CHE) 1 (CH%)

where XSC is the coefficient of relative scale
intensity of trade, and 0<M and <y are the measures
of scale economies embodied in imports and exports,
respectively. The constant c¢ is selected such that its
absolute value is larger than any estimates of =< and
&y » and thus the numerator and the denominator always
remain positive. In the following tests 0.2 will be the
value of the c constant.

The cstimates of manufacturing output, as
reported by the U.N. [8] and presented in Tables 5-1 and
5-2 for selected economies, are considered the relevant
measure for domestic market size. The U.S., according to
this measure, is the largest single market in the world.

It is therefore expected that the U.S. would enjoy a

comparative advantage in the production of scale intensive
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commodities.

The results shown in Table 5-3 indicate that
U.S. exports are scale intensive relative to U.S. imports
in its trade with the world and with all economic regions,
except Canada.

Similar results are shown for U.K. trade in
Table 5-4. The indications are that the U.K. is a net
exporter of scale intensive commodities to all economies
with the exception of the U.S., the EFTA, and Japan.
llowever, considering the total manufacturing output of
the U.K. relative to its trading partners, the pattern of
trade with the EFTA and Japan appears inconsistent
with the theory. Furthermore, U.K. trade with the EEC
countries is in harmony with the prediction of the scale
economies hypothesis only if the EEC countries are assumed
as scparate cconomics. This, however, is not a realistic
assumption given the extent of mobility of resources and
the lack of trade barriers among the member countries.

By considering the LEC countries as a unified market
the indicated trade pattern becomes contrary to the pre-
diction of the theory.

The South Korean trade pattern, shown in Table 5-5,
conforms to the theory in trade with all developed
cconomies. lowever, several contradictions are encountered
in South Korean trade with less developed economies.

Trade with Latin America, Africa, and the Middle East is
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inconsistent with the theory, as the relative market
size of these economies in Table 5-2 indicates.

An alternative measure of scale economies, the
optimum size of a plant within an industry, may be utilized
for testing the scale economies theory of trade. Saving
[S5] applied the survival technique, as introduced by
Stigler [6], to measure the optimum size of a plant within
an industry. The method is based on the assumption that
"those sizes of plants which have minimum average cost
will be the sizes of plants which will survive the best in
the market place" [S5, pp. 572-3]. Therefore, if it is
observed over time that a larger share of an industry's
total output is produced by a certain plant size, it may
be concluded that size of plant is within the range of
optimum size.

By considering the size distribution of plants
within an industry at two or more points in time and
obsecrving systematic changes in these distributions, the
optimum size of plant may be recognized, assuming that
the plants will move toward the size with minimum average
cost. The optimum size of plants for 92 U.S. industries
was cstimated by Saving [5] for 1954 by the above method.
These estimates may be applied to the trade structure of
more recent ycars only on the assumption that the ranking
of the optimum plant sizes have remained the same for

different industries over time. This assumption is not
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unrealistic since Saving assumes that the obscrved changes
in the size distribution of plants between two points in
time are persistent in the future, in order to estimate
optimum plant sizes [5, p.576].

Saving's estimates are matched with the 3-digit
SITC groupings of imports and exports. In cases where
more than one industry corresponds to one trade category,
the weighted average of optimum plant sizes was computed
by using the Industries' 1954 value added as the weight.
These measures, as reported in Table A-12, are applied to
the trade structure of the U.S., the U.K., and South
Korea. The results are presented in Part B of Table 5-3,
5-4, and 5-5.

The pattern of U.S. trade (Table 5-3) indicates
that this country is a net exporter of scale intensive
commoditics to the world as a whole and to all economic
rcgions cxcept Canada and Australia and New Zealand.
Thesc latter two trade flows are inconsistent with the
scale economies hypothesis.

Examination of the structure of U.K. trade in
Table 5-4 reveals that the flow of commodities is in
harmony with the pattern indicated by the scale economics
theory in all cases except with the EEC and Japan. As
pointed out above, the direction of trade with the EEC
may be considered contrary to the expected pattern when

all LEC countries are considered as one unified market.
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The South Korean trade as considered according
to the scale economies model (Table 5-5) conforms to the
predicted pattern except in Latin American and African

trade relations.

In comparing the two methods of testing applied
here it is interesting to note the similarity of the re-
sults of the scale economies theory (Table 5-15) as tested

with the two alternative measures.

5.3 Stage of Production

The stage of production approach to trade theory
cxplains comparative advantage in terms of the level of
tcchnological development. Technologically sophisticated
cconomics will enjoy a comparative advantage in the pro-
duction of producer goods, while less advanced economies
will have comparative advantage in the production of con-
sumer goods.

Following Hufbauer [3] the coefficient of con-
sumer goods ratio for each industry, Rcg, 1is the proportion
of the total sales of the industry going to the final de-
mand, directly or indirectly:*

H, + % 555 (/)

R.g

S

&

This estimate takes only two rounds of produc-
tion. For difficulties in estimating the more compre-
hensive statistic see Hufbauer [3].
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where “i and Ilj are the sales by industries i and j to
the final consumers (households, government), and Sj
and Sj are the total sales of industries i and j. The
sales of industry i to industry j are represented by
Sij‘

This ratio is estimated by Hufbauer [3] based
on 1960 Japanese experience for the three-digit SITC,
and 1s reported in Table A-11, Appendix.* In the fol-
lowing tests, thc consumer goods ratio, Reg, will be
applied directly to the trade structure of the U.S.,
the U.K, and South Korea to obtain the proportion of
consumer goods in a one million dollar representative
bundle of exports and imports of each country in its
trade with the world and with several economic regions.

The national characteristic which determines

a country's comparative advantage relative to its trading
partners, according to the theory, is the level of
technological development. In this study, Gross
Domestic Product (GDP) per capita is selected as an index

of the level of economic development which is assumed

to be the determinant of the state of technology in an

*Hufbauer [3] obtains a rank correlation
coefficient of 0.8 between the two-digit (SITC) Japanese
ratios and their two-digit (SITC) American counterparts
(estimated from the 1958 input-output table). The American
ratios were not used because they do not provide the
three-digit SITC classification detail.
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economy. The estimates of GDP per capita for a group
of selected economies are indicated in Tables 5-1 and
5-2.

The comparative advantage of the U.S. in the
production and export of producer goods is revealed in
Table 5-6. U.S. imports contain relatively more con-
sumer goods than do its exports in its trade with the
world and with all the economic regions considered,
except with the U.S.S.R. and Canada. Since the U.S. has the
largest GDP per capita in the world, the structure of
its trade with these two countries is inconsistent with
the stage of production theory, while the rest conforms
to the theory.

The structure of U.K. trade, Table 5-7, con-
forms to the theory in its trade with U.S. and Canada,
since the U.K. imports more producer goods from these
countries than it exports to them. On the other hand in
its trade with those economies having lower GDP per
capita than the U.K. (i.e. "other Europe', Japan,
Southern Dominions, Asia and Eastern Europe) the pat-

tern is consistent with the theory.

llowever, the patterns of trade with Latin America,
Africa, and the U.S.S.R. are contrary to the prediction of
the theory. The level of economic development of the
U.K. is not substantially different from that of EEC and
LFTA countries to make the pattern of U.K. trade with

these economies a meaningful test of the theory.
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In the South Korcan case, Table 5-8, thc pat-
terns of trade with all economies, except with the Burma,
India, Pakistan, and Indonesia group, are consistent with

the stage of production theory of comparative advantage.

5.4 Tecchnological Gap

The commodity composition of trade in manufac-
turcd goods is determined, according to the technological
gap thecory, by the relative technological advantage of a
country vis-a-vis other economies. The theory asserts
that the more technologically advanced country will enjoy
a comparative advantage in the production and export of
newer products, while the less advanced country will have
comparative advantage in the export of older products.

To the extent that technological advances are
the result of a systematic and costly process of research
and development, the level of economic development, as
mcasurcd by Gross Domestic Product per capita, may be con-
sidered as the index of the relative technological sophis-
tication of cconomies.

The relevant commodity characteristic is its
age, and it is measured by the date of its first appear-
ance in the export market [4]. IHufbauer [3] estimated
the date of the first appearance of commodities in the
cxport schedule of the U.S. These estimates, as reported
in Table A-11, Appendix, are applied to the trade struc-

turc of the U.S., the U.K. and South Korea.
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In order to magnify the differences between
the ratios the "first trade date'" coefficients of a
representative one million dollar bundle of imports and
exports arc transformed to portray the average 'product
age'" of each country's trade by subtracting it from |
1969 (considered as a point of reference). Thus the
figures in the first two columns of Tables 5-9, 5-10,
and 5-11 are the "product age' coefficients of the country's
trade with several economic regions. Column three of the
tables indicates the relative 'product age' of imports to
that of exports.

The U.S. results (Table 5-9) indicate that
the country enjoys a definite comparative advantage in
the export of relatively "younger' products in its
trade with the world as a whole and with all the ecocomic
rcgions considered. These results conform to the pattern
predicted by the theory.

In the case of U.K. trade (Table 5-10), the
pattern indicates that the U.K. exports relatively "younger"
products to other Lurope, the Southern Dominions, and to
less developed countries as a group than it imports from
them; imports from the U.S., Canada, and Japan are rela-
tively '"younger'" than the country's exports to them. Among
the above cases the pattern of trade with Japan is incon-
sistent with the prediction of the technological gap theory.
Similarly, in the case of U.K. trade with South Korea the

outcome does not strictly support the hypothesis.
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The South Korcan trade pattern, as indicated
by Table 5-11 rcveals that the thcory in its trade with
all developed economies. Illowever, inconsistencies are

cncountercd in its trade with Africa and the Middle East.

5.5 Product Cycle

Similar to the stage of production and the
technological gap theories, the product cycle model
attempts to explain the commodity composition of trade
through the comparative technological advantage of
trading countries. However, the product cycle theory
considers product differentiation as the relevant
commodity characteristic in the pattern of trade.

According to the product cycle approach [1,10],
the more advanced economies will have a comparative
advantage in the production and export of more differen-
tiated products relative to the less advanced economies.

Assuming that the more differentiated a product
1s the grcater the price variation will be in the exports
to different countries, liufbauer [3] introduced the
following mcthod for estimating the degree of product
differentiation of a product group. Let Uj represent
the standard deviation of a country's export price
(f .o.b.) of product i to different countries, and let Vj
represent the unweighted mean of these prices. Then the

Index of Product Differentiation, d, is estimated by
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The more diffcerentiated the product is, the higher dj
will be. Hufhauer;s estimates of d for the U.S. experi-
ence (1965), as reported in Table A-11, Appendix, are
applied to the U.S., the U.K. and South Korean trade
of manufactured commodities.

According to Table 5-12, U.S. exports are
more differcntiated than its imports in trade with the
world as a whole and with all the economic regions under
consideration in this study. This pattern of trade
confirms the product cycle theory. Similarly, the
trade pattern of the U.K. with all economic regions ex-
cept with Canada is consistent with the predicted pat-
tern (Table 5-13). |

In the South Korean case (Table 5-14), the
outcome is 1n harmony with the theory in the trade with
developed economies except in the case of trade with
Australia and New Zealand. However, among less developed
cconomics the patterns of trade with the Middle East, Burma,
India, Pakistan, and Indonesia are inconsistent with the

thecory.

5.6 Conclusion

Ncotechnological theories of comparative ad-
vantage are similar to each other in their selection of the
technological requirement of production as the predominant
variable shaping the manufactured commodity composition

of international trade.
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The scalce economies theory is concerned with the
tecchnological advantage derived from the domestic markct
size. llowever, two alternative approaches to testing the
thecory resulted in equally unsatisfactory results. The
outcome of the test is troublesome in the cases of the
U.S. and U.K. trade with other developed economies. Simi-
larly, scveral contradictions are encountered between the
actual commodity composition of trade and the predicted
pattern in the trade of South Korea with other less devel-
oped countries.

The other three theories--stage of production,
technological gap, and product cycle--consider the rela-
tive lcvel of technological development of economies as
the determinant of the commodity composition of world
trade. The variation in these theories is the commodity
characteristic which can differentiate a technologically
advanced and sophisticated commodity from a less advanced
and less sophisticated one.

Variation in the performances of these theories
is, therefore, the outcome of the discriminating quality
of the index of the commodity characteristic. Furthermore,
since the commodity coefficients of a single country are
applied to all three countries in these tests the other
determining element in the performance of each theory is
the universality of the index of the commodity character-

istic among countries.
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An overview of the results of these threc models
in Table 5-15 indicate that all three theories are equally
suited for explaining the trade of manufactured goods a-
mong developed countries. llowever, while the stage of
productions theory fails to explain the flow of commod-
ities between developed and less developed countries, the
other two theories reveal no serious deficiency in this
respcct. Nevertheless none of the three theories could
cxplain the commodity composition of trade among the LDC's.

In conclusion, only the technological gap theory
and the product cycle theory are capable of providing a
framework for explaining the bilateral commodity compo-
sition of trade of manufactures. Even these theories fail
to explain the pattern of trade among less developed econo-
mics.

The poor performance of the neotechnology theories
to cxplain the commodity composition of the trade of less
developed countries may be attributed, at least partly, to
the cffect of forcign investment in these countries. Al-
though a country's level of technological achievement is
closely related to its level of economic development, the
availability of new technology through the flow of direct
forcign investment may disturb this relationship. Thus
a country at a lower level of economic development may
have a comparative advantage in producing technically

sophisticated products as the result of the availability
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of technology acquired through foreign investment. While
this effect may not be substantial enough to disturb the
pattern of trade between develoﬁed and less developed
countries, it may yet be significant among less devel-
oped countries which have small differentials in their
level of economic development as reflected in their GDP

per capita.
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Table 5-15

Summary of Performance of Neotechnology
Theories of Trade: Trade Flows
Inconsistent with the Predicted Pattern

Scale Economies Theory
A--Hufbauer's Method

Trade of U.S. U.K. South Korea
With Canada EEC Latin America
EFTA Africa
Japan Middle East

Scale Economies Theory
B--Saving's Method

Trade of U.S. U.K. South Korea
With Canada EEC Latin America
Australia Japan Africa

New Zealand

Stage of Production Theory

Trade of U.S. U.K. South Korea
With Canada Latin America Burma, India, Pakistan, &
Indonesia
U.S.S.R. Africa
U.S.S.R.

_ Technological Gap Theory
Trade of U.S. U.K. South Korea

With Japan Africa
Middle East

Product Cycle Theory
Trade of U.S. U.K. South Korea

With Canada Australia, New Zealand
Middle East, Burma, India,
Pakistan, Indonesia
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Chapter ©

THEORIES OF INTERNATIONAL TRADE:
A STUDY OF TRADE PATTERNS OF TWENTY-THREE COUNTRIES

6.1 Introduction

The 11-O theory and alternative theories of trade
have been empirically tested for the bilateral trade re-
lations of the U.S., the U.K., and South Korea. The gen-
crality of thesc theories will now be tested further for
the cxistence of a systematic relationship between the
national characteristics and the commodity composition of
trade in manufactured goods only, as hypothesized by each

theory, for a significantly large number of countries.

6.2 Selection of Countries

In sclecting countries for the following tests,

the aim has been to include the major exporters of manu-

facturcd goods. On the other hand, to test for applicabil-

ity of the theories in explaining the commodity composition

of trade of countries with varying degrees of economic de-
velopment, inclusion of a number of less developed countries
in the sample was considered necessary. DBut since the fol-
lowing tests are confined to the flow of manufactured com-

moditics, many less developed economies had to be excluded.

157




158

Only thosc countrics with a significant size of manufactured
cxport rclative to their total exports were selected.

To provide a basis for comparison with a similar
study by Hufbaucr [2], his criteria for sclecting countries
was adopted, and the twenty-three countries presented in
Table 6-1 are considered for this study. The only depar-
ture from llufbauer's 1list of countries is the exclusion
of Israel. The significant inflow of capital and highly
skilled workers into Israel during the last two decades,
along with the very rapid rate of economic transformation
during this period, required special attention for the
study of its trade structure outside the scope of this

study, (for example see [1]).

6.3 Methodology

The relative factor intensity of trade of each
country is cstimated by applying the appropriate measure
of the commodity characteristic, as developed and ex-
plained in the previous chapters, to the country's repre-
sentative bundle of exports and imports of manufactured
goods. llowever, application of coefficients of commodity
characteristics estimated for one country to the trade
of all countries implies the assumption of non-reversal of
the proper characteristic among countries. The ideal
method would have been to estimate the coefficients based
on each country's experience. lowever, given the limita-
tion of this study, only minor refinements may be under-

taken in this context to improve the testing procedure.
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In the cases of the 1I-0 theory and the human
capital approach, the above cstimation problem may be re-
duced by dividing the countries in the sample into three
groups bascd on similarities in their level .of economic
development. Taking Gross Domestic Product per capita
as an index of the level of economic development, coun-
tries are classified, arbitrarily, into the three follow-
ing groups: The U.S. and Canada constitute Group I; the
major industrialized economies of Europe plus Japan form
Group I1I; and the other economies in the sample (charac-
terized by a Gross Domestic Product per capita of $500 or
less) arc placed into a third group (Table 6-1).

For each group of countries, a representative
country was selected. For Group I the U.S., for Group II
the U.K., and for Group III South Korea. The total capi-
tal, labor, and skill requirements of the industries of
cach representative country, estimated from its industry
data and input-output table, are applied to a representa-
tive onc million dollars of imports and exports of each
country in the group. Assuming that there are less vari-
ations in each group than among the countries in the whole
sample, this method is one step toward using each one of
the twenty-three countries' own national statistics.

For neotechnology theories this refinement in es-
timating the factor intensity of trade of each country was
not possible, since only one set of production coefficients

are available. Therefore, for these tests the same set of
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coc(ficients are applied to the exports and imports of
cach country. Although thec assumption of similarity of
tcchnical conditions of production among countries may

not appear realistic, it may be considered satisfactory
for manufactured goods, especially for the coefficients
of scale economies and product age.

The scale economies theory assumes similarity
of capital and labor input requirements in the produc-
tion process of goods among countries. Therefore, it
is plausible to assume that the coefficients of scale
economiecs, which are essentially a technological char-
acteristic of production and are estimated by assuming
that the capital/labor ratio and skill compositions
arc constant for different industries, remain invariant
among countries, given the widespread diffusion of
technology and the standardized methods of production
of manufactured goods.

The product age coefficients may not be the
same in all countries. In fact there is little reason
to believe that they are. However, what is relevant
in the technological gap theory is the age of the
product on the international market from the date of its

first appearance. On this basis the age of each product

x

U.S. coefficients for scale economies, techno-
logical gap, and product cycle theories, and Japanese
coefficients for the stage of production theory were

applied.
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is best cestimated by the date of the product's first
appcarance in the U.S. export schedule. This will be
true on the assumption that the U.S. has been the
innovator in production of all manufactured commodities,
an assumption which 1is not all too unrealistic.

The assumption of similarity of the estimates
of consumer goods ratios and the product differentiation
index is, however, less realistic. But in the absence
of alternative cstimates, the same set of coefficients
will be uscd to find the commodity composition of
cach country's trade.

The test for the existence of a systematic
relationship between the commodity composition of
trade and the national characteristics for each theory
will be carried out by the method of least square
regression analysis. This will be discussed in detail

in the following section.

6.4 Results and Conclusion

The characteristics of the comTodity composition
of trade in manufactured products (1969) of twenty-three
countries arc shown in Table 6-2. Each set of ¥ coeffi-
cients reflects the relative factor intensity of imports

to that of exports according to the corresponding theory.

- X
Lxcept U.S. (1970), Mexico (1908), Pakistan
(1908), India(1966).
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To test the cexplanatory power of cach theory,
the designated ¥ cocfficicnts of the twenty-three
countrics arec rcgressed on their national character-
istics (Table 6-1), as postulated by the theory. The
independent variable is the national characteristic
and the dependent variable is the coefficient of commodity
composition of trade. Then the regression equation for
each test will be

y; = a + b Xi + e
where y; 1s the coefficient of commodity composition of
trade and Xi is the national characteristic for country
i. 'The stochastic error term is e, and a and b are the
parameters.

The least square regression method is applied
to cach sct of variables indicated in Table 6-3 for

each thcory. The following results are obtained:

(1) Heckscher-0Ohlin:

Xk, = 1.2520 - 0.000045 (K/L) R = 0.3342
; (0.000014)
(2) Human Capital:
p
&T = 4.2144 - 35.7273 (SK) R% = 0.5592
(6.9201)
.
¥ = 4.2140 - 35.7162 (SK) R° = 0.5604
2 (6.9020)
2
Xi = 1.8550 - 9.3854 (SK) R = 0.70642
: (1.1375)
(3) Scale Economies:
Ilufbauer's Scale Coefficients
9
¥ = 1.1235 - 0.06171 (MF) R“ = 0.1092

scl (0.00107) *
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Saving's Scale Coefficients

¥scp = 2.4755 - 0.01639 (MF) R® = 0.1041
(0.01049)*
(4) Stage of Production:
¥cg = 0.8146 + 0.00444 (MF RZ = 0.1504
g (MF)
(0.00230)*
¥cg = 0.4061 + 0.000432 (GDP) R = 0.7611
(0.000053)
(5) Technological Cap:
Yage = 0.9072 + 0.000058 (GDP) R% - 0.2856
(0.000020)
(6) Product Cycle:
2
¥pd = 1.3642 - 0.000203 (GDP) R” = 0.5018
: (0.000044)

where R% is the coefficient of determination of the regres-
sion equation, and the numbers in parentheses are the
standard errors of estimated coefficients. Those
designated by an asterisk (*) are not significant at

the 99 percent probability level.

Among the regression equations the scale econo-
mics and the stage of production (with the size of
manufacturing output as the explanatory variable) do not
perform satisfactorily. The level of significance is
below the 99 percent probability level, and the coeffi-
cients of determination are very low compared to others.

The poor performance of the scale economies
hypothesis as tested by both methods of measuring econo-
mics of scale may be attributed to the unrealistic
assumption inherent in the theory that small nations

cannot rcly on international markets in producing
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commodities with economies of scale. Considering that
production and trade often take place simultaneously it
appears more realistic to assume that development of
large scale production depends more on the technical
capability of the economy than on its absolute size.
To the extent that large scale production often involves
more advanced methods of production and management and a
higher degree of industrial integration, it is more
persuasive to consider comparative advantage in production
of scale intensive commodities as a function of the level
of economic development.

To test this alternative hypothesis to the
scale economies theory of trade, the following two

regressions were tested:

2

(7) ¥goq = 1.2308 - 0.000099(MF) - 0.000120(GDP) R“=0.2976
(0.001197) (0.000052)
Yscy = 4.0351 - 0.00712(MF) - 0.00174 (GDP) R%=0.5198
(0.00969) (0.00042)
where the dependent variables, Kscl and \(SCZ’ are the

relative scale intensity of trade of the twenty-three
countries under this study, as measured by Hufbauer's
and Saving's methods. Manufacturing size (MF) and
Gross Domestic Product per capita (GDP) of these countries
are considered as the independent variables.

The results indicate that while manufacturing
size is not statistically significant in either regressions,

GDP is significant at 95 and 99 percent probability levels
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in the two equations, respectively. Although both rela-
tions appear satisfactory with GDP as the explanatory
variable, the scale economies estimated by Saving's
method indicates a stronger performance.

Therefore, it may be pointed out that although
the scale economies theory, as hypothesized by lufbauer,
does not explain the commodity composition of trade, it can
provide the basis for an alternative explanation of the
commodity composition of trade, as suggested above.

In all other cases, however, the regression
cquations indicate a systematic relationship between the
depcndent and the independent variables as each theory
hypothesizes. In ecach case the relationship is highly
significant and the high coefficients of determination
indicate the ability of the national characteristic to
cxplain the commodity composition of trade. These
rcsults may seem to point to a difficulty of interpre-
tation of the explanatory power of each theory.

The results, however,may be explained by con-
sidering the interrelation between the proposed alterna-
tive theories. As an attempt in this direction we may
separate the six alternative hypotheses into two groups
of factor proportion theories (llypotheses 1 and 2) and
ncotechnology theories (lHypotheses 3 through 6).

The first hypothesis in the factor propoftion
group seclccts relative intensity of physical capital

in production and its endowment in the economy as the
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rclecvant measure. The second hypothesis, while assuming
that physical capital is highly mobile, considers human
capital as the predominant force in determining compara-
tive advantage. llowever, examination of Tables 6-4 and
6-5 reveals that the capital and skill endowment of
countrics on the one hand, and capital and skill inten-
sities of traded commodities on the other hand, are highly
correlated. Therefore, although the two theories look
at comparative advantage from different angles, signifi-
cant similarities between their selected variables give
rise to almost equally powerful theories. llowever, if
the size of RZ, that is the closeness of the sample
recgression line to the sample observation points, 1is
chosen as a criterion for distinguishing the "better"
theory from the other, the human capital approach has

an cdge over the I1-0O hypothesis.

Similar situations exist for the three remain-
ing hypotheses in the second group. The stagc of pro-
duction, technological gap, and product cycle theories
all perform satisfactorily in the test. llowever, this
is not surprising. All three theories consider the
level of technological development of the economy as
the relevant national characteristic, measured by GDP
per capita. On the commodity side the comparative
advantage is reflected, according to these theories, 1in

the level of technical sophistication of the products.
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The difference betwcen the three theories is the various
ways of measuring the concept of product sophistication.
Onc would expecct, a priori, that the three measures--
namcly the ratio of consumer goods, the age of product,
and the index of product differentiation would be very
closely related. Indeed Table 6-4 shows a high degree
of correlation between the measures. Even if the coeffi-
cient R2 is selected as the criterion for discrimination,
the stage of production and the product cycle theories
perform equally well.

llowever, the more interesting aspect of the
results 1is that both groups of theories can explain
the commodity composition of trade despite significant
diffcrences in their approach. Once again this outcome
can be cxplained in light of the interrelationship
between the selected variables.

The level of technological development of a
country is closely related to its level of economic
development, to the extent that technological achieve-
ments can be obtained through costly processes of
rescarch and development. On the other hand, physical
and human capital are both forms of society's savings.
The higher the level of economic development (measured
by GDP per capita) the higher is the ability of the
country to channel its productive resources into physi-
cal and human stock of "waiting'--that is, investment.

As Table 6-5 shows there are very high correlations
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between GDP per capita and capital/labor endowment
ratio (0.9153) and relative skill endowment ratio
(0.9194) of countries in the sample.

Similarly, among the commodity characteristics,
the coefficients of skill intensity are highly corre-
lated with the coefficients of consumer goods ratio and
with the product differentiation index. This implies that
the producer goods and the less standardized products
are those that require highly skilled workers in their
production process, and a country having comparative
advantage in its trade according to one theory will
also have comparative advantage according to the other
two theories.

To conclude, it may be pointed out that all the
alternative theories of trade, except the scale economies,
can cxplain the commodity composition of trade of manu-
factured goods on a global scale. The fact that they
are all powerful in explaining trade should cause no
difficultics since the variables selected by each theory

are a close approximation of those selected by the other

theories.
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Chapter 7

SUMMARY AND CONCLUSIONS

The theory of international trade attempts to
determine the relationship between the national economic
structurc and the commodity characteristics of the
country's trade. According to the orthodox version
of the lleckscher-Ohlin theory this relationship is
between the relative endowment of capital and labor
of the economy and the relative intensity of these
factors in the production of different commodities.

Thus the hypothesis of the theory is that a country will
have a comparative advantage in the production of the
commodity which uses the country's more abundant factor
more intensively.

The Leontief studies of the structure of U.S.
trade for the years 1947 and 1951 presented results
contrary to the prediction of the H-O hypothesis. These
and the subsequent empirical studies of the theory casted
serious doubt over the validity of the H-0 model.
Dissatisfaction with the performance of the H-0O theory
has led to the development of several alternative

theories of international trade.
175
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Within the logical f[ramework of the [[-O thcory,
the human capital approach seeks to explain the commodity
composition of trade through differential skill require-
ment of industries and the relative abundance of a coun-
try's skilled to unskilled workers.

llowever, a new breed of theories, the so-called
neotechnology theories, have set aside the relative
factor abundance and factor intensity concepts. These
theories maintain instead that the commodity composition
of trade in manufactured goods is determined primarily
by the rclative technological advantage of a country
in producing various commodities.

IFor the scale economies theory this technological
advantage is derived from the economies of large-scale
production which may be enjoyed by producers who are located
in economies with a large domestic market.

On the other hand, for the other neofechnology
thecories--stage of production, technological gap and
product cycle--the predominant national characteristic
is the level of the country's technological achievement.
That is, the more technologically advanced economies
will have a comparative advantage in the production
of technologically more sophisticated products. The
difference among these three theories lies in variations
in defining the technological sophistication of commodities.

This study has tested the H-O theory and alterna-

tive theories of international trade. Through a
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reconsideration of the lI-O theory it was shown that

the failure of the theory to explain the commodity
composition of trade was caused by the theory's restric-
tive assumptions in the face of the generality of its
scopc. It was pointed out that although the theory

may not hold at the level of generality presented by
Ohlin, it is still capable of explaining the commodity
composition of trade under certain restricted conditions.

It was thus hypothesized that trade structure
will tend to conform to the H-O pattern between countries
that are not very disproportionate in their level of
cconomic development. Furthermore, it was suggested
that the theory would perform even more satisfactorily if
it was restricted to the flow of manufactured goods.

The basis for this hypothesis was the pre-
sumption that the critical assumptions of identical
demand patterns, similar production functions, and
unique factor intensity ranking of commodities would
hold more strongly under the above stated conditions.

Applying the most recent input-output tables
and industry input requirements of the U.S., the U.K.,
and South Korea, the test of the H-O theory revealed
that the less generalized version of the theory
provides a powerful explanation for the bilateral trade
among either developed or less developed countries.

The results were even more pronounced when trade only

in manufactured goods was considerd. lowever, the
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thcory was not verified in the case of trade between
developed and less developed economies. The results
were contrary to lLinder's hypothesis that the commodity
composition of trade in manufactured goods tends to be
similar among countries with similar levels of economic
development.

The Keesing method was applied to test the
human capital approach to the theory of international
trade. The total requirement of workers of various
skill categories was estimated for a representative
one million dollar bundle of imports and exports of
the U.S., the U.K., and South Korea based on their
national statistics. The result indicated the ability
of the theory to explain trade of developed countries
among themselves and with less developed countries.
llowever, in several cases the theory was inconsistent
with the existing pattern of trade among less developed
countries.

In an attempt to test neotechnology theories,
llufbauer's estimates of commodity characteristics, and
Saving's estimates of optimum plant size were applied to
the bilateral trade structure of the same three countries.
Although capable of explaining the composition of trade
among developed countries, all four theories failed
scriously in their attempt to explain trade among less

developed countries.
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Gencralizing the result of the bilateral study
ol these three countries, it may be concluded that
various cxisting thcories arc uscful in explaining
different scgments of the international flow of commodities.
The orthodox version of the H-O theory, with physical
capital and homogeneous labor as explanatory variables,
is well suited for the trade within the two groups of
developed and less developed economies. In fact it is
the only one. Although the human capital approach and
ncotechnology thecories fail to explain tradec among
less developed countries, they provide a satisfactory
cxplanation of trade of manufactured goods among the
developed countries (a summary of performance of the
thcories is presented in Table 7-1).

While the above tests were concerned with the
consistency of the pattern of trade flows between
economies according to various theories, i1t is also
relevant to verify the existence of a systecmatic
relationship between national characteristics and the
commodity composition of trade for a large number of
countries. This aspect of the study improves upon
llufbauer's similar work by introducing two methodological
changes.

The commodity composition of trade for the H-0O
theory and the human capital approach were estimated
for twenty-three countries from the total factor

requirements of the representative country of each three
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groups of countries. The estimates of the relative factor
intensity of trade obtained by this method are more
appropriate for a study of this nature than are those
found by applying the direct input requirements of
industries based on one country's experience to the trade
of all countries--the method used by Hufbauer. Moreover,
the relationship sought here is between the commodity
composition of trade (the coefficient of commodity
characteristic of imports relative to exports), instead
of export characteristics alone (as done by Hufbauer)
and the national characteristic for each theory.

The results of the regression analysis indicated
that, with the exception of the scale economies theory
all theories perform satisfactorily. However, among
them, the human capital approach, the stage of produc-
tion theory, and the product cycle theory make the
strongest showing.

Bilateral tests of the trade of the three
countries and the regression tests of the world trade
of twenty-three countries provide measures of the
explanatory power of the existing theories from differ-
ent view points.

In the test of the world trade of twenty-three
Countries, the sample included countries with a sig-
nificant share of manufacturing exports in their total
export basket. Consequently only a small number of

less developed countries pass this requirement. Even
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among the countries included in the third groups, over
half arc the so-called scmi-developed countries:

Spain, Portugal, Yugoslavia, and llong Kong. Illowever,
trade in manufactured goods among these twenty-three
countries constitutes the significant portion of the
total world trade. Therefore, the latter test covers
most of the world trade. If this criterion is selected
for choosing one theory over another, then the above
test is the relevant one. However, if the criterion
for the selection of a ''good" theory is the theory's
ability to explain the network of trade flows for

any group of countries, then the results of the bilateral
tests are the measure against which the theories must
be cvaluated.

Of course an ideal theory would perform well
according to both criteria. But as pointed out before,
the result of the bilateral tests of the trade structure
of the U.S., the U.K., and South Korea showed that no
single theory is capable of explaining the flow of trade
among and between the two groups of developed and 1less-
developed economies. While the H-O theory was shown
applicable to trade among less developed countries, it
fails most seriously in explaining trade flows between
developed and less developed countries. It is in this
direction that the alternative theories reveal their own
comparative advantage. Therefore it should not be

surprising to see in the regression tests of the trade
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of twenty-three countries, which capture most of the
trade among developed countries and trade betweecn these
and less developed countries, that the II-O thecory does
not perform as well as the human capital approach, the
stage of production, and the product cycle theories.

However, the varying performances of theories
in different spheres raises the relevant question of the
level of generality expected from a theory of inter-
national trade and the adequacy of the existing theories.

A theory of trade is expected to be capable of
explaining the structure of commodity flows across all
national boundaries. One clear conclusion of this
study is that none of the existing theories fulfill this
expectation; and in this respect none can be regarded
as an adequate theory of international trade.

This deficiency may be attributed to the
simplistic nature of the explanation that these theories
provide. Each theory singles out one economic factor
as the predominant force in determining the commodity
composition of world trade. The factor proportion
theories consider the endowment of resources as the
determining variable by assuming the same level of
technological development in all countries. On the other
hand, the neotechnology theories assume the contrary.

And both groups assume identical demand in all countries.
llowever, while there is some truth in each theory's

proposition, and each of the proposed variables can
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cxplain a part of rcality, nonec can provide a complete
explanation. These variables, namely capital and skill
endowment of the country, the size of the market, national
income, and the level of technological achievements, all
play a significant role in determining the pattern of
trade. Yet despite their deep interrelations, none may
Bc considered as proxy for the rest.

The most challenging task in developing a general
thcory of trade is the consideration of the interreclation
" between these variables in an effort to formulate an
operationally meaningful theory. lowever, as Professor
Keesing pointed out [1], the most striking characteristic
of these variables is that '"they are intimately related
to the growth and development process.'" Consideration
of the problems of economic development and technological
change along with the endowment of resources within a
dynamic framework, thus, appears to be the inevitable path
for the development of a general theory of trade. In
addition, the inclusion of the structure of trade pre-
ferences, trade barriers, and transportation costs within
the context of the theory may prove fruitful.

Alternatively, an effort may be made to sharpen
the focus of the existing theories in explaining different
segments of international trade. This may be done by
incorporating the various theories into two or three
models for different commodity flows distinguished

according to the commodity types (e.g.,homogeneous,
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non-homogeneous) or the economic structure of the trading
countries (e.g., developed, less developed). A possible
method will be to construct composite measures of
commodity characteristics by incorporating various

measures employed in this study.
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Table A-1

A List of Non-Manufactured Commodities

SITC Description of the Commodity

00 Live animals

01 Meat and preparations

02 Dairy products and eggs

03 Fish and preparations

041 , Wheat, unmilled

042 Rice

043 Barley, unmilled

044 Maize, unmilled

045 Cereal, nes., unmilled

051 Fruits, fresh, and nuts, fresh or dry
052 Dried fruits

054 Vegetables, fresh, frozen, or simply preserved
0611 Raw sugar, beet and cane

0616 Natural honey

07 Coffee, tea, cocoa, spices

08 Feeding stuff for animals

09 Miscellaneous food preparations

121 Tobacco, unmanufactured

21 Hides, skins, and fur skins

22 0il seeds, oil nuts, and oil kernels
23 (except 2312) Crude rubber (except synthetic rubber)
24 Wood, lumber, and cork

25 Pulp and waste paper

26 (except 2662) Textile fibers (not manufactured into yarn, thread
or fabrics) and their waste (except synthetic

fibers)

27 Crude fertilizers and crude minerals (excluding
coal petroleum, and precious stones)

28 Metalliferrous ores and metal scrap

29 Crude animal and vegetable materials, nes.

321 Coal, coak, and briquettes

331 Petroleum, crude and partly refined for further
refining

341 Gas, natural and manufactured

4 Animal and vegetable oils and fats
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Table A-2

Capital and Labor Coefficients Per Million Dollars
of Value Added for U.S. Industries

(1963)
NO. Description of Industries Capital Co-  Labor Co-
efficients efficients
($1000's) (Man Years)

1 Livestock & livestock products 2552.57 76.41
2 Other agricultural products 2729.98 48.70
3 Forestry and fishery 2424.65 89.35
4 Agricultural, forestry &

‘fishery services 1070.00 118.36
5 Iron & ferroalloy ore mining 1587.89 45.47
6 Non-ferrous metal ores mining 1573.68 67.22
7 Coal mining 2087.50 1035.62
8 Crude petroleum & natural gas 1796.15 31.70
9 Stone & clay mining & quarry 1583.87 64.72
10 Chemical & fertilizer mineral mining 1603.83 41.54
11 Food & kindered products 792.11 82.14
12 Tobacco manufactures 1647.53 52.94
13 Broad & narrow fabrics, yarn &

thread mills 955.69 153.28
14 Misc. textile good & floor

coverings 968.53 103.44
15 Apparel 398.98 167.35
16 Misc. fabricated textile products 812.49 140.98
17 Lumber & wood products, excluding

containers 939.74 167.14
18 Wooden containers 1119.74 229.88
19 Household furniture 647.44 143.62
20 Other furniture & fixtures 671.70 116.66
21 Paper & allied products, excluding

containers 1252.89 78.84
22 Paper board containers & boxes 1320.45 97.88
23 Printing & publishing 505.05 96.40
24 Chemicals & selected chemical

products 922.20 51.11
25 Plastics & synthetic materials 934.93 61.08
26 Drugs, cleaning & toilet preparations 899.70 38.95
27 Paints & allied products 1110.89 56.65
28 Petroleum refining & related

industries 2048.48 50.90
29 Rubber & misc. plastic products 917.88 90.24
30 Leather tanning & industrial leather 686.44 111.11
31 Footwear & other leather products 466.73 179.35
32 Glass & glass products 1032.46 91.21

33 Stone & clay products 990.29 86.54
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Table A-2 (cont'd)

NO. Description of Industries Capital Co- Labor Co-
efficients efficients
($1000's) (Man Years)

34 Primary iron & steel manufacturing  1478.46 75.42
35 Primary nonferrous metal manu-

facturing 1561.86 82.27
36 Metal containers 984.89 73.60
37 Heating, plumbing & structure

metal products 1004.05 106.23
38 Stamping, screw machine products

and belts 859.42 118.44
39 Other fabricated metal products 931.61 100.18
40 Engines & turbines 852.98 76.30
41 Farm machinary & equipment 948.12 92.62
42 Construction, mining & oil field

machinery 944.55 79.41
43 Material handling machinery &

equipment 758.45 71.97
44 Metal working machinery &

equipment 622.55 92.54
45 Special industry machinery &

equipment 869.43 91.28
46 General industrial machinery &

equipment 1126.10 85.31
47 Machine shop products 625.06 139.82
48 Office, computing & accounting

machinery 982.27 99.75
49 Service industry machinery 889.52 74.50
50 Electrical industrial equipment &

apparatus 687.90 96.19
51 Household appliances 712,27 74.35
52 Electrical lighting & wiring

equipment 641.41 98.07
53 Radio, television & communication

equipment 694.66 86.07
54 Electronic components & accessories  634.48 104.46
55 Misc. electrical machinery,

equipment & supplies 619.81 95.00
56 Motor vehicles & equipments 567.21 58.05
57 Aircrafts & parts 790.95 81.35
58 Other transportation equipments 979.41 109.11
59 Scientific & controling

instruments 1084.51 99.80
60 Optical, ophthalmic & photography

equipment 1036.07 72.78
61 Miscellaneous manufacturing 793.64 116.36
62 Transportation & warehousing 1900.86 123.01
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Table A-2 (cont'd.)

No. Description of Industries Capital Co- Labor Co-
efficients efficients
($1000's) (Man Years)
63 Communication, excluding radio
& T.V. 3762.77 101.13
64 Radio & T.V. broadcasting 4560.40 98.89
65 Electricity, gas, water &
sanitation services 1566.93 65.16
66 Wholesale & retail trade 1181.88 51.45
67 Finance and insurance 37.88 83.67
68 Real estate & rental 4625.00 21.83
69 Hotels, personal & repair services 899.00 185.68
70 Business services 1855.60 121.65
71 Medical & educational services 2798.57 123.02

Sources: Bureau of Labor Statistics, Patterns of U.S. Economic Growth.
Bulletin 1672, U.S. Department of Labor, Washington, 1970. J.W.
Kendrick, Industrial Composition of Income and Product. Brooking

1968, pp. 151-75.

Capital stock of Industries estimated by Gort and Goddy and used to
find the Capital Coefficient of U.S. industries by Z. Igbal in

The Comparative Advantage of Developing Countries in the Manufacturing
Industries and the Effect of Generalized Tariff Preferences. Ph.D.
Thesis, Michigan State University, 1970. pp. 186-188.
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Table A-3

Capital and Labor Coefficients per Million
Dollars of Value Added for U.K. Industries

(1960)
NO. Description of Industry Capital Co-  Labor Co-
efficients efficients
(US $1000's) (Man Years)

1 Agriculture, forestry & fishery 1347.30 527.74
2 Coal mining 703.45 213.03
3 Mining & quarry, nes. 1487.18 370.88
4 Food processing 1367.06 444,30
5 Drink & tobacco 1142.86 286.21
6 Coke ovens and coke 4294.18 199.58
7 Mineral oil refining 11884.62 563.19
8 Chemicals 1822.73 261.36
9 Iron & steel (melting, rolling

& casting) 2071.11 335.71
10 Iron & steel (tin plates & tubes) 1195.88 690.72
11 Non-ferrous metals 1155.69 314.37
12 Engineering & electrical goods 835.30 415.96
13 Ship building & marine engineering  832.40 566.64
14 Motors & cycles 1135.39 408. 89
15 Air crafts 975.00 380.10
16 Railway locomotives & rolling 1328.13 820.31

stocks
17 Metal goods, nes. 822.03 414.65
18 Textiles 1847.25 562.04
19 Leather, clothing & footwear 551.72 612.68
20 Building materials 1175.82 429.75
21 Pottery & Glasses 860. 87 440.99
22 Timber & furniture 751.27 536.62
23 Paper & printing 1192.79 391.25
24 Other manufactures 1181.00 491.27
25 Construction 399.22 447.54
26 Gas 6239.58 502.23
27 Electricity 13412.56 363.55
28 Water 20543.48 295.03
29 Transport & Commerce 4233.64 429.60
30 Distributive trades 878.50 430.94
31 Services, nes. 937.37 565.00

Source: Department of Applied Economics, Cambridge University,
A Program For Growth: Production, Capital & Labor. Cambridge,
Mass.: MIT Press, 1966.
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Table A-4

Capital and Labor Coefficients Per Million
Dollars of Value Added for South Korean Industries

(1966)
NO. Description of Industry Capital Co- Labor Co-
efficients efficients
(US $1000's) (Man Years)
1 Rice, barley & wheat* 1430.00 5600.00
2 Other agriculture¥* 1430.00 5600.00
3 Forestry* 433.00 2100.00
4 Fishery* 691.00 2400.00
5 Coal 744.75 903.61
6 Other minerals 989.11 942.01
7 Processed food 2058.19 1140. 36
8 Beverages & tobacco 933.87 310.81
9 Fiber spining 2103.40 997.02
10 Textile fabrics 2681.43 1847.30
11 Finished textile products 1433.70 923.22
12 Saw mills and phywoods 2191.89 880.43
13 Wood products & furniture 549.55 1996.60
14 Paper & paper products 1428.20 630.11
15 Printing & publishing 2037.67 1096.82
16 Leather & leather products 1885.67 1673.62
17 Rubber products 2079.29 1912.77
18 Basic chemicals 2512.81 719.37
19 Intermediate Chemicals 2512.81 719.37
20 Finished chemical products 1474.30 650.14
2] Fertilizers 2751.13 323.64
22 Petroleum & coal products 1597.81 539.56
23 Cement 2546.53 182.87
24 Ceramic, clay, & stone products 1493.50 1323.89
25 Iron & steel 1632.52 665.10
26 Steel products 1632.52 665.10
27 Non-ferrous metal products 2822.16 944.13
28 Finished metal products 2271.54 1690.15
29 Machinery excepts electrical 2646.40 1381.81
30 Electrical machinery 1671.37 870.30
31 Transport equipment 1689.26 980.87
32 Misc. manufacturing 1357.13 1771.23
33 Electricity#* 3304.00 438.00
34 Banking, insurance, & realestate* 774.00 699.00
35 Water & sanitation* 3304.00 438.00
36 Communication¥* 2610.00 714.00
37 Transportation & storage* 2610.00 714.00
38 Trade¥* 556.00 1390.00

39 Other services* 1736.00 2760.00
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Table A-4 (cont'd.)
Sources: Economic Planning Board and Korean Reconstruction Bank,

Report on Mining and Manufacturing Census, Series I- Basic Tables,
1966. Seoul, Korea, 1967.

Bank of Korea, Economic Statistics Year Book 1968. Seoul, Korea, 1969.

*
Data obtained from 1955 Japanese experience from the following
sources:

T. Watanabe, "Approaches to the Problem of Intercountry Comparison
of Input-Output Relations." In U.N., A Survey: International Comparison
of Interindustry Data, New York, 1969, pp. 187-210.

Economic Research Institute and Economic Planning Agency, National
Income Accounts. 1957, Economic Bulletin No.l, February, 1959, Capital

Structure of Japanese Economy, Tokyo, Japan.
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Table A-5

Skill Requirements Per Million Dollars of Value Added
For U.S. Industries (In Man Years)

No.* Professionals Administrators Clerical Sales Manual Service
& Technicians & Managers Workers Workers Workers Workers
1 0.54 45.39 0.46 0.15 29.35 0.15
2 0.34 28.93 0.29 0.10 18.70 0.10
3 5.36 3.75 1.52 0.54 70.85 0.71
4 7.10 4.97 2.01 0.71 93.86 0.95
5 2.82 1.27 2.36 0.05 36.92 0.91
6 0.13 1.88 3.50 0.07 54.58 1.34
7 12.43 29.00 31.07 3.10 931.02 5.18
8 4.34 2.82 3.90 0.16 19.59 0.22
9 2.07 4.40 3.62 0.45 52.23 0.91
10 3.07 2.37 3.03 0.17 31.61 0.37
11 1.72 6.08 8.46 5.59 56.10 1.72
12 0.95 2.12 3.97 2.17 39.92 1.54
13 2.61 4.29 11.19 1.84 125.69 2.76
14 1.03 4.14 7.45 2.48 85.34 1.14
15 1.67 6.69 12.05 4.02 138.06 1.84
16 1.41 5.64 10.15 3.38 116.31 1.55
17 1.84 10.20 9.36 2.01 137.39 2.17
18 2.53 14.02 12.87 2.76 188.96 2.99
19 2.73 7.76 13.21 4.16 110.16 1.87
20 2.22 6.30 10.73 3.38 89.49 1.52
21 3.86 3.47 8.59 2.21 57.40 1.34
22 4.80 4,31 10.67 2.74 71.26 1.66
23 8.68 7.23 17.74 19.67 39.91 1.06
24 7.82 3.48 7.82 2.86 26.37 1.07
25 9.35 4.15 9.35 3.42 31.52 1.28
26 5.96 2.65 5.96 2.18 20.10 0.82
27 8.76 3.85 8.67 3.17 29.23 1.19
28 7.53 2.95 9.21 1.27 27.64 0.71
29 5.23 4.06 11.10 2.25 62.72 1.53
30 1.00 6.56 9.00 2,22 86.78 1.11
31 1.08 4.82 16.14 3.05 147.61 1.79
32 4.29 5.47 8.76 2.10 66.40 1.00
33 3.89 5.97 8.22 2.25 62.74 0.87
34 3.62 1.73 7.42 0.60 58.68 1.43
35 6.01 3.46 9.46 1.56 58.25 1.40
36 6.99 4.12 9.79 1.47 48.06 0.96
37 10.09 5.95 14.13 2.12 69.37 1.38
38 11.25 6.63 15.75 2.37 77.34 1.54
39 9.52 5.61 13.32 2.00 65.42 1.30
40 7.02 4,27 10.22 1.67 49.98 0.99
41 8.52 5.19 12.41 2.04 60.67 1.20
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Table A-5 (cont'd.)

No.* Professionals Administrators Clerical Sales Manual Service
& Technicians & Managers Workers Workers Workers Workers
42 7.31 4.45 10.64 1.75 52.01 1.03
43 6.62 4.03 9.64 1.58 47.14 0.94
44 8.51 5.18 12.40 2.04 60.61 1.20
45 8.40 5.11 12.23 2.01 59.79 1.19
46 7.85 4.78 11.43 1.88 55.89 1.11
47 12.86 7.83 18.74 3.08 91.58 1.82
48 9.18 5.59 13.37 2.19 65.34 1.30
49 6.85 4.17 9.98 1.63 48.80 0.97
50 14.33 4.14 14.04 1.44 58.10 1.25
51 11.08 3.20 10.86 1.12 44.91 0.97
52 14.61 4.22 14.32 1.47 59.23 1.27
53 12.82 3.70 12.57 1.29 51.99 1.12
54 15.56 4.49 15.25 1.57 63.09 1.36
55 14.16 4.09 13.87 1.43 57.38 1.23
56 7.89 1.56 7.95 0.35 37.84 0.99
57 9.68 2.28 10.58 0.49 54.83 1.46
58 12.98 3.06 14.18 0.65 73.54 1.96
59 15.87 5.19 16.97 2.20 65.47 1.10
60 11.57 3.78 12.37 1.60 47.74 0.80
61 9.89 7.45 16.64 3.49 74.00 1.28
62 4.06 7.13 21.16 0.86 83.65 4.31
63 10.82 7.79 51.27 1.62 26.09 1.62
64 10.58 7.61 50.14 1.58 25.51 1.58
65 5.15 3.52 12.90 0.65 40.14 1.04
66 1.08 9.78 7.10 15.28 10.24 7.05
67 2.59 14.56 38.74 18.66 2.93 4.77
68 0.68 3.80 10.11 4,87 0.76 1.24
70 47.08 10.10 36.98 3.65 13.02 7.30
71 71.23 2.46 15.75 0.25 5.04 25.71

*
The numbers in this table correspond to description of industries
in Table A-2.

Sources:

Data is calculated from the number of employees in each

category per 1000 employment in each industry for 1960, from M.A.

Horowitz, M.Zymelman, I.L. Hernstadt,
Planning: An International Comparison Approach, Vol.II. Boston:

Manpower Requirement for

Northeastern University Press, 1966, and employment per industry

for 1963 from :

U.S. Department of Labor, BLS, Pattern of U.S.

Economic Growth. Washington, D.C., 1970, p. 98.
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Table A-7
Skill Requirements Per Million Dollars of Value Added

for U.K. Industries (in Man Years)

Professionals Administrators

« and and Clerical Sales Manual  Service
No. Technicians Managers Workers Workers Workers Workers
1 2.11 220.60 7.39 0.53 292.90 0.0
2 4.05 2.13 9.16 0.0 193.86 3.20
3 5.19 5.19 17.43 0.37 333.05 5.19
4 10.66 20.88 55.09 30.21 293.24 13.32
5 4.29 6.30 58.67 9.73 192.91 10.59
6 17.16 8.18 32.93 2.99 126.13 7.78
7 48.43 23.09 92.93 8.45 355.94 21.96
8 27.70 12.55 42.86 10.19 148.45 10.98
9 17.12 10.41 32.56 2.35 253.15 8.39
10 34.54 16.58 63.55 3.45 535.76 17.27
11 16.35 11.32 37.10 2.83 228.55 7.86
12 47.00 12.89 81.94 9.15 262.47 8.32
13 52.70 11.33 66.86 2.27 390.98 11.90
14 40.48 9.00 50.70 1.63 276.41 9.00
15 37.63 8.36 47.13 1.52 256.95 8.36
16 76.29 16.41 96.80 3.28 566.01 17.23
17 23.22 14.93 39.81 2.90 310.57 10.34
18 5.62 20.80 37.09 6.18 464.81 31.47
19 3.06 22.06 43.50 5.51 520.78 6.74
20 23.64 21.49 66.18 11.60 292.66 10.31
21 13.23 16.76 40.13 5.73 347.06 8.38
22 6.44 25.76 41.86 7.51 426.61 5.37
23 21.91 19.56 60.25 10.56 268.83 9.39
24 25.55 26.53 65.34 11.79 338.49 10.32
25 15.22 37.59 24.17 1.34 359.37 2.69
26 33.65 18.58 95.93 16.57 313.89 16.57
27 24.36 13.45 69.44 12.00 227.19 12.00
28 19.77 10.92 56.35 9.74 184.39 9.74
29 26.21 10.74 67.45 3.44 281.82 34.80
31 139.56 13.00 87.58 7.91 89.27 86.45

*
The numbers correspond to description of industries in Table A-3.

Sources: Data is calculated from the number of employees in each
category per 1000 employment in each industry for 1960, from M.A.
Horowitz, M. Zymelman, I.L. Hernstadt, Manpower Requirement for
Planning: An International Comparison Approach, Vol. II.

Boston: Northeastern University Press, 1966, and employment per
industry for 1960 from Department of Applied Economics, Cambridge
University, A Program for Growth: Production, Capital and Labor.
Cambridge, Mass.: MIT Press, 1966.
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Table A-9

for South Korean Industries (In Man Years)

« Professionals Administrators Clerical Sales Manual Service
No. & Technicians & Managers Workers  Workers Workers Workers
1 5.60 1848.00 33.60 5.60 3701.60 0.0
2 5.60 1848.00 33.60 5.60 3701.60 0.0
3 10.50 18.90 100. 80 4.20 1938.30 12.60
4 45.60 12.00 24.00 2.40 2304.00 2.40
5 18.07 9.04 94.88 6.33 747.28 20.78
6 34.86 24.49 123.41 5.65 730.07 29.20
7 3.42 38.77 77.54 100. 35 907.73 7.98
8 16. 47 10.88 83.30 5.28 177.78 18.03
9 3.99 29.91 66.80 10.97 879.36 14.96
10 1.85 62.81 112.68 60.96 1594.22 9.24
11 0.92 31.39 56.32 30. 47 796.73 4.62
12 0.0 33.45 61.63 16.73 762.45 2.64
13 0.0 63.89 115.80 35.94 1766.99 5.99
14 7.56 23.94 71.83 13.23 500.93 10.71
15 122.84 75.68 205.11 57.03 622.99 6.58
16 3.35 56.90 100. 42 90. 38 1410.86 10.04
17 28.69 86.08 267.79 43.99 1444.14 51.64
18 33.09 35.97 135.96 20.14 471.91 19. 42
19 33.09 35.97 135.96 20.14 471.91 19.42
20 29.90 32.51 122.87 18.20 426.48 17.55
21 14.84 16.18 61.17 9.06 . 212.32 8.74
22 15.10 30.76 104.13 14.03 353.94 16.72
23 0.73 6.04 12.80 2.20 157.82 1.28
24 0.53 43.69 92.67 15.89 1142.52 9.27
25 11.97 24.61 75.82 7.98 533.39 11.30
26 11.97 24.61 75.82 7.98 533.39 11.30
27 16.99 34.93 107.63 11.33 757.20 16.05
28 8.45 70.99 138.59 30.42 1418.03 11.83
29 48.36 77.38 196.21 22.11 1017.01 23.49
30 50.48 44,38 176.67 16.54 554.37 14.79
31 39.24 28.44 107.28 6.87 743.51 20.60
32 21.25 61.99 125.76 56.68 1486.06 7.08
34 3.50 70.60 470.43 125.82 18.87 7.69
36 189.92 29.27 94.96 2.14 404.84 19.28
37 29.27 34.99 168.50 2.14 456.96 18.56
38 5.56 382.25 115.37 600.48 193.21 86.18
39 894.24 88.32 601.68 24.84 477.48 662.40
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Table A-9 (cont'd.)

*
The numbers correspond to description of industries in Table A-4.

Sources: Data is calculated from the number of employees in
each category per 1000 employment in each industry based on
Japanese Data for 1950, from M.A. Horowitz, M. Zymelman, I.L.
Hernstadt, Manpower Requirement for Planning: An International
Comparison Approach, Vol. II. Boston: Northeastern University
Press, 1966, and employment per industry from Economic Planning
Board, and Korean Reconstruction Bank, Report on Mining and
Manufacturing Census, Series I, Basic Tables. 1966. Seoul,
Korea, 1967.
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Table A-12
Estimates of Optimum Plant Size in U.S. Industries
(1954)
Commodity Optimum Commodity Optimum
Classification Plant Size Classification Plant Size
(SITC) (Millions (SITC) (Millions
of $§'s) of $'s)

332 9.392 665 9.861
512 69.806 666 1.705
513 69.806 671 4.587
514 69.806 672 1.714
531 1.536 673 26.534
532 1.411 674 26.534
533 1.536 675 26.534
541 48.874 676 26.534
551 0.105 677 26.534
553 0.105 678 26.534
554 0.105 679 26.534
581 69.806 681 4.067

682 40.67
611 1.282 683 4.067
612 1.282 684 4.067
629 1.282 685 4.067
631 0.230 686 4.067
632 0.160 687 4.067
641 0.497 689 6.750
642 0.497 691 2.183
651 0.512 692 2,183
652 1.162 693 2.183
653 1.162 694 0.564
654 0.311 695 0.433
655 0.311 696 0.433
656 0.143 697 0.564
657 5.141 698 0.564
661 0.329
662 0.815 711 2.183
663 0.704 712 5.320
664 26.333 714 1.900
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Table A-12 (cont'd)

Commodity Optimum Commodity Optimum

Classification Plant Size Classification Plant Size

(S1TC) (Millions (SITC) (Millions
of $'s) of $§'s)

715 8.084 734 93.900%*

717 0.533

718 0.895 812 6.166

719 4.204 821 0.160

722 10.867 831 1.283

723 1.006 841 0.683

724 10.867 851 1.283

725 1.006 864 0.387

726 2.263 891 6.064

729 2.273 892 2.329

731 41.600% 894 1.474

733 1.140 895 0.560

* Estimates not provided by Saving.

Source: Saving, T.R. "Estimation of Optimum Size of Plant by
the Survival Technique.'" Quarterly Journal of Economics. November,
1961, pp. 598-602.
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Table A-14

Capital and Labor Embodied in One Million Dollars of Manufacturing
Exports and Imports of Twenty-three Countries

IMPORTS EXPORTS *
K L K L YK/L
Country (U.S. $1000) (Man (U.s. $1000) (Man
Group I Years) Years)
United States 2309.31 181.91 2338.85 170.52 0.926
Canada 2267.26 178.41 2240.93 174.44 0.989
Group II
Sweden 3403.28 745.58 2550.38 703.55 1.259
Norway 2956.81 712.14 2337.28 559.35 0.994
Australia 2730.53 745.55 2899.99 646.40 0.816
Germany 3061.06 739.57 2742.72 741.89 1.120
United Kingdom 3804.04 874.03 3602.82 876.81 1.093
Denmark 3278.65 747.32 2533.27 713.57 1.236
France 2750.01 723.15 2923.81 744.23 0.968
Belgium 2857.89 738.62 3250.86 736.15 0.876
Netherlands 2876.59 759.99 3788.83 717.51 0.717
Austria 3029.60 765.38 2752.29 772.17 1.110
Italy 2794.75 701.08 3124.05 807.62 1.031
Japan 3237.78 660.68 2735.68 756.40 1.354
Group III _
Spain 2185.21 1151.84 2354.66 1417.08 1.142
Mexico 2137.29 1162.64 2389. 82 1202.18 0.925
Portugal 2181.00 1159.43 2554.22 1651.94 1.217
Yugoslavia 2263.84 1235.23 2342.60 1372.23 1.074
Hong Kong 2402.10 1439.52 2652.99 1873.60 1.178
South Korea 2237.24 1199.47 2408.06 1829.71 1.417
Taiwan 2149.25 1126.60 2430.21 1577.54 1.238
Pakistan 2089.01 - 1091.10 3331.71 2105.71 1.210
India 1983.88 936.13 3144.74 1944.02 1.310
Yk/L T Sy
&Ly,

Sources:Total capital and labor requirement of industries are estimated
for Group I from Table A-2 and U.S. "Input-Output Structure for 1963!
op. cit., for Group II from Table A-3 and U.K. Input-Output Relations
op. cit., for Group III from Table A-4 and South Korea Input-Output,
Interindustry Relation Tables for 1963, op. cit. Trade data from
Commodity Trade Statistics.
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