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Abstract

—

In this paper, a method which is different from that
used by Leontief in testing the validity of the conclusions
of the Heckschér-ﬂhlin theorem is recommended. We note that
the empirical significance of the thecrem can be established
only if both its assumptions and its conclusions are satis-
fied. However, Robinson cobsevrwves that these assumptions are
too demanding to be likely to fit any real-1ife circumstances.
Thua, only the empirical significance of the conclusions of
the theorem, rather than the theorem itself, can be estab-
lished or nullified. MNevertheless, the test results could
be useful in a study of the allocation of a country's
relatively abundant and scarce resources and possibly, as
pointed out by Leontief, its participation in the inter-

national division of labor.
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Introduction

The Heckscher-0Ohlin theorem explains the direction of

a country's trade in terms of comparative advantage. Crhlin1

BAYE:

"Generally, abundant factors are relatively
cheap, scanty factors are relatively dear, in
each vegion. Commodities requiring for their
production much of the former and little of the
latter are exported in exchange for goods that
call for factors in the opposite proportions,
thus, indirectly, factors in abundant supply
are exported and factors in scanty supply ars

imported.”

b i: s

y agsumptions of the theorem are stated by Bharadwa] as
51

1. A1l round perfect compatitive conditions prevail
2. production functions are the same for the same

commodity in both the countries and are different

r., Dr. Marcelo
draft of this

any Temaining
ponsibility.

#Comments of Dean José Encarnacibn, J
Orense and Dr- Ernesto Pernia on an earlier

paper are gratefully acknowledged. However,
shortcomings of this paper are the author's sole res

nal and Intermational TEude
e ]

lBertil Ohlin, Interregio
(Cambridge Mass.: Harvard University Press, 1333), P

. “Factor FProportions and the Structure

2z 4
R. Bharadwaj 5
v The Indian Economic Journal (1962),

of Indo - U.S. Trade,
105=106.




for different commodities

3. production functicns are homogenecus of degree one

4. production functions are technologically distinct,
meaning that the commodities would be distinguished
by factor intensity

5. factor quantities are given and fully employed

6. tThere is complete free trade and transport and
cther costs dre Zero

7. preference functions are similarly shaped in both

the countries.

I= the Heckscher-0hlin theorem smpirically relevant?

The validity of the theorem is determined, not ﬁnlﬁ by the
aceurancy of its conclusicons, but also by the satisfaction of
its assumptions. & test of the empirical relevance of the
theorem must include a proof that its assumpticns are satis-
fied. Otherwisa, a test of ths accuracy of its conclusions
merely establishes the empirical significance or insignifi-
cance of the conclusions of the theorem, not the theanmnh
itself. Are there real-life circumstances which satisfy the
assumptions of the theorem? R ohinson® SAYE: -~

“; sh@ll try to appue that Thiﬁ fnét T PEGRLD—

ticins  mocount of trada considered an terms of

production ‘funocti ms, Easte funcrisns. 2nd the
1ike, r.st5 n & tenuous bhase. Its assutipti ns

: BR:mnhy Robinson, "“Factar ?Pﬂpnftians aﬁdrﬂﬂmparﬂtive
Advantage,” Readings in International Economics {(Homewood,

T1l.: Irwin, 19683, p-




ara too demanding to be likely to fit any

real-life circumstances. In consequenca,

and particularly where the factor 'ecapital’

is involved, its account of the nature of
comparative advantage and of international

trade is sericusly misleading.™

Bus, only the ‘empirical validity of the conclusions of the
R, rather than the thecrem itself, can be established
fied. HNevertheless, the test results could be useful
of the allocation of a ecountry's relatively abun-

nd scarce resources and possibly, as pointed out by

lef, its participation in the international division of

;T?.-aryE saye:

“The simplest appreach to any allocation

blem 1s to concentrate on the scarcest
factor. Since this is often capital in
underdeveloped countries, 1t seems reason-
able to choose the technigue that uses the
least capital to produce a given output ...
An underdeveloped country is advised to
produce and export commodities that use
relatively less capital per unit of output
and to import items regulring more capital
«»» If the same producticn functions exist
in all countries and if capital i1s scarce
relative to labor in the underdeveloped
countries, comparative advantage in the
latter can bs identified by low capital-
labor ratios.”

ollis B. Chenery, "Comparative Advantage and Develop-
dicy,” American Economie Review, (1961), 26-27.
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On the other hand, Leontief” mentions the widaly held views
that the U.5. has comparative advantage in the production of
commodities which require for their manufacture large quanti-
ties of capital and relatively small amounts of labor and
that the economic relationships of the U.5. with other coun-
trias are supposed to ba based mainly on the export of such
"capital intensive" goods in exchange for. "labor intensive"
products since the United States possesses a relatively large
amount of capital and a comparatively small ampount of labor.
Leontief's test of the above mentioned prediction on the

structure of U.5. trade indicates the cantrary.E

According to Hell&r? Leontiaf-type tests have also

bean conducted for a number of other countries, namely:

Country Investigator
India E. Bharadwaj
Japan M. Tatemoto and

5. Ichimura

Swassily Leontief, “"Domestic Production and Foreign

Trade; the American Capital Position Re-egxamined," Readings
in International Eeconomics (Homewsod, I1l.:  [rwin, T96E7,

Pp- S03-527

ESae Wassily Leontief, "Domestic Produection and Foreign
Trade; the American Position Re-examined.”

- TH. Robert Heller, International Trade Theory and
Empirical Evidence, 2nd ed. (New Jersay: rentice-Hall,

Tnc. 1973}, pp. bB8-70.




Country Investigator

Canada D. F. Wahl

East Germany W. Stolper and
K. Roskamp

g 10 these tests, Haller says:

"0Ff all the empirical studies undertaken only
the cases of direct trade between Japan and
the United States and between East Germany

and fastern Europe can be taken to confirm the
predictions of the Heckscher-Ohlin theery. In
all other studies we find that the empirical
avidence contradicts the predictions based on
the most elementary veprsion of the theory.

We can conclude that in its simplest form the
Heckscher-Ohlin thecry is not supported by
empirical evidence ... It should ba noted here
that much criticism can be leveled against the
tasts referred to.¥

Leontief's method of testing the conclusions of the
¥er-Ohlin theorem will be presented in this paper after
| an alternative method of doing so-based on Jster's test
e Theory of the Dual Economy - will be recommended. The
swtance of capital and labor in the prasant state of

1ty in some of the developed, as well as developing,

countries is taken into consideration in the proposed model.

Definitions of "capital intensive” and "labor intensive"
goods will be proposed in section 1. Leontief's and Oster's
tests will be presented in sections 2 and 3, respectively.

he proposed test of the conclusions of the Heckscher-Ohlin

will be discussed in section 4.



Section 1

Capital and Labor Intensiveness

Dstera 5AVS !

"Proponents of the theory of the dual economy
have suggested that the American economy 1s
composed of two distainct industrial groups: a
core of powerful, concentrated, unionized,
capltal intensive, technologically prograssive
industries, and a periphery composed of indus-
tries marked by the absence of these features."

On the other hand, Singer9 SAYE!

*"The export industries in underdeveloped coun-
tries, whether they be metal mines, plantations,
ete., are often highly capital intensive indus-
tries supported by a great deal of imported
foreign technoleogy. By contrast, production fop
domestic use, specially of food and clothing,

is often of a very primitive subsistence nature.
Thus the econcmy of the underdeveloped countries
often presents the spectacle of a duoalistic
economic structure: a2 high productivity sector
producing for export coexisting with a low pro-
ductivity sector producing for the domestic
market . . . The productive facilities for
producing export goods in underdeveloped coun-
tries are often foreign owned as a result of
previcus investiment in these countries.”

Lat us consider the capital-labor ratios

K. /L K,/L

s Bplles = tenpapne Ayl

EGEETT Oster, "A Factor &nalytic Test of the Theory of
the Dual Economy,” Review of Economics and Statisties (19739), 33.

EH.’--I. Singer, "The Distribution of Gains between Investing
and Borrowing Countries,” Readings in International Dconomics

(Homewood, I1l.: Irwin, 1988}, pp. S06-307.




‘commodities under consideration. Our problem is to
the critical value {KIL}ﬂ such that if
then the ijth good is labor

intensive and may be identified
with the periphery sector i

ake

L K then the rth good is capital

= [E} intensive and may be identified
I with the core sector.

peedure for partitioning a given set of industries into

g periphery sactors is discribed in seetion 3. If

pes not exist then the n goods under consideration

same factor intensity (i.e. all are capital inten-

rF all are labor intensive).

Our approach differs from that of Samuslson who

ers the relative values of capital-labor ratios.
'1_35 says:

"This jis the definition of factor intensity
which Samuelson has usad: X iz capital-
intensive relative tc¢c Y when for each and
any Tactor price vatio, X's egquilibrium
capital-labor ratic exceeds Y's."

¥ is capital intensive relative to Y in Samuelson's

Emna Rcbhinson, *Factor Proportions and Comparative
gd:ngg_&gﬂinternatlcnal Economics, p. 3.




(1.3) K K
W e s
L ) By
¥

We note that inequality (1.3) may hold simultanecusly with any

one of the following conditions:

i, ¥ and ¥ are capital intensive because

K X
% 3 i SR
L > (p), and L, e

2. Xand ¥ are labor intensive because

K K
K K
< {3 and . wie % )
Ly 18 LF 'E¢

3. ¥ is capital intensive and Y is labor intensive

1

because
K E
b4 jod l_}_r_ I
e {ijc ApiL gen. S {fﬁc
B Y
Section 2

ieontief's Test of the Conclusions of the

Heckscher-0hlin Theorem™ -

. Using the 1947 input-output structure of the U.5.
economy for 1847, Leontief tested the validity of the conclu-

sions of the Heckscher-Ohlin theorem. His method may be

11, discussed in Wassily Leontief, "Domestic Produc-
tion and Foreign Trade; the American Capital Position Re-
examined,” Readings in International Cconomics, pp. 503-527.




and indirect capital requirements for
Bmestic production of one million dollars worth
;! final output of the ith U.S. industpy. .
ipect and indirect labor requirements for domestic
?t;:uttiﬂn of one million dollars worth of final
-f*ut of the ith U.S. industvy.

2 of exports from the ith industry per

dollars of total U.S5. exports.
8 of competitive imports in the ith industry

"m3liion doliars of total U.S. competitive

el total capital requirements for domestic
b= i.1''lefl.‘t:i.';n'n. of one millicn dollars worth of U.S.
'.-c.-.
i’ = total capital reguirements for domestic
f-uﬂtlﬂn of one million dollavs worth of U.S.
,uum@etitive imports.
.‘g LiEi = total labor reguirements for domestic
é;géductiun of one million dollars worth of U.S.
exports.
m

LjI, = total labor requirements for domestic

gréductlcn of one million dollars worth of U.S.

competitive imports.
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n = the number of U.5. industries which export their
products.

m =- the number of U.5. industries wherein there arve
competitive imports.

Lecntief's findings are as follows:

A = 52,550,780

B = %$3,091,339

C = 182.313 man years

D = 170.00% man years

He savs:

"These figures show that an average millicn
dollars worth of our exports embodies consi-
derably less capital and somewhat more labor
than would be required to replace from domes-
tic production an eguivalent amount of our
competitive imports. America’s participa-

tion in the internmational division of labor

15 bLased on its specialization on lahor
intengive, rather than capital intensive,

lines of production. In other words, this
countyry resorts to foreign trade in order to
aconomize its capital and dispose of i1ts

surplus labor, rather than vice versa. The
widely held opinion that - as compared with -
the rTest of the worid - the United States!
economy is characterized by a relative sur-

plus of capital and a relative shortage of

labor proves to be wrong. AsS a matter of

fact, the opposite is true.” -

Let us discuss Leontief's method as applied, in general,

To any economy .

Tha ratie
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to determine the nature of factor intemsity - capital or
labor intensive - of exports and of competitive imports in
a relative sense, similar to Samuelson's relative way of
defining factor intensity as discussed in section 1. The
direction of inequality between %- and -% is considered
as the criterion for capital intensiveness or labor inten-

siveness of all export goods and of all competitive import

goods.

12

Criticizing Leontief's method, Ellsworth™ “ says that

1. 4t is inappropriate to take the capital-labor

L L e e e m meem o om

- 12p 7, Ellsworth, "The Structure of American Trade: A
flew View Reo-axamined,” Review of Economics and Statistics 26
{1954), 279-785. See also Romney Robinson, "Factor Propor-
tions and Comparative Advantage,"” Readings in Internaticnal |
Econcmics, p. 11. ‘

~ For views of other Leontief critics, see the following:
Boris C. Swerling, "Capital Shortage and Labor Surplus in the
United States?" Review of Economics and Statistics 36 (185h),
286-289 and Stefan Valavanis-vail, "Leontief's scarca Factor
Paradox,” Journal of Political Economy 52 (1954), 523-528.
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The volume and proportion of exports and of imports
Bwhich are capital intensive.
plhe volume and proportion of axports and of imports

v :' - - ”
mhich are labor intensive.

Section 2

gest of the Theory of the Dual Economy

88 methcd of determining the axistence of indus-
and of identifying the industries which belcng
gl to the periphery sectors, may be generalized

ppas follows:

B are central to the description of core and
or characteristics that might capture
"~q pral variation. Twenty-five industrial

BEERst 1=, t = 25) were chosen by Oster and



is determined by the principal factor method of factor
analFEiE-j'3 In a factor pattern, the coefficient ﬂij -
callaed a "leoading” - of the unobserved common factor Pj is

the correlation coefficient of Ei and Fj e

Should industrial dualism exist in the economy, a
tentative dual economy factor, Fﬁ, may be identified among
the common factors through the signs of its loadings with

the variables X . Ht. In Uster's paper, for

1% 99>
example, the tentative dual economy factor loads positively
with the following variables, among others: depreciable
assets/production worker, percentage industry unionization
and government purchases plus exports/total industry receipts.
The dual economy factor is expected to load positively with
characteristics which are indiecative of higher lsvels of

wealth and negatively with those which are indicative of

higher levels of poverty.

r———w g % S e e o e

lafar a discussion of the principal factor method of
factor analysis, see Harpry Harman, Modern Factor Analysis,
2nd ed., (Chicago: Tha University of Chicago Press, 1967 )

1¢In +the maximum likelihood method of factor analysis,

2;. may either be Py p.» the correlation coefficient of
J -
i

= L

imes the standard deviation of  H..

TR L T LR e v - T ¢ 3

-+ 3 PP e

i3l
Sea Susan Navarro, "On the Maximum Likelihcod Methed of
Factor Analysis,™ U.P. School of Economics Discussion Paper

79322 (1579}, 10,
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-
son's method of moments 1s then used to cunstﬁg;;
Pility density function of the industry scores om

fative dual economy factor, which is assumed T0

| 2 2
R vyt oz, nlugob
ez, T I and

_; 2 ai} and n{uz, ag} are the normally distributed
: Fq of the core and the periphery industries, res-
If the hypothesis that the industries were drawn
of two normal distributions of scores on FI:1
sejected, then the existence of industrial duwalism
The critical value of Fq, which partitions
pace-and consequently, the industries - into core

sectors, is thea identified.

Seotor 4

poposed Test of the Conclusions of the

: 5
Heckscher-Ohiin Thear&m1

|

@r factors of production may be substituted for
or labor in ocur proposed model.




L

S s

in testing the validity of the conclusions of the Heckscher-

Ohlin theoraem with the following recommended adjustments:

1. A ve-definition of the variables used by Oster,
as well as the possible exclusion or inclusion
of other variables, if needed for adaptation to
a different situation.

2. The substitution of the method of maximum like-
lihood for the principal factor method in the
factor analytic phase of the technique for the

following reascons:

a. The distribution of industry scores on the
dual economy factor Fq is implicity assumed
to be of the form

2 Tl T
n'IZ?.._1 My + Zy Mgs Zp O, + Zs n?}

.

as a consequence of the form of the probabi-
lity density function of Tq menticned in
(3.2} if the industry scores on Fq in~the
core and those in the periphery saectors are
stochastically independent.

-

The probability density function of Fqi
1ike those of the othar common factors, is
not specified in the prinecipal factor method

of factor analysis. The common factors ara

assumed to be normally distributed in the




maximum likelihood method.

ihe goodness of fit may be tested rigorously in

the maximum likelihood method of Factor analysis.
Feferring to the different methods of

factor analysis, which include the principal

g

A 16
Sfactor method, Morrison Says:

"The various approaches are discussed by
Harman [16] in his scholarly and compre-
hensive text and In summary form by Solomon
$38].: While many of the models included
ferror’ terms reflecting the sampling varia-
Tion of the observed correlations, none
SCeTually used the results of the new dis-
heipline of statistical inference. Tt was
mot until 1940 that D.N. Lawley reduced the
extraction of factor parameters to a problem
maximum likelihood estimation and by so
‘8@oing eliminated the indeterminacies of the
Eeniroid method. Furthermore, the goodness
pBE fii of a sclution with just m faetors
sould now be tested riporously by the
EEnaralized likelihood-ratic principle.”

SSified the goods in the model into core and
pean then determine the eritical value of
® ratio which partitions these sectors. It
jmes o test the validity-of the conclusions
Jir theorem. That is, to determine whether
8 have an abundant supply of capital

ve goods and countries which have an

jon, Multivariate Statistical Methods,
Bock Co., 1967). p. 260.
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Appendix

N —

List of Variables Used in Oster's Test of the
Theory of the Dual Economy®

Depreciable assets/production worker (1965)
Parcentage unemployment in industry (1360)
Madian years schooling, female (1360)
Hedian years schooling, male (1360)
Percentage black male esmployment (1960}
Percentage white female employment (1980)
Percentage black female employment (1960)
Layoffs/100 workers, average (1361, 1963, 1967)
Percentage of total industry receipts accounted for by
firms with total assets greater than $100 million,
average (1958, 19561, 1965}
Government purchases/total industry receipts (1958}
Goverrment purchases plus exports/total industry
recaipts (1358)
After-tax income/total assets, average (1953-19686)
Percentage black employment (1360)
Percentage female employment 1960)
Percentage total minority employment {1960)
Percentage industry unionization (13601)
Industry total assets. average {15853-1966)
Industry total receipts, average (1953-1966}

1963/13953 wvalus added per worker-hour




e o I

20. Capital expenditure/production worker (1953)
21. 4-firm concentration ratis (1953)

22. Index of establishment size (1960)

23. 1960/1950 industry employment

24, Percentage self-employment income (1960}

25. Annual hours/male production worker (1960)

.

#Source: GBerry Oster, "A Factor Analytic Test of the
Theory of the Dual Economy.," Review of
Economics and Statisties (13749), £




