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SUMMARY

The paradoxical finding of Professor Leontief that American exports
are, on the average, labor-intensivz and imports capital-intensive is
known as the Leontief Paradox. Some critics of this controversial
finding have pointed to the methodological problem or the seriousness
ofomitting factors other than capital and labor, e.g., natural resource
factor. Others have argued that the resulting Paradox is due to the.
inValidity of the factor proportions theory of éomparative advantage
which Leonteif tested.

That the Paradox is due to the natural resource factor is implied
by Leontief himself in one of his computations. Only in this com-
putation, which excludeé natural resource sectors, was the FParadox
reversed. Movre recently, Vanek has empirically shown that the U.S.
foreig: trade pattern reflects a relative scarcity of naturzl resources.
In his attempt to explain away the Paradox, Vaunek reasons that capital
and natural resources are a pair of complementary factors and, henca,
although capital may be an abundant factor, more of it is needed to
replace U,S. imports than is neceded for exports.

In order to compare the factor structure of U.S. foreign trade
with tuat of Japan, the natural resource products as well as capital
and labor structure of Japen's foreign trade have becn computed. The
result reflects the generally acceptod scarceity of uoitural resources
of Japan's cconomy--the vesource content ol its imports is more than
three times that ¢f its exports. The cemputation of capital-labor
Vowaver, reveals that its exports ocre capital-intensive

requisements,

s



and its imports labor-intensive.

If natural resources and capital are complementary, exclusion of
the natural resource scctors should increase the capital-intensity of
Japan's exports relative to its iuports. But the result of the com-
putation excluding the resource scétors shows that the capital inten-
sity of exports is no longer larger than its import, implying that the

complementary argument does not adequately explain.the case for Japan
as it appears to for the U.S.

Separate studies of India and Canada, both employing Leontief's
technique, add to the evidence of the influence of natural resources
on the capital~lebor structure of trade. Bharadwaj's'study shows that
Indian exports to the U.S. tend to be capital-intensive relative to
its imperts frem the U.S, A similar resvlt is shewn in Wahl's study of
Canada. Both writers poiut out that the relatively large share of
primary products in the commodity composition cf their country's trade
might have influenced the paradoxical finding.

What then is the implication of the above analysis f{or the C-L
structure of the foreign trade of a given country? For a country such as
Canada, the C-L requiremonts of its composite cxports tend to be capi-
tal~inteusive since exports are vaw material-criented and its import
requirecuents lobor-intensive becanse of lavge impoerts of manufacturad
goods, On the other hand, for a country like Japan, exports are also
Likely to be cepital-intensive nnt simply bocause the country is cop-
tal-rich but hecause it is land-scarce and inports large cwounts of
agricultural products which are extremely Tabor-intunsive (in contrast

to the cepital inteusity in the LS, aud Cunida). This reasoning can
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similarly bq, applied to explain hoth the Leontief Paradox and the Indian
bilateral trade with the U.S.

We have so far proceeded within the framework of the factor pro-
portions theory; let us go back now to the question of validity. Are
the assumptions of this theory, and consequently its applicability, valid?.
One of the assumptions that has been criticized is that of "strong fac-
tor intensity," i.e., a given product remains rélatively capital (or
labor) intensive at any relative factcr price ratio., If this assump-
tion does not hold true (i.e., a machine product could be more caﬁital—
incensive than a textile product in the U.S. and vice-versa in, say.
the Philippines), the rclative price ratics of products and the pattern
of comparative advantage may not be in accordance with the relative
factor endouments of the two countries. The possibility of such a
pheromenon (called factor reversal) has becn theoretically and empirically
demonstrated by Minhas.

One of Minhas' tests to show the vccurrence of factor reversal is
based on the comparison of the rankings of comparable U.S. and Japan
industries by capital-labor ratios., The significantly dissimilar rankings
of the two countriecs are given as evidence of factor-reversal, Howe
ever, this writer finds that the ddssimilavity is largely due to the
large difference in the capital-inteusity of agriculture and agri-
culture-reloted sectovs, Since efiicicnt production of agricultiural
products is dictated by a "land" foctor and not seley by cepital and
labor, a roakiag comparison excluding these sectors was made,  This com-

purison raises the degree of simdlority betenen the UJS. and Japan
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rankings significantly enough to question the generality of the factor-
reversal argument as applied to the ranking test,

The outright refutation of the theory on the basis of the two-~
factor pavadoxes of the U.S. and other countries does not appear justi=-
fied, since the inclusion of natural resources tends to explain these
paradoxes. However, more rescarch is needed on such topics as the
nature of the production function and complemcntarity and/or sub-
stitutability of different factors as well as the role of the factors
nottreated in this paper. Such research would further clarify the real

status of the Hecksclier-Ohlin theory.



Natural Resources., Factor Mix, and Factor Reversal in
i International Trade

%
Selji Naya

Most empirical tests of pure trade models are for those employing
two factors, capital and labor., An example is the celebrated worlk of
Leonticf on the structure of U,S. foreign trade, the results of which ' .
are termed "The Leontief Paradox”.l Many writers have been critical
of Leontief's omission of a third group of factors, natural resources.
Vanek's empirical study on the role of natural resources in U.S. trade

provides the strongest support presently available for the contention

* :

The author is an Assistant Professor of Economics at the University
of Wisconsin. This paner has been taken from his unpublished dissertation,
The Leontief Paradox and the Faator Structure of Japanese Poreign Trade,

submitted to the same University, June, 1965, The author is much in-
debted to Professors R.E. Baldwin, P.T. Ellsvworth, E.D. Hawkineg, T. Movian,
H.0. Schmitt, and J.C. Williamson for their comments and to the Ageney

for International Development for research support.

1"The Leontief Paradox' refers to the statistical findings of W.W.
Leontief that exports of the U.S. :contain relatively less capital but
more labor than domestic replacements of its competitive imports (in
"Domestic Production and Foreign Trade: The Amcrican Capital Position
Re~cxamined," Proccedines of the American Philosophical Societv (Septeumber
1953), pp. 331-49; and "Factor Proportions and the Structure off American
Trade: Yurther Theoretical and Enpirical Analysis," Review ofi Hconomics
and Statistics (November, 1956), pp. 386407}, In view oif the large
collection oif literatuve on this subject, especially analyiical comments,
this paper focures on recent cmpivical studiecs xelating to the role of
natural resources and factor reversals,

2' 4] : ey LT 3 . - TRy
B.C. Swerling, "Capital Shortage and Labor Surplus in the Unirted
States?! Roview of Eeovonies and Statisties (August, 1954), p..289; L.0.
Kravis, "availability and Cther Influences on the Commodity Composition
of Trade,' Journal of lolitical Yeonomy (April, 1956), pp. 143-1555 G.
Haberler, A Suivey of [(nternational Tewie Thonry, International Finance

Section (Frinceton: Erinccton University Pross, 1961), pp. 21-23.
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that this omission explains the Paradox.3
Vanek's study is based only on U.5. data. This paper tests the

applicability of his explanation of the Paradox to the trade structure
of Japan, India and Canada (Section I). The cepital (C), Labor (L)
and natural resource product requirements of Japan's foreign trade are
computed, but for India and Canada, the findings of R. Bharadwaj and D.
Wahl are used.4 The conclusion of the first scction is then used to

critically evaluate Minhas' ranking t:est of C-L intensity reversals,

5
anotlier explanation given for the Paradox (Section II).-

Although confined to two-factor analysis, Lcontiéf was qulte
avare of the implication of the omission of the natural resource factor.
He observes that the nettrade position of such scctors as Sawmill Pro-
ducts, Pottery, Sulphur, and Grain Mill Products deviate from the direcrion
of trade implied in his finding of a comparative capital shortage and labor
surplus in the American econoimy. This deviation is attributed to the
relative scarcity or abundance of natural resources required in the pro-

: 6 ,
ductive processes of these products. The stronger possiblility that

J. Vanck, The Natural Resource Content of United States Foreipn
Trade, 1870-1955 (Cambyidpge: 1963).

‘R, Bharadwaj, "Factox Proportions and the Structure of Iudo-U.S,
Trade," The Tudinn leconanie Journnl (Octobexr, 1962), pp. 105-1G, and
ﬂggyg;gywL_ﬂniL;JL[_Jgiiﬂ;_" reien heede, Series in Monetaryend International
]':Cr':lle-le;‘.: NoW 0 (Bombay: University of Bombay, 1962); Donald F, Wahl,
"Capital and Labor Requivements for Canada's Forelgn Yrade,! Canadian Joup:
nal of Tconomics and Political Scicnce (dugust, 1961); pp. 349-58.

[ 4
) S A ) ;
Bagicha Singh Minhas, An Toteoina

Loanakd
s

Factor Use (Anstexdam:  1963), pp. 3Y-42

onal Comparison of Pactor Costs and
L]

GLuvuliuf, W, op. cit., Prococdings of the American Philosephical

Gocicly.
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Paradox itself is largely due to the natural resource factor is implied
in one of the computations (in ﬁis second arﬁicle) excluding 19 natural
resource industries. .Only in this computation do we. get the expected
result: U.S. exports contain a relatively greater amount of capital in
corparison with its imports. Although Leontief refrains from pursuing
this line further, the significance of natural resources seems evident.
Vanek's recent work, however, deals specifically with the role of natural
resources in U.S. production and trade. He attempts to show that the
importance of natural resources in relation to capital and labor has
declined over time and that the present pattern of trade showe a re-
lative scarcity of natural resources, which is then extended to explain
the Paradox.

In undertaking the difficult task of mcasuring natural resources,
an indirect wethod is employed by Vanek;—the natural resource products
embodied in a wuunit valuec of a given commodity are substituted for the
natural resource {actor requirement under the assumption that the Iformer
is proportional to the latter.7 Twentv-one sectors (vavious agricuitural
and mining sectors and locging sector) out of 192 intermediate soctors
are selected and theilr outputs are used to determine the role of the

natural rcsource foctor in production aud trade.

7Dcnpite Vanel's indirce! methoed, which enploys a proxy vaviable,
his approach is cpevationally rearonable da view of the lack of an ideal
stotietical wethnd to idintify the naturak vesource factor of production,
In considering the vactor combincticns of the productive processes, it
nay be avpued thir the necersary yequivesents ol unturnl resources as
the diveet fnpue wizl Lo volatively laveer for the production of primary
poods than for nanufacturiung.  Or, on the average, the nearer a cormodity
ig to it initial or primary stage of production, the larger iu the pro-
portion of natural resources requived ae diveet inputs.
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The natural resource product requirements per million dollars of

. X s . m
American exports (R7) and competitive import replacements (R) computed
by V . 8 _x _ m

y Vanek are defined as follows: R™ = BX and R = BM where B refers
to the 921 by 192 portion of the inverse matrix while X and M refer to
the proportionate distribution of a million dollars, each, of U.S. ex~

e ‘s L . b m \
ports and competitive imports, vespectively. K and R* show the summed
values of the direct and indirect outputs cf the 21 natural resource
sectors required for American exports and competitive import replace-
ments.,
1 . . X m . . .

Vanek's finding on R and R are given in Table 1 along with Leon-
tief's capital and labor requirements. As can be scen from the Table,
import replacements contain a considerably larger natural resource out-
put than do expovts. Since resource preducts are assumed, on the average
to be more natural resource factor-intensive than non-resource products,

y m X . . . .
this difference in R and R” inplies that the U.S. engages in trade to
economize her scarce factor, natural resources,

. m x , .

Vanek's finding on R and R” does wot directly ewplain the Faradox.
To do this, he relies on the hypothesis that natural resources and capi-
tal ave a pair of crasplementary factors while natural resources and labor
are not. That is, the use of natural remurces would jointly require a
relatively large amount of cipital, Sinece the U.S. is scarce in re-

sources in relacion to eapital and labor, a relatively greater mmount

8 . . .
Vanel, op, cit., pp. 82-83.



Table 1. Domestic Capital. Labor, and Natural Resource Product
Requirements per Million Dollars of American ¥xports
and Competitive Import Replacewments, 1947

Exports (X) Tmports (r) X/M

1. Capital (dollars) 2,550,780 3,091,339 0.83

2. Labor (man-years) ' 182,313 170.004 1.07

3. Natural Resource Products 340,007 630,000 0.54 °
(dollars)

Source: J. Vanek, op. cit., p. 132,

of production services cof this scarce factor is imported than exported.
Consequentiy, the replacement of imports by domestic production would
require more natural resources than would exports. With respect to
the relative position of capital and labor, the formey may be the zTe-
latively sbundant factor, but being complementary with natural resources,
more of it is also needed to replace U.S. imports than for exports.
Although Vanck's explanation of the Leontief Paradox is based oun
the critical "cowplementarity' betwecn natural resources and capital,
the only test provided for this proposition is his general observation
that the resource content and capital requirements of commodities are
positively related while the natural rescurce centent and labor requires
ments are not.9 His finding then implies that the C-L ratio of resource

products tend to be relatively high in comparison with nou-risource

Ybid., p. 133,
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products as is generally shown in Lecntief's C-L figures cf U.S. in-
dustries,

One way to test thae generality of Vanek!s analysis of the Paradox
is to examine its applicability to the trade structure of foreign coun-
tries. One of Vanek's assumptions is that production functions are
identicael in all countries. If capital and natural resources are com-
plementary in the U,S,, they must aiso be complementary in other coun-
tries. It is further implied that each of the remaining pairs of
factors, natural resources ard labor, and capital and labor, cannot be
complementagy but are competitive, The C.L structure of Toreign trade
of a country such as Japan, which is considered to be even more charac.
terized by scareity of hatural resources than the U,3,, should, under
this assumption, conform to the Leontief Paradox while the reverse
should hold true for a country such as Canada,

In order to compare the factor structure of U.S. foreign trade with
that of Japan, the natural resource preduct requirement for 1955 and
1959 (Table 2) is computed according to Varek!s appreach., lhe data

required for this computation are fronm Intar_Traustsy Aralveis of tho
Y - — -

. 10 . . . .
Jaranase deoncr, The inverse nmatrix (as well as direct capital and

labor coefficicnis uscd later) is based on 35 intermediate sceters.  In
computing the natural resourcs product requirements, the Tfour sccotors
treatod as nziural resoures scelors aye: Agriculture, Forcetry, and

Fichery; Coal ard Lirnite: Crude Fetrolewn and datural Gas; ard lotals

10Juyan, cinistry of Hierrational Trode and Irdustry, inisterts
Secrotoriat, viv, of Rosearen anc Statisties, JrteroTeinstes Analvnia of
the davinase Beonemy (Based on tho 1¢ 3 inter<jirdustry table), iokyo,

e oot
1407,




and Non-metallic liinerals.,

The results in Table 2 clearly reflect the generally aéceptad
scarcity of natural resources in Japan!s economy. The ratio of re-~
source product requirements of exports to imports is 0,263 and 0.298
in 1955 and 1959, respectively. Although the American and Japanese
inter-industry classificatien are not strictly comparable, the figures
for Japan are still strikingly lower than the C.54 for 1547 computed

by Vanek for the U,S,

Table 2, The datural Resource Freduct fequirement por

Million TYon of Janinese Zyxrorts ard

Comretitive Imoort Kevlacer-nis,

1955 ard 1959

, kxports Imports Exvorts
Tear (yen) {zen) Imports
1955 238,990 910,043 0.263
1959 221,051 42,085 0,298

If natural resources and capital, but not natural rescurces and
lebor, are complcrentary, then the relative requirements of capital
for Japan!s irport replacasents should be larger than for her cxports,
cvon without the complementarity proposition, such a resuli for Jarman
would not be swrprising sinece her com) arative advantage is gensrally
ascumed to lie in relatively labor-intonsive products, it the cor
patrtions on the C<l reguiroments of Jaranese foreisn trade ror 1955
and 1959 (vhich arce in line with Leonticf's) do not support the albove
contomtions (oo [abio 3, tow A).  For beth vears tested, dapranesa
exports roquire relaliveiy more capitsl and less labor in compirison

with Lport replaceronts. Similer findines fop 1651 vre shewn in a
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Joint study by Tatemoto and Ichimura.11

Natural ‘resources teing scarce for Japan (ﬂm)> Rx), if natural
resources and capital are complementary, then the exclusion of the>
natural resource sectors should increase the C-L ratio . for Japanese ex-
ports relative to that for import replaccients. For, 1f natural resource
industries were relatively capital-intensive, the exclusion of these
industries would tend to exert a larger downward influence on the C-L
ratio of iuwport replacements than on exports, But the result of the
computation excluding the natural resouirce sectors for 1955 (Toble 3,
Row B) shows that the C~L ratio of beth import replaccments and exports
has gone up. More significautly, a result contrary to that implied.by
the complementarity proposition is revealed in this computation. The
C~L intensity of the import replacements has risen suffirientiy more

Table 3. Results of Capital and Labor Reouirements per Milliorn Yen of
Japancse Buports ord Connetitive Tmpert Replacementa, 1935 and 1959

Coverage Years Capital Labor o/l Firort Natio
of Sectors ‘ Y1,000 (men-voars) ° Jrinert BRotio
Competitive
Iizports 1,206 5.119 236
1955 i ’ 1.678
Lnports 1,289 3.258 395
A. All Scctors Competitive
Imports 265 3,164 400 .
1959  lmports 1,265 3 1.315
Erporis 1,50% 92,859 526
Counclitive
. Loorly 703 R 20
B. Fxel, MNatee 1955 Lpexbs 703 1.032 2 0.985
al Resource Exports 1,125 2.197 512
Scctors
11, .. . : Cra s T sk Py it e
Posahino Tatcrsvo el Shinichi Tehlwnvs, Yactes Propertions: ond
Foreien Vyeoder B Coon g doan, Dincussion per L. 8 (Osaika Undversity:

The Institute on Socicl aad Doen eie Beseavch, 1958), Reprinted in The
Yovicw of Deonosics cnd Statictics (Hovenber, 1959), pp. 442-46,
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than that of oxports to make the former ratio slightly greater than
the latter.

It is interesting to note that for both the U.S. and Japan, which
are assumed to be scarce in natural resources, the paradoxical findings
on the C-L structure of trade are reversed and ‘he expected results
from the Heclischer~Chlin hypothesis are derived when natural resource
sectors are excluded in the C-L computation. Howsver, there is a
sharp difforcnce in the direction of this change in the C-L require-
ments of the two countries. The C-L ratic of exports has gone up 1in
comparison to import replacements for the U.3. by excluding natural
resource sectors (Leontiéf’s study), while the roverse is true for
Jopan. If natural resources and capital are complementary factors
everyvhere, exclusion of natural resource scctors should have reduced
the complermantary factor, capital, more from import replacements than
exports for both countries. Although the U.S, data appecar to support
the complerentarity proposition, the Japanese resulis are clearly in-
consistont with it.

The C-L ranking of Japaneso industries (Table 4) shows that throe
out. of f'eur resource cectors have rolalively low C-L ratios. The apri-
cullural sceter has the leowest ratio of 211 industrics both in 1955
and 1956,  In contrast, erude petroleum is relalively capital-intensive,
6th and 7th in ths C-L renfzing in 1955 and 1959 respeclively.  This
sherp difforcace in the renking of agriculture and Crude Potrolevm doos
not by dtsell justify caplete rejection of the conplementarity propoe
sition, bubt 1t cert.inly providos additional ovidence that Vanokls obe

sorvalions on the rolationship belweon natural resources and capital
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.Table 4, Capital.-Labor ratios for Japanese Industries
and Their dankings, 1955 and 1959

Ranking*
Industry Sl

1955 1959

Agriculture, forestry, and fishery « o o o o o 35 35

1.

2. Con)l and 1ignite o 4« o o ¢ o ¢ o ¢ o o 0 6 o o o 25 28
30 Crude p:')troleum and natural FAS o « ¢ ¢ v o o o 6 7
b, ketals ard non-metallic minerals o v o o o o o o 18 23
S.ProcessedfOOd « & 5 & o o 0 & e o 8 3 O 0 ® 30 30
6. Natural textile mill products « o o o « o o o o 26 26
7. Synthetic textile mill preducts 9 6
8. Textile and fabric prcducts o ¢ v o o o o o o & 27 24
9. Papor and PUlP v 4 4 4 4 6 4 s 0 2 e 0 o 6 0 o 22 18
10, Lumbeir ard woed preducts o o o ¢ o o 6 ¢ o o o o 33 34
11. wiscellenzous marufa. ULINg o o o o o 6 o o ¢ o 28 25
12, Coal productsS o v v 4 o o s 0 s 0 0 b e 08 e 14 21
13. Fetroleun preducts o o o o o o s o o v o s ¢ o o 3 3
1“’. Chemcal fertiliczers 1 6 e & % & & 4 8 & 4 e @ & 11 11

15. Basic and intermedizte chemical products o o o 8 9
16. Fj_nal Cl""-’“iC:‘.l p:‘Cdu"JtS e » ® s 8 & & @& ¢ ¢ a @ 19 15
17, lion-~rnstallic mirveral products 4 o o s b 0 € o 16 16
18. Prirary iron and stoel preducts o v o v o 6 o e b4 4
19, Steel caclinz, forzing, and relling o « o o o o 5 5
20, Finiched wotal predUciS o v o o o o o o ¢ o o o 13 27
21, MNon-Terrous 1efels o, o v e v e 0 o v e 0 4 o e 7 8
22, Gereral industrial »2chinery « ¢ v o o o o o o o 23 22
23¢ Frecicion machinilV o o v o o ¢ o o ¢ ¢ ¢ o o o 29 33
2, Tnductrial clectrical mAchinory o o o v s o o o 17 20
25. don-irdusirial light clectrical wzchinory o . o 21 17
26, AULOObILES 4 vy h e v e e e e e e e e s e 15 14
27. Ships anl Llocomotives v o v « 4 o o 2 o s o o 20 19
28, Construchion o o v v o o« 6 o o € o o & o s o o 31 31
29¢ 2MUINERTINGT 0 4 e 4 0 s 6t 6 s s e s e b e s e 5 32
30. Tr«:’tflo e ® 8 & e 8 5 ¢+ & ¥ & a4 € v e o w s 9 s 32 29
3L Trancroitation « v ¢ 4 o ¢ v b s e e e w0 0 e e 2 2
32. JLlf,‘Ctl‘in:!,t:\r s 5 2 e v & % & & 6 t 2 8 & € ¢ ¢ & 1 1
33 OLhor SeivICHS o 4 v 4 4 4 6 4 6 s s e 0 m b o e 1z 12
3“’: S‘C]'ﬂp.’j e o ¢ 8 5 8 ¢ & 3 8 & ® e 6 ¢ 6 ¢ v ¥+ o & 10 10
35, Unclassificd ¢ v o v 0 0 o o v b 6 e 0 e u 0 e 2l 13

w

*ranidings based on total factor rojguirements.,

10
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cannot be generalized without qualification., The imports of the four
resource sectors are very large while the exports are extremely small.
But, among the sectors, the net imports of Agriculture are by far the
largest and hence the rasult that Japan exports relatively capital-
intensive prcducts and imports labor-intensive goods (Table 3, Row A)
mast have been strongly influenced by the large net imports of the
agricultural sector anrd its low C-L ratio.

Two separate studies of India and Canada add to the evidence on
the influence of natural resources on the C-L structure of trade.
Bharadwaj's stu@y of Irdia shows that the composite C-L ratio of Indian
total exports is less than that of the replacements of 1ts total com-
petitive imports.12 Hewever, when the C-L requireﬁents of the coun-
try's bilateral irade with the U.S. are’ considered, the results are
inverted: Indian sxports to the U.S, are shown to be relatively capital-
intensive and imrorts from the U.S., labor-intensive.13

wahl's study on the C-1 structure of Canadian trade also gives an
apparently contradictory result: capital-intensive exports but labor-
intensive imports.14 liis finding may not necessarily be inconsistent
with the idechscher-Onlin hypothesis since Canada may well te relatively

capital-abundant ¥is-o.vis the rest of its trading partners. But cven

B9 Pk OIS SR SN R

in Canadat's bilateral trade position with the U.», and gngland, he

still gets a result similar to thal for total trade.

e s o iy

12"'. At N sy doaag 124 ~ 3 Tys 1 oW 3 L
Baradund, btructvenl Sasie of Trdials Foreien Trads, pp. 56-7.

13.. . .
Bharedea j, "Factor Proportions ard the Structure of Lude-U.S.

Irado,™ p. 109,

‘1)
an1, 0p, Cit., p. 353.
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Bach writer appropriately points out that the ralatively large
share of primary products in the commodity composition of his coun-
try's trade might have influenced the paradoxical findings on the
bilateral trade positions. Bharadwaj reasons that the normally large
Indian imports of agricultural products from the U.S., which were
even larger in 1951 (the year tested) due to a crop failure, terded
to lower the C-L ratio of imports from the U.S. while relatively large
experts of minerals and ores tended to raise the C-L ratio of Indian
exports to the U.S. wahl similarly qualifies his result in terms of
a large share of primary preducts in Canadian exports and a predominance
of manufactured gocds in its imports. Haw material-oriented exports of
Canada, which are capital intensive, tend to raise the C-L structure of
experts but imports, oriented toward m;gufacturcd goods winich are labor-
intensive, terd to lower the C-L ratio of competitive imports.

The somewhat raradoxical results shown for the U,z., Jdapan, India,
and Canada 211 point to one common feature: the significant influcnce
of primary preducts in the C-L structure of each of their trade ratterns,
More importantly, however, the influence scems to emergs in two dis-
tinctive patterns associated with diffevent kinds of natural rescurce

7 Trom sgrienltural and extractive indusirics. As

preducts originatin
explaiuzd belew, the influence of extractive industrics is somewhat
in line with the complementarity proposition while that of apricultural
industrics directly contradicts the preposition in cxplaining the para-
doxical resulls ef the four countries considersd.

Agricultural and cxtractive products, such as crude petrolewn and

mining prcducts, have thus far been 2llocated to the natural resourco-
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intensive group, but the specific typo of natural resource factors
embodied in these two would vary., The C-L ranking of industries in
each of these countries indicates that extractive industries have com-
paratively hich C-L ratios in all countries. The ratios of agricul-
ture vary widely, from the highest in the U,S5, and Canada to £he lowest
in Japsn ard India. The extreme variation of the C-L ratio of Agricul~
ture betwcen the two pairs of countries is clearly shown in the studies
on each of these four countries. cut the case of extractive industiries
is less clear partly because of difforent industrial classifications

in these countries. In both Canada and India, a conside?able amount

of processed items is included in raw extractive products. (Crude as
well as processed petroleum are groupsd togétber-in these countries
while tﬁey are spocifically differentiatad in the U.5, and Japan.)

What zre the implicctions of the above analysis? For a country
such as Canada, the C.l requiremcnts of its composite exports tend to
be capital-intcrsive since cxports ave raw material~oriented and her
import requircueonts lebor.intensive bacause of large imports of manme-
fecturcd goaeds, On the othsr hond, for a country like Japan, exporis
are also likely to b= capital-intensive not simply beeinuse the country
is cepital-rich bubl bocaunse it is landescarce ard imports larpge amounts
of agricultursl prclucts which are extrenmely laber-intensive (in con-
trast to the czplinl intencity in the U.S. and Canada). Similar roea-
soning can be aprlind Lo cexplain bolli the lLoontief Paradox and the
Indian bilatoral trade with the U,5,

Vane't's conplemnatari by explanation mey apply to the U.3. and

Cannda as both arricul Larsl arnd exbractive natural resources are
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capital-intensive in these countries, but it does not apply to coun-
tries such as Japan and India because of the contrasting C~L structure
gf their agricultural sectors. The specific natural resource required

in agricultural processes, i.6., land, may very woll not be conplemen=

tary with capital,

I

The main purpose of the last section was to point out that consi-
deration of capital and laber alone is inadequate to explain trade
patterns since the exchange of natural resource preducts may be dic-
tated more by the natural rescurce factor. Such reasoning can also be
directed to the testing of the C-L inleasity reversal when ths natural
resource sectors are among the indusiries compared, as in one of ths
two tests employed by rinhas.

In fitting the Cz3 precuction functicn, kinhas uses inter-country
cross-sectioral data for 24 irdustries. But, in demenstreting rfocion
reversal or cross-over points, heo selects only 6 of the 24, In so
doing, he firds five out a possitle 15 cross--over points, which are

15

the only real evidence of factor-reversal provided by this toest,

151n evaluating .inhas? work, Leontiof
of the sane i lusirios, busdeslly woinzg tho
work, in “Jnt,_“atnuu~1 oetor Cost s
Roview, June 'J‘_‘,;‘c'_/‘i—v."..".l‘t L, =&, 33544, Intopestinsty, leonti

computations for 21
Turnished in Linhas?
netor Uso, " degrican soonomie

i orosult

Lo poverndily of factor yrecreal el dimed by winhas.
woible eronce-ovor pointa, erly 3V coonr in loenbicf's come
puration. Furhhuv, Leontiof states: 1, ,nocl of theve erens-cvers

oceur bebwscr dndustrics vhose eurves run o elose tesether throwghout
the entira rance that for s} praciioe} puvpotes, their capilal-lator

intenzitios <wuld Lo congidoy. idonnion
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Bocause of the small number of industries tested, fdnhas extends
his work to‘include a relative ranking'comparisoh of the C-L ratio of
20 industries of the U.S, (1947) and Japan (1951). The C-L ranking for
these 20 industries are reproduced in Table 5.

The underlying assumption of the C.L ranking comparison is that
the existence of factor.reversals will be associated with changes in
the relative ranking of the C-L ratios of the same industries in two
economies which reflect diflerent configurations of relative factor
prices., One way to test this assumption is to examine the similarity
or dissimilarity of the orderings of the comparable industries in
terms of the capital intensities in the two countries osing the Spcarman
rank coefficisnt of correlation.

Minhzs compares the relative racking ¢f canitel intsnsities bLased
on total (diroct ard irdirect) fantor requirements and also on just the
direct requirements. Tne Spearmsn rank cesificient of correlation be
twoen the two orderings (U.S. and Japan) tused on total Factor require-
ments is only 0.328.1(’J Such a low value definitely implies a large
dissimilarity of relative capital intensitics, supporting the factor
reversal apmenent, tovever, in comparing the two orderings in teins
of direct factor requivements only, minhas {inds a greater similarity
in the relative rankings with & value of the cozfficient of 0,73,

belora identifying the scurer of this low coofficiont, a few gunlie
fieations should be 1raisod, First, the irdustriecs coxrared are Loo

breadly acorepated to provide a cenclusive result for the parpese of

16Rinhas, Ou. Cit,, pp. 39-40,
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Table 5. Rankinz of Industries bv Capital Intensity
For the U.5. (1G47) and Janan (1951)

Ranks rtased on Total Hanks based on Direct
Capital and Labor Capital and Labor
Industry Requiroments Requirements

U.S, Japan uvifference U,S, Japan Difference

Petroleum products 1 1 0 1l 1 0
Coal products 2 2 0 2 2 0
Agriculture 3 20 =17 3 14 ~11
Grain mill products 4 19 -15 9 6 3
Processed focds 5 13 -8 10 7 3
Chemicals 6 5 1 6 L 2
Non-ferrous metals 7 L 3 L 3 1
Iron and steel 8 3 5 5 5 0
Paper and products 9 11 -2 7 15 -8
Kkon-retallic mineral

products 10 9 1 8 11 -3
Textiles 11 15 -4 18 12 6
Transport equipment 12 10 2 13, g 2
rachinery 13 6 7 12 10 2
fubber and preducts 14 12 2 14 16 -2
Ship building 15 7 & 13 8 5
Lamber ard weod 16 17 -1 15 17 -2
Tndustry-not~eleovhoro-

classified 17 16 1 17 20 -3
Frinting, publichin: 18 8 10 16 18 -2
Loather © 19 16 1 19 19 0
Apparol 20 e 6 20 13 7

Source:  rduhas, Up, Cit., iuble V, p. L0,

“':LE'W
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inter-country comparison, It seems there exists a large difference in
the classification of industries.17 For example, the food processing
sector in the Japanese input-output table includes tobacco and cigarette
manufacturing while it does not in the U.S. input-output table. Ques-
tions of comparability also arise in the case of apparel and machinery.
In view of these likely differences in the commcdity mix for the in-
dustries treated as identical, it seems more realistic to evaluate the
over-2ll similarity or dissimilarity than a one~to-one correspondence
of the factor intsnsity ranking.

fven if one refrains from comparison of a ono-to-one correspondence,
the orderings based on the totel factor~intensity camnot be regarded as
similar. It is clear from Tabtle 5 and from our previous discussion
that the largest difference in the capital intensity is found in Agri-
culture. while the total capital intensity is ranked third in the us.,
it is ranked 20th (lowesti) in Japan, or a difference of 17 Thareforo,
the ranking of agriculturc, which is highly capital-intensive in the
U.S. but labor-intensive in Japan, exeris the most dominant downward
influence on the valuo of tho Spearman cocfficient.

Iiotice furthor that the other land-intensive sectors, e.g. Grain
#i1l and Processed Food, are also far apart in the C.L ranking in terms
of total factor requirements (a diffcrence of 15 ard 8 rospsctively).

kvt such larpe differences are not shavm in the C-L ranking of the

17%he oririnel soures of Japancse data is not specificnlly piven.
tot it ds reccomble to coooee that Lhe tfacter reguiraments are hased on
a fhor breckdem of dndwsirics for the U,o, then for Japan, Julming
Lron tho Jararcce doverso patedx, and capital and labor cocificlonts pube.
lished and availiblo (prolubly no wore than 35 recducing sectors).
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.direct factor requirements for these two sectors (a differcnce of only
3 for each).\ This is to be expected, however, since these two Sectors
tend to require relatively large inputs of agricultural products in
their production procesées. On the one hand, the use of labor-inten-
sive agricultural inputs in Japan for the production of grain mill
products and processed food would tend to lower their total capital
intensity ranking in comparison with the ranking of their direct factor
requlrements. On the other hand, the capital~intensive agricultural
inputs required for these sectors in the U.S. raiscs the total factor
ranking in comparison to the direct factor ranking. As shown in the
Table, rankings for Grain Mill Precducts and Processed Food in Japan
are 6th and 7th respectively based on the direct requirements but -are
10w0roq'to 16th and 13th based on the total requivements, while they
are raised in the U.,S. from 9th and 10th to 4th and 5th in rank. There-
fore, the wide difference in the orderings based on the total facter
requirements obteined by Minhas, implying the strong possibility of
factor reversal, is largely due to the direct influcnce of Agriculturc
and the indirect influence of Agriculture and Grain Mill Products and
Processed Food.

In order to ninimice the likely bias from the land factor, a C-L
ranking comparison excluding these three sectors hias been made.ls The
result indicates a significant iwprovewent in the similarity of the
rankings, The value of the Spearmon coefficicut is now 0.826 for the

divect C-L requirvements cnd 0,765 for the total factor requirements

1 : e , ,

8A recent article also evaluates Linhas!' ranking test by exclusion
of sucli sectors (M.S. Buil, "Factors-Intenvity Reversals in Tuternational
Conpaurison of Factor Cousts mnl Foctoy Use," The Journal of Politicul
Leonony (February, 1966), pp. 77-60.)
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(compared to 0.73 and 0.328 respectively when the three sectors are
included). The rankings for both direct and total factor requirements
still do not match exactly, but the degree of similarity tetween them
is sufficient to make one question the empirical generality of the

factor reversal argument.

II1
fmphasis in this paper on the influence that natural resources
exert on the C-L structurs of trade leads to a final conclusion that
empirical applications of the factor proportions theory will be more
meaningful when factors in addition to capital and labor are explicitly
incorporated. The outright refutation of the theory on the basis of
the two-factor paradoxes cf the U.3. and other countries is wnjustified
since the inclusion of natural resources tends to explain thesc para-
doxes as well as the C-L intensity reversals. However, more rcsearch

M

is needad on such topics as the nature of the production function ard
complementarity and/or substitutability of different facters as well
as the role cf ihe factors not treated in this paper. Such results
would further clarify the rcal status of the Heckscher-Chlin theory.
Some efferts in this dircction are alroady being made. For example,

a recent empirictl work of .. Y. Kecsing attempts to show that the U.5.
exports arve "research! intonsivo.19 A more comprehensive study which
tests not only the "rozearch" factor (incorporating direct and indirocet
rosearch rcquirements) but also "education" requirements is being

Lonennld B. Keesing, "The JTupact of Hescarch and Levelopment on |
Unitcd States Prede," (unpublished), Feb. 10, 1966.
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prepared by Jaldwin, a preliminary result of which agrees with Keesing's.

gaddwing "seenomic Charactovistics of U.d. nxports anmd lmport-
Compoting Industries," (rescarch in progross), Univ. of wisconsin, Dept.
of eonomics, '
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