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The Technology Factor

in a World Trade Matrix

WILLIAM H. GRUBER

NORTHEASTERN UNIVERSITY

RAYMOND VERNON

HARVARD UNIVERSITY

One of the external economies that an author can draw upon in a collec-
tion of papers such as these is the expository background which the
other papers provide. Elsewhere in this collection, the reader will find
a number of accounts of the past efforts of economists to find an
efficient explanation of international trade—efficient in terms of its
ability to describe, predict, and explain the level and composition of
such trade. To relate our contribution appropriately to what has gone
before, there is no need to make more than the briefest reference to
those past efforts.

The mainstream of international trade analysis proceeds, of course,

NOTE: This paper was made possible by a grant from the Harvard University
Program on Technology and Society under a long term grant from the Interna-
tional Business Machines Corporation. Support also was provided by Harvard
University's Center for International Affairs. Computer facilities were provided
by the M.I.T. Computation Center. Although the article is a joint product of the
authors, Gruber was principally responsible for the trade matrix and the related
variables and Vernon was principally responsible for the analytical structure. The
authors are grateful to Vincent Foxworthy for his assistance in programming and
to Herbert Cremer for his work on the data. Gordon Kaufman's occasional
guidance on the statistical techniques used in this paper was of immense value to
the authors.











































































































286 Hypotheses and Tests of Trade Patterns
for all the nitpicks of details I have produced, are surely in the right an

direction—that of empirical verification of the theory of trade overall
and on the average, even though contrary examples and exceptions
abound in the small.

Hufbauer and Gruber and Vernon differ in the evaluation of their va

overall findings. Gruber and Vernon find the persistent strength in
explaining trade of differences in human-resource development "a major nq

fresh conclusion." ' Hufbauer characterizes his conclusion that physical-
capital and human-skill theories produce enviable results with little IS

ad hoc manipulation or theoretical amplification "distressingly simple rel

and orthodox." One may wonder on the basis of the pioneering work of
Kenen and Keesing how fresh is the discovery of human resources as a
basis for trade. And a textbook writer who has just finished a new CXI

edition may be pardoned if he does not find the simple and orthodox of.

view "distressing."
by
ab

U,

IRVING B. KRAVIS
University of Pennsylvania

wI

The Hufbauer and Gruber-Vernon papers are similar in that each
represents an imaginative effort to extend our understanding of the
factors that determine the commodity composition of international trade
in manufactures. They are alike also in the success each enjoyed in the

Uchoice of explanatory variables, including one or two that might at
h

first blush appear rather unlikely. q

Several of the explanatory variables in each paper represent factor
proportions of one sort or another such as capital-labor ratios in the

va
Hufbauer paper, the capital-output ratios in the Gruber-Vernon paper,
and the relative importance of highly qualified workers in both papers.
Other explanatory variables represent the economies of scale, such as
Hufbauer's elasticity of value aded with respect to the number of
employees per establishment. Still others reflect monopolistic elements

Editor's note: The final version of the paper is more modest in tone and does
not contain this reference.

J
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arising either from technological gaps, such as Hufbauer's measure of the
ght lateness of the appearance of each category of exports in trade, or result-
all ing from industrial concentration such as Gruber-Vernon's use of the

)flS concentration ratio. With one exception in the Hufbauer paper, the
values of each of the explanatory variables assigned to each export

eir category are derived from U.S. data; thus, it is assumed that there are
no factor reversals.

jor Another important assumption which the two papers have in common
a is that factor scarcities can be judged purely in physical terms without

reference to demand factors. In this respect they follow the practice
developed by Leontief in his famous paper suggesting the factor paradox
for U.S. trade, and their findings tend to confirm the fact that U.S.

a exports are not particularly intensive in physical capital. The expansion
W of the concept of capital to include human capital, suggested by Peter

Kenen and others, and the capitalized value of the knowledge produced
by R&D expenditure, recently suggested by Harry Johnson, will prob-
ably operate so as to increase the relative quantity of capital in the
U.S. economy and the relative quantity embodied in U.S. exports.

There is, however, a potentially important factor on the demand side
which has been overlooked and which would in a sense tend to place a
greater burden of explanation on these suggestions for broadening the
concept of the capital supply. It is the capital intensity of U.S. consump-

h
tion patterns relative to that of foreign consumption patterns. Housing

e
and durable goods, the consumption categories in which the excess of
U.S. over foreign per capita consumption tends to be largest, absorb
large amounts of capital. In 1958, the last date for which Goldsmith,
Lipsey, and Mendelson prepared a national balance sheet,1 nonfarm
households actually held tangible assets which in value were almost 30
per cent greater than those held by nonfinancial corporations, the
entities which presumably generated our manufactured exports. The
value of residential structures owned by nonfarm households was almost
twice the value of nonresidential structures held by nonfinancial cor-
porations, and consumers' durables were almost 15 per cent higher than
producers' durables held by nonfinancial corporations. This large house-
hold demand for capital must be taken into account in any assessment of

1 R. W. Goldsmith, R. E. Lipsey and M. Mendelson, Studies in the National
Balance Sheet of the United States, II, Princeton for NBER, 1963, pp. 68—69.
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288 Hypotheses and Tests of Trade Patterns
relative factor scarcities in the U.S. economy compared to that of other H
countries. e4

There are of course differences as well as similarities in the approach
followed by the two papers. The authors of the two papers have, for
example, organized their data differently. The advantage of the Hufbauer
approach is that he uses a more detailed breakdown of exports

a hundred three-digit SITC groups.
Gruber and Vernon, on the other hand, set a much more demanding
test for themselves. In the first part of their paper, they seek to explain
the relative size of each country's exports of manufactures in terms of
their explanatory variables; that is, they correlate each country's export la
shares for each of the twenty-four industries with certain characteristics le
of each industry. (In the second part of their paper they correlate, for
each of the twenty-four industries, the size of the bilateral trade flows
of the exporting and importing partners with certain national character-
istics, or with differences in these characteristics.) Hufbauer works only ai
with successive correlations of the ranks of countries when they are
arrayed according to two different variables, one measuring the relative
amount of a given characteristic embodied in each country's total
exports of manufactures and the other measuring the amount of the h
corresponding national attribute found for each country.

A major disadvantage which both studies encounter, in common with
other empirical investigations of trade flows, is that the classifications ii
used for industrial production and international trade really are not q
relevant to the purposes at hand. Now it may be thought that this objec-
tion is not valid in view of the high degree of success of both papers in
explaining international trade flows by variables which are calibrated
in terms of the existing categories. However, there is no reason to believe ii
that the classifications are equally appropriate or equally inappropriate si

for each of the several explanatory variables. It is possible, for example,
that the categories may contain groups of products that are more homo-
geneous with respect, say, to the skill ratio than with respect to the
economies of scale. Indeed, there is some reason to believe that the ii

classifications are particularly deficient for purposes of measuring econo-
mies of scale. Scale economies are a function not only of the size of
plant, which can be measured in terms of the existing classifications
and which Hufbauer does measure, but also of the product mix within
plants, which is more difficult to measure and which is omitted from

I



Comments 289

her Hufbauer's net. In the case of the United States, at least, the scale
economies that are important in exports are often more a function of

ach the size of the market than of the size of plants or establishments. in
for the study of international price competitiveness that Robert Lipsey and
uer I have been conducting at the National Bureau,2 we have encountered

of a number of cases in which the size of the U.S. market enables U.S.
ps. producers to reach large volume production for relatively specialized
ing product variants for which markets are thin in any one of the smaller,
am competing economies. In the antifriction bearing industry, for example,

of the U.S. imports commonly used bearings which can be produced in
ort large volume both here and abroad, but the United States has neverthe-
ics less enjoyed a net export position in bearings owing to exports of

j specialized kinds capable of meeting precision needs, resisting heat or
ws rust, or bearing great weight.

Scale economies that may or may not be unique to the U.S. economy
tly

j
also arise where there is a high degree of product specialization by each

ire of a large number of small firms. Brown and Rosenberg have reported
ye this situation as characterizing the machine tool industry;' each plant
tal type typically produced one or at most only several types out of the four
he hundred kinds of tools produced in the industry.

It may also be questioned whether either study has found a satis-
th factory measure of product differentiation. Hufbauer attempts, with great
ns ingenuity, to measure product differentiation in terms of the coefficient
ot of variation for U.S. export unit values to different destinations for each
C- of his three-digit categories of goods. However, even if we put aside the
in well-known erratic character of unit value data, export unit values to

various destinations may vary widely for a number of reasons not just
because of product differentiation. In the first place, a wide variety of

te standardized products may be found even in some of the seven-digit
e, classifications which Hufbauer uses to build up his three-digit measures,

and the product mix sent to different destinations may be different.
te Even a cursory check of U.S. 1965 export data brings up some sugges-

tive illustrations: unit values of exports to different destinations for

f
2 Price Competitiveness in World Trade, Chap. 2, forthcoming.
M. Brown and N. Rosenberg, "Prologue to a Study of Patent and Other

Factors in the Machine Tool Industry," The Patent, Trademark and Copyright
n Journal of Research and Education, Spring 1960, p. 45.

4 U.S. Department of Commerce, U.S. Exports, Commodity by Country, FT
410, December 1965.

p



290 Hypotheses and Tests of Trade Patterns
"screws, rivets, washers, and similar articles of iron or steel" (Schedule
B commodity number 6942130) ranged from 22.6 cents per pound (to G$

Korea) to $4.26 per pound (Greece), while for "industrial sewing vel
machines except shoe sewing machines, new" (7173030) the range went de
from $214 (to Salvadore) to $988 (to Vietnam) per unit; the coefficients ot
of variation were 0.74 for screws, etc. and 0.52 for industrial sewing
machines. It is rather doubtful that these differences in range and
variation of the unit values to different destinations reflect the relative
impact upon these two categories of the product cycle. Secondly the
seven-digit classification sometimes includes used machinery along with Eu
new, as in the printing machinery categories (7182210 to 7182960 inc.), of
and in other instances it provides separate categories for used equip- to
ment, as in industrial sewing machinery (7173040). Thus, the coefficient tiq
of variation is sometimes affected by the extent to which used machinery irni
is exported to some destinations and new machinery to others, and it arq

cannot be assumed that the relative importance of second-hand products
is the same from one category to another. Finally, price discrimination to
as between different destinations, which is not unknown even in U.S.
export trade, would also affect unit values. spi

The a priori doubts about the adequacy of the standardization coeffi-
cient are reinforced by an examination of the way in which the coefficient
ranks the three-digit groups. While the author is correct in saying "rea- re!
sonable coefficients seem to emerge, at least in some instances," there exi
are many that appear to be unreasonable. According to this measure, at
for example, office machinery (SITC 714) and agricultural machinery in
(712) are more standardized than zinc (686) and paper and paper-
board (641). A perusal of Hufbauer's Table A-2 will show that such
outcomes are not uncommon.

It is possible, however, that the significant correlation between the
ranks of the various countries with respect to their export-weighted is

coefficients of variation for export unit values and their ranks with an1

respect to manufacturing sophistication (as measured by GDP per
capita) has another important meaning. It may reflect the greater trii

variety of goods available in high income countries rather than measur- thi
ing the extent to which sophisticated countries are able to offer differ-
entiated products.

Putting this implication aside for the moment, it is worth pointing out



Comments 291Tule that an important new line of investigation is suggested explicitly by the

(to Gruber-Vernon paper and implicitly by Hufbauer's paper, although not

ing very much explored in either. In the empirical and theoretical work

ent dealing with the commodity composition of trade over the past twenty

ats or twenty-five years, the main effort has been devoted to the search
for explanations of the contrasting trade patterns of different countries.

nd Gruber and Vernon remind us that something can be learned by studying

ye the similarities of trading patterns; perhaps we have given inadequate

he attention to the difference between tradeable goods and home goods.

th Economists of a former generation used to describe the characteristics
of traded goods in three terms: homogeneous, high in value in relation
to bulk, and in universal demand. Perhaps technological progress, par-
ticularly the reduction of the cost of transport, has altered the restrictive
impact of all three of these characteristics upon the kinds of goods that

it are traded. Perhaps with the spread of industrial production and with
ts higher real income levels, differentiated goods are as prone or more prone

to be traded than homogeneous products.
S. Although the point about homogeneous versus differentiated goods is

speculative, the similarity of export patterns of the main manufacturing
i- countries is clearly shown by the Gruber-Vernon correlations. This
it similarity of export patterns is not dependent on the use of twenty-four
1- relatively large industrial categories but persists, I have found, when the
e exports of manufactures of the major industrial countries are correlated

at the three-digit level (about 100 categories); the Spearman coefficients
y in the matrix of correlations involving the United States, the United
- Kingdom, Germany, and Japan range from .54 to

What is the significance of these similarities? One possibility is that
all advanced manufacturing countries tend to produce highly similar
baskets of goods and to export them to nonmanufacturing countries. It

I is true that there are striking similarities in the structure of production
among the important manufacturing countries; for example, the Spear-
man coefficient for the rank correlation between nineteen two-digit indus-
tries is 0.72 for Japan and the United States and 0.83 for Germany and
the United States.6

Using OECD data on 1964 exports.
6 Based on data in United Nations, The Growth of World Industry, 1953—65,

New York, 1967.

p



292 Hypotheses and Tests of Trade Patterns
Such an explanation cannot, however, be more than part of the story,

since, as is well known, intratrade among the industrial countries is
quite important. Indeed, in 1964, half of U.S. and U.K. manufactures in
exports and three-quarters of Germany's went to OECD countries.T in

Conceivably, for purposes of this intratrade, each major industrial
country might specialize in a different group of industries, but this seems
unlikely in view of the similarities in the industrial composition of their
exports. Also, a direct check of a single case, U.S. and German intra-
trade, indicates a significant degree of similarity in the industrial pattern al
of each country's exports to the other; the Spearman coefficient was .53
for eighty-six three-digit categories for which OECD data for 1964 ta
exports were available. This coefficient, which is significant at the 1 per
cent confidence level, leaves room for some industry specialization, but
it also indicates a considerable amount of what looks like cross exporting.

It is possible that a better explanation of this trade might come from
a comparison of the economic characteristics of home goods and trade- el
able goods. Neither of these papers tells us, for example, whether the
goods that are generally exported in relatively large volume by the major
manufacturing countries are particularly capital-intensive, or unusually
subject to the economies of scale as compared to goods that are exporte4
in smaller volume. Neither do they indicate whether there are differences ai
between the economic characteristics of the manufactures the industrial
countries export to one another and those they send to other destina-
tions. Until we have the answers to questions like these, we shall not
fully understand the forces that determine the commodity composition of
trade.

Meanwhile, it is possible to outline a hypothesis to explain this intra-
trade that can be viewed in one sense as an extension of the availability
argument I offered some years ago; 8 that is, trade consists to a significant
degree of products, or still more importantly, of product variants that
are not available in the recipient country. Before drawing on the Gruber-
Vernon and Hufbauer papers to suggest why this occurs, I may call
attention to two bits of evidence (both reported in the forthcoming

See also H. Grubel, "Intra-Industry Specialization and the Pattern of Grade,"
The Canadian Journal of Economics and Political Science, August 1967.

8" 'Availability' and Other Influences on the Commodity Composition of C
Trade," Journal of Political Economy, April 1956. N
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tory study by Lipsey and me) that indicate that the availability factor does
operate for manufactures and particularly for machinery, as business-

tures men perceive the situation. The first suggests that U.S. exports of metal
products and machinery depend to a considerable extent upon differ-

;trial ences in design and other aspects of product differentiation. The second
is a survey by the IFO Institute of Munich in which German firms that

their purchased foreign factory equipment reported that 63 per cent of their
itra- purchases were due to the fact that the desired equipment was not avail-
tern able at home; another 12 per cent was purchased because of the

.53 superiority of foreign equipment; and only 7 per cent for price advan-
964 tages.
per Some of the reasons underlying the availability of different products
but or product variants in various supplying countries are found in the tech-
ing. nological gap or in the kind of product differentiation along national

lines (Belgian lace, French wine, British china, etc.) which I mentioned
tde- earlier. In addition, the combination of an increase in the variety of
the products—for producers' goods as well as for consumer goods—and the
tjor economies of long production runs may result in specialization by prod-
ally uct variant rather than by industry or type of product.
ted Although economies of long production runs explain why countries
Ces are led to concentrate on a limited range of products, even when they
rial are capable of producing the full range, the determination of the par-
na- ticular variants each country will specialize in depends on systematic as
riot well as random factors. In general, the larger the market the wider the
of range of products for which the country will be able to obtain the econo-

mies of long runs,9 and the more likely it is to be able to export a
ra- variety of materials and equipment catering to specialized needs which
It)T have a demand extensive enough to warrant production beyond the
tnt handicraft, custom, or special-order stage and yet infrequent enough to
tat prevent the attainment of scale economies in smaller markets.

A country with a small home market would specialize in the less

rig
esoteric and more widely demanded products in which it could achieve

A recent study of the Canadian economy shows the cost disadvantages that
ensue from the attempt to produce a wide range of product variants in a small
market. See D. J. Daly, B. A. Keys, and F. J. Spence, Scale and Specialization in

of Canadian Manufacturing, Staff Study No. 21, Economic Council of Canada,
March 1968.

p



294 Hypotheses and Tests of Trade Patterns
long production runs; this has been pointed out by Drèze who has

a "standardization" hypothesis to explain Belgium's export
pattern in which semimanufactures are important.'° poss

As between countries with the same size market, the one with greater dcvi

physical and human capital might provide the leadership in developing capi
new variants, losing its comparative advantage in each new variant as
it became more widely used in the other country. As between countries
equal in market size and in physical and human capital, the pattern of coni

specialization in the production of different variants in long runs might and
depend on systematic elements such as differences in tastes and natural I
resource endowments or on chance factors. all i

An important systematic element is the tendency for domestic produc-
tion in each country to consist of product variants that cater to the a v
tastes and needs of the home market. Drèze and (I think) Linder, among be
others, have seen this trade-creating aspect of product differentiation emi

chiefly in connection with consumers goods. Lipsey and I have been coC

struck in the course of our National Bureau study with a number of suc

examples of a similar phenomenon in connection with producers' goods. flo

Equipment is usually designed in each country to meet local conditions suc

such as the usual scale of output and the prevailing relative factor prices. Lii
In each country, however, there is apt to be a small demand for equip-
ment which is different from that which serves most local needs. This Ta

small demand can be better satisfied by equipment designed for condi- aft

tions that happen to prevail in another country. European equipment
for such industries as printing, baking, and pharmaceuticals, for example,
is designed for smaller volume, lower speed, and greater versatility than
American equipment for the same industries. In each area most domestic is

needs are met by domestic production, but Americans do import some pa

low-volume versatile machines from Europe and export some high-
volume specialized machines to Europe.

Obviously, this basis for specialization is closely related to the dis- th

economies of small-scale production or of special orders. However, one
th

10 Jacques Drèze, "Quelques réflexions sereines sur l'adaptation de l'industrie c4
Beige au Marché Commun," Corn ptes rendus des Travaux de Ia Sociélé Royale
d'Econornie Politique de Belgique, No. 275, December 1960.
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has may suppose that the ability of a country to participate in this trade,
particularly in sectors of rapidly changing technique, is related to its
possession of the attributes which are required for the production and

tter development of special designs of equipment—viz., physical and human

ing capital, particularly R&D skills.

as An explanation along these lines is consistent with the similarity of

ies export profiles found by Gruber and Vernon, the associations between

of commodity characteristics and national attributes stressed by Hufbauer,

gin and the importance of intratrade pointed out above.

ral This is not to claim that specialization by product variant can explain
all intraindustrial country trade flows in manufactures. The truth prob-
ably is that manufactures move across international boundaries owing to

lie a variety of causes. Some—and probably a significant fraction—can

ng be explained in terms of the classical factor proportions theory. The

on emergence of textile exports from developing countries, despite hostile

en commercial policies by the developed countries, may be a reflection 'of
such tendencies. Other flows are due to favorable financing, to past
flows (parts for machinery, extensions of past installations of systems

'ns such as railroad, electrical, and telephone), and to speed of delivery.

es. Lipsey and I are inclined to the view that the importance of delivery

p- speed in accounting for U.S. exports has not been given sufficient weight.
To take an extreme example, the United States was able to export ships

Ii- after the Suez Crisis in 1957 despite prices that were perhaps double
those abroad. This suggests, as do some of our authors' results, that the

Ic, factors that are important in explaining one country's trade may differ
an from those that loom large in explaining another country's, and that there
tic is some evidence that the main forces at work in influencing U.S. trade
tie patterns in particular tend to differ from those operating in other coun-

tries.
Doubtless other explanations and hypotheses about the meaning of

is- . the results that have placed before us by Gruber and Vernon and
ne Hufbauer will be forthcoming. Their work has broken new ground in

the effort to understand the factors that determine the commodity
composition of trade. They have, to amend slightly the words of one of
the papers, provided valuable grist for the mill of theory.
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MORDECHAI E. KREININ pcI

Michigan State University
prs
tid

Although the papers presented at the conference fall within the realm of
the "pure theory" of international trade, it appears that various speakers
address themselves to three different questions, to wit: (1) an assess- It!
ment of the gains from international trade (Arrow); (2) an explanation the
of the commodity composition of trade (Hufbauer, and Gruber and tic
Vernon); and (3) the development of a guide for trade policy for pei
individual nations, particularly within a development context (Bruno).
These are certainly not mutually exclusive, and an "ideal" theory
should contain answers to all three. But within an empirical context, ph
one would be doing well to test for one or two of them at a time. The
following remarks are addressed to the Hufbauer and Gruber-Vernon cal
papers on the supposition that their main objective is to explain the
commodity composition of international trade.

In the received theory of exchange both supply and demand play a
role in the process of price determination. Translated into the (barter)
theory of international trade—based on the doctrine of comparative
advantage—we find supply factors determining the boundaries to
mutually beneficial trade and demand considerations determining the
commodity terms of trade within these boundaries. But the Heckscher-
Ohlin model, as tested by Leontief and in the vast literature that ensued,
assumes away international differences in demand. Likewise, most of eli
the theories tested in these two papers are exclusively of the supply thil

variety. cx
In actual fact, supply models can be expected to explain rather well tn

the portion of world trade that consists of homogeneous commodities. fal
When it comes to industrial products, which constitute the bulk of trade ca
among the developed countries, the patterns of demand and the degree ge
to which they are influenced by product differentiation can be expected
to play an important role. None of the models tested here can shed light
on the mutual exchange of Fiats, Renaults, and Volkswagens among the bd

three major EEC countries. On a priori grounds, supply factors would

__j
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dominate trade relationships only when they result in a price differential
large enough to swamp the demand effects in monopolistically com-
petitive markets. Consequently, it would make sense to test the supply
models only for these commodities which differ substantially in the
product characteristic being tested. This brings me to the next opera-
tional suggestion.

i of The papers under discussion are of immense value in analyzing the
:ers various characteristics of commodity groups entering international trade.

It would have been preferable to carry out such an analysis for each of
ion the five-digit SITC categories; but evidently this is precluded on prac-
nd tical grounds. Now, by running multiple regressions and adding inde-
for pendent variables, one can certainly increase the portion of the variance
)). being explained. But as this process progresses, the theory loses opera-
)ry tional simplicity and therefore practical significance. The logical sim-
xt, plicity of a theory (like that of the Heckscher-Ohlin model) has a value
lie which should be preserved even while the theory is made more sophisti-

cated. Moreover, even by employing dozens of variables, we may not
he reach satisfactory explanations of all trade by all countries.

I would therefore like to suggest an alternative method of using the
• a data gathered in the papers. As a first stage we wish to test the explana-
r) tory power of each commodity characteristic by relating it to the respec-
ye tive structure of the economy. (Incidentally, this link is missing in the
to first half of the Gruber-Vernon paper because the country-endowments
he counterpart of each industry characteristic is not given.) Assume, for

example, that we start by testing the factor proportions model. I pro-
d, pose that we rank all commodity groups by capital per man and then
of eliminate from the test, say, a fifth of the industries which fall right in

the middle. Better cut-off points can perhaps be decided upon after an
examination of the data; but any decision would of necessity be arbi-
trary. We test the theory with the industries at the two ends.—those

S. falling in two groups that contrast sharply with each other in terms of
le capital per worker—thus generating a powerful "supply effect." Homo-

geneous products can perhaps be included even if they fall in the middle
group.

it One can proceed in the same fashion with the other characteristics to
be tested; namely, by excluding the respective "middle group" and test-
ing the theory for those industries which differ considerably from each

I
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other. A theory that cannot explain trade in its own "end group" meas
products can be discarded. addd

Subsequently, in order to compare the relative effectiveness of the
theories, an iterative process can be employed. For each commodity be
characteristic one can start from the two ends and work toward the char
middle by adding industries, until the explanation loses power. The to
characteristic that explains a larger share of world trade is presumably
the superior one. From there we can proceed with a theoretical and

broal
empirical approach based on reasonable combinations of the character-
istics which came out well in the tests. apply

In sum, what is suggested here is that instead of attempting an
explanation of all trade using a multiplicity of variables, it might be mani
better to try to explain a portion of total trade by a simple theory. But givet
instead of deleting a country, as Hufbauer has done, it is proposed here
to exclude commodities. It is reasonable to expect that much of the baue
unexplained portion would be due to differences in demand patterns
under monopolistically competitive conditions, and unexplainable by
supply models.

Having completed this stage of the analysis, one can embark on two
alternative courses. The first course would involve merging the explana- T
tory factors that came out well into a composite variable on grounds anali
that make theoretical sense. Hufbauer's suggestion of neofactor propor- emts
tions and neotechnology variables come to mind in this connection. And,
if necessary, the relative explanatory power of the competing composite
variables can be assessed by the same iterative procedure outlined above.
The second alternative is to incorporate in the theory different explana- to
tions for trade in different types of commodities. Such a result might prod
emerge if the various factors were equally powerful in explaining trade ing I
in different, but distinct, types of goods. into

196$

HAL B LARY flows

National Bureau of Economic Research It is

or tO
part;

In the concluding summary of that part of his paper concerned with
the "nature of trade," Hufbauer refers to the explanatory power of a
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measure I have employed elsewhere 1 to explain trade flows—i.e., value
added per employee as an index of the combined inputs of physical and

the human capital into different manufacturing industries. It may therefore
be useful to add this composite variable to Hufbauer's list of product

the characteristics embodied in exports and imports and to relate the results
The to whichever of his national attributes seems most appropriate.2 Gross
ably domestic product per capita commends itself for this purpose, given the
and broad content of value added by manufacture.

Table 1 gives the average value added per employee obtained by
applying U.S. coefficients for different industries to the product corn-

an position of each of the twenty-four countries' exports and imports of
be manufactures. When the export series (of primary interest for reasons

But given by Hufbauer) is matched with GDP per capita, the following
tere correlations are obtained (comparable to those given in Table 5 of Huf-
the bauer's paper):
Tfls Rank correlations, unweighted
by 24 countries .765

23 countries (Mexico excluded) .871

wo Rank correlation, weighted .928

na- These results compare favorably with those given by Hufbauer's skill
ids analysis, being distinctly higher than the correlations with skill ratios
or- embodied in trade and slightly lower than the correlations with wage
ad, rates. Conceptually, the value-added criterion seems more appealing. As
ate Harry Johnson says in his paper in this volume, "it picks up not only the
ye. neofactor proportion elements of material and human capital, but also

to some extent the neotechnology elements of scale economies, and of
product age and differentiation, insofar as these last are reflected in sell-
ing prices." This may be true of still other inputs of "intellectual capital"
into the production process.

1 imports of Manufactures from Less Developed Countries, New York, NBER,
1968. As explained there (pages 21—22), "Differences from industry to industry in
value added per employee are here assumed to measure differences in the aggregate
flows of services from the factors of production employed in the manufacturing
process (and exclude therefore indirect factor inputs such as materials used).
It is further assumed that these services may be ascribed either to human capital
or to physical capital, and that, in interindustry comparisons, the wage-and.salary
part of value added is a good proxy for the first and the remainder of value added
a good proxy for the second."

th 2 1 am grateful to Professor Hufbauer for his interest in this exercise and for
putting his basic trade data at my disposal and grateful also to his assistant,

a Melissa Patterson, for doing the computations.
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TABLE 1

Value Added by Manufacture per Employee, Embodied in 1965 Exports
and Imports and GDP Per Capita, Twenty-Four Countries

GDP
Value Added Per Employee Per

CapitaExports Imports

Canada 14,671 (2) 13,820(12) 2,110 (2)
United States 14,340 (4) 13,079 (21) 3000 (1)
Austria 12,319 (15) 13747 (13) 1,030 (13.5)
Belgium 13,235 (10) 13,529 (15) 1460 (10)
Denmark 12,346 (14) 13,492 (16) 1,680 (8)

France 14,071 (6) 14,239 (7) 1,580 (9)

Germany 14,276 (5) 13,265 (19) 1,770 (6)

Italy 12,572 (13) 14,709 (3) 1,030 (13.5)

Netherlands 13.469 (9) 13,332 (18) 1,430(11)
Norway 1:3,721 (7) 12,465 (22) 1,880 (4)
Sweden 13,196 (11) 13,429 (17) 2,100 (3)
United Kingdom 13,715 (8) 13,209 (20) 1,710 (7)
Australia 14,397 (3) 13,893 (11) 1,810 (5)
Japan 11,880 (16) 15,212 (2) 720 (15)
Israel 8,841 (21) 12,227 ('24) 1,090 (12)
Portugal 9,813 (19) 14,102 (9) 420 (iS)
Spain 13,116 (12) 14,403 (5) 550 (16)
Yugoslavia 11,564 (18) 14,211 (8) 250 (19)
Mexico 15,909 (1) 15,500 (1) 430(17)
Hong Kong 7,845 (24) 12,418 (23) 200 (20)
India 8,634 (22) 13,637 (14) 80(23.5)
Korea 9,084 (20) 14,508 (14) 140 (21)
Pakistan S,157 (23) 13,918 (10) 80 (23.5)
Taiwan 11,795 (17) 14,397 (6) 130 (22)
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Source: Value-added averages are obtained by applying coefficients
derived from U.S. 1963 Census of Manufactures (converted to SITC in
accordance with Hufbauer's Table A1)to the percentage distribution of
each country's exports or imports among the 102 three-digit SITC
categories used in Hufbauer's analysis. The GDP series is taken
directly from his Table 4.
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As would be expected, the import series in Table 1 is negatively
related to GDP per capita, though much less strongly than exports.3

arts
Most countries with high average value added in exports show the
opposite for imports, and vice versa. It is particularly noteworthy that,
on this more comprehensive definition of capital inputs, the export
average is distinctly higher than the import average for the United States.
This result—not surprising in the light of previous findings by Kravis,
Keesing and others relevant to the skill content of exports and imports—

— suggests that a basic flaw in the Leontief paradox was reliance on an
inadequate physical concept of capital.

Mexico and Israel stand out as the most deviant countries, the first
with a much higher, the second a much lower, average value added in
exports than their GDP per capita would lead one to expect. Hufbauer
has already commented on the reasons for Israel's behavior. That of
Mexico is strongly influenced by the fact that nonferrous metals and

5) certain pharmaceuticals and chemicals—all strongly resource-oriented—
make up more than half of its exports of manufactures according to
Hufbauer's grouping. itt a ranking excluding all nonferrous metals and
chemicals, Mexico falls to fifteenth place in exports on the value-added
criterion.4 As Hufbauer indicates, there is reason to look critically at
his coverage of "manufactures." The same question arises with regard
to the Gruber-Vernon selection, which contains even more essentially
resource-oriented items.

The computations given here on value added per employee may be
criticized, as the Hufbauer and Gruber-Vernon computations have
been, because of the use of American coefficients. Strong similarities
across countries in the pattern of value added per employee according

5) to industry make me doubt that this is, in fact, a major weakness in
the But, clearly, there is room for further empirical work
using and comparing other countries' coefficients.

— The simple correlation is — .407 compared with .668 for exports.
4 The unweighted rank correlations obtained on this basis (.8 56 for all twenty-

four countries and .9185 with one country, Israel, omitted) are higher than those
reported above for all products in Flufbauer's selection, but the weighted correla-
lion (.914) is slightly lower. More study, however, needs to be given to the

.2 criteria of selection and, in particular, to the identification and exclusion of indus-
tries whose location is determined mainly by natural resources rather than by
labor, capital, technology, or other factors.

See Chapter 3, "International Comparisons of Factor Intensities," in Imports
of Manufactures from Less Developed Countries.




