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ABSTRACT

DETERMINANTS OF THE STRUCTURE OF U.S. FOREIGN TRADE
IN MANUFACTURING 1963-1980
by

Farhang Niroomand

The objective of this dissertation is to investigate the
determinants of U.S. trade in manufactured goods and to analyze changes
in these determinants over the time period of 1963-1980. It tests a
modified multi-factor proportions model by measuring the simultaneous
impact of human capital (H), physical capital (K), and labor (L) on U.S.
net exports in manufacturing, (categories 5-8 of the SITC).
Additionally, a measure of economies of scale in production within
industries is introduced and tested in a multiple regression model.

The model is applied to U.S. manufacturing trade in the aggregate
as well as to bilateral trade with six economically distinctive
countries and regions of the world. Using ordinary least squares (OLS)
estimation technique, the correlation between net exports of U.S.
industries and different economic characteristics is examined for each
of four years (1963, 1967, 1977, and 1980).

Regression results in most cases and especially in earlier years
(1963 and 1967) confirm both the Leontief Paradox and his explanation

for it, which emphasize the role of human capital as a source of U.S.



comparative advantage. The multi-factor proportions theory performs
well in explaining U.S. trade patterns with the NICs in all four years,
Japan, and DCyy (in 1963 and 1967). But it does not receive much
support in explaining United States trade with DC,; (for all four years),
Japan and DCyy; for 1977 and 1980. It is hypothesized that in the latter
cases intraindustry trade tends to predominate.

Indeed, when inter- versus intra-industry trade is tested directly
with our data set, the results confirmed that trade between the United
States and Europe is mainly intraindustry. It is also found that
intraindustry trade between the U.S. and Japan has increased
substantially between 1963 and 1980.

The dummy variable technique is employed to investigate and analyze
structural changes in the United States' manufacturing trade between
1963 and 1980. Such changes are detected in the U.S.-global trade as
well as in the U.S.-bilateral trade with Japan, Canada, and Newly
Industrializing Countries. Japan and the NICs have grown in importance

as trade partners of the United States' between 1963 and 1980.
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CHAPTER ONE

INTRODUCTION

The main objective of this dissertation is to investigate the
determinants of U.S. trade patterns in manufactured goods and to analyze
changes in these determinants over the period 1963-1980. Empirical
studies in the early 1970s indicate that since the early 1960s the
United States has been a net exporter of capital goods and chemicals and
a net importer of consumer goods and other nonagricultural industrial
supplies and materials. In automotive products, the United States had a
surplus every year until 1968 but since then has had an increasing
deficit (Table 1l.1). This presumably results from underlying
comparative advantages the United States has in the production of
capital goods and chemical goods and disadvantage in production of
consumer goods and other industrial supplies and materials. According
to the notion of comparative advantage, the United States should be a
net exporter of goods in which it has a comparative advantage—-—-whether
it derives from resource endowment, technological advantage, scale
economy, or education embodied in human capital-—and a net importer of
goods in which it is at a disadvantage. The question is, therefore,
what is the source of the U.S. comparative advantage?

Most previous studies such as those by Hufbauer (1970), Baldwin

(1971), Branson and Junz (1971), and Harkness and Kyle (1975) have



TABLE 1.1

Net U.S. Exports in Manufactures by End-Use Categories, 1958-1981
Millions of Dollars f.o.b.

CAPITAL CONSUMER AUTOMOTIVE FUELS &

YEAR GOODS GOODs GOODS LUBRICANTS CHEMICALS OTHERS
1958 4292 119 568 =544 829 -1413
1959 4026 =261 343 -699 914 -2516
1960 4949 =505 633 =739 1128 -1229
1961 5217 =448 805 -933 1133 -1099
1962 5685 -821 780 -1080 1187 -2021
1963 5781 -831 882 -956 1313 -2010
1964 6424 -943 962 -1069 1627 -1791
1965 6581 -1506 990 -1264 1504 -2989
1966 6756 -1877 444 =-1270 1627 -3633
1967 7531 -2102 150 -1127 1729 =3360
1968 8292 =3041 -842 -1457 2075 =4575
1969 9129 -4020 -1454 -1645 2032 =3531
1970 10584 -4806 -2303 -1467 2223 -3040
1971 11020 =-5713 -3549 -2194 2029 =5322
1972 11030 ~7864 =4206 -3219 2098 -6552
1973 13928 -8481 —4543 -6368 3138 -5916
1974 20370 -8538 -4190 -21801 4975 -6527
1975 25608 -7306 -2083 -21793 5145 -5002
1976 27127 =10601 -5592 -29836 5465 -7621
1977 25545 -12977 -6535 -40304 . 5583 -12137
1978 26771 -17894 ~9853 -38416 6597 -13906
1979 32976 -17838 -9061 -54352 9969 -9802
1980 42985 -18207 -11205 =71147 12561 -4950
1981 45680 ~22864 -11750 =-71334 11996 -14182

Source: U.S. Department of Commerce, Office of Business Economics, U.S.

Exports and Imports Classified by OBE End-Use Commodity Categories, 1958-
1968. A Supplement to the Survey of Current Business (1970), Tables 5,
6, and U.S. Bureau of the Census, Highlights of U.S. Export and Import
Trade, Report FT 990, December 1970, and; December 1972, Tables E9, I110;
December 1974, and December 1976, Tables E9, IS5, and December 1978,
Dccember 1979, December 1980 and Deccmber 1981, Tables E9, I7.



focused on the determinants of trade in only one particular year.
Besides Branson and Monoyios (1977), who checked their results against
data for 1967, there is only one other study, by Stern and Maskus
(1981), which analyzes changes in the determinants of the structure of
U.S. foreign trade over an extended period (1958-1976).

These and other related studies will be reviewed in Chapter II.
This survey of the literature will indicate what theories of
international trade have been found valid in explaining the composition
of U.S. foreign trade. We shall start with the simple H-O model and
continue with a summary of new theories and their empirical
verification.

Chapter III begins by considering the theoretical specifications
and the implications of a modified factor-proportions model.
Specifically, it measures the simultaneous effect of a variety of factor
intensities on the comparative advantage (net exports) of U.S.
manufactures, classified by the Standard International Trade
Classification. The chapter begins with a three-factor input version of
the Heckscher-Ohlin model, with physical capital (K), human capital (H),
and labor (L) being the direct inputs. The model is expanded to include
scale economy as another explanatory variable.

The major concern of this study is not only to investigate the
determinants of the commodity composition of U.S. foreign trade with the
world as a whole, but also to provide a regional breakdown of that
trade, thereby uncovering additional information on the factors
influencing the commodity pattern of U.S. bilateral trade flows. Thus,
the factor proportions model is tested with respect to U.S. trade with

Western Europe, Japan, Canada, newly industrializing countries, and less



developed countries with regionally disaggregated data. The last
section of Chapter III uses the same data set to test directly the
extent to which U.S. trade in the aggregate as well as its bilateral
flows are intra- rather than interindustry in nature.

Chapter IV analyzes the structural determinants of U.S. trade with
different regions of the world at different times and for a long enough
period (1963-1980) to detect what changes, if any, might have occurred,
especially since the introduction of generalized floating exchange
rates.

Chapter V summarizes the empirical findings of the dissertation.
It also offers a broader interpretation of the main findings with regard

to methodology and economic policy.



CHAPTER TWO

INTERNATIONAL TRADE THEORIES AND THEIR EMPIRICAL VERIFICATION:

SURVEY OF THE LITERATURE

The Simple H-O Theorem

The Heckscher-Ohlin (H-0) theorem can be derived from a two-good,
two-factor, two—country model under the following simplifying
assumptions: (1) identical production functions (for each commodity)
among countries, linearly homogeneous in capital and labor; (2)
identical and homothetic tastes among countries; (3) no factor intensity
reversal; (4) competitive markets for factors and commodities; and (5)
factors completely immobile among countries while commodities are traded
freely without transport cost. In the case of two countries trading two
commodities with each other, the H-O0 theorem states that the relatively
capital-intensive commodity is the exportable of the country with
relatively abundant capital, while the relatively labor-intensive
commodity is the exportable of the country with relatively abundant
labor.!

A commodity's capital intensity is defined as the capital-labor
ratio employed in the production process. Under an assumption of no

factor intensity reversal, the capital intensity of one commodity is



always greater than that of the other commodity for all wage-rent
ratios, with wage and rent being the prices of labor and capital (input
factors), respectively. Thus, in a two-commodity case, if one commodity
is capital intensive, the other must be unambiguously labor intensive.

We have two commonly accepted definitions for the relative factor
abundance of a country. According to the factor price definition, a
country is capital abundant if its wage—-rent ratio is greater than that
of the other country. The second definition, expressed in terms of
physical quantities of the endowed factors, states that a country is
capital abundant if its ratio of capital endowment to labor endowment in
physical units is greater than that of the other country. The
assumptions of identical tastes and identical production functions
together preclude the possibility that the country is capital abundant
by one definition and labor abundant by the other. By adopting either
one of the definitions, the H-O conclusion for the two-factor, two-
commodity, and two-country case follows from the assumptions of the
model. One must, however, take different approaches to reach the same
conclusion.

Under the price definition of factor abundance, the law of
comparative cost determines the direction of commodity flow. It is
necessary only to ascertain which commodity can be produced
comparatively cheaper in which country. For this purpose the inter-
country cost ratio of the commodities should be compared. The ratio of
a commodity's unit cost of production in one country to the same
commodity's unit cost in another is called the commodity's intercountry
cost ratio. For two countries, A and B, and for two commodities, X and

Y, commodity X is said to be produced comparatively cheaper in A if the



A to B intercountry cost ratio is smaller for commodity X than for

commodity Y. In other words,

» where C; is the unit cost of good X in country A, Cg is the

(@] (9]
SIUNLS
A\
Lo

unit cost of good X in country B, and C? and Cg are unit costs of
commodity Y in countries A and B, respectively.

Alternatively, one may adopt the physical definition of capital
abundance and compare, at a post—-trade equilibrium, a country's output
and consumption of the commodities to find out which commodity the
country would export or import. Denoting output by Q and consumption by
D, there would be four pairs of output and consumption to be compared in
a two-commodity, two-country world, that is, a pair of Qi and Di for
i =X, Yand for j = A, B. Under the asgumptions of identical and
homothetic tastes, this task is simplified to a comparison of two
ratios——one ratio of the outputs of two commodities in each country:

Qi / Qg for j = A, B. 2 Therefore, if country A's output ratio of

commodity X to commodity Y is greater than country B's, that is, if

A B

QX QX :
—K-> 3 then country A produces more (less) of commodity X(Y) than
Q Q

Y Y

it consumes; country A must then be exporting commodity X to B while
importing commodity Y from B.

The simple factor proportion theory introduced by Eli Heckscher in
1919, and developed by Bertil Ohlin, was the fundamental theorem of
international trade for some time. In 1953, Wassily Leontief published

an empirical study which showed that a lower capital-labor ratio was



required to produce U.S. exports than was required to produce import-
competing goods. Because of the widely held assumption that the United
States was better endowed with capital relative to labor than was the
rest of the world, his results contradicted the H-0 factor endowment
hypothesis. The Leontief results and those from similar investigations
pertaining to other countries have shaken the confidence of economists
in the simple version of H-O trade theory.3
The Leontief results were subsequently confirmed by Leontief
himself (1956) using the 1951 trade pattern, by Hufbauer (1970) using
the 1958 input-output (I-0) table and 1963 trade data, and by Baldwin
(1971) using the 1958 I-O table and 1962 trade data. Hufbauer shows
that the Leontief results also hold for manufactured goods separately.
Baldwin's study strongly supports the view that a straightforward
application of a two—factor (capital and labor) factor-proportion model
along H-O lines 1is inadequate for understanding the pattern of U.S.
trade. Not only is the sign of the capital-labor ratio different from
what would be expected from the model, but also it is statistically
significant in this unexpected direction. This negative sign seems to
suggest, as was also noted by Vanek and others, that there is a strong
complementarity between certain natural resources and physical
capital. When various natural resource products are eliminated from the
factor-content calculations, the overall ratio of capital per worker in
import-competing goods to capital per worker in export goods drops from
1.27 to 1.04. Using the 1963 I-O table, 1963 capital and labor
coefficients, and the 1969 commodity composition of trade (expressed in

1963 prices) yielded the same result. The ratio of capital per worker

embodied directly and indirectly in competitive import replacements to



capital per worker in exports is 1.06 for 1969 in contrast to 1.27 for
1962. When the so-called natural resource products are omitted, the
ratio drops to 0.91 and becomes consistent with the expected result from

the H-O theory.4

At a later stage, the so-called Leontief Paradox stimulated
extensive theoretical and empirical research directed at providing
alternative explanatibns of the commodity pattern of a country's
trade. These alternative hypotheses rely on the following factors to
explain the structure of a country's trade:

(1) The complementarity between natural resources and capital;

(2) the relative abundance of skilled compared to unskilled labor;

(3) economies of scale;

(4) technological advance and industries oriented toward research

and development;

(5) the product cycle;

(6) the "new” theories of monopolistic competition.

(A) The Human Skills Theory of International Trade

The human skills theory is based on the proposition that the
relative availability of skilled to unskilled labor is the fundamental
determinant of international trade patterns. Although capital is a
factor of production, it is relatively more mobile internationally than
labor and hence is less likely to determine trade patterns. Since labor
is immobile, if the skill intensity rankings of commodities across

nations are similar, relative skill endowments will determine trade

flows.
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In 1956, Kravis discovered that U.S. exports comprised the outputs
of predominantly high-wage industries and that U.S. imports competed
with low-wage industries. To the extent that wage differentials are the
product of skill differences, it is hypothesized that trade flows
reflect the differential application of education and training to human
labor. As a matter of fact, in his original article, Leontief proposed
a "labor efficiency” resolution of the famous paradox. Somewhat later,
Bhagwati suggested that human capital should be treated as a separate
factor input, like physical capital, in evaluating trade patterns.’

In the late 1960s the skill theme had found an intellectual, "base”
at Columbia University. Two lines were pursued: human skills and human
capital. Keesing related trade flows to skill differentials as
reflected in interindustry employment of different kinds of labor.
Kenen-Yudin and Waehrer followed Kravis's lead in relating trade flows
to skill differentials as reflected in interindustry wage
differentials. The Kenen-Yudin approach, also employed by Bharadwaj and
Bhagwati in evaluating Indian trade, essentially consists of treating
the difference between skilled labor wage and unskilled labor wage as an
approximate measure of human capital, and then capitalizing this rent at
an approximate interest rate to secure estimates of the human capital
employed in average exports and imports.

Under the same assumption of the H-O model concerning the
production function, Keesing used skill indexes to test the theory. His
method required the computation of the amount of services from laborers
of each class embodied in a given export and import flow. Indexes were
constructed to measure the relative skill intensity of each country's

exports to imports using U.S. labor coefficients. The following skill
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classes were used:

I. Professional, technical, and managerial

II. Craftsmen and foremen (skilled manual workers)

III. Clerical, sales, and service

Iv. Operatives (semiskilled)

V. Laborers (unskilled)
From these classifications several ratios of skill indexes were
formulated:

A = classes I and Il/classes IV and V

B = class 1/classes IV and V

C = class II/classes IV and V
The occupational index is a fundamental tool of the human skills
approach which measures the skill intensity of an industry. Although
several specific indexes have been employed, the common objective has
been to devise a measure of the ratio of skilled to unskilled workers.
The index was used to reveal the factor intensity of an aggregate trade
flow.

The rankings of nine leading industrialized countries according to
indexes A, B, and C computed from 1957 export and import flows of
manufactured goods were very similar.> Keesing found that the export
rankings were approximately the inverse of the import rankings. The
ratio of .8170 (skill ratio represents direct requirements for classes I
and II skills divided by direct requirements for classes IV and V) was
the U.S. requirement for the production of manufactured exports for
1957, which ranked the highest. The lowest ranking was Japan (.3129).

As far as the direct skill ratios for imports are concerned, Keesing
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found that for the United States the ratio was .4740 and for Japan
.8372.

Excluding the most unskilled labor—intensive industries in the
United States and the most skilled intensive ones in Japan, the skill
ratio for exports became .8125 and .6634, respectively, and the skill
ratio for imports was .6726 for the U.S. and .8973 for Japan. Interyear
comparisons showed great stability in these patterns, although there was
an upward trend over time (1954-1957) in the skill intensity of the
goods traded by the United States, France, West Germany, and the United
Kingdom. Thus, Keesing's study showed that labor skills influence the
pattern of international trade in industrial goods.

Baldwin used estimates of education costs for various skill levels
as a proxy for human capital. He applied the H-O model to the United
States using 1962 trade data and 1958 capital, labor, and intermediate
input data. In testing the relationship between relative factor
supplies and the factor content of trade, Baldwin argues that given a
particular equilibrium pattern of trade, it is necessary to include both
the direct and indirect labor and capital involved in producing exports
and imports in order to determine a country's net trade balance in
factor services via trade in commodities.

The educational breakdown showed that the proportions of
individuals with 9-12 years of education, and especially with 13 or more
years, are higher in export than in import-competing production, whereas
the share of those with only 0-8 years of education is higher on the
import side. Baldwin's study also showed that there is a significant
positive relationship between the percentage of engineers and

sclentists, craftsmen, and farmers in an industry and the net world
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export surplus of the industry.

The human capital approach begins from the proposition that labor
essentially is homogeneous. From that beginning, empirical studies set
out to measure the extent to which an industry's labor force embodies
human capital over and above a specified base level. Generally, this is
measured as the excess of the industry wage over a selected base wage.
Kravis had found that hourly wages in 330 U.S. manufacturing industries
in 1947 were higher the greater the ratio of exports to domestic
production and, conversely, were lower the greater the ratio of imports
to domestic production. The difference in average hourly wages was 15
percent in 46 leading export industries compared with 36 leading import-
competing industries (weighted by the amount of trade in 1947 in each
case). Subsequent research inspired by Kravis's paper and Leontief's
findings suggests that both phenomena--high wages and relative labor
intensity in U.S. export industries——have a single cause: the
substantial use of skill in U.S. export industries or, as Kenen put it,
the intensive use of human capital.

Helen Waehrer reproduced Kravis's work in 1960 and tested it for
significance. She found that 22 major export industries paid a yearly
wage of $5,649, while an equal number of import competitors paid only
$4,932. Furthermore, there was a statistically significant relationship
between an industry's trade balance, B, and its yearly wage, W. Taking
all major trading industries together:

B = -18.48 + .003W r = .43.
Waehrer tried to find out why this is so and generated two more
significant regressions that shed new light on Kravis's work.

Constructing an occupational index, I, to measure the fraction of each
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industry's labor force employed in jobs that call for skill, she showed

that:

B =16.15 + .311 r = .50,
while

W =1923.4 + 67.891 r = .86.

An industry's skill mix, I, gave a somewhat better statistical account
of its trade balance than did its yearly wage, and its skill mix went a
long way to explain its wage rate. In Waehrer's view, Kravis's findings
represent the role of skills in structuring U.S. foreign trade, with
wagé rates (strongly linked to skills) serving as a proxy for skill
intensity.

Kenen has also performed the interesting experiment on U.S data of
capitalizing the excess of wages earned by various types of skilled
labor above the wages of unskilled laborers in order to obtain an
estimate of value of human capital involved in export—import competing
production.

The wage—-differential school has focused on single nation import-
export trading patterns, while Keesing has examined the trade of several
nations. Both have achieved plausible results. U.S. exports require
more skills than U.S. imports, whether skill is measured by wage
differentials or occupational categories. The same is true of West
German trade.

Hufbauer compared the 1958 wage rankings for 13 industry groups in
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23 countries. He also concluded that U.S. exports require more skilled
labor than U.S. imports, whether skill is measured by wage differential
or occupational categories. He finds that both approaches yield good
results, and the Waehrer-Kenen-Yudin version gave particularly high
coefficients. When professional labor force percentages are matched
with skill ratios in trade, the Spearman correlation is .695, and the
weighted correlation is .822. When the match is with wage rates, the
correlations are .784 and .960, respectively. Therefore, most of these
empirical studies support the human skills theory as an explanation of
the pattern of international trade.

Hufbauer concludes that "since skill-intensive commodities overlap
with capital-intensive commodities, while the acquisition of human
skills and physical capital both involve acts of saving, there is no
reason not to join forces by combining human skills and physical capital
into a single measure of man-made resources.” Indeed, Bhagwati and
Kenen have advocated this approach on a theoretical plane, it is used in
the empirical work of some other authors, and Lary has put it to use in
examining the export prospects of developing countries.

The human capital explanation of the pattern of U.S. trade has been
used to rescue the two-factor H-O0 hypothesis. Kenen presented an
integrated treatment of both human and physical capital in a theoretical
model of international trade. He concluded his article with a brief
empirical application to factor proportions in U.S. foreign trade in
relation to the Leontief Paradox. Following the Leontief supposition
concerning U.S. foreign trade——that U.S. labor is more efficient than
foreign labor--Kenen argues that skills reflect investment in people,

and when we take this into account, perspectives change considerably.



Kenen assumes as a limiting case that skill differences are wholly due
to the quantity of capital invested in the labor force and that the wage
differences ascribed to skill represent the gross return on that
capital. Following these two assumptions, Kenen computed the quantity
of capital required to convert a man-year of crude labor into a man-year
of skill. He then used the percentages furnished by Leontief to compute
the capital embodied in a typical man-year of labor used in U.S. exports
and U.S. import-competing production. Using a discount rate of 9
percent to compute the amount of human capital, Kenen found that U.S.
net exports were capital intensive after all.6

Most studies mentioned above point to the importance of a third
factor of production in explaining U.S. trade patterns. If the
productivity of U.S. workers is due to a relatively large endowment of
physical capital, then U.S. net exports should, by the factor proportion
theory, be capital intensive. But if there is a third factor involved,
namely, human capital, then a relatively high endowment of human capital
relative to physical capital could explain the empirical results
obtained by Leontief, Kravis, and others within a three-factor H-0
model.

The clearest conclusion to be drawn from the studies by Kenen
(1968), Hufbauer (1970), and Baldwin (1971) is that it is necessary to
discard simple, double factor (or single-factor-ratio) (for example,
capital per worker) trade theories in favor of multi factor trade
models. In particular, the labor force must be separated into various
skill categories and the notion of relative differences in human capital

ﬁaken into account. yet, thus far few empirical studies have explicitly

incorporated measures of physical capital (K), human capital (H), and



labor (L) in an explanation of trade patterns.

Branson and Monoyios (1977) argue that it is inappropriate on
several grounds to combine physical and human cpaital into one factor in
trade models. First, it eliminates the possibility of detecting a
positive correlation of net exports with human capital inputs and a
negative correlation with physical capital inputs, if such exists in the
data. Second, it seems unlikely that the two types of capital are close
substitutes in production, which is the condition for such aggregation
in production models. Finally, economists who investigate the role of

human capital in production more frequently combine it with labor as an
"effective labor” adjustment.7

In a cross—-sectional study of manufactured goods Branson and
Monoyios (1977) addressed two questions. What is the correlation
between U.S. net exports (NX) and inputs of physical capital (K), human
capital (H), and labor (L) in their production? Is skill or the
discounted wage measure of human capital more significant in explaining
variations in net exports?

Their conclusion was that human capital has a significantly
positiQe effect on NX, reflecting the abundance of human capital in the
United States; the labor effect is significantly negative, indicating
the relative scarcity of unskilled labor; and physical capital is
negative but only marginally significant in explaining net exports
across commoditieé. These results would still hold even after "scaling”
the data to industry size to reduce heteroscedasticity. They could not

find any strong reason for preferring the discounted wage-differential

approach to the skill-class method for measuring human capital.
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(B) Scale Economies

It is often argued that (as suggested by Ohlin himself) the
agsumption of constant returns to scale in the H-O model is not
realistic. The scale economy hypothesis is advanced to deal with this
argument. It suggests that a large nation, because of an assured home
market, will specialize in goods produced under increasing returns to
plant size. Although it is presumed that large industries are usually
the property of large nations, a small country occasionally might
develop a scale economy industry, relying on export sales to justify
production. But geographic, psychological, and tariff barriers restrict
that possibility. With specialized production of scale economy goods
come at least two advantages, easier productivity gains and greater
market size.

A possible exception to the scale economy hypothesis is trade in
homogeneous products. According to Jacques Dreze, industry size is not
the key to scale economies in foreign trade. Small countries are
handicapped when exporting commodities characterized by "brand”
differences between markets. Yet, goods manufactured to internatiomnal
standards are susceptible to competition from small countries. With
such items, small nations like Belgium can enjoy long enough production
runs to reap the full benefit of scale economies and sell much of the
output abroad.

Of the several possible versions of the scale economy hypothesis,
we are concerned with scale economies internal to the plant. When scale
economies are present, large plant size confers a comparative cost

advantage to producers.
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The scale economy theory has been tested by measuring "scale” as
the proportion of an industry's employees working in establishments with
250 or more employees (Baldwin). This variable was insignificant in
determining the commodity composition of U.S. trade when net export was
used as the dependent variable in regressions estimated across
industries. The coefficient of the scale variable was negative for U.S.
trade with the world, and it was significantly negative for U.S. trade
with Western Europe and Japan. The scale hypothesis was weakly
confirmed by U.S. trade patterns with Canada and the less developed
countries (LDCs); both coefficients were positive but insignificant.
These conclusions indicate either that scale economy is not a
determinant of U.S. trade patterns or that size alone is not a
sufficient proxy for scale economies.

Another measure of internal economies of scale in an industry has
been suggested by Hufbauer. It is calculated by relating the value
added per employee to the number of employees across size classes of
establishments within three-digit SITC categories. For each SITC

category Hufbauer estimated the equation

Where Vi represents the ratio between value added per employee in
establishment 1 and the average value added per man in the SITC
category; ny is the number of employees in establishment i; k is
constant, and s is the scale economy measure for production of that SITC
commodity (scale elasticity parameter). An s value of .08, for example,

indicates that a doubling of plant size increases output per man by
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roughly 8 percent.

Hufbauer tested the scale hypothesis in isolation using scale
elasticity parameters by relating the scale embodied in a nation's
manufactured exports to the size of national manufacturing output
measuring national economic size.

On a simple correlation basis, the correspondence among 24 nations
between manufacturing output and export scale economies was not
significantly différent from zero (only .427), whereas the simple
correlation between GDP per capita and export scale economies was
.809. Apparently, the benefits of scale economy are not distributed
exclusively according to national economic size, but with some regard to
economic sophistication. Small, rich countries, mainly those in Europe
which have ready access to large markets, sometimes export scale economy
products, whereas bigger, poor countries rarely specialize in these
goods. This phenomenon could partly reflect the connection between
scale economies and skilled labor. At any rate, the exports of Mexico
and India show fewer scale economies than sheer size would warrant,
while Denmark, the Netherlands, and Sweden specialize more in scale
economy goods than may be expected on the basis of their manufacturing
output alone.

Branson and Junz used the scale elasticity parameter in regressions
estimated across three-digit SITC manufacturing industries. Human
capital, physical capital, and a measure of technological intensity were
also employed as independent variables. The coefficient of the scale
elasticity parameter was positive and significant, thereby explaining
1964 and 1967 U.S. net exports. Branson, in a subsequent study, scaled

the dependent variable, using i%g-across industries. The coefficient
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of the scale elasticity parameter was no longer significant, although it
remained positive.

Weiser and Jay (1972) used the U.S. share of developed countries'
exports as the dependent variable and estimated regressions across U.S.
industries. The coefficient of the scale economy measure was positive
and significant (at the one percent level). This indicated that scale
economies were a determinant of the commodity composition of U.S. trade
in 1960 and 1967.

Using the scale elasticity parameter in a different context, Homi
Katrak has suggested that whenever
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country a's exports of commodity i will be relatively greater than
country b's. In this equation, N: is the level of employment in the
ith industry for country a, and 84 is the scale elasticity parameter of
the ith industry. A multiple regression of U.S./U.K. exports on scale
effects showed very significant positive results. This supports
Katrak's contention that, whereas the combined influence of industry
size and scale elasticities as captured in the scale effects provides a
significant explanation of relative exports, neither industry size nor
scale elasticities per se seem to have much influence, since the
regressions done separately on them did not show significant results.
Rank correlations between 1962 U.S./U.K. exports to the world and the
relative scale effect produced a correlation coefficient of .59 for 17

manufacturing industries and .76 for 14 manufacturing industries. Both

results are significant at the 5 percent level.
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The most general conclusion based upon the empirical evidence 1is
that size or relative size of industries is not a sufficient criterion
by which to measure scale economies. It is essential to measure the
scale intensity of industries. If the scale elasticity parameter is
employed, it must be used in conjunction with a measurement of relative
plant size. When tests are performed in the aggregate form (such as
Hufbauer's), market size may serve as a proxy for plant size due fo the

empirical relationship between the two measures.

(C) Technological Advance and the R&D Oriented Industries

Some theorists maintain that a sequence of innovation and imitation
underlies patterns of trade. Early producers enjoy easy access to
foreign markets, while later producers must rely on some factor cost
advantage to secure a share in foreign sales. The theory argues that
the ability to become the early producer depends on the acquisition of
superior technical and managerial skills, creating a technological
gap. The key ingredient in creating the gap is expenditure on research
and development.

keesing (1968), Vernon, Gruber, and others have pointed to the
significance of reserach activities in explaining trade patterns. In
particular, they found a strong positive correlation between the
relative importance of R&D activities in U.S. industries and U.S.
exports as a proportion of total exports of all the major trading
countries. These results confirmed the hypothesis that R&D expenditures
are a proxy for temporary comparative-cost advantages provided by the

development of new products and productive methods.
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Using the U.S. data for 1962, Gruber, Mehta, and Vernon, in their
empirical testing of the theory, showed that the five industries with
the most research effort accounted for 72 percent of U.S. exports of
manufactured goods. The same five industries were also responsible for
89.4 percent of the nation's total R&D expenditures, while fourteen
industries with lower R&D efforts exhibited positive net imports. The
Spearman coefficient also showed a strong relation between research
efforts and exports in the same five industries. Similar results were
obtained for the export profiles of the United Kingdom and Germany.
This indicates that the latter countries are also ranked at the top of
the advanced country 1list, with relatively high incomes and a relatively
strong emphasis on industrial innovation and product development. Hence
their export strength is derived from the same characteristics as those
that influence U.S. export performance. Their export performance
differs from that of the other OECD countries in the same way that U.S.
export performance differs from that of the OECD countries (due to the
differences in the structure of innovational habits).

The Gruber study indicates that intensity of the R&D effort 1is
greatest in industries in which the degree of employment concentration
is high and in industries in which large firms are particularly
dominant.8

Using 1962 U.S. data, Baldwin concluded that R&D activities are
much more important in export output than in import-competing goods.
The ratio of R&D expenditures involved in producing a representative
bundle of import-competing versus export commodities was .66.

The Keesing (1967) finding of the relationship of R&D expenditures

as a percentage of value added, to net exports by industry, could
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supplement both the human capital and, product cycle hypotheses: A firm
with a high R&D ratio probably employs more than the average number of
scientists and technicians, who in turn are paid wages above the
average. Thus, research—-intensive <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>