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SUM-\RY
 

The paradoxical finding of Professor Leontief that American exports
 

are, on the average, labor-intensiv3 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 comparative 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 excludes natural resource sectors, was the Paradox
 

reversed. More recently, Vanek has empirically shown that the U.S.
 

foreigii trade pattern reflects a relative scarcity of natura] resources.
 

In his attempt to explain away the Paradox, Vanek reasons that capital
 

and natural resources are a pair of complementary factors and, hence:,
 

although capital may be an abundant factor, more of it is needed to
 

replace U.S. imports than is needed for exports.
 

In order to compare the factor structure of I.S. foreign trade 

with that of Japan, the natural resource products as well as c.apital 

and labor structure of Japants foreiri trade have bc n coi7:pitcd. The 

result refleacts th: generally accepted :sc.rcjity ol: r.nral resources 

of Japan's cconomy--the resource corntelit oi its i;;iports i5 more than 

three tLimes that c . its c.fxports. The cempiuition of capital.-labor 

requlrr,:,oto- -., ', ruwevals that its exports !re capital-intconsive 



and its imports labor-intensive.
 

If natural resources and capital are complementary, exclusion of
 

the natural resource sectors should increase the capital-intensity of
 

Japan's exports relative to its imports. But the result of the com

putation excluding the resource seftors 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-labor structure of trade. Bharadwaj's study shows that
 

Indian exports to the U.S. tend to be capital-intensive relative to 

its imports from the U.S. A similar result is shown in Wahl's study of 

Canada. Both writers point out that the relatively large share of 

primary products in the commodity composition of their country's trade 

might have influenced the paradoxical finding. 

What then is the implication of the above analysis for tbc C-L 

structure of the foreign trade of a given country? For a country such as 

Canada, the C-L requirements of its composite ex:ports tend to be capi

tal-iteolsivC since e..:ports are raw matoriil-orientcd and its import 

requireimients labor-intC(nsVe becau;.:, of large icrts of'ianiufactur,!d 

goods. On tblc o thcr iand, for a country like Japan, exports are also 

likely to be cp ita.-intn ire not s'i.rp).y '.cata:e the country is cap

i; az)c I.,ort a:IountstaI -riclh but becnu: e it I ;Id- ;c'rce n I.arre of 

whichI are .el (in cOntrstagricultuira I produIt", ,:: l % 1ai-or-iut C. iwe 

to t:he pit1y in le U.S. and CTina) This reasoning can 
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similarly b applied to explain both 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 relatively capital (or
 

labor) intensive at any relative factor price ratio. If this assump

tion does not hold true (i.e., a machine product could be more capital

incensive than a textile product in the U.S. and vice-versa in, say:
 

the Philippines), the relative price ratios of products and the pattern
 

of comparative advantage may not be in accordance with the relative
 

factor endovments of the two countries. The po;sibility of such a 

phenomenon (called factor reversal) has been theoretically and empirically 

demonstrated by Ninhas, 

One of Minhas' tests to show the occurrence of factor reversal is 

based on the comparison of the rankinigs of comparable U.S. and Japan 

industries by capital-labor ratios. The sigrnificantly dissimilar rznkings 

of the two countries ;re given as evidncu of factor-reversal. How-. 

ever, this f. j!i. t the ty i.s,;imil,'r,is largu].y due to thevrit:cr - f:uat 

].lrge dififc:ence in tho capital-int :5;ity of aigriculture and agri

cu.turc- r]V Ztcd sectr.,L Since eifiicJent production of al'ricultur.l. 

products is dict'atcd 1,Y a "land" factor and not: solu-y by ci:pital and 

labor, a r:.u- i.,ng coip,.r ,id , tb sectors 1,ad e c rnxc] iii . was This 

pzirison raise'; the idg: .'c of simi. 1r ty bctn:,cn the U. " . and Jap an 



-iv

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 paradoxes 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 research is needed on such topics as the 

nature of the production function and complementarity 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 Heckscher-Ohlin theory.
 



Natural Resources. Factor Mix, and Factor Reversal in 

* Interriati'onal Trade.
 

Seiji Naya
 

Most empirical tests of pure trade models are for those employing 

two factors, capital and, labor. An example is the celebrated work of 

* Leontief on the structur6 of U.S. foreign trade, the results of which
 

are termed "The Leontief Paradox". Many writers have been critical
 

2
 
of Leontief's omission of a third group of factors, natural resources.
 

Vanek's empirical study on the role of natural. *esources 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 paper has been taken from his unpublished dissertation, 
The Leontief Paradox and the Fa.-tor Structure of Japanese Vorei .n Tradce, 
submitted to the ssme University, June, 1965. The author is much in
debted to Professors R.E. Baldwin, P.T. Ellsworth, E.D. Hawkins, T. Mlorgan, 
11.0. Schmitt, and J.G. Williamson for their con2ments and to the Agency 
for International Development for research support. 

"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 American Capital Position 
Re-examined," Prthe American Philosoph cal Society (Septem:ber 
1953), pp. 331-49; and 'Factor Proportions and the Structure of American 
Trade: Further Theoretical and Empirical Ana.ysis," Rvew of Economics 
and Statistics (November, 1956), pp. 386-407). In view of the large 
collection of lit:crature on this subject, especially analytical com-ments, 
this paper focu:zes on recent empirical studies relating to the role of 
natural resources and factor rcverISals. 

2 B.C. Swerling, "Captal Shortage and Labor Surplus in the United 

States?" f, qndi (August, 1954), p..289; 1.11. 
Kravis "Av11.abiiity tad Other Influencus on the Commodity Compos;ition 
of Trade," Jornl of Political ]cnn2uv (April, 1956), pp. 143-155; G. 
}liaberler, A Sujv o lt: l Tr Thc ,v, International. Finance 
Section (Princet:on: i-rincuton University Prts, 1961), pp. 21-23. 



-2

that this omission explains the Paradox. 3
 

Vanekts study is based only on U.S. This paper
data. tests the 

applicability of his explanation of the Paradox to the trade structure
 

of Japan, India and Canada (Section I). The capital (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. The conclusion of the first section is then used to
 

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

another exp)lanation given for the Paradox (Section 1)
 

I
 

Although confined to two-factor analysis, Leontiei was quite
 

aware of the implication of the omission of the natural resource factor.
 

He observes that the nettrade position of such sectors as Sawmill Pro

ducts, Pottery, Sulphur, and Grain Mill Products deviate from the direction
 

of trade implied in his find~.ng off a comparative capital shorctage and labor 

surplus in the American economy. This deviation is attributed to the
 

relative scarcity or abundance of natural resources required in the pro

ductive processes of these products. 6The stronger possibility that
 

3J. Vanr.'k, The NaLura1!iResourceColitorit of United Statos Foreig'n

Trade.1870-1955 (Ccinbridge: 1963).
 

11R. flharadwaj, "Factor. Proportions and Lhe Structure of Jlndo-U.S.
 
Trade. " Thcb In Ecorvo:ic_ 'ouri'21 (0c;:obur, 1962), pp. 105-16, ind
Structur-11 Musi-L, of Indi'l', orteij!nTdc Series in Montaryzicldntcrnaltl.onal 
Econlom~ics, No. 6 (Bom1"bay: II-ivLersity ol- Rombay, 1962); Donald F. WllS"C1 pital aind Lahor fcor..Foro:its d-a " ,..lin for. F"-ed* n.s JToin 

o r1c~olnoniu; !rld Poitc'1 cc o(AugulSt, 1961), pp1. 369-58. 

5lBagichai SighL nhas, An Tntoi1:~it1ona1 Comnarison of Factor Costs~an1d
F-UcLTcr tJS (An;c9m 963), p-*_ 1,*~-42.
 

6Liantief, W.., L Procce dn.s. of
a IhiAm ercan philosOPhcI- 1L 
srcioI~y. 

4 



-3-


Paradox itself is largely due to the natural resource factor is implied
 

in one of the computations (in his second article) 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
 

comparison 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 shows a re

lative scarcity of natural resources, which is then extended to explain 

the Paradox.
 

In undertaking the difficu.lt task of measuring natural resources, 

an indirect method is employed by Vanek-the natural resource products 

embodied i.n a uuit value of a given comtmodity are substituted for the 

natural resource factor requirement under the assumption that the former 

is proportional to the latter. 7 Twenty-one sectors (various agricuutural 

and mining sectors and Icging sector) out of 192 intermediate sectors 

are selected and their output'S; are used to determine the role of the 

natural resource factor in production aind trade. 

•snik"
7 
.ri mploys proiyV n-''oc, method, e;hi,'h a variablr, 

hi's npi , h i. L 11 ,,on; ],.,:;ij ideal.io rnQ vi.,-w of the lack of an 
,t; L i.ca[ 1,.,l.h,, 't , 0 l narm .', factor , i production.,,o t .'i ZALt resource 
III C011 4ATrIf. t I v ';t(to:hC iii:0 1.0 V , th produch ive pro:C C'SS, it 

r:ay ho orcl.ut t IiW .t / y .' i of iittiAl rc asd 1:1,;.i : Veqil: ourcas:, 


tiCe: 1 ll 1. H.theM- of ry
Cli:V1 1 L I v,.1. 1:')r -or. tro,.0;ction pri. 

'.oods I li:.-ni for I''i c- ta ; (r, On t i averat,,(, the! neatrer a conndodity 

it; to its ini.tia oL poir ,",t:age o. prodliction, the larger i: :e pro

poi':ion of na tural. re.;oUrCe'S rcquired dc irect iinputs 

http:difficu.lt
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The natural resource product requirements per million dollars of
 

x
American exports (R ) and competitive import replacements (R) computed
 

= 
by Vanek are defined as follows:8 R = BX and Rm BM where B refers 

to the 21 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

ports and competitive izmports, respectively. RX and Rm 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. 

Vanek's finding on R and Rm are given in Table 1 along with Leon

tief's capital and labor requirements. As can be seen from the Table,
 

import replacements contain a considerably larger natural resource out

put than do exports. Since resource products are assumed, on the a,,re e 

to be more natural resource factor-intensive than non-resource products, 

this difference in Rm and Rx inplies that the U.S. engages in trade to 

economize her scarce factor, natural resources. 

RxVanek's finding on PP and does not directly explain the Paradox. 

To do this, he relies on the hypothesis that natural resources and capi

tal, are a pair of cra.m.plemertary factors while natural resources and labor 

are not. That is, the use of natural re.m urces would jointily require a 

relatively large amount of capital. Sinc. tje U.S, is scarce in re

sources i1 re.laion to cariLal and labor, a relatively greater nmourpt 

8 Vanelk, , pp. 82-83. 
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Table I. Domestic Capital. Labor. and Natural Resource Product 

Requirements por -1.illion Dollars of American _ xrorts 

and Competitive Import Reolacements, 1947 

X/m
Exports (X) Imports (14) 

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


2. 	Labor (man-years) 182.313 170.004 1.07
 

Natural Resource Products 340,OO) 630,000 0.54
3. 


(dollars)
 

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

factor is imported than exported.
scarce
of production services of this 


by domestic production would
Consequently, the replacement of imparts 

require more natural resources than would exports. With respect to 

labor, the former may be the re
the relative position of capital and 

complementary with natural resources,
latively abundant factor, but being 

than for exports.is 	also needed to replace U.S. importsmore of it 


Although Vanek's explanation of the Leontief Paradox is based 
on
 

and capital,
the critical "compplementarity" between natural resources 


the only test provided for this proposition is his general observation
 

that the resource content and capital requirements of commodities 
are
 

ob4or requirepositively related while the natural resource ccntent and 
9 
of resource 

mLnts are not. 9His finding then implies that the C,.L ratio 

to be rclatively high in comparj,;.on with non.resourceproducts tend 


91bi.d ., p. 133. 

http:comparj,;.on
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products as is generally shown in Lecntief's C-L figures of U.S. in

dustries.
 

One way to test the generality of Vanek's analysis of the Paradox
 
is to examine its applicability to the trade structure of foreign coun
tries. 
 One of Vanekis assumptions is that production functions are
 

identical in all countries. 
 If capital and natural resources are com
plementary in the U.S., they must also be complementary in other coun
tries. 
It is further implied that each of the remaining pairs of
 
factors, natural resources and labor, and capital and labor, cannot be
 
complementary but are competitive. The C-L structure of foreign trade 
of a country such as Japan, which is considered to be even more charac-. 
terized by scarcity of natural resources than the U.S., should, under
 
this assumption, conform to the Leontief Paradox while tho 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 product requiremont for 1903 and
 
1959 (Table 2) is 
 computed according to Vanek's approach. Phe data
 
required 
 for this conputation are from Int. r-Ir.hntrv Ara1;: _nftho 
Jara.ese ,r The iTverse"o 1 10 matrix (as ,:ell as direct capital and
 

labor coefficireVt. 
 used later) is based on 35 intervdiato oeetcrs. in 
com.puting thethe nmi:up-nl resour-co. productczoi-c~ ~ rournts,-,, .cc,the. como oqulrc,.cnt, th Lour' sectors 

troat.d as natural resourco rcetors ac: Agri.cul.ure, Forectrv, an,.! 
Fishery; Coal a:d Lig,'ita,: C'udo Potro~lcum and Vtu2al Gas; ard Lotals 

1QT p n hinntry ofA T ni ti onJ. n.u and indutLry, ioistorl,S crot.rint. , A.ofii. , n' ik and .ati c.of..........-. ..
 :;.... (3 :cd on tho .S 3 intor-irJ ,try tab]') 0okyo, 
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and lon-metallic L,,inerals. 

The results in Table 2 clearly reflect the generally accepted
 

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 classification are not strictly comparable, the figures 

for Japan are still strikingly lower than the C.54 for 1947 computed 

by Vanek for the U.S. 

Table 2. The ilatural iAesoi:rce Product Requirement per 
MJillicn Yon of Jba.rVs1.7e -- .. rtn and 

Cometitive Ir:oort 'iaec~mts, 

1955 and 1959
 

Year Exports Imports Exrorts 
(yen) (yen) Imports 

1955 238,990 910,043 0.263
 

1959 221,051 742,035 0.298
 

If natural resources and capital, but not natural resources and 

labor, are ccomplcrientary, thevn the relative requirements of capital 

for Japan's import replacc,,,ents should be larger than for hcr exports. 

Zvon without the cor:,ple):eciitarity proporition, such a result for Japan 

would not be :uprisjng .;c_ her cem- arativo advantage is -enorally 

as.Vu i..d to lc I).tinvc,'. .ioductr. Iiit the conin lnbor-i nt, nsive 

put',i.ion.w on ce C-L ro:: ;.n s of J:,.fanc'.e Iori ; trad. tur 1955 

an,, 1959 (v"i,'ci al ,.c I.in .11ith LeontleCls) do riot zuport tho aibove 

cont.-;nt! On, (., b.o 3, r:.o:, jO. po.r .t y r "te:ted ,
 
Oxport's ' more capit..] and ]oc: ]; oer sr
in ( yP.."rsor) 

with i:r,",o,'t .,; - .i' fr 1932. ,re, ... . SI.,:LJ f:Ldizis LhV.n in a 

http:Jba.rVs1.7e


-8-

Joint study by Tatemoto and Ichimura.
 

Natural.'resources being scarce for Japan (Rm> RY), if natural
 

resources and capital. are complementary, then the exclusion of the
 

natural resource sectors should increase thu C-L ratio for Japanese ex

ports relative to that for import replacements. For, if 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 luport replacements than on exports, But the result of the
 

computation excluding the natural resource sectors for 1955 (Table 3.
 

Row B) 	 shows that the C-L ratio of both import replacements 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 th import replacements has rien suffL-icntly more 

Table 3. Reults of Canitj a:nd Iabor Reir ont? r:v Millio•n,:en of 
anc 'Ex.port-.",c C etJtiV,2 inr)rt >:i .cent. 1955 _nd 1959 

Coverage Years Capital Labor CA .I::>ort R-,ti.o 
of Sectors YrYJ.,00 (an-v::rs) Part I''tic 

Competitive
 

1955 	 Irports 1,206 5.119 236 1.678 
E:Nports 1,269 3.258 395 

Sectors 	 _,et
A. All 	 Co1r. i ive 
1.959 I1ortIs 1,265 3.164 400 ..315 

_____'_____ _________] . 50"' ? .5 526 

:. E:,1* 7t 
 .352 520 0.85
 

al R,,'ourct, ]:ports 1,125 2.1.97 5.2 
Sc ctor s 

T';t. :,;::1 :: 	 i "n1],:.:;:',1 	 .',', :.:, S;h'iichi. c i ',' ,* ._ Pil:_.r-p,-rUi.:11,c.1 	 c 

Th c.Ii .;L. 1_ t.:o . .". ;.. : , , :,:it '.'ta''h, 1.. 3)o. I pri fitd in The 
V v,,Ok1 ;',":1,1959), pp. 142-46, 
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than that of exports 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 the expected results 

from the Heckscher-Chlin hypothesis are derived when natural resource 

sectors are excluded in the C-L computation. However, there is a 

sharp difference in the direction of this change in the C-L require

ments of the two countries. Tho C-L ratio of exports has gone up in 

comparison to import replacements for the U.3. by excluding natural 

resource sectors (Leontiefts study), while the reverse is true for 

Japan. If natura] resources and. capital are complementary factors 

everywhere, exclusion of natural resource scetors should have reduced 

the co-mpnlei-.ntary factor, capital., more from import rcplacements than 

exports for both count'ries. A3though the U.S. data appear to supporL 

the corpl(.!nr.ntarity proposition, the Japanese results are clearly in

consistent with it. 

The C-L ranking of Japanese industries (Table 4) shows that throe 

out of four resoluirce rcctors have relatively low C-L ratios. Te agri

cultural sector has tho ].c,:est ratio of all Andustrios both in 1955 

and 1959. In co tr:., crude .etro.c ,c, is reVI] cao, 

6th and 7"th-1 in tl'z C-L ran]:.n, in 1.55 and .959Q re- u ct,,y. This 

sh::rp difi'urc:ico in th rankin , of ,d Crude l'otrolewj doosIrgrAi.cutre 

not 1 itzc].f justify cc.I)].ctc j:con of t c *c.:;rleentaritypropo

si tion, bu Lit ccYt~ S:L, p'O1 , : ,ijf.itiona! ov.cidune that V ,nk s ob

sorvat-lonj on the ro aL.Ann;hip he],w.on natural. resburcos and capital 

http:he],w.on


-Table 4. Carital.-Labor .a1tios for Jaranese Industries
 
and Their x nkirigs, 1955 akli 1959
 

Ranking*
Industry 

1955 1959
 

1. Agriculture, forestry, and fishery . , . . . . . 35 35
 
2. Coal and lignite ....... . . • . • .• . 25 28
 
3. Crude pztrole ' and natural gas . . . . . . . . 6 7
 
4. i-etals and non-mtallic minerals . . . . . , . . 18 23
 
5. Processed food .. . . . . . . . . a a • . 30 30
 
6. iqatural textile v'ill products ...... . . . 26 26
 
7. Synthetic toxtile mill products 9 6
 
8. Textile and fabric products .......... 27 24
 
9. Paper and pulp ............. . . . 22 18
 

10. Lumnb-r and wood prcducts . ..... . ..... 33 34
 
11. iiscoilanrous manufa. uring . . . . ...... 28 25
 
12. Coal prcjucts ............. . . . 14 21
 
13. Petroleun prcductz ....... ..... 3 3
 
14. Chemical fertilizers , . .. . * 11I1 
15. .6asic and intcr: ediato chemical products . . . . 8 9
 
16. Final ch.--ica. prc1ucts ......... .. 19 15
 
17. Jpon-r:LhIic n ir.cr2J. prcducts . . o. . D q . 16 L.6
18. Pri-'ary iiren and Jt:'I] products ........ 4 4
 
19. Stee c fo2'int, and rolling . . . . • 5 5
 
20. Ainihci01 rztal nrcducts ........ • . • 13 27
 
21. i'ion-forrcuz 'etals ............ . 7 8
 
22. General i -u-striil zichincry ....... . , 23 22

23. Frec-1'sic- '. ':tm . . . . . . . . . 29 33
 
24. Y(duztr'i.] rIcctri-l n:achin.ry . . . . . 1720
 
25. i']on-indu:; LiQl i~ht ,l.ctrical :rchinory . . . 21 17
26 . Auto: .oI-ilI . . . . . . . . . ... 15 lip 
27. Ship-. an1 'Locomiotives ............ . 20 19
 
28.29. Con tru * *. ,:,3n,,r,-i . . . . ............. 31 . . . . . . . y 31
32
 
30. Tro . . .. . . . . . 29
 
33 , irznJl o i-i ti . . . . . . . .. . . . . . . . 2 2
2. !cc t'Ur-l !~ty . . . . . . . . . . 1 3
 
33. Ot e1:~ i :s . . . . . . . . . 2 12
 
34,Lc-. , ....... .... . . . . . . . . 10 10
35. Uncl:: ss Ificd . . . . . . . . . . .. 211. 13
 

~':'nkings based on tota,,l f:ctor require:crits. 

-lC'

http:n:achin.ry
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cannot be generalized without qualification. The imports of the four 

very large eftremely small.resource sectors are while the exports are 

But, among the sectors, the net imports of Agriculture are by far the 

largest and hence the result that Japan exports relatively capital

intensive prcducts and imports labor-intensive goods (Table 3, liow A) 

must have been strongly influenced by the large net imports of the 

agricultural sector ard 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 study of India shows that the composite C-L ratio of Indian 

total exports is less than that of the replacements of its total com

12petitive imports. Hovi.ever, when the C-L requirements of the co-un

try's bilateral trade with the US. are'considered, the results are 

inverted: Indian exports to the U.S. are shown to be relatively capital

intensive and imports fro.i the U.S., labor-intensive. 1 3 

Nalilts stidy on the C-i s uructure of Canadian trade also gives an 

apparently contradictory result: capital-intensive exports but labor

itensive im'ports. iiis finding may not necessarily be inconsistent 

with the Aco,3.,h rOhlin hypothesis since Canrada may woll be relatively 

capital-aburdant. the rcit of i.tr trading partners. But oven 

in CaiadaL biaLoral trade position .-ith the U.,. and England, ho 

sti'Lll gets a re:.ult ;Anilar to that; for total trade. 

- ', , r11t.'2" .?-i .. of Tfia FiocSmmnrrv pp. 56-7. 

13 l ,"Factor Proportions a!-d th,) Structure of 'udc-U.S. 

£rado," p. 10i.O). 

1 cihl , 353. 
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Each writer appropriately points out that the relatively large
 

share of primary products in the conmodity 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 Lnports of agricultural products from the U.S., which were
 

even larger in 1951 (the year tested) due to a crop failure, trded 

to lower the C-L ratio of im.ports from the U.S. while relativelr large 

exports of minerals and. ores tended to raise the C-L ratio of Irian
 

exports to the U.S. Lahl similarly qualifies his result in terms of 

a large share of primary products in Canadian exports and a prcdominance
 

of manufactured gocds in its imports. Raw material-oriented cxports of
 

Canada, which are capital intensive, tend to raise the C-L structure of
 

exports but imports, oriented toward manufacturcd goods which are Zabor

intensive, tend to lower the C-L ratio of competitive imports.
 

The somehat :aradoxical results shoi.n for the U.S,, Japan, india, 

and Canada all point to one common feature: the significant influence 

of primary prcducts in the C-L stlructuie of each of their trade patterns. 

More ii;mportantly, however, the influence seemns to emernge in two dis

tinctivc patterns associated ..ith diffei'ont kinds of natural resource 

prcducts originatin', from and ericulturalextractive induCtri s. Ls 

expl.ain-jd below, the influence of extractive industries is somewhat 

in lino with the coiplmei!:ntarity propo:r;I:.ion while that of agricuJ]tural 

industziics directly contradicts the propo.;ition in c:.xplainin- the para

doxical rosul.ts of the f'our count'.ies conmsidered. 

Agricxi.tural .nd extractivo predctuztL, such ,as crude petrolemri and 

mining prcducts-, havu thus fa, been ailo' tWe:d to th- natural ro";ource

http:rosul.ts
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intensive group, but the specific type of natural resource factors
 

embodied in %thosetwo would vary. The C-L ranking of industries in 

each of these countries indicates that extractive industries have com

paratively high C-L ratios in all countries. The ratios of agricul

ture vary i.ridely, from the highest in the U.S. and Canada to the lowest
 

in Japan and India. The extreme variation of the C-L ratio of Agricul

ture between the two pairs of countries is clearly shown in the studies 

on each of these four countries. nut the case of extractive industries 

is less clear pai'tly because of different industrial classifications 

in these countries. in both Canada and India, a considerable amount 

of processed itcs is included in raw extractive products. (Crude as 

well as processed petroleum are grouped together- in these countries 

while they are sgr cific-al]y differentiated in the U.S. and Japan.) 

Uhat are the rizpliat-*o.s of the above analysis? For a country 

such as Canada, the C-L recquirei: nts of its composite exports tend to 

be capital-intcnsive since exports are raw material-oriented and her 

import oequir-1....lbo..v b..auc of large of manute imports 

facturcd rocd-. On the other h;and, for a country like Japan, exports 

are also likely to be capital-intnsiv,,' not simply because the country 

is carpit-al-r:ich hut , _cauio it is ln.,n-scarc.-: and ir:ports lr-ge amounts 

of agr. c.ultur.] },rc-uc tz w.ich are cxtr::c y labci ntcnsiv,) (in con

trast to th., ,p.t'2 intori.ty in t.ii U.3. and Canaq da). Similar rea

soI.nr1 can ho -pml ied o c.Lo ain both the Loontief Paradox and the 

Indian d,.a L-ral [i.h U.6.tr,.do the 

Varne'c Is ,.: I -:, .1':i -'TA -'..I%t.o :,:. alp.Ly to the U.$. and 

Caneda as bo'Lh l:icultir.l and extr:ct~ive natural rc,.ourcoz, are 

http:intori.ty
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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
 

of their agricultural sectors. 
The specific natural resource required 

in agricultural processes, i.G., land, may very wall not be complemen

tary with capital.
 

II
 

The main purpose of the last section was to point out that consi

deration of capital and labor alone is inadequate to explain trade
 

patterns since the exchange of natural 
resource prcducts may he dic

tated mcmore by the natural i-escurce factor. Such reasoning can also be 

directed to the testing of the C-L intensity reversal when the natural 

resource sector3 are among the industries cmparcd, as in one of the
 

two tests employed by ±:inhas.
 

In fitti the C-,',3 Pr.cuction functicr, Iinhas uses into'-cointry 

cross-sectional data for 24 inlustries. But, in denoristrating .^cicotor 

reversal. or cross-over points, he selects only 6 of the 24. In so 

doing, he finds five out a possible 15 cross.-ovcr points, which are 

the only rol ev'dence of factor-vLusal ]:rovided by this test,15 

l1 yj cvr!.,i:u'~ nriini,,7.s' :ork, Lc ntijof made co:::outations for 21 
.t h .';"" i: ;*J .1of Lh. sailo- of:! ... " .:h~'~ ... .....: :,l' C~cdi fu.i-dj' ' n ir,,d in J .nh a s ' wor n, 211 mJ 1.:. 1 - OL':.' *L.. ! eo' L1,,.," J b., v ..

l :: ! tO 0 t t 

r'n '" r, " ,wic..', nJt~h iI. - j't'Work-, i Ili: I iL.'..:..Y. i 33C ]rt 1 , . .... ... "2"t ~ ~ ,1 cri.;; ~ tj 
..... su p;t-nll 

.:,.",.fl ..y ]( ' v[j( A:':Lt'
 

out Cf .0 pc"r.: Ic 1,cs -n ,.r .r. '" /y in '' " 

Occur ,If'..", Ij ,; . , (on.. L...
~tu : 

th ' ..... - Q,'i.; V I! '0 C]O ;" , ,O ~ ~ ' t !o ,:l~ 
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Because of the small number of industries -tested, P.inhas extends 

his work to include a relative ranking 'comparison of the C-L ratio of
 

20 industries of the (194.7)U.S. 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 il
 

the relative ranking of the C-L ratios sameof the industries in two
 

economies 
 vhich reflect different configurations of relative factor 

prices. One way to test this assumption is to examine the similarity
 

or dissimilarity of the orderings comparableof the industries in 
terms of the capital intensities in the two countries nsing the Spearman 

rank coefficient of correlation.
 

Minhas compares the relative c,'f cap.talranking intsnsities based 

on total (diroct arnd indirect) factor requirements and also on just the 

direct rcquircments. Tno Spcar::.n rank ccsfficient of correlation be

tween the t,:o ordcrinu. (U.s. and Japan) L:c don total factor require

maerts is only 0.328. Such lowa value definitely implfies a large 

d-ssimilarity of roelitive capital inteniti.cs, -;upporting the factor 

reveo;sal ±q,oevcr, (o01 rnringfloiaflt.. in the two orderings in terr:s 

of' direct factor requi-'ements only, ihinhas fidrs a grter similarity 

in tho atixe rank_,j5 with -ava*lue of the coefficient of 0.73. 

I.)ofC ident~ifyIli' scucrthe of this low coofficent, a few quiali-. 

ficatiois 'clu]d hLc raised. First, the ir.'.1u,:trios co:-.rar:d tooare 

brc-dly rc'l.e,.to: to plovido . cnclusivo rcLit for the Fprpose of 

1.h6ih s, O,. Cit., pp. 39- 0. 

http:rc'l.e,.to
http:inteniti.cs


Table 5. Rsnkinz_ of Irdustries by Capita1l Intensity

For the U.S. -(O4?) and Janan (1951)
 

Ranks 6ased on Total 
Capital and Labor 

Industry Requirements 
U.S. Japan D)ifference 

Petroleum products 1 1 0 

Coal products 2 2 0 

Agriculture 3 20 -17 

Grain mill products 4 19 -15 

Processed foods 5 13 - 8 

Chemicals 6 5 1 

Non-ferrous metals 7 4 3 

Iron and steel 8 3 5 

Paper and products 9 11 - 2 

]hon-ir, t-llic mineral
 
products 10 
 9 1 


Textiles 
 11 15 - 4 

Transport equipment 12 10 2 

ivachinery 13 6 7 

'(ubber and products 14 12 2 

Ship buildill' 15 7 8 

iumbcr ;,.: woodo 16 17 - 1. 

]nutr-., t- .}fl, :;.hJ c,
 

class5j,r 17 J.
6 

i'rintinw:, pub1iihin' ]. 8 10 


Leathcr 19 18 1 

J'pprol 20 3.4 6 


Sourceo 	 l.~ha:;, (jr_.Cit. , ]blo V, p. Lu, 
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tanks ased on Direct 
Capital and Labor 
Requirements 

U.S. Japan Difference 

1 2. 0 

2 2 0 

3 14 -11 

9 6 3 

10 7 3 

6 4 2 

4 3 1 

5 5 0 

7 15 - 8 

8 11 - 3 

18 12 6 

1) 9 2 

12 10 2 

14 16 - 2 

13 8 5 

15 17 - 2 

17 20 - 3
 

26 18 - 2
 

19 19 
 0 

20 1.3 
 7
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It seems there exists a large difference in
inter-country comparison. 


17 For example, the food processing
the classifi-ation of industries. 


sector in the Japanese input-output table includes tobacco and cigarette
 

Quesmanufacturing M:hile it does not in the U.S. input-output table. 

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 trea.ted as identical, it seems more realistic to evaluate the
 

over-all similarity or dissimilarity than a one-to-one correspondence 

of the factor intensity ranking.
 

Even if one refrains from comparison of a one-to-one correspondence, 

the orderings based on the total factor-intensity cannot be regarded as 

simlar. It is clear fromu rable 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 rankcd third in the US., 

it is ranked 20th (lowest) in Japan, or a difference of l7, Therefore, 

the ranking of Agriculturu, uhich is highly capital-intensive in the 

U.S. but laboz,-inLonsive in Japan, exerts the most dominant downward 

influence on the valuo of the Spar:an coefficient. 

hotico further that the other land-intensive sectors, e.g. Grain 

itill and Proccssed Food, are also far -pa rt in the C.-L rankin&, in terms 

of total fTctor requi'e:ments (a diffcrceance of 15 ar:d 8 respectively). 

.But such lavg differences are not shown in the C-L ranking of the 

1'iTho o .iv-rd, source of Joyanezo rLt.a is not specifi.al.y given. 
but it is r-nvnabln to :n'r.e tlt tho factor ro'q'uiromonts are based on 
a fMr. b2'..-.h2l,' nn of jndu.a ,,r'Wi rfm'th,. U.)., thcn for Jnpinn, jvrl''1ng 
fro!;: th,, Ji.. inver c , an'.i cnpit']l ani labor couufiicicnts pub.
3.ih0hud an'd ivaiblo (prol.bly no more than 35 " sectors)... Mcin 
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-direct factor requirements for these two sectors (a difference 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 processes. 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 

requirements. On the other hand, the capital-intensive agricultural 

inputs required for these sectors in the U.S. raises the total factor 

ranking in comparison to the direct factor ranking. As shown in the 

Table, rankings for Grain Mill Products and Processed Food in Japan
 

are 6th and 7th respectively based on the direct requirements but are
 

lowered to 19th and 13t.h based on the total requirements, 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 factor 

requirements obtained by Hinhas, implying the strong possibility of 

factor reversal, is largely due to the direct influence of Agriculture 

and the indirect influence of Agriculture end Grain Hill Products and 

Processed Food. 

In order to minimize the likely bilis from the land factor, a C-L 

ranking comparison excludii .n. those three sectors has been made. The 

result indicat,:s a significzn: it:provccnt in the sinilarity of the 

ranki.ngs. The. vtlue of the Spearn-,n coefficient is now 0.826 for the 

direct C-L r,_:ire~cnts ail 0.765 for I:A&' tot.al fictor requirements 

18 Act: ;,rticl';.h .. ranki.ng test by excliusion 

of such s;cAt.', (D.. . B...., '' .ott -. icn!i.t:" 1-t rs iIs in Tntitrn~t ional 
Coiip :lrif n of Y.1 ct:or Co " i:,.

li<>±?!L - *.,_,brtj ry, 1966), pp. 
1,'.,,tor

77-8 0.) 
I , '.lie ,hIuirnali of 'ol i..ical. 
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(compared to 0.73 and 0.328 respectively when the three sectors are
 

The rankings for both direct and total factor requirements
included). 


still do not match exactly, but the degree of similarity between them
 

is sufficient to make one question the empirical generality of the
 

factor reversal argument.
 

II
 

Imphasis in this paper on the influence that natural resources
 

exert on the C-L structure of trade leads to a final conclusion that
 

empirical applications of the factor proportions theory will be more
 

maningful 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 of the U.S. and other countries is unjustified 

since the inclusion of natural resources tends to explain those pai.a-. 

doxes as well as the C-L intensity reversals. However, more research 

is needed on such topics as the nature of the production function and 

complomentarity and/or substitutability of different facLors as well 

as the role cf the factors not treated in this paper. Such results 

would further clarify the rca.l status of the Aeckshcr-Ohlin theory. 

Some efforts in this direction aic already bein made. For example, 

a recent empiric! :ork of j. A. Nccsing attempts to show that the U.S. 

exports are "research" intensive. ]19 A more comprehensive study which 

tests not only the "recarch" factor (incorporating direct and .indirect 

research cqu~re:,:ents) but also "education" requirements is being 

]-g9ono.d B. K-ing, "ThQ ]Mract of iescarch and JDevulopmont on
 
United States 2r:dy, (u p"b shod) , lob. 10, 1966.
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prepared by Zaldwin, a preliminary restult of which agrees with Keesing's.
20
 

20 . .c C1 ara ,,r'.!Id ntc3 of U.6. l',ports a mi hilport-

Co,, 1.:otir'g indu;t r:,ic' (rc;arch in p.,rogross), Univ. of ,,sconsin, Dopt. 
of ico ornics. 

http:Keesing's.20

