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ABSTRACT

Although the factor proportions theory is now the dominant theory of interna-
tional trade, there has been considerable controversy over its empirical implica-
tions and how it should be applied. The objective of this thesis is to use the factor
proportions theory to explain the commodity composition of Korea's trade and, in
so doing, to assess the merits of alternate empirical approaches based on the
theory.

The starting point is a regression model which employs the specification and
interpretation introduced by Harkness (1978). This basic model is supplemented by
alternate regression models and by various measures of the factor content of
Korea's trade. The major conclusions are: that, under Harkness' interpretation, all
of the regression models provide an explanation of Korea's trade which is consis-
tent with the factor proportions theory; that, with imperfect data, the regression
models provide a more consistent explanation than do other methods based on the
measurement of the factor content of trade; and that, although the factor propor-
tions theory is clearly important, other considerations do affect the commodity

composition of Korea's trade.
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Chapter I

INTRODUCTION

Two competing trade theories have been used to explain the direction of com-
modity trade: the factor proportions theory (the Hecksher-Ohlin theory) and the
'neo-technology' theory.1 The former views relative differences in factor endow-
ments as the major cause of international trade, while the latter considers pro-
ductivity differences as the fundamental cause of commodity trade flows. While
'neo-technological' explanations in international trade have received increasing
attention, they tend to be descriptive rather than analytic and the factor propor-
tion theory still dominates both theoretical and empirical analysis.

In the case of South Korea, which has experienced a phenomenal growth in
trade (from 3% of GNP in 1960 to 30% in 1978), the factor proportions theory is
the natural choice for an analytical framework. Because of its emphasis on a
country's endowments of capital, natural resources and labor skills, it has been
used extensively in the study of other newly industrialized countries and in the

previous studies of Korean trade (see Hong (1976, 1978) and Lim (1976)).

1 The so-called 'neo-technology' theory contains two branches of trade studies:
one is intra-industry trade studies which regards economics of scale as a deter-
minant of international trade, the other is 'technological gap' or 'product cycle'
studies which hypothesize knowledge of product and production technique as
important determinants of the world trade.
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Stated most generally, the objective of this thesis is to contribute to the
understanding of the role played by factor endowments and proportions in explain-
ing the composition of Korean trade. However, to give this objective a specific
form it is necessary to recognize the controversy that exists over precisely what
the empirical content of the factor proportions theory is. The recent reviews of
the empirical literature by Stern (1975) and Deardorff (1984) cite a variety of dis-
tinct empirical models, all of which have at least some intuitive linkage to the
theory but none of which has an unique claim to being the correct and the most
useful.

In large measure this state of affairs can be attributed to the nature and
weakness of the predictions when the theory is extended beyond the traditional
textbook model of two commodities and two factors. Such an extension is desira-
ble, not only because there are many commodities and factors, but also because
the use of simplified models has sometimes led to results which are apparently at
odds with the theory. In most instances, this phenomenon, known as the Leontief
Paradox, has disappeared as the model was made more general.

In the present case it was decided to employ the regression model developed
by Harkness (1978) and, within the confines of available data, to include as many
factors as possible. The data is drawn from the 1978 input-output table for Korea
and covers sixty industries and five primary factors (skilled labor, unskilled labor,
self-employed labor, capital and natural resources). Although its theoretical
foundations have been challenged, Harkness' model has proven to be remarkably
successful in explaining the commodity composition of trade of other countries.

Furthermore, the controversy surrounding the model has helped to clarify its
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nature, its limitations and its interpretation. This is particularly important since
a full understanding of an empirical methods is necessary before it can be used to
draw conclusions.

The thesis will address four primary issues. First, does the Korean data sup-
port Harkness' interpretation of his model? Second, does the specific form of
Harkness' model have advantages over an alternate regression model which can be
given the same interpretation? Third, based on Harkness' interpretation, what do
this model and the alternate model reveal about the nature of Korea's compara-
tive advantage? Fourth, can a simple extension to Harkness' model be used to
demonstrate that the factor proportions theory does not offer a complete expla-
nation of Korea's commodity trade?

Stated briefly, the answers obtained for the respective questions are: (i) yes;
(ii) noj (iii) Korea has a comparative advantage in commodities which use unskilled
labor and self-employed labor relatively intensively and a comparative disadvan-
tage in goods which use capital, skilled labor and natural resources relatively
intensively; (iv) yes. (A more complete description of the conclusions would
require going into matters which can only be dealt with at length and which are
the subject of the next two chapters.)

In the process of dealing with the primary issues, a number of secondary mat-
ters are raised. The principal one among these is understanding the consequences
of the structural differences between Korea and her major trading partners (Japan
and the United States). Many commodities imported by Korea can not be produced
there and this has significant consequences in terms of the data that is required to

properly apply the theory. It also has implications for the merits of alternate
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empirical methods. In the present study, it was not possible to obtain comparable
data on the Japanese and American input-output structures and, as a result, it was
necessary to treat all imports as if they could be produced in Korea. Under similar
limitations the previous studies of Korean trade encountered anomalies when
measuring the factor content of Korea's trade. Despite further evidence to this
effect, both Harkness' model and the alternate regression model do not exhibit
such anomalies. This suggests that regression models are better able to cope with
data limitations than are the models based on measures of the factor content of
trade.

The outline of the thesis is as follows. Chapter Two addresses the nature of
the factor proportions theory and of the alternate empirical models based on it.
Particular attention is given to Harkness' model and its relationship to the theory.
Chapter Three discusses the data, its limitations and the methods used to con-
struct the variables. The results and their interpretation are then presented in

Chapter Four.



Chapter I
THE FACTOR PROPORTIONS THEORY AND ITS EMPIRICAL

APPLICATIONS

Q Introduction

This chapter provides an overview of the factor proportions theory of trade
determination and of its empirical applications. The chapter discusses the ele-
mentary form of the theory in section 2.2. The more general (multi-dimensional)
version is presented in section 2.3 and the empirical applications are discussed in
2.4. The latter also summarizes the previous studies of Korean trade and places
them in the context of other empirical studies and the controversies surrounding
them. The conclusion draws on the previous discussion to show how each of the

four primary issues mentioned in the introduction will be dealt with.

2.2  The 2x2x2 factor proportions model

The factor proportions theory offers an explanation of trade based on cross-
country differences in relative factor supplies and cross-industry differences in
the relative intensity with which factors are used. In the context of an elementa-

ry model involving only 2 factors, 2 commodities and 2 countries (the 2x2x2 mod-
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el), it is possible to give precise meaning to the notions of relative factor abun-
dance and relative factor intensities. For example, if we adopt the following
notation

K = domestic capital supply; L = domestic labor supply
K% = world capital supply

LY = world labor supply

agj = capital coefficient for the jth good

apj = labor coefficient for the jth good

Sj = domestic output of the jth good

S‘Jy = world output of the jth good

where j=1,2

we can say that the home country has a relative abundance of capital (scarcity of
labor) if

K/K¥ > L/L¥ (1)

and that good 1 is relatively capital intensive if

agi/aL1 > agz/aL2 (2)

As discussed in any undergraduate text on international economics, it is possi-
ble to demonstrate that if (1) and (2) hold, then under appropriate assumptions, at

any common world prices for the two goods

S1/SY > sp/sY (3)
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In words, the relations in (1), (2) and (3) state that a country will be a rela-

tively large producer of the good which uses its relatively abundant factor rela-
tively intensively.z

The conclusion itself is intuitively appealing. However, there are a number of

critical assumptions, apart from the dimensionality of the model, which underly

the validity of the conclusion. These include the assumptions of

(a) constant returns to scale in production (to exclude absolute fac-
tor supplies-country size-as a determinant of relative production
levels.)

(b) identical technologies across countries (to exclude productivity
differences as a determinant of relative production levels.)

(c) factor price equalization (to ensure that countries adopt the
same production methods and hence to ensure that (2) can be used to

refer to either country.)

(d) perfect competition (to exclude intersectoral differences in mar-
ket power as a determinant of relative production levels.)

Although each of these assumptions can be relaxed while retaining the basic
conclusion, this must be done in particular ways. For example, (b) may be
replaced by weaker assumptions that allow for international differences in factor
productivity, provided these differences do not significantly affect relative pro-
ductivity across sectors. Correspondingly, (c) can be relaxed to allow for interna-

tional differences in factor prices based on these productivity differences.

% This statement is due to the Rybczynski theorem: references include Rybczyn-
ski (1955), Jones and Scheinkman (1977) and Dixit and Woodland (1982).
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To move from a statement about relative production levels to one about pat-
terns of trade, it is necessary to say something about the nature of product
demand. In this respect, to retain the focus on the role of supply considerations,

it is conventionally assumed

(e) preferences are homothetic and identical across countries.3
(Homotheticity ensures that international differences in income lev-
els do not affect relative product demands and the identity of pref-
erences ensures that relative product demands will be the same
across countries.)

Adopting the further notation

p1 = the price of good 1
p2 = the price of good 2
Y = domestic income
YV = world income
5= domestic demand for the jth good

DY = world demand for the jth good.

g® = Y/YY: the domestic share in world income

this assumption (e) implies that domestic and world demands are proportionate to

income levels and hence

=g°DY 4)

The home country's net trade in good j is

3 References for homotheticity are Katz (1970), Silberberg (1978, pp. 358-359),
Dixit and Norman (1980, pp. 325-326), Woodland (1982, pp. 33-35), Ethier (1983,
pp. 543-547).



Tj = Sj - Dj (5)

with T positive or negative as the home country is a net exporter or importer.
With the further requirements that

(f) world markets clear

DY =Y (6)

(g) trade is balanced

p1T1 +p2T2 =0 (7)

it can be shown that (3) implies4

T1>0>T) (8)
In words, (1) , (2), (3) and (8) state that a country will export (import) the good

which uses its relatively abundant (scarce) factor relatively intensively. This is

the Hecksher-Ohlin theorem.

2.3 The multi-dimensional model

The principal difficulty in extending the Hecksher-Ohlin theorem to cases
involving more than two factors and goods is that there is no natural analogue to

(2) for characterizing the relative intensity with which factors are used in produc-

4 An excellent exposition of deriving (8) is shown by Leamer (1984, Chapter One).
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ing goods—-ratios are inherently comparisons of two things. Moreover, no tracta-
ble alternative has been developed to take its place. Instead, following Vanek
(1968) and Bertrand (1972), an effort has been made to recast the theory in a
weaker form as a statement about covariations or correlations between the levels
of commodity trade and factor intensities, with the sign of the covariation
depending on the country's relative factor abundance.

To present the argument, the following notation will be adopted

S = (nx1) vector of final goods

K = (mx1) vector of supply of primary factors

D = (nx1) vector of final consumptions

T = (nx1) vector of net commodity trade

Y = GNP at factor costs

C = (mxn) matrix of the total factor cost shares, where Cjj denotes
the total factor cost share of the ith factor in the production of the
jth good.

wherei=1, 2, ——, m, andj =1, 2, ——n

with a superscript w being employed to represent the corresponding terms for the

world as a whole. A country is said to have a relative abundance in factor i if

Ki/KY > g° 9)

and a relative scarcity if the inequality is reversed.
The product CS defines the domestic demand for factors and equilibrium in

domestic factor markets implies

CS=K (10)
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Similarly, for the world as a whole, we must have

cs¥ = kW (11)

which states that the total amount of factors embodied in world production is

equal to the amount available. From (4), (5), (6), (10) and (11), it then follows that

CT=K~g*kK" (12)

which is referred to as the Hecksher-Ohlin-Vanek (Vanek-Bertrand) equation.

The ith equation in (12) is

n
P lcijTj =K;-g°KY (13)

—

which can be interpreted as stating if a country is relatively abundant in a factor
i (K;-g°K¥>0), then there is a positive covariation (correlation) between the
intensity with which the factor is used in producing goods (represented by the Cij)
and the net exports of the goods. Conversely, if a country is relatively scarce in
the factor, then the correlation will be negative. This is sometimes also phrased
as stating that, on average, a country will be a net exporter of the goods which
use its relatively abundant factors relatively intensively, and a net importer of the
goods which use its relatively scarce factors relatively intensively.

The assumptions discussed in the previous section also underly this result and,
as in the simpler model, it is possible to relax all of them, at least to some degree.
For a discussion of this, and of the multi-dimensional model in general, the reader

is referred to Ethier (1982) and the references cited there.
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For our purposes what is important is that the Hecksher-Ohlin-Vanek (Vanek-
Bertrand) equation conveys much the same sense of trade determination as does
the Hecksher-Ohlin theorem, but in a weaker form. In place of the earlier deter-
minate outcome, we now have a statement involving covariations, correlations or
tendencies dependence in how one choses to describe (13). Although the
Hecksher-Ohlin-Vanek equations tell us that factor intensities and relative factor
endowments matter for trade, it does not allow us to state the nature of this
dependence in a form that is both tractable and definite. For example, if our
interest lies in explaining the commodity composition T, then since the number of
factors and commodities need not be the same, it is not possible to simply invert
C and solve for T in terms of the country's relative factor abundance and the fac-
tor intensities of production.

Finally, before proceeding to a discussion of various attempts to apply the
theory, it should be noted that (13) can also be interpreted as a statement about
the amount of factors embodied in commodity trade. The left hand side of (13)
yields the total amount of factor i embodied the country's trade and the equation
as whole can be read as stating that a country will be a net importer (net export-
er) of a factor's services, if it is relatively scarce (abundant) in that factor. This
is referred to as the 'factor content' version of the factor proportions theory and

the earlier interpretation is referred to as the 'commodity composition' version.
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2.4  Empirical applications

2.4.1 Introduction

There have generally been three different methodologies adopted in most
empirical studies of trade based on the Hecksher-Ohlin-Vanek equation expressed
in equation (12). They are: (i) factor content studies which measure net commodi-
ty trade T, and factor intensities C, and infer factor supplies (K-g°KW¥) from CT;
(ii) cross-sectional regression studies which use measures of T and C and infer
(K-g°Kw) from regression parameters; (iii) cross;country studies that measure T,
K and K%, and implicitly infer C_l, the inverse of factor intensities. The remain-
der of section 2.4 is devoted to presenting an overview of the methods and the

issues that have arisen from their application.

2.4.2 Factor content analysis

One of the most famous empirical applications was undertaken by W. Leon-
tief (1953, 1958) who examined the validity of the basic two-factor Hecksher-
Ohlin model. To explain the trade pattern of the United States in 1947, Leontief
computed the capital and labor requirements for the production of $1 million
worth of United States exports and import-competing products. The methodologi-
cal procedure adopted by Leontief was a direct calculation of factor content in
which he calculated the total factor requirements of exports and imports and

compared the capital-labor ratio of exports with that of imports.
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According to Leontief's calculations for 1947, capital requirements of exports
and imports were $2,550,780 and $3,091,339, respectively, and labor requirements
of exports and imports were 181.31 and 170.00 man-years, respectively. Thus, he
found that the import-competing goods were relatively more capital intensive
than the goods exported by the United States. This result apparently contradicted
the prediction of the Hecksher-Ohlin theorem, and went against the general con-
viction that the United States was more capital abundant than the rest of the
world. This finding became known as the Leontief Paradox and undermined the
confidence that economists had in the standard two-factor version of the model.
Studies exist for other countries which also arrive at paradoxical results—--
Tatemoto and Ichimura (1959) for Japan, Bharadwaj (1962) for India, Wahl (1961)
for Canada and Roskamp (1963) for West Germany. For example, Tatemoto and
Ichimura found that Japanese exports in 1951 were more capital intensive than
imports. Bharadwaj reported that Indian exports were more capital intensive than
imports, and Wahl found that Canadian exports were capital intensive while her
imports were labor intensive. Roskamp's finding indicated that West German
exports were more labor intensive than imports.
Leontief's findings have led to a number of explanations and criticisms.’
Leontief (1958) explained the Paradox in terms of United States labor being three
times more productive than foreign labor so that when factor supplies are
expressed in efficiency units, the United States was in fact relatively labor abun-
dant. Minhas (1962) found support for the possibility of factor intensity reversals.
Other explanations have concentrated on extending and redefining the number of

factors, particularly human capital and natural resources. The concept of human

> See more comprehensive explanations: Baldwin (1971).
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capital was used by Keesing (1965, 1966) and Kenen (1965) who observed that
United States export industries employed more skilled labor than the import-
competing industries——-the apparent labor intensity of exports reflecting the
United States' abundance in human capital. Observing that the United States was
in fact abundant in capital but scarce in natural resources, Vanek (1963) showed
that the complementarity between abundant capital and scarce natural resources
meant that the United States imports were relatively capital intensive.

Recently, Leamer (1980) has argued that it is theoretically incorrect to com-
pare the factor content ratio as Leontief did, if a country is a net exporter (or
importer) of both capital and labor. When a country has a large surplus (or deficit)
in trade so that it exports (or imports) both capital and labor services, it is neither
necessary nor sufficient to use Leontief's factor content ratio to infer the coun-
try's relative factor abundance. Leamer argued instead that the factor abundance
should be inferred from a comparison of the ratio of net exports to consumption.
Since the United States was a net exporter of both capital and labor in 1947,
Leamer pointed out that, in fact, the United States was endowed with more capi-
tal than 1abor.6 Brecher and Choudhri (1982), however, claimed that the Leontief
Paradox still holds when labor abundance is compared with an average of all

resources rather than capital.7

Leamer suggested that if both net capital and labor exports, Ky and L4, are
positive, a necessary and sufficient condition for capital abundance is that K/
L; is greater than K./L., where K. and L are capital and labor consumption.
According to the data given by Leontief (1953), the United States is capital
abundant since K{/Ly = $23,450/1.990 > K./L. = $305,069/45.28. See reference;
Leamer (1980, pp. 503, tables 2 and 3).

7 Brecher and Choudhri (1982) argued that Ly > 0 if and only if L/LW > Y/YV.
But United States income (expenditure) per worker was higher than the world
income (expenditure) per worker in 1950's. Thus, the paradoxical phenomenon
still continues.
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The principal studies of the factor content of Korean trade are those of Hong
(1976, 1978) and Lim (1976) both of which concentrated on the two factor model
and both of which used data drawn from the 1968 input-output table for Korea.
Hong found little difference between the relative domestic factor content of
exports and competitive imports (those producible in Korea), however, using Unit-
ed States input coefficients he found non-competitive imports to be significantly
more capital intensive than either of these. Similarly, Lim found that for all
industries taken together a weak paradoxical result was obtained (exports rela-
tively capital intensive), but when only the manufacturing (modern) sectors were
included the paradox disappeared. In both instances, obtaining the results expected
from the theory was dependent on recognizing that, due to its stage of develop-
ment, the structure of the Korean economy did not match that of its trading part-
ners. As in all developing countries, Korea has a traditional economy which exists
alongside a modern economy. Since the factor proportions theory applies only to
the latter, the type of adjustments made by Hong and Lim were appropriate.

In addition to Hong's and Lim's work, which dealt exclusively with Korea, two
other papers have examined the factor content of Korea's trade as part of broader
studies covering a number of countries. Hillman and Hirsh (1980) found no evi-
dence for the paradox using Korean and United States input coefficients and, sim-
ilarly, Clifton and Marxsen (1984) obtained results consistent with the elementary
theory when using the ratio of profits to wages to measure the relative factor

intensity of imports and exports.
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2.4.3 Cross—sectional regression analysis

2.4.3.1 Baldwin's studies

A considerable number of the empirical studies conducted during the 1970's
have departed from Leontief's method by applying cross-sectional regression anal-
ysis. The cross-sectional regression method explains interindustry variations in
net exports (or imports) by factor-use ratios under the assumption that continuous
variations of factors would cause continuous variations in industry production.
Thus, most researchers indirectly infer the effect of factors on trade, using Ordi-
nary Least Squares (OLS), by assuming that the regression parameters reflect a
country's factor abundance. Although this is intuitively plausible, the Hecksher-
Ohlin-Vanek equation is not stated in this form and, as we shall see below, the
legitimacy of such inferences is dependent on further conditions being met.

The examination of the United States' comparative advantage by means of
regression analysis was first undertaken by Baldwin (1971) who specified 'net
exports' or 'net adjusted trade balance' as the dependent variable and various fac-
tors influencing the pattern of trade as independent variables (such as the capital-
labor ratio, the percentage of the labor force in various skill groups, scale indices
and industry concentration indices). He found that the volume of an industry's net
exports was significantly and positively related to the capital-labor ratio, but the
significance of the other variables could not be determined. Noting the existence
of a complementary relation between natural resources and physical capital, he
concluded that the United States' comparative advantage lay in abundant skilled

labor rather than in physical capital.
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Harkness and Kyle (1975) questioned Baldwin's application of OLS. They con-
tended that the commodity version of the Hecksher-Ohlin theorem does not con-
cern itself with either the share or the volume of net exports, but rather with
whether or not a country is a net exporter (sign of net export vector). It was sug-
gested, therefore, that logit (or probit) analysis instead of OLS should be used for
the estimation of the factor proportions models. Their results, using Baldwin's
data for 1962 trade and 1958 input- output data, contradicted his conclusions.
Baldwin (1979) objected to Harkness and Kyle's procedure, reasoning that their
tests were based on the commodity version of the Hecksher-Ohlin theorem in the
absence of factor price equalization. On the other hand, the factor content ver-
sion of the theorem would conceptually hold whether or not factor prices are
equalized. In line with Baldwin's claim, the work of Branson and Monoyios (1977),
using OLS, confirmed the Leontief Paradox in the United States, and Baum and
Coe (1978) could not find any reversed signs between logit and regression esti-
mates for West Germany. In contrast, Stern and Maskus (1981) seemed to confirm
Harkness and Kyle's argument that, using the probit model for 1967 and 1978
United States data, the coefficients on the capital-labor ratio were positive.
However, their findings could not support all of Harkness and Kyle's conclusions.
In his 1979 paper Baldwin included a regression for the Korean economy along
with those for a number of other countries. Upon regressing net exports on the
capital-labor ratio he obtained a negative sign which is what would be expected
for a country which is relatively labor abundant. As in the case of the factor con-
tent studies, the factor proportions explanation of Korea's trade is consistent with

Baldwin's result.
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2.4.3.2 Harkness' studies

In a paper which departed from his earlier work with Kyle, Harkness (1978)
suggested that the relations in (13) could be revealed by estimating equations of

the form

‘Mg

(T/S); = Bi Cjj + g ————(14)

i=1
where (T/S)j refers to 'proportionate net commodity exports' (net trade divided by
output) and €j represents the classical error term.

Harkness (1981) argued that each estimated regression coefficient, §i, must
be viewed as a descriptive rather than a structural coefficient, measuring the
factor intensity's contribution to net commodity trade while all output levels are
held at unity. Accordingly, the proper interpretation of the gis is summarized as
"descriptive coefficients characterizing the average, partial associations across

n8

goods"® between factor intensities and the fraction of domestic outputs which are

traded.

In addition, Harkness also suggested an analytical proposition regarding the '

9

complementarities'’ among factors. Specifically, Harkness (1983) argued that

that "if factor complementarities are not 'severe', the sign and rank order of the

Bis will duplicate those of relative factor abundance", 19

8 In Harkness' priginal paper (1978), he did not explicitly confine the range of
inference of B. In later papers, the inference of B is clearly reduced by stating
that " B is not a proposed structural parameter-—, rather it is an OLS-
computed descriptive statistic-——-." See Harkness (1981, pp. 1044).

9 These complementarities are represented by the off-diagonal entries in CC'
which can be interpreted as the covariations in factor intensities across goods.



20

Harkness' paper provoked on exchange between himself (Harkness(1981)) and
Anderson (1981) and Bowen and Leamer (1981). The exchange focused primarily on
Harkness' model but, in the process, it also helped to clarify the relationships
between the Hecksher-Ohlin-Vanek equation and all of the regression models. The
nature of the conclusions can be indicated by considering the most commonly used

model

T=C'B+e¢ (15)

which differs from Harkness' only in that the net export entries are not scaled by

the respective industries' outputs. The OLS estimates of B are

B =(cc)lcr (16)
Since CT = K - g°KW from the Hecksher-Ohlin-Vanek equation, we then have

8 = (cCY LK - g°kY) (17)

From (17), it is evident that under suitable restrictions on the covariations
between the factor intensities (the entries in CC'), the sign and ranking of the
entries in E will correspond to those of the relative factor abundances (K—g°Kw).
These restrictions are precisely those that Harkness meant to impose with his
complementarity condition. Consequently, in the context of equation (15) his
conditional proposition is correct.

The exchange, however, did not clarify Harkness' reasons for scaling net trade
by the sectoral outputs. To present his model, let Dy denote a diagonal matrix

with the entries from S along the diagonal. Equation (14) can be restated as

10 See Harkness (1983, pp. 300, Theorem 3).
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DT=CB+e (18)
with estimates

8 =(cc)leplr (19)

Since CD'SI,T will, in general, differ from CT it is not possible to use the
Hecksher-Ohlin-Vanek equation, as stated in (12), to relate his estimates to the
relative factor endowments. In addition, Harkness also chose to express the factor
content of trade as a proportion of the total factor content of domestic produc-

tion. Specially, he used

D E(K-g°KY) (20)

where Dy is the diagonal matrix with K along the diagonal.

When first introducing the scaling matrix D’é, Harkness stated that "we will
assume as a first approximation that the proportion of any output value entering
net trade is unaffected by this scaling".11 This does not explain his procedure but
it does indicate that further restrictions were necessary. Also, it is worth noting
that in his 1981 response to Anderson he appears to assert that the Hecksher-

Ohlin-Vanek equation could be restated asl?

CD LT - DL(K-g°K") (21)

11 See Harkness (1978, pp. 788).

12 see Harkness (1981, pp. 1045) equation (2).
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If that were so then, premultiplying by Dy and using the Hecksher-Ohlin-Vanek

equation, each equation in (21) could be written as

n n
ZCijTjKi/Sj = ZCijT' (22)
j:l j:l

which will not, in general, be the case. Again, same further restriction is implied
but its precise content is left unstated.

This does not dispute the possibility that the sign and rank of the estimated
regression will match those of the country's relative factor abundance, but it does
indicate that the conditions under which this is true are more severe with Hark-
ness's specification (18) than with the more conventional specification (15). For
this reason, Harkness' interpretation will be applied not only to equations with his
specification but also to ones with the conventional specification.

Putting the issue of scaling aside, there is the further problem that, even if
the coefficients of either (15) or (18) did have the same sign as the corresponding
relative endowments,13 independent estimates of relative factor endowments are

simply not available. In his 1978 paper, Harkness proposed that

Z° = D RCT (23)
or

EZ° = DACT (24)

could be used as proxies for a country's relative factor abundance.

13 gee equations (12) and (20), respectively.
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Since the Hecksher-Ohlin-Vanek equation implies

Z° = D H(K-g°KY) (25)

he referred to Z° as the 'observed factor abundances' and since T would be
obtained from the estimation of (18) he referred to EZ°as the 'estimated factor
abundances'. More accurately, as (23) and (24) indicate, Z° and EZ° should be
referred to as the 'observed' and 'expected' scaled factor content of net exports.

Similarly, the unscaled 'observed' and 'expected' factor contents

2° =CT (26)

EZ° =CT (27)

could be used as proxies for relative factor abundance under the conventional
specification. In latter case, matters are made simpler since equation (16) implies

that

2° =E2°

In either case, however, Hong's results indicate that because of structural differ-
ences between Korea and her trading partners, measures of the factor content of

her trade may be unreliable indicators of her true factor abundance.



24

2.4.4 Cross—country analysis

2.4.4.1 Baldwin and Hilton's studies

Leamer and Bowen (1981) interpreted (17) as stating that the sign and magni-
tude of the regression coefficients need not reflect a country's true factor abun-
dance. Since then, several authors have sought to find alternative empirical
approaches. Although they differ in model specification, these cross-country
studies largely concern a specific group of commodities or industries across coun-
tries.

Baldwin and Hilton (1983) offered a 'revealed comparative cost' appx.-oach14
which measures inter-country cost differences using estimated inter-country dif-
ferences in relative factor prices for each industry. In bilateral trade, Baldwin
and Hilton relate relative factor price differences with unit cost differences on
the one hand, and unit cost differences with bilateral net trade flows on the other.
Hence, by measuring the relevant factor shares and factor returns, they calculat-
ed the factor price differences between the United States and selected groups of

countries, and inferred the United States comparative advantage from these rela-

tive factor price differences.

14 The formulation of Baldwin and Hilton's study is:

m
VUCj= z eijwi
i=1

where VUC; = the relative differences from the jth unit cost.
8;; = the ith factor share of the jth good.
wj = the relative difference of return to the ith factor
bilaterally.
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Hilton (1984) attempted a slightly different method for estimating differences

in factor prices, based on observable commodity trade. His argument is that the
relative differences in production costs determine bilateral trade flows, and are a
function of production requirements and relative factor returns. Hence, the esti-
mated coefficients from a logit (or probit) analysis may be functions of the rela-
tive returns to the factors of production. The results of Baldwin and Hilton (1984)
and Hilton (1984) have revealed remarkably similar results about the United

States' comparative advantage.

2.4.4.2 Bowen and Leamer's studies

The Bowen (1984) and Leamer (1984) studies measured the net commodity
trade vector T, and the factor supply vector K, from equation (12) by collecting
world factor data.l® Assuming that there is an approximately linear relation
between T and K, they regress net exports on net factor supplies, and infer esti-

1, the inverse of technologies. Bowen (1984), using 34 countries' trade

mates of C~
in 7 commodities between 1963 and 1975, found a significant positive relationship
between resources and trade, and a shift in United States trade toward less capital

intensive goods. Leamer (1984) measured the profiles (indices) of 11 factors and

15 The basic foundation of Bowen's study is:

1
tyj = L bjk Rik
k=1

where t;; = net exports of the jth good by nation i.
Rjk = level of resource k in nation i.
b;k = coefficients which indicates the impact on net trade
of the jth good due to the augmentation of the kth resource.
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of 10 commodities' exports and imports for 59 countries. He found that the R2's
were relatively high, and concluded that the Hecksher-Ohlin explanation of trade
is 'accurate'. The principle drawback of both the Baldwin and Hilton and the Bow-
en and Leamer studies is the sheer magnitude of data required. Moreover, by
their nature as cross-country studies, they necessarily conceal those country-
specific features which affect trade and (or) limit the applicability of the theory

to that country.

E Conclusion

Of the various methods described above, none stands out from the others in
terms of theoretical consistency, tractability and usefulness. Each fails in terms
of one or more of these criteria. The decision to undertake a regression study in
this thesis was made largely on the basis of the latter two criteria and also
because this method allows us to incorporate some features which are particular
to less developed countries.

The data used here is drawn from the 1978 input-output table for Korea and
will be discussed in more detail in the next chapter. For the moment, however, it
can be noted that it includes data on the amount of self-employed labor within
each industry. For the most part this labor is concentrated in agriculture and oth-
er activities within the traditional economy. As a result, in the context of a
regression model it can act to control for the structural differences between the

traditional and modern parts of Korea's economy. This is particularly important
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since it was not possible to use data drawn from the United States and Japanese
input-output tables to estimate the input requirements of those goods which can
not be produced in Korea. To some extent this variable can also be used to control
for structural differences between Korea and her trading partners.

The issue of structural differences between economies can also be dealt with
by the inclusion of an output variable in each of the regression models (15) and

(18). This yields the expanded models

n
Ty = .zcijBi + BoS; (28)
i=1
n
(T/S); = 'Z(iijsi + BoSj (29)
i=

The intent of doing so is to capture the effects on productivity and (hence trade)
of economies of scale which are internal to an industry but external to individual
producers.

As stated in the introduction there are four primary issues to be dealt with in
this thesis. We are now in a position to indicate how each will be addressed. First,
Harkness' proposition will be tested by comparing the estimated factor intensity
coefficients in (15), (18), (28) and (29) with the corresponding observed and esti-
mated factor contents of trade. The merits of the latter as 'proxies' for Korea's
relative factor abundance will be judged by comparing them to an ordering based
on a priori expectations. Second, the advantage of Harkness' specification ((18)
and (29)) relative to the more conventional specification ((15) and (28)) will be

judged by comparing the explanatory power of the equations and by examining the



28
extent to which the estimated coefficients match Korea's relative factor abun-
dance. Third, the nature of Korea's comparative advantage and its effect on the
commodity composition of her trade will be addressed by examining the estimated
coefficients in all four equations. Fourth, the completeness of the theory will be
judged by examining the statistical significance of the economies of scale coeffi-
cient and of the intercept which, at least to some extent, will capture the effect

of omitted variables.



Chapter I

DESCRIPTION OF DATA AND RELATED METHODOLOGY

3.1 Introduction

In this chapter, the statistical data base and methodological procedure under-
lying the estimation of equations (15), (18), (28) and (29) will be described. In gen-
eral, three sets of data are required: (i) an input-output table; (ii) data on the
commodity composition of trade; (iii) data on the total factor cost shares.

Several decisions were made with respect to the scope and degree of
disaggregation of the primary factors. Given the limited availability of data, sub-
stantial adjustments had to be made in terms of the ways in which natural
resources, skilled labor and unskilled labor are measured. Thus, a thorough under-
standing of the underlying rationale for such decisions is important in order to

interpret the results of the study correctly.

3.2 The data

The major sources of data were originally retrieved from two 1980 publica-

tions of the Research Department of the Bank of Korea; the 1978 Input-Output

Tables and the Compilatory Reports on the 1978 Input-Output Tables. While the

_29-
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former contains the various transaction tables, input-output coefficients, and the
inverse matrices, the latter consists of an outline of compiling tables and a gener-

al description of the structure of the Korean economy.

3.2.1 Labor data

The data on employment and actual output were obtained from the above two

publications. The data are gathered from various sources such as the Annual

Report on the Economically Active Population by the Economic Planning Board,

Population Censuses by the Economic Planning Board, Yearbook of Agriculture

and Forestry Statistics by the Ministry of Agriculture and Forestry, Reports on

Mining and Manufacturing Surveys by the Economic Planning Board, Labor Statis-

tics Yearbook by the Bureau of Labor.

3.2.2 Capital stock data

There are two sources of capital stock figures: Estimates of Korean Capital

and Inventory Coefficients in 1968 by Kee-Chun Han, and Trade, Distortion and

Employment by Wontack Hong. In this study, the 'Sectoral Fixed Capital Stock'
and 'Sectoral direct Capital Coefficients' collected and estimated by Hong (1978)
were used.

Other relevant data concerning trade, exports, and imports by country were

compiled in the Foreign Statistics Yearbook by the Korean Trade Association, and
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the Economic Statistics Yearbook by the Bank of Korea. Other auxiliary refer-

ences, when necessary, were obtained from the 1975 Input-Output Tables and the

Compilatory Reports on 1975 Input-Output Tables, published by the Bank of

Korea.

3.3 Input-Output Analysis

3.3.1 Leontief system

The structure of the Korean input-output model is based on the Leontief sys-

16

tem”" which reveals the flow of goods and services through a given economy. The
system assumes (i) linear production activities, (ii) no joint products, (iii) no sub-
stitution among factors, and (iv) a one-to-one relation between commodities and
industries. These assumptions establish an equation for the demand by each
industry for each commodity as a function of its own level of output.

The Leontief model assumes constant proportions among inputs and the out-

puts of each industry. The input coefficients are expressed as ajj= xij/sj, with

x = (I-A)S (30)

where S and x represent the nxl vectors of total output and final demand, respec-
tively, A = (a.ij) is the nxn matrix of intermediate goods input coefficients, and Xij
is the flow of goods from sector i to sector j. The value version of the input coef-

ficients is djj = pjajj/pj, and the Leontief inverse matrix in value is (I—A)—l, where

16 Further references include Chenery (1959), Miernyk (1965), and Kogiku (1982).
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A = (&),
For the purpose of estimating the equations in the previous chapter, the total

factor cost share matrix
C= F-(I—A)'1 ——(31)

will be used, where F is the matrix of direct factor cost shares. In C = (Cij), each
entry Cjj denotes the value of the total amount of factor i necessary to produce
W1 (or $1) worth of net output of good j.

Because all magnitudes in (31) are measured in terms of value, the matrix C
has some special properties: first, all elements are non-negative and, second, if
the primary factors in F are the only sources of value-added, then the column
sums of C are equal to one. This last point is the reason for the omission of an
intercept term in the regression models of the previous chapter. In practice, how-
ever, value-added does have other sources (net taxes and capital depreciation)
and, as a result, the computed factor total cost shares sum to less than one. To
account for this, an intercept term will be included in the regression models in the

next chapter. 17

17" As noted in Chapter Two, this intercept can also serve to capture the effect
of omitted variables.
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3.3.2 An Outline of the Korean input-output structure.

The 1978 Korean input-output tables consist of two transaction tables: one
table at consumer's prices and another at producer's prices. The former is valued
at consumer's prices including the trade margins and transaction fees while the
latter is valued at the price of shipments from producers. Both are 'commodity-
by-commodity' tables showing the transaction of goods and services.

The sector classifications are based on the Korean Standard Classification as
well as the International Standard Industrial Classification (ISIS) of the U.N.. The
number of intermediate sectors (industries) is 392 which is aggregated into 162
sectors and further aggregated into 60 sectors. To achieve comparability with
other data, it is the 60 sector version which is used here.

The value-added sector is composed of four components:18 (i) the compensa-
tion of employees; (ii) other value-added; (iii) consumption of fixed capital; and
(iv) net indirect taxes. The compensation of employees is the total of wages and
salaries of employees including social insurance payments. The consumption of
fixed capital covers regular depreciation of physical capital. The depreciation of
roads and other public facilities of governments are not included. Net indirect
taxes are calculated by subtracting subsidies from indirect taxes. Custom duties
and commodity taxes on imported goods are excluded from these calculations.
Other value-added includes interest and profit along with self-employed income

and rents that might accrue to national resources.

18 Each country's value-added sector differs. For instance, the value-added sec-
tor of the United States input-output table consists of only other value-added.
The value-added sector of Canadian input-output table has four components;
the compensation of employees, commodity taxes, subsidies, other subsidies
on indirect taxes and surplus.
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As such, other value-added includes the income that would accrue to a number
of productive factors-—-capital, self-employed labor and natural resources. Simi-
larly, the compensation of employees category combines the income for various
types of labor. One of the principal tasks of this chapter is to outline the way in
which additional data can be used, first, to decompose employee compensation
into separate categories for skilled and unskilled labor and, second, to decompose
other value-added into parts corresponding to capital income, self-employed
income and the return to natural resources. Needless to say the resulting figures
are only estimates of the true values. The details will be given in section 3.5.

The Korean Input-Output Tables contain a number of coefficients.!? Among
them, there are two sets of input coefficients and their inverses: (i) the competi-
tive input coefficient matrix, A, which represents the average input coefficients
including both domestically produced goods and competitive imports; and (ii) the
domestic input coefficient matrix Ad which depicts the average input coefficients
excluding the use of competitive imports.

Since our objective is to measure the total factor content of both imported
and domestically produced goods it was decided to use the matrix A. However,
since a range of imported goods are not produced in Korea, the total factor con-
tent of such non-competitive imports can not be properly assesed using any one of
the Korean input-output tables. As noted earlier, Hong dealt with this problem by
using Japanese and American input-output tables to estimate the factor content
of non-competitive imports. Unfortunately, these tables and the information nec-

essary to achieve a correspondence with the Korean tables were not available. As

19 The published input coefficients except A and Ad are Import Input Coeffi-
cients (AS™), Competitive Import Input Coefficients (A™), and Complemen-
tary Inport Input Coefficients (A™™).
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a result, it was decided to use the matrix A as if applied to all imported goods. In
effect, it is being assumed that the structure of the Korean economy is the same
as that of its principal trading partners. The consequences of this, and the means
of controlling for it, were discussed Chapter Two and will also be discussed in

Chapter Four.

3.4 The Commodity composition of Trade

Gross imports and exports in the 60 sectors of the Industry Transaction Table
at producer's prices (competitive imports model) appear in the first and second
columns of Appendix A. The export sector covers exports of goods and non-factor
services excluding the transactions on factor incomes--—-receipts of wages, inter-
ests, dividends, freight and insurance premiums on exports. Exports are valued at
Free on Board (FOB) prices. Meanwhile, the import sector pertains to imports of
goods and non-factor services from abroad. Imports are valued at Customs, Insur-
ance and Freights (CIF) prices. Customs duties and import commodity taxes are
separated from the import sector and recorded as separate entries.

The import figures shown in Appendix A represent the gross amount of com-
petitive and non-competitive imports. Korean trade is characterized by numerous
non-competitive natural resource products that are not produced in Korea. While,
in 1978, 74% of total imports were regarded as competitive imports, the remain-

ing 26% were classified as non-competitive imports.20 Dividing the non-

20 See the third and fourth columns of Appendix A. The significance of 'non-
competitive natural resource imports' in Korean trade is comprehensively dis-
cussed by Hong (1976, Chapter 7, pp. 57-62).



36
competitive imports by their characteristics, about 80% of them were comprised
of non-competitive natural resource imports.

Another feature is that Korean trade is dominated by the United States and
Japan. During 1978, approximately 20% of all Korean exports were bound for
Japan and 30% were bound for the United States. Furthermore, about 40% and
20%, respectively, of her total imports came from Japan and the United States.21
Considering the structural differences between Korea and her trading partners,
one may argue that a bilateral trade analysis would be much more suitable for an
empirical study. As noted above, because of the lack of additional data for both
countries' input coefficients, this study will be conducted using only Korean data.

The last column of Appendix A presents the 'proportionate net exports', (Tj/
Sj), defined in equation (14). A negative sign of (Tj/Sj) implies the importation of
the jth good. On close examination, four out of the 60 sectors not only show a
negative sign for (Tj/Sj), but their absolute values exceed unity.22 These sectors
are natural resource-oriented sectors such as forestry, non-metallic minerals and

basic organic chemicals. In each of these cases, net imports exceed domestic

production.

2l gee Appendix B.

22 Conceptually, 'proportionate net exports' should not exceed unity. However,
as mentioned here, four sectors exhibit this irregularity. This phenomenon
may be explained by the fact that they are mostly imported as intermediate
products and eventually reexported to foreign countries.



37

3.5 The primary factors and their direct factor shares

3.5.1 Introduction

This section focuses on the measurement of the direct factor cost shares for
primary factors, expressed as the matrix F in equation (31). The basic question is
how many factors can be identified and incorporated into the model. The present
study considers five primary factors: skilled labor, unskilled labor, self-employed
labor, physical capital and natural resources. The computational methods for each
of the primary factors will be discussed.

The principle issues are: first, how to decompose the total employed labor
compensation into separate categories based on skilled differences; second, how to
decompose other value-added into separate parts corresponding to the contribu-
tions of capital, self-employed labor, and natural resources. The first issue is dealt

with in section 3.5.2 and the second in sections 3.5.3 and 3.5.4.

3.5.2 Skilled and unskilled labor shares

Generally, economists agree that labor is a heterogeneous factor. This
implies that simply identifying labor with man-hours embodied in goods regardless
of skill, would result in a gross misspecification. The distinct roles of skilled labor
(human capital) and unskilled (raw) labor as determinants of commodity trade was
recognized by Leontief, and later became a prime focus in the empirical estima-

tion of the Hecksher-Ohlin model. Such a contention has been theoretically
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established by Schultz (1962) and Becker (1962) and confirmed empirically later by
Keesing (1965, 1966), Baldwin (1971) and others.

There are two procedures for estimating skilled labor. The first procedure is
to treat skilled labor as human capital. Assuming that each worker's skill results
solely from his investment in human capital and that wages represent the return
on that capital, wage rate differences will be positively associated with skill dif-
ferences. Consequently, an industry whose labor force is largely composed of
skilled labor will tend to pay higher wages than an industry using less-skilled labor.
Like the return on other investment in capital goods, wage differentials can be
calculated and capitalized at some appropriate discount rate,23 to arrive at esti-
mates of the stock of human capital.

Other studies such as Kenen (1965), Keesing (1966), Baldwin (1971) estimated
various levels of skill according to various labor categories. Bowen's (1983) calcu-
lation was based on the following methods; (i) skilled labor is number of
professional/technical workers; (ii) semi-skilled labor is measured by multiplying a
country's literacy rate times the number of workers not classified as professional/
technical; (iii) unskilled labor is measured by multiplying one minus a country's

literacy rate times the total number of workers.

23 The stock of skilled labor (human capital) is usually calculated by:
SKj = (W-Wj)Lj/.IO

where W is the average annual wage and w; is the median annual wage for all
workers with eight years or less of education for industry j, and L; is the jth
industry employment. Such a formula is found in Branson and] Monoyios
(1977), Stern and Maskus (1981) and Aw(1981).
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The present study, on the other hand, applies a 'weighted wage differentials'

method. At first glance, this procedure looks similar to the first method, but it

differs from prior methods in that the shares of skilled and unskilled labor are
weighted instead of being capitalized at a fixed discount rate.2%

The input-output tables provide data on total employee compensation and the

purpose of this procedure is to use wage differentials across sectors to divide that

compensation into separate parts for skilled and unskilled labor. Specially, the

estimated skilled labor share of industry j is given by

Fj = Wy (32)

The unskilled labor share of industry j is measured by

usk (Wy - wj) Lj
Fj = Wm _ (33)

where: Wyt the economy-wide minimum wage earnings
Wy the economy-wide maximum wage earnings
wj: the average annual wage earnings in industry j
Lj: the total employed labor of industry j

S+ the value of net output of industry j

24 15 order to compute the stock of skilled labor shown in previous footnote, we
must have data on educational levels of all labor and wage rates. Because
there are no data for the educational level of workers in Korea, the 'weighted
wage differentials' method is used.
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There are two points to note about (32) and (33). First, when added they yield;

Sk, pusk _ o1 g

which is total labor compensation per unit value of output. As a result, these
measures are consistent with the directly observed labor share data. Second, for
the sector in which the highest wage is paid FjUSk =0 and FjSk equals the total
employed labor share, whereas for the sector in which the lowest wage is paid F jSk
=0 and FjU‘Sk equals the total employed labor share. In effect, it is being assumed
that in the highest wage sector all labor is skilled and that in the lowest wage
sector all labor is unskilled. For sectors between these extremes (32) and (33)
divide labor between skilled and unskilled using weights which depend on the prox-
imity of the sector's wage to the two extremes.

The average annual wage earnings for the 60 sectors, Wi, is calculated by
dividing the compensation of employees by the number of employees and appears
in the last column of Appendix C where wj ranges from W0.485 million per man-
year for the textile fabric industry to W7.181 million per man-year for the petro-
leum industry. The wide dispersion of wj among industries is not surprising since
highly educated and skilled labor tends to be employed in the petroleum industry
whereas unskilled labor is mostly found in the textile industries. The estimated

skilled and unskilled labor shares for the 60 sectors are shown in the first and sec-

ond columns of Appendix D.
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3.5.3 Self-employed labor share

Trade economists have usually ignored the contribution of self-employed labor
to production. In particular, for developing economies, self-employed labor in the
traditional sectors is considered as 'disguised unemployment'. According to the
'Lewis-type' argument, this employment actually constitutes an 'unlimited supply
of labor' whose marginal productivity is negligible.25 The surplus of labor in the
agricultural sector is a prime source of manufacturing sector's growth. Such an
argument could explain the extensive labor migration over the last two decades in
Korea. There is obvious evidence nevertheless against Lewis' argument. In Korea,
other studies found that the change in farm income outpaced the change in income
of industrial workers during the 1970's. Therefore, one cannot overlook the con-
tribution of the self-employed to production. Moreover, in the present case, self-
employed labor is being used to capture the effect of structural differences
between Korea and her trading partners.

The principal difficulty in measuring the returns to self-employed labor lies in
assessing its imputed price. In the present case the average annual wage earnings,
wj, are used as an approximation for the imputed wage rate of self-employed

labor. Thus, the self-employed labor share is calculated as

sml SML; /
= Wj \34)

25 gee A. Lewis (1954) and G. Ranis and J. Fei (1961).



42

26

where SMLj is the amount of self-employed labor in the jth industry.”~ The esti-

mates of F?ml appear in the third column of Appendix D.

3.5.4 The shares of physical capital and natural resources

After deducting the returns to self-employed labor, the remainder of other
value-added in each sector represents the returns to physical capital and natural
resources. To further divide the remainder into its component parts requires inde-
pendent estimates of either the rent on natural resources or the return to capital.
In the case of natural resources, it is reasonable to suppose that there is a negligi-
ble direct input into the manufacturing and service sectors.?’ Hence, for these
sectors the remainder of other value-added is solely a return to capital.

In the case of the natural resources sectors (sectors 1-10) the 1975 capital
stock estimates obtained by Hong (1978) are used in conjunction with his estimate
of a 10% return on capital in agriculture to arrive at an estimate of the return to
capital. The return to natural resources is then represented as the residual other
value-added, after subtracting both self-employed earnings and the estimated
returns to capital. The procedure just outlined is the one followed here and the
resulting direct factor shares are given in the fourth and fifth columns of Appen-

dix D.

26 See the third column of Appendix C.

27 sectors 11-60 in the 60 sector input-output classification.



43

It should be pointed out that other estimates could be obtained even with the
available data. For example, Hong's capital stock data could be used to estimate
capital's share in all sectors with the residual in all sectors being attributed to
natural resources. This method was in fact tried but the results corresponding to
those reported in the next chapter, while qualitatively similar, did not offer as
good as a fit to the trade data.

Any attempt to estimate capital's share and natural resources' share encoun-
ters several unavoidable difficulties. First, there are very few direct estimates of
the natural resource content of production. Second, the capital markets in most
developing countries are incomplete and subject to extensive interference from
government policies promoting the growth of particular sectors. As a result, the
sectoral rates of return on capital vary considerably and do not reflect the pro-
ductive return on capital or its opportunity cost. Given these difficulties it is nec-

essary to use approximate methods of the type described here.

3.6 Total factor cost shares

The calculation of total factor cost shares, in equation (31), is done by post-
multiplying the Leontief inverse matrix, (I-A)—l, with the direct factor cost share
matrix F. The measured matrix C is often called the 'value-factor intensity'
matrix as opposed to the 'physical factor intensity' matrix. Table 3.1 presents this

matrix.



Table 3.1: Estimated Total Factor Cost Shares for Korea, 1978

no sectors SK USK SML PK NR

1 grain .052 .071 576 .083 .310
2 vegetables 066 .045 560 .095 .198
3 industrial crops 116 132 487 .078 197
4 livestock 134 .084 425 .155 112
5 forestry .103 .152 430 .046 .243
6 fishery 314 .109 .129 .165 116
7 coal 582 .118 077 139 .003
8 metallic ores 304 .156 .053 195 .108
9 non-metallic 314 157 .050 124 .246
10 dairy .155 117 .309 .181 .140
11 seafoods .306 <133 173 .169 .078
12 grain polishing Wl T .248 .055 414 .015
13 flours 132 .123 .399 .266 .200
14 other foods 151 .109 252 .245 112
15 beverage A11 072 126 216 .047
16 tobacco .095 .067 105 .185 033
17 fibre 169 137 176 278 .064
18 textile fabrics .186 .170 116 .333 .044
19 fabricated textile .133 254 127 319 .038
20 leather .208 .156 .156 334 .055
21 lumber .160 .153 .290 174 .151
22 wood .143 .253 .186 .249 .069
23 pulp 246 .145 .093 341 .034
24 printing .301 174 .084 .300 022
25 organic chemicals 234 .101 .073 291 .091
26 inorganic chemicals .252 -109 .004 .303 .097
27 fertilizers .288 .105 .000 .296 .088
28 drugs .260 .103 .099 .351 .031
29 resins 225 .108 .082 331 .054
30 other chemicals 225 .120 107 341 .051
31 petroleum .263 .119 .042 .185 .180
32 coal products 467 125 .070 .230 .009
33 rubber 214 .166 .138 271 .063
34 non-metallic mineral 266 131 .061 .307 072
35 pig iron .298 .105 .066 321 .040
36 steel .250 .103 064 .363 .033
37 non-ferrous metal 271 114 054 362 .043
38 fabricated metal 261 124 .081 .340 .029
39 general machinery .250 .130 067 .384 .023
40 electronical machinery 229 «112 .069 <325 D27
41 electronic comm. .148 .193 .065 .354 .020
42 transportation equip. 278 121 .074 .349 .023
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45
46
47

49
50
51
52
53
54
55
56
57
58
59

medical

other manufacturing
construction

public work

electric power
water

retail

hotel

transportation
communication
insurance

real estate
government

social services

other services
office supply
business consumption
unclassifiable

.268
174
.308
317
.250
.206
.148
.103
287
.285
335
.083

000

551
234
.243
135
171

.169
195
136
.145
.071
113
.086
.240
126
074
127
.050

000
«132
.147
.160
136
113

.075
107
.080
.069
.051
.042
333
136
.055
.013
.031
.062

000
.169
321
137
179
o1

329
.363
.304
311
332
.406
394
.382
333
.369
442
586

000
.100
159
.409
.285
254

45

.026
.034
.041
.039
071
.028
.008
012
044
.005
.006
.010

000

.026
.013
.030
.050
.102

***SK = skilled labor shares

***[JSK = unskilled labor shares
*¥*SML = self-employed labor shares
**¥*¥PK = physical capital shares

*¥¥NR = natural resource shares



Chapter IV

ANALYSIS OF EMPIRICAL RESULTS

4.1 Introduction

The purpose of this chapter is to present and analyze the results of applying
the regression models outlined in Chapter Two. The data and the variable defini-
tions are those described in the previous chapter. The nature of the models and
their relation both to the factor proportions theory and to other empirical meth-
ods were discussed in Chapter Two.

To set the stage, the chapter opens with a brief review of Harkness' method
and the proposed extensions to it. This is then followed by a presentation of the
empirical results. The implications of the results and their limitations are dis-

cussed in the next section and summarized in the conclusion.

4.2 Some features of Harkness' model

There are several features which distinguish Harkness' model from other

regression models. In contrast to most regression studies, which have used net

trade as the dependent variable, Harkness scaled net trade by sectoral ou’tput.28

28 Most previous regression studies used 'net trade' as the dependent variable:
see Baldwin (1971), Branson and Monoyios (1977), Stern and Maskus (1981), and

- 46 -
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Similarly, when representing trade in embodied factor services (the 'observed' and
'estimated' factor abundances) he choose to scale that trade by the domestic sup-
ply of the factor service.

While Harkness uses multivariate regression analysis, the estimated regression
coefficients, §, should not be regarded as 'structural' parameters. Instead, these
parameters are to be viewed as 'descriptive’ indicators whose meaning is depen-
dent on their ranks and signs. The point of departure in the model is Harkness'
proposition that if 'factor complementarities' are not severe, the estimated
regression coefficients will indicate the ranks and signs of a country's relative
factor abundances. In addition, the signs and rank orders obtained from the
regression can be tested to compare them with those inferred from two alterna-
tive measurements, via equations (23) and (24). Since his model is not structurally
related to the theory, his interpretation can also be applied to the alternate
descriptive model with unscaled measures of net trade in goods and embodied fac-
tor services.

The 'observed' and 'estimated' factor abundances do not necessarily imply that
the 'true' factor abundance ranking can be measured. A country's relative factor
abundance ranking is not determinate unless world factor input data are available.
In this regard, the 'observed' and 'estimated' relative factor abundances, represent
'effective’ proxies for the true factor abundances. As such they are subject to
error and since they are in fact based on measures of the factor content of Korean

trade, the previous factor content studies can be used to assess their reliability.

Maskus (1983). Some studies used a normalized form as the dependent vari-
able: see Baldwin (1971), Harkness (1978), Bowen (1983). Leamer (1984) used
exports and imports separately as the dependent variables. Theoretically, the
relationship between endowments (factor supplies) and factor contents pre-
dicted by the Hecksher-Ohlin-Vanek theorem is for net factor services.
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4.3 The empirical results

The regression results are reported in Table 4.1. In the first two equations, the
dependent variable is net exports per unit of output whereas, in the last two, it is
simply net exports. In all instances the F statistic is significant at 99% except
equation 3, indicating that the equations do explain Korea's trade. The Rz's, while
less than those obtained by Harkness (1978) for his 17 factor model, are as large or
larger than those obtained in other regression models with a small number of vari-
ables.29 The t-statistics and their significance are reported, however, as noted
above they are not central to much of the interpretation of the equations. In many
instances, what is important is the relationship between the sign and rank of the
coefficients and Korea's relative abundance in the factors as determined by the
'observed' and 'estimated' factor abundances.

Table 4.2 presents the values of Z°, EZ° and Z°(=EZ°) for the corresponding
equations. The = and 2 signify that the signs are the same as or different from the
corresponding coefficients in Table 4.1.

Finally, Table 4.3 presents the rankings of the regression coefficients, and of
the 'observed' and 'estimated' relative factor abundance for each equation. The
coefficients of rank correlation with the coefficient estimates are reported at the

bottom of the factor abundance columns.

29 See, for example, Baldwin (1971, 1979), Stern and Maskus (1981) and Aw(1981).



Table 4.1: Regression Estimates (OLS)
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equation 1 equation2 equation3 equation 4
dependent variable T/S T/S T T
intercept .1384 -.2003 1.7796 -.5080
(.1366) (-.2017) (.3732) (-.1152)
skilled labor -.9140 -.3065 -6.8689 -2.7661
(-.6174) (-.2096) (-.9863) (-.4260)
unskilled labor .1083 1.0839 20.133 26.7217
(.0454) (.4603) (1.7950) (2.5555)2
self-employed labor 3.5369 3.4846 6.0422 5.6886
(2.6769)2 (2.7322)2 (.9721) (1.0044)
physical capital .2949 -.1698 -6.3479 -9.4856
(.1545) (-.0925) (-.7160) (-1.1645)
natural resources -9.3297 -9.8804 -30,2393 -33.9560
(-3.9772)2  (-4.3308)2  (-2.7399)2  (-3.3516)2
output ——e .0000 . — .0001
(1.9498) (2.9650)2
RZ .379 453 .270 .410
R 317 .365 .174 314
F 5.012 5.112 2.81P 4.292




*¥* T/S = proportionate net exports.

*¥k T = net exports (unit = W100,000).

*¥k 3 and b indicate 99% and 95% confidence level, respectively.
**¥ t-ratios are recorded in parentheses.

*%¥* the number of observations is 44 sectors.

50
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Table 4.2: Relative Factor Abundance Proxies

equation 1 equation 2 equation 3 equation 4
dependent variable T/S T/S T T
z° EZ° Z" EZ° 2°=EZ2° 2°=E2°
skilled labor -.068 -.212 -.068 -.090 -.433 -.433
(=) (=) (=) (=) (=) (=)
unskilled labor .013 -«135 013 016 .054 .054
(=) (2) (=) (=) (=) (=)
self-employed labor -.036 -.181 -.036 -.008 =elh = 2lB
(2) (2) (2) (2) (2) (2)
physical capital -.006 -.106 -.006 .028 -/052 -.052
(2) (2) (=) (2) (=) (=)
natural resources -132 -4l =138 =237 -.417 -.417
(=) (=) (=) (=) (=) (=)
number of 2 3 1 2 1 1

sign changes
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Table 4.3: Relative Factor Abundance Rankings

equation 1 equation 2 equation 3 equation 4
B z° Ez° B8 Z° EZ° B 2° B 2°
(E2) (EZ)
skilled labor 4 4 4 4 4 4 4 5 3 5
unskilled labor 3 1 2 2 1 1 1 1 1 1

self-employed labor 1 3 3 1 3 3 Z 3 2 3

physical capital 2 2 1 3 2 2 3 2 4 2
natural resources 5 5 5 5 5 5 5 4 5 4
rank correlation B2 .7b .7b .7b 82 5

*¥% 3 and b denote 95% and 90% statistical significance, respectively.

*¥* the coefficient of rank correlation is bgsed on Spearman's rho which
is calculated by p = 1-6) (| r(xj)-r(yj) | )/n(n®-1), where r(xj) and r(y;)
are the rank of xj and yj, and n is the number of observations.



53

4.4 Interpretation

The interpretation of the results focuses on the four primary issues raised in
the introduction and discussed at the end of Chapter Two: (i) Harkness' conjecture
that the estimated regression coefficients will have the same sign and rank as the
corresponding 'observed' and 'estimated' factor abundances; (ii) the relative merits
of Harkness' specification in equations 1 and 2 and the alternate specification in
equations 3 and 4; (iii) the evidence concerning the nature of Korea's comparative
advantage; and (iv) the completeness of the factor proportions explanation of

Korea's trade.

4.4.1 Harkness' conjecture

On the face of it, the evidence concerning Harkness' conjecture is mixed at
best. From Table 4.3, only one of the rank correlations is statistically significant
at 95%. Moreover, in Table 4.2, equation 1 has a relatively large number of sign
reversals between the estimated coefficients and the 'observed' and 'estimated'
factor abundances. This issue to be addressed now is whether this indicates a
failure of Harkness' interpretation or a failure in the proxies used for relative
factor abundance.

When looked at as a whole, what is perhaps most notable about the results
reported in Table 4.1 and 4.2 are the evident anomalies between the 'observed' and
'estimated' factor abundances on the one hand and, what would have been expect-

ed a priori. Korea is dramatically resource scarce and when compared with her
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principal trading partners (Japan and the United States), she is clearly relatively
most abundant in unskilled labor and self-employed labor, with capital and skilled
labor lying between these extremes., Each of the 'observed' and 'estimated' relative
factor abundance orderings violates at least two of these presumptions and, as a
result, little credibility can be given to them as proxies for the true relative fac-
tor abundance. By way of contrast, the signs and ranking of the coefficients in
equations 2, 3 and 4 conform to this loose ordering in all respects and equation 1
violates it only with respect to the relative ranking of the capital and unskilled
labor coefficients. The consequence is that Harkness' interpretation of the
regression coefficients is strongly supported but his choice of proxies is not.

In Chapter Three it was noted that, since the input-output tables for Japan
and the United States were not available, all imports, including those designated
as non-competitive, were being treated as if they could be produced using the
same methods as used in Korea. This clearly is not the case and the anomalies in
the 'estimated' and 'observed' factor abundances can be attributed to the failure to
use the actual foreign factor content of non-competitive imports when calculating
the relative factor abundances. This conclusion is supported by the fact that both
Hong and Lim also obtained anomalous results when estimating the factor content
of Korea's trade before correcting for structural differences.

This raises the further question of why the regression coefficients do not
appear to have been affected. The answer lies in the nature of regression models
in general and the role of the self-employed labor variable in particular. In the
context of the regression models that variable captures some of the effect of

structural differences between the modern and traditional components of the
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economy and through its interaction with the other variables it can act to control
for the effects of such differences.

What this suggests is that, within the confines of the data used here, the
regression models have distinct advantage when applying the factor proportions
theory. It also indicates the need for further work especially in the measurement

of the factor intensities of non-competitive imports.

4.4.2 Alternate specifications

The comparison of Harkness' specification in equations 1 and 2 with the alter-
nate specification in 3 and 4 again involves mixed evidence. As just noted, equa-
tion 3 conforms least to the a priori factor abundance ranking. On the other hand,
the R% and F values for both of the Harkness equations exceed those for the cor-
responding alternate equations. Since the coefficients of neither set of equations
are structurally related to the theory, the inconclusiveness of the results in this

respect is not surprising.

4.4.3 Korea's comparative advantage

If it is accepted that the regressions in Table 4.1 do in fact control for struc-
tural differences and for factor complementarities then, taken as a whole, they
provide a remarkably consistent depiction of Korea's comparative advantage. As

indicated by the signs of the coefficients, her comparative disadvantage lies in
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resource and skilled labor intensive goods and her comparative advantage lies in
goods which use unskilled labor and self-employed labor relatively intensively.
Moreover, in all but the first equation the results indicate that she has a compar-

ative disadvantage in capital intensive goods.

4.4.4 The completeness of the factor proportions explanation

In this respect, there are two matters to be examined; the intercept coeffi-
cient which may capture the effect of omitted variables and the coefficient of
output in equations 2 and 4. Once again the evidence is mixed. In all four equa-
tions the intercept variable is not statistically significant and although the output
variable is statistically significant in both equations, the size of the coefficient is
small.30 Nevertheless, this does provide some indication that other considerations

should be taken into account.

4.5 Conclusion

The thrust of the preceding argument is that, despite the lack of a clear
structural linkage to the theory, the regression models do yield results which are
consistent with the theory. Moreover, with incomplete data, they appear to be
more consistent with the theory than the attempts to measure the factor content

of trade. In addition, although the results are largely consistent with Harkness'

30 The zero coefficient in equation 2 is due to the regression program which
reports coefficients only to four decimal places.
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interpretation of trade regression models, they do not provide evidence for the
superiority of his particular specification. The results also provide weak evidence
for the role of explanations other than the factor proportions theory.

Perhaps the most important conclusion is that to properly understand the
international trade of developing economies such as Korea, it is necessary to rec-
ognize their structural differences and to incorporate those differences into any

empirical analysis.
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Appendix A
COMMODITY COMPOSITION OF TRADE FOR KOREA, 1978

no sectors EX M COomM NCIM NEX
1 grain 9155 266358 266358 0 -.089
2 vegetables 8118 13407 12037 1370 -.003
3 industrial crops 79062 55648 28208 227440 .076
4 livestock 5643 46454 17555 28898 -.046
5 forestry 22588 376167 78802 297374 -1.073
6 fishery 201986 13452 13452 0 L53
7 coal 16 9857 7542 2314 -.045
8 metallic ores 14255 47398 46911 496 e {4
9 non-metallic 25485 1113853 19773 1095079  -4.481
10 dairy 47143 159401 159401 0 =156
11 seafoods 105513 9773 9773 0 443
12 grain polishing 0 0 0 0 -
13 flours 59 1688 1688 0 -.010
14 other foods 29557 147807 40107 107699 -.107
15 beverage 14764 12392 12392 0 .002
16 tobacco 332 73 73 0 -.001
17 fibre 176602 35704 22079 13624 119
18 textile fabrics 396570 111917 111917 0 237
19 fabricated text. 1164229 33415 33415 0 584
20 leather 273713 92434 82949 9484 349
21 lumber 210655 4293 4293 0 367
22 wood 28662 2814 2814 0 242
23 pulp 22391 110197 54905 55291  -.188
24 printing 7724 9617 9617 0  -.008
25 organic chemicals 33424 309693 233292 76401  -1.087
26 inorganic chemicals 8755 55306 43867 11439 -.190
27 fertilizers 76602 13791 12495 1295 .206
28 drugs 10812 28553 23003 5549 -.038
29 resins 78823 223098 208518 14579 -.146
30 other chemicals 9647 127221 115232 12088 -.324
31 petroleum 82742 222188 218628 3560 -.086
32 coal products 4377 61005 59286 1719 -.201
33 rubber 269908 8790 8790 0 476
34 non-metallic min. 117343 52692 52692 0 .081
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35 pig iron 5125 145495 145495 0 -.210
36 steel 273850 449988 449988 0 -.141
37 non-ferrous metal 27490 181962 181554 407 -.668
38 fabricated metal 264118 56548 56548 -0 326
39 general machinery 64779 1213067 1104630 19446 -1.766
40 electronical machi. 83893 249624 249212 412 -.213
41 electronic comm. 572816 449175 447429 745 .104
42 transportation equip. 474199 531061 441258 89812 -.042
43 medical 82182 139325 136723 1602 -.252
44 other manufact. 369689 46288 46113 175 573
45 construction 0 3018 3018 0 -.001
46 public work 10331 0 0 0 .007
47 electric power 3295 1915 1915 0 .002
48 water 64 281 281 0 -.004
49 retail 439705 25380 25380 0 .098
50 hotel 61202 13975 13975 0 .069
51 transportation 681938 117439 117439 0 231
52 communication 24709 18596 18596 0 .018
53 insurance 40982 35124 35124 0 .006
54 real estate 2275 852 852 0 .001
55 government 000 000 000 0 -
56 social services 57 1259 1259 0 -.001
57 other services 4862 5669 5669 0 -.001
58 office supply 534 62 62 0 .010
59 business consumption 5310 23921 23821 0 -.023
60 unclassifiable 84378 109585 109585 0 -.121
total 7703998 7793998 5715597 2077301

***¥EX = exports

***¥[M = imports

*¥*COIM = competitive imports

*¥*NCIM = non-competitive imports

*¥¥NEX = proportionate net exports

*¥*ynit = W million

***¥all the data EX, IM, COIM and NCIM were obtained from '78 Input-Output
Tables, pp. 24, 47 and 55, The Bank of Korea, 1980.
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***kproportionate net exports (NEX) is measured by (EX-IM)/OUT, where OUT is
sectoral output levels

***IM = COIM + NCIM



Appendix B
EXPORTS AND IMPORTS BY MAJOR TRADING COUNTRIES,

1978
countries exports imports
Japan 5232014 5981487
Saudi Arabia 717031 1280673
Hong Kong 384686 50601
Taiwan 103182 152619
Singapore 98442 61225
Kuwait 248463 746533
West Germany 662884 490905
United Kingdom 393027 211497
France 59187 442377
Netherlands 307287 46954
Italy 117840 442377
United States 4058343 3042950
Canada 327173 204033
Others 496998 759282
total 12710642 14971930

*¥¥sources: Economic Statistic Yearbook, The Bank of Korea, pp. 208-211, 1981.

**¥ynit = in thousand U.S. dollars
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Appendix C
LABOR AND CAPITAL DATA

no sectors EMP COEMP SELEMP CAP WAG

1 grain 182090 121100 2077470 1098567 665

2 vegetables 77330 77257 737340 756600 999

3 industrial crops 68260 62223 167580 167580 765

4 livestock 60390 80398 142926 423100 1.331

5 forestry 95440 71789 174150 58534 152

6 fishery 115100 208645 32990 440608 1.812

7 coal 49500 126832 90 114493 2.562

8 metallic ores 11490 14149 140 25721 1.231

9 non-metallic 70750 91981 2410 95025 1.300
10 dairy 71650 59492 8740 162515 .830
11 seafoods 23230 27762 8920 84535 1.195
12 grain polishing 50550 35965 4670 19652 711
13 flours 5120 7972 130 28755 1.557
14 other foods 99490 98848 6140 192402 993
15 beverage 46730 50750 2090 163167 1.086
16 tobacco 27760 35581 0 76916 1.281
17 fibre 115290 77035 380 904338 668
18 textile fabrics 182250 133717 2130 531368 133
19 fabricated text. 598640 290433 35310 476707 .485
20 leather 63540 62320 3620 80521 980
21 lumber 54150 56448 2400 133935 1.042
22 wood 35439 18420 6030 21916 519
23 pulp 52850 59353 1620 137080 1.123
24 printing 46740 54214 1520 93270 1.167
25 organic chemicals 8070 13682 30 105013 1.695
26 inorganic chemicals 14920 22363 70 146329 1.498
27 fertilizers 9840 24173 0 200219 2.456
28 drugs 34670 65053 90 59740 1.875
29 resins 57760 72021 420 390784 1.246
30 other chemicals 30320 33988 770 134191 1.120
31 petroleum 5400 38781 0 22779 7.181
32 coal products 17820 20165 730 34207 1.131
33 rubber 73890 71910 80 158565 972
34 non-metallic min. 97810 121832 3090 471890 1.245

= T =
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35 pig iron 17260 32020 0 393556 1.855
36 steel 42360 46548 300 610321 1.098
37 non-ferrous metal 15500 23894 270 90683 1.541
38 fabricated metal 62680 75165 6730 209914 1.197
39 general machinery 76600 86235 3550 259526 1.125
40 electronical machi. 57350 74636 520 195322 1.301
4] electronic comm. 183300 111180 340 485911 .606
42 transportation equip. 118320 183331 2930 548331 1.549
43 medical 30160 31576 710 36357 1.043
44 other manufact. 129370 75863 11820 116460 596
45 construction 391300 605268 1700 90349 1.546
46 public work 238990 344338 1410 216664 1.435
47 electric power 18570 76098 0 3166761 4.087
48 water 8180 8473 0 355352 1.035
49 retail 560160 680781 1059060 815562 1.194
50 hotel 301720 171016 131270 132597 566
51 transportation 397170 517410 15040 12190923 1.302
52 communication 49700 100626 0 536887 2.024
53 insurance 205810 320052 1510 363522 1.555
54 real estate 55100 47385 59040 12071451 .859
55 government 0 971881 0 0 -
56 social services 418910 976020 62030 3014837 2.329
57 other services 271850 298692 286600 1215114 1.098
58 office supply 0 0 0 0 -
59 business consumption 0 0 0 0 -
60 unclassifiable 0 1305 0 0 -

total 11670390 8257216 5454760 47246600 -

*¥¥EMP = number of employees per man-year.

*¥kCOEMP = compensation of employees (unit = W million).

*¥¥*SELEMP = number of self-employees per man-year.

*¥¥CAP = fixed capital stock (unit = W million)

*¥XWAG = wage rate.

**¥EMP, COEMP, SELEMP are obtained from '78 Input-Output Tables and Com-
pilatory Reports on '78 Input-Output Tables, The Bank of Korea, 1980.

*¥¥kCAP is estimated on the basis of the estimated direct capital coefficients
measured by W. Hong (1978). He estimated the 117 sectoral direct capital coeffi-



75

cients for Korea in 1975, which appear in Trade, Distortions and Employment, pp.
393-398. The capital stock for 117 sectors is calculated by multiplying the capital
coefficients and the level of outputs from '78 Input-Output Tables. These figures
are aggregated into 60 sectors in order to correspond with the present study,
assuming that these coefficients being held constant during 1975-1978.

**x*WAG = COEMP/EMP.



Appendix D
ESTIMATED DIRECT FACTOR COST SHARES FOR KOREA,

1978
no sectors SK USK SML PK NR
1 grain .012 .030 483 .038 .260
2 vegetables .027 .022 479 .049 162
3 industrial crops .066 .103 417 .029 117
4 livestock .062 .029 217 .048 .020
5 forestry .083 135 397 017 228
6 fishery .220 .060 .080 .059 .075
7 coal 513 077 .001 .053 -.036
8 metallic ores .201 .108 .003 .056 .081
9 non-metallic .254 124 .012 .039 225
10 dairy .036 .045 .010 .022 .058
11 seafoods .081 .046 .049 .009 000
12 grain polishing 113 218 .030 324 000
13 flours .037 .013 .001 .069 000
14 other foods .049 .040 .005 .088 000
15 beverage .034 000 .002 .096 000
16 tobacco .039 .020 000 116 000
17 fibre .019 .046 000 .078 000
18 textile fabrics .040 .070 .001 104 000
19 fabricated textile 000 .150 .008 .087 000
20 leather .065 .055 .007 115 000
21 lumber .057 .042 .004 .079 000
22 wood 012 .060 .029 .080 000
23 pulp .077 .049 .003 101 000
24 printing .148 .098 .007 .086 000
25 organic chemicals .041 012 000 074 000
26 inorganic chemicals 066 025 000 128 000
27 fertilizers .068 011 000 .052 000
28 drugs J112 .028 000 150 000
29 resins .048 .025 000 .083 000
30 other chemicals .057 .036 .002 101 000
31 petroleum .024 000 000 .079 000
32 coal products .044 027 .002 .083 000
33 rubber .070 .060 000 .059 000

=P =




34
35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

non-metallic mineral
pig iron

steel

non-ferrous metal
fabricated metal
general machinery
electronical machinery
electronic comm.
transportation equip.
medical

other manufacturing
construction

public work

electric power
water

retail

hotel

transportation
communication
insurance

real estate
government

social services

other services

office supply
business consumption
unclassifiable

.100
.138
.022
076
.075
.081
.064
.020
100
.081
.024
.169
177
.103
.089
.103
.038
.142
257
275
.018

000
476
.149

000

000

000

.053
010
015
027
.042
.051
.031
.073
.035
.060
.109
.060
072
.006
067
.058
211
.069
.058
.098
.021

000
.084
100

000

000

000

.004
000
000

.001

012

.006
000
000

.003

.003

012

.001

.001
000
000

.301

.109

.008
000

.002

.043
000

.092

263
000
000
000

141
063
077
134
.073
139
.086
.099
.095
.076
133
118
126
196
.250
318
291
202
329
369
517

000

.007
041

000
000
000

77

000
000
000
000
000
000

.000

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

**¥kGK = skilled labor shares

*¥*¥[JSK = unskilled labor shares
**¥SML = self-employed labor shares
*¥*PK = physical capital shares

***¥NR = natural resource shares
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