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CHAPTER 1

INTRODUCTORY REMARKS

I-1. Introduction

Since the early 1960's South Korea has become one of

the fastest growing economies among developing countries. Real
GNP more than tripled during 1960-1973, rising from 1, 119,7
billion won in 1960 to 3, 534.3 billion won in 1973 measured at
1970 constant price. At the 1970 official exchange rate, that
was equal to $3.54 billion for 1960 and $11. 18 billion for 1973.
That raised real per capita i.ncomé from $140.9 to $337.0 in 1970
U. S. prices, despite population growth of 2.3 percent per year.
One of the most significant features in the economic growth
of South Korea is extremely fast growth in the manufacturing
sector; the share of ma.nufacturing in GNP rose from 10.8
percent in 1960 to 28.4 percent in 1973,

| The South Korean experienc; is of great importance
for other developing countries. This is especially so since the
rapid growth of the South Korean manufacturing sector vividly
illustrates the possibility of rapidly reducing reliance upon

agriculturé and primary commodities; the share of the agriculture,



£or;stry and fishery sectors in GNP fell from 41.3 percent in

1960 to 22.6 percent in 1973, despite a real rate of growth of

that sector of 3.8 percent. Although there have been some features
special to South Korea's development -- e.g., large foreign aid
flows until 1965, proximity to the rapidly growing Japanese market,
etc. -~ there is no particular reason for believing the Korean
manufacturing sector was in any significant way different from

that of other developing countries as of the mid-1960's. Since

" then its export-based rapid growth has, of course, distinguished

it. However, the manufacturing sector was small, oriented toward
import-substitution, and growing slowly in the late 1950's. In

that sense, it was much like that of most other developing
countries.

For that reason it is of great interest to examine South
Korea's manufacturing sector in the expectation that South
Korea's experience may shed some light on many questions of
importance for developing countries.

In the course of inquiry we shall estimate manufacturing
production functions for South Korean manufacturing industries.
These estimates should shed light on the following questions:

1. Are there economies of scale in the production

technologies of South Korea's manufacturing

industries? If so, what is the potential and



actual importance of the economies of scale in
explaining output growth in South Korea's rr.:anufacturing
industries ?

2, What ié the magnitude and extent of substitutability
of factors in South Korea's manufacturing industries?

3. What is the extent of inter~industry variations of
marginal produéts of factor?

4. Are the estimated production functiona relevant for
both small and large establishments?

5. 1s the production process homothetic, i.e., are the
output elasticities of inputs and the elasticity of
substitution independent of the level of the factors of

production?

The purpose of this study is to present some statistical
evidence on these questions along with some hypotheses testing
relevant to developing economies. Essentially the empirical
work is an investigation of production functions for South
Korea's two-digit manufacturing industries.

In section 2 of the present chapter, the importance of the
questions raised above are discussed, and in section 3 a brief
economic background of South Korea is presented. The last

section of this chapter indicates the plan of the thesis.



I-2. Importance of questions

One of the familiar arguments for industrialization in
develop{né countries is the existence of external economies
associated with industr.ialization, fc;r example, the benefits to
be derived from technical progress, training of labor and scale
economies in production, etc. The externality aréuments also
constitute the backbone of the case for "infant industry' pro-
tection. The infant industry argument states that it is necessary
for a pioneering firm in a new industry to invest in acquiring
adequate technology and skills in the learning process, but the
knowledge and skills acquired frequently become available free or
at less cost to those who are potential competitors. 1 Therefore
the pioneering firm may not find it profitable to enter an industry
even though the activity is socially desirable. Government
intervention is justified if it is aimed at correcting for such
distortions. In any case of externality, it is well-known that
the optimal policy will have to be épplied at the point where the

distortion arises.z For instance, the optimal policy for

If the pioneering firm can recoup all the costs for the
acquisition of knowledge and on-the~job training of labor, then
there is no externality problem. See Baldwin (5).

zFor a careful analysis of externalities and optimal
policies, see Bhagwati (10),



infant industry protection would be to subsidize directly the
activities of acquiring knowledge and training labor.
Nonetheless, the main policies adopted in many
developing countries to accelerate industrialization or to protect
infant industries were trade policies: import-substituting policy
by restriction of imports with high tariff and quota walls or
export-promoting policy through a variety of subsidies and other
incentives.3 It is unclear how important such trade policies are
in terms of industrialization or protection of infant industries.
But it is clear that trade policies are not the optimal policy for
infant industry protection, not only because they fail to reflect
externalities correctly but also because the extent of infant
industry protection is at best asymmetric among import, export,
and nontraded goods sectors. The defects of trade policies in
terms of r;source allocation have now been studied in theory as
well as in practice by numerous economists.? There appears

to be widespread agreement among economists that the

3For a fuller assessment of industrialization policies
for seven developing countries, see Little, Scitovsky, and

Scott (41), Chapter III.

4]?‘or theoretical arguments, see Bhagwati and Krueger
(11), Bhagwati (10), Baldwin (5). For empirical work, see
Little, Scitovsky and Scott {4¢1), Krueger (39), and Balassa (3).
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economic costs of incentives distorted toward export promotion
are less serious than the cost of those distorted tov;rard import
substitution.® One important reason why export promotion may
be the superior policy is that under exp'ort-promotion strategy,
the handicap of small domestic market; size isminimized and
therefore firms in a small country can take advantage of what-

ever economies of scale are present.

The existence of scale economies in the firms' production
technologies for an industry, however, can by no means be an
argument for subsidizing firms through trade policies. 6 The
reason is simple. If goods cannot be produced for the domestic
market at a cost lower than c,i.f. import price, it is not worth

bringing the industry into existence by tariff protection.7 On the

E:’See Keesing (35) and Bhagwati and Krueger (11).

6Of course, trade policy might be superior to no inter-
vention if there were externalities which accrued to the output
level of an industry though the socially optimal policy was
domestic production subsidy. But we are dealing with only the
economies of scale associated with the production technologies
at the firm level.

7Of course, in the presence of economies of scale, one can
consider a marginal case that domestic production can be more
beneficial than imports, even when the average production costs
exceed the price of imports at the level of demand for the product
at the free trade import price, That is the case when the excess
of consumers' valuations over social cost can be larger when it is
produced at home with marginal cost pricing and subsidy program
than when it i imported. Even then, the socially optimal policy
is still domestic policy, not trade policy. See Corden (17).



other hand, if economies of scale can be foreseen and the
production cost can be lower than f.o0.b. export price at a
certain scale or beyond, firms will be set up anyway and further
export subsidy will be poi.ntless.8 Therefore, there is generally
no need for government trade policy based on the firms' scale
economies in production.

However, if the firms in industries producing nontraded
goods (somewheré between c.i.f. and f.o0.b. prices) or goods
with prohibitive transpurt costs were subject to increasing returns
to scale, special government intervention would be required to
attain socially optimal output and price. If there were scale
economies in production, economic theory suggests that the
most likely outcome of market structure would be 2 monopoly.

In such a case, the optimal policy is to eliminate the
monopolistic waste of resources by enforcing marginal-cost

pricing with appropriate subsidy on production to make up the loss.

8A question arises again at the margin whether or not

the firm should be brought into existence when the firm is subject
to economies of scale and the export price covers marginal but
not average costs. If we assume that a profit-maximizing firm
_can survive with price discrimination in 2 domestic market, then -

the existence of ‘he firm is not only privately profitable but also
socially desirable. But the socially optimal policy is still
domestic, not trade, policy. That is, to subsidize the firm so
that domestic price is equal to marginal receipts on the export
and to marginal costs. See Pursell and Snape (51).



In many developing countries, however, even when
there are clearly recognizal;le economies of scalt;. a.;nong import-
substitution industriés, too many smanesea.].e pla.ﬁts for the small
domestic market ;re often established under high tariff or quota
‘walls which permit non-economic size firms to be profitable. ?
This inefficient market structure can be introduced despite free
entry and competition, suggesting thata few non~economic size
firms enter a new industry at the same time under various
protection measures and reach al sort of oligopolistic equilibrium
where none wishes to expand at the expense of the other since
each can play the same game.

Knowledge of economies of scale is therefore important,
not only in providing a guide to achieving the most efficient
allocation of resources but also in providing information as to
which industries can successfully be developed into export
industries in developing countries. Knowledge of elasticity
of substitution is also necessary to evaluate the impacts of
various government policies on the pattern of factor intensity
and employment of labor.

Both economists and engineers generally agree that

scale economies or indivisibilities in production exist at least

9 The automobile industry is a good example, See Little,
Scitovsky, and Scott (41), Appendix to Chapter 1V, p. 423.



up to a certain size of the firm or plant. 10 The principal

basis of scale economies of production is the existence of
indivisibilities in both men and capital equipment. In large
firms a richer division of labor is possible than in small firms.
An identical principle applies in the use of machinery. There
are also great advantages in dealing with large quantities of
inputs and in large machines and equipment. 11 In fact, many
earlier studies on manufacturing industries in various advanced
countries indicate that the firms' production processes are
subject to increasing returns to scale in many industries. 12
Unless an industry's market structure is a monopoly with: a fixed
demand schedule, the firms with increasing return to scale

would tend to expand over time whenever it is possible. The gains
from economies of scale have the same potential importance as
technical progreés in explaining output growth. A few attempts

have been made to measure the actual importance of economies

10See Walters (56).

11For instance, it has been noted that the cost of an item
is frequently related to its surface area, while its capacity of the
item increases in accordance with its volume. See Moore (44).

lemong others see Griliches and Ringstad (29), Katz
(34), and Hildebrand and Liu (31).
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of scale in explaining output growth; for'exa;'nple, Griliches
estimated that, for the United States post-war ma.nu.%acturing
sector, about 2 percent of output growth is explained by
economies of scale., Hodgins finds about 7 percent for Canadian
manufacturing sector. 13

In view of the fact that economic growth has been the
most urgent issue in developing countries, it is worthwhile to
ask about the extent to which economies of scale have acfually
contributed to output growth in a rapidly growing economy like
that of South Korea.

It was pointed out earlier that the existence of substantial
scale economies in production could lead to monpolistic or
oligopolistic market structure and hence cause a misallocation
of resources in the absence of government intervention. It is
therefore important to know the market structures as well as
production technologies among industries to evaluate and improve
the allocative efficiency of scarce resources, There are a few
indications that the degree of departure from competitive-~
market~-equilibrium conditions may be greater in developing

countries compared with developed countries. First, for

13
See Griliches (28), and see Hodgins (32).
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instance, in developing countries markets are often small and
limited partly due to low income, lack of transport c;r com-=-
munications, and partly due to the lack of open trade under
restrictive trade regimes. The small domestic market, there-
fore, often precludes perfect competition in many industries in
developing countries. 14 Second, factor markets are often
considerably distorted in developing countries. Capital markets
are rarely developed, and most of the financial institutions are
owned and controlled by the government. 15 Governments often
carry out large public investment, and credit rationing of insuf-
ficient loanable funds for private investment is a common pheno-
menon. In some countries the labor market is also distorted by
trade union interventions or other government social legislations. 16 -
Third, in a rapidly growing or industrializing economy with
substantial structural changes, one can hardly expect a2 long run
equilibrium to be attained in output as well as in input markets,

Under such circumstances, lags in market adjustment may be

far greater in developing countries.

14gee Kindleberger (36).

15See McKinnon (43).

16gee Hacris and Todaro (30), and Eckaus (21).
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Though it is admittedly important to investigate the
market structure of industries, that is beyond t;he scc;pe of the
present study. Instead, the present study will examine the
magnitude and extent of inter -industry variations in marginal
products of factors.

In many earlier studies on manufacturing development
in developing countries, observers report the existence of a
whole range of technologies from modern to artisan establish-
ments within an industry in cross section of developing areas.
To reflect the coexistence of traditional and modern technologies,
R. R. Nelson has applied a dualism model in his study of

17 He assumes that larger firms tend

Columbian industries.
to employ highly advanced modern technology, whereas small
firms use the traditional craft technology, and that modérn
technology is in a diffusion process from large to small firms. 18
This dualism model abandons the neoclassical assumptions that
factor markets are perfectly competitive and that all firms are

on the same production surface. To test this dualism hypothesis,

it is necessary to identify the craft and modern subsectors within

17See Nelson (47), and Stalely and Morse (54) for
evidence of dualism in other developing countries,

18He further assumes that both modern and craft techno-
logy subsectors are subject to constant returns to scale but differ
in efficiency parameters. This would be a testable hypothesis,
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an industry and estimate separate production functions for each
subsector. But it is difficult to identi.fy.an i;:ldustry'b craft
and modern subsectors in a clear-cut way. Thus the dualism
hypothesis will be tested in the present study by inquiring whether
both small and large establishments within an industry are on the
same production surface, assuming that small firms tend to use
craft technology and large firms tend to use modern. There are
at least two reasons why production functions of these two
subsectors tend to differ if significant dualism exists. 19 First,
one might expect that economies of scale are likely to be more
important for modern technology than for craft technology, and,
therefore, up to a certain scale of the firm, craft technology
may even be superior to modern technology. Second, one would
expect that modern technology tends to be more profitable at a

higher capital intensity compared with craft technology.

191 should be pointed out, however, that if the technology
diffusion hypothesis holds true and if the diffusion occurs in a
continuous process from large to small firms, then there is,
instead a simple duality, a whole rainbow of technology gradations.
In that case, the estimated returns to scale with cross-sectional
firm data would not only reflect the scale economies in pro-
duction (internal to the firm) but would also reflect the technology
gradations across firm size (external to the firm). Thus to the
extent that the technology diffusion exists and is important across
firm size, the estimated inter -firm economies of scale would be
greater than what might be called intra-firm economies of scale.
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Among many developing countries in the process of
industrialization, an interes£Mg phenomenon has been observed:
deépite the rapid growth in output and capital, the growth in manu-
facturing employ-m‘ent has been extremely slow in some developing

countries. 20

That is, capital deepening has occurred instead

of capital widening in some developing countries where labor is
considered to be in surplus. Among the hypotheses put forward
to explain the paradox are: (i) Modern manufacturing technology
tends to be capital intensive and does not permit much sub-
stitution between factors. Therefore, low elasticity of sub-
stitution limits the ability of the manufacturing sector to absorb
labor, 2} (ii) The high capital intensity in production may be the
result of the nonhomothetic production technology, which would
tend to be more capital-intensive as the scale of production rises

even in the context of unchanged factor prices. 22

205ee Lewis (40), Reynolds (52), Baer and Herve (2),
and Eckaus (21).

21Recently a few attempts have been made to estimate the
elasticity of substitution in the rmanufacturing sector of developing
countries to explain the paradox. However, those studies were
based on the competitive -factor -market-equilibrium or profit
maximizing conditions which are not particularly compelling in
developing countries. See Clague (15), and Witte (58). Both authors
provide estimates of the elasticities of substitution in Peruvian
manufacturing industries, but with conflicting results. See the
discussion in Witte (57).

22Empirica.l testing of this hypothesis would require
estimation of alternative production functional forms and testing
for the nonhomotheticity of production process.
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(iii) Import-substituting policies, i.e., high tariffs or quotas
on the imports which are likely to be more capital-ir;tensive
products, may have encouraged growth of capital ~intensive
industries while discouraging growth of labor -intensive industries.
(iv) Imperfect factor markets may account for the tendency to
adopt capital-intensive technologies in some developing countries,
Unduly high wage rates in the manufacturing sector often result
from strong industrial labor unions or extensive governmental
minimum wage legislation in spite of the existence of high
unemployment. There is also some evidence that rapidly
expanding large firms face both a low cost of capital and high wage
rates because of differential access to capital and labor markets.
Sometimes overvalued exchange rates or low-cost foreign loans
tied with imports of certain types of machinery can encourage
importation of capital goods produced for capital-intensive
technology.

Contrary to the paradox found in many developing countries,
in South Korea manufacturing employment grew relatively
rapidly, almost at the same rate as the rate of growth in value
added, at least until the late sixties, and the real wage did not

start rising until that time.23 South Korea's factor markets

235ee Table 1.7 on page 38 in Chapter I -3.
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appear to have worked relatively well. Theréfore, it may be
possible to test the importance of hypotheses (i) énd'(ii) raised

above to explain the paradox.

I-3. Some Economic Background of South Korea

The purpose of this section is to acquaint readers with
the economic bacikground of South Korea, particularly with the
manufacturing development in South Korea over the 1954 to 1973
period. We will place the manufacturing sector in the context
of the entire South Korean economy, describe the major govern-
ment policies influencing economic growth and manufacturing
development, examine the structure and growth of manufacturing

industries, and examine factor market conditions in South Korea.

Economic growth and manufacturing development

Table 1.1 provides basic data on the real gross national
product and its composition by major sectors over the 1954 to
1973 period. Real GNP almost quadrupled between 1954 and 1973,
for an average annual rate of growth of 7.51 percent. Real per
capita income rose from $133.3 in 1956 to $337.0 in 1973 in terms
of 1970 U. S. prices, for an average annual growth rate of 5.7
percent, The South Korean population was estimated to be
22,31 million in 1956 and 33, 18 million in 1973; it has grown

at an average annual rate of 2,36 percent over 1956-1973 period.



Table 1.1 GNP and Major Sectors, and Annual Growth
(1970 constant billion.won).

1 Value Addeal Value Addeal (2)/(1) (3)/(1) (a2)/(a1)

GNP in Mfg. in Agric. Share of . Share of. Contribution of Mfg?

Year  (Growth Rate) (Growth Rate) (Growth Rate) Mfg. in GNP Agric. in GNP to GNP Growth

(1) (2) (3) (&) (5) (6)

1954 890 60.7 427,55 6.8 48.0 20.5
(5.5) (18.6) ( 7.6)

1955 938 74.6 438.60 7.9 46.7 28.9
(5.4) (22.8) (2.6)

1956 ol2 87.4 412.53 9.3 43.8 324,2
(0.4) (17.3) (-6.0)

1957 1014 oL,7 1150.15 9.3 iy 10.0
(7.7) (8.2) (9.1)

1958 1067 103.3 178.12 9.7 14,8 16.3
(5.2) (9.0) ( 6.2)

1959 1108 112.8 472,53 10.2 42.6 23.1
(3.9) (9.2) (-1.2)

1960 1130 112.0 466.57 10.8 4.3 . 43d
(1.9) (8.1) (-1.3)

1961 1184 125.8 522.20 10.6 Lh,1 25.6
(4.8) - (3.1) (11.9)

1962 1121 142.3 492,17 11,7 L0.3 h5.3
(3.1) (13.1) (-5.8)

1963 1328 167.0 532.05 12.6 4o0.0 22.9
(8.8) (17.2) ( 8.1)

1964 1442 177.9 614.59 12.3 42,6 9.6
(8.6) (6.5) (15.5)

LT



1965
1966
1967
1968
1969
1970
1971
1972
1973

. 53-74

54-60
61-73

(1)

1530
(6.1)
1719
(12.4)
1853
(7.8)
2087
(12.6)
2400
(15.0)
2589
(7.9)
2827
(9.2)
3024
(7.0)
3534
(16.9

745
(3
9.3

(2)
213 .4
(19.9)
249.9
(17.1)
306.8
(22.7)
389.7
(27.0)
h73.0
(21.3)
560.0
(18.3)
659.2
(17.7)
262.8
(15.9)

1002.0

31.4
16-2
13.3

17.8

Table 1.1 (Continued)

(3)
602.65

(-2.0)
667.91
(10.8)
634,78
(-5.0)
650,08
( 2.4)
731.48
(12.5)
724,59
("'1 00)
748 L6
( 3.3)
760.93
(1.7)
801,

1
5
3
2
L

AR A

(

(&)
13.9

ik4.5
16.6
18.7
19.7
21.6
23.3
25.2
28.4

(5)
39.4

38.9
4.3
3.4
30.5
28.0
26.5
25.2
22.6

1Sourcen Bank of Korea, Economic Statistic Yearbook 1974, pp. 260, 300.

Source: Bank of Korea, Hational Income Statistic Yearbook 1973,

p. 195.

(6) -
0.4

19.3
12,5
35,4
26.6
4.1
1.8
52.6
46.9

81
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As can be seen, the growth rate of GNP for the decade
of the 1950's contrasts sharply with that of the 1960's and early
1970's. The GNP grew at an average annual rate of 9.25 per=~
cent between 1961-1973 but only 4.29 percent between 1954 -
1960, Nevertheless, the growth rate of manufacturing in value
added has been sustained at a much higher rate than that of GNP
over almost the entire period of 1954-1973, for a real average
annual growth rate of 16.2 percent. Thus the share of manu~
facturing in the GNP increased from 6.8 percent in 1954 to 28.4
percent in 1973, while that of agriculture, forestry and fishery
fell from 48.0 percent to 22,6 percent despite that sector's
real annual growth rate of 3.74 percent. The share of the rest
of the sectors in the GNP has risen somewhat over the period --
from 45.2 percent in 1954 to 49 percent in 1973. The importance
of the manufacturing sector to GNP growth, measured by the
ratio of the increase in value added in the manufacturing sector
and the increase in GNP, is presented in the last column of
Table 1.1,

Economic policies for development and industrialization
in South Korea can also be divided into two periods; prior to
and after 1960, Prior to 1960, there was little economic policy
relating to cievelopment goals, except that emphasis was placed

upon import-substitution through tariffs and quantitative
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restrictions of imports. Thus it was mainly import-
substitution in nondurable consumer goods that contribute;d' to
the rapid growth of industrial production during the 1950'9.24
The decade of the 1960's, however, saw numerous reforms and
economic plans, in a marked contrast to the decade of the 1950's.
Two Five Year Economic Plans were formulated. The first
(1962-1966) was immediately announced a.fte:.; the military coup
in May 1961. The second (1967 -1971) marked a continuation

of planning for South Korean economic development.25 Both
plans have set a target rate of growth of 7 percent annually.

The development of industry is stressed in each plan, with
particular emphasis upon the expa.nsior} of key industries, and
the modernization and diversification of industrial structure

through development of such industries as chemicals, petroleum,

and iron and steel.

24Fank,Kim and Westphal estimated the direct contributions
of export expansion and import substitution to the growth of
manufactured output over the period of 1955-1968:
1955-60 1960-63 1963 -66 1966 -68
Export expansion 5. 1(%) 6.2 29.4 13,0
Import substitution 24,2 0.9 14,4 -0.1
See Chapter VI in Frank, Kim and Westphal (24).

25, ere was a Third Five Year Economic Plan (1972-1976) -
which started in 1972 but is not discussed in this study because
the analysis was done mostly during 1973 -1974.
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Among important reforms and new economic policies
that took place during the 1960's are: (1) the devaluation of
Korean currency from 130 won to 255 won to the dollar in May
1964; (2) the interest. rate reform which raised the maximum
interest .rate on ordinary loans of banking institutions from 16
percent to 26 percent per annum; (3) introduction of a compre-
hensive export promotion system which incluaes exemptions
from various taxes, high wastage allowances on imported duty-
free raw materials, preferential loans at a subsidized interest rate,
an export-import linkage system, and frequent adjustment of the
exchange rate with increases in the domestic price level;
(4) gradual liberalization of import controls after the 1964
devaluation; and {5) encouragement of inflow of foreign loans
by providing government or authorized banks' repayment
guarantees on foreign loans.

The 1964 devaluation was the most important reform
and formed a basis for the development of export and import-
substitution industries in subsequent years.27 In addition, a

comprehensive export promotion system introduced about the

26]5‘01: a further discussion and analysis of trade policies
in South Korea, see Frank, Kim and Westphal (24).

275ee footnote 24 on page 20.
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same time greatly facilitated the unusually rapid expansion of
exports for the next decade.,. As can be seen in Table 1.2, prior
to 1964 exports were very sma.ll,. rangirig from 1.0 to 3.5
percent of the CNP. Thereafter, they rapidly rose to 29,7
percent of the GNP by 1973. Moreover, manufactures dominated
the growth of exports during the 1960's; manufactured exports
were only 18.1 percent of total exports in 1960, but accounted
for more than 88 percent in 1973, Imports also grew substantially.
As indicated in Table 1,2, there has been an import surplus
over virtually the entire period, reaching a peak in the late
sixties and early seventies. This for the most part reflects
the fact that both import-substitution and export industries
bave become increasingly dependent upon imports of inter-
mediate goods, and imports of capital goods financed by foreign

loans have been large since 1965,

The 1965 interest rate reform not only enhanced the
efficiency of domestic financial institutions and provided great
incentives to save but also brought about large interest rate
differentials between domestic and foreign loans and made
low-~cost foreign loans. more attractive. Moreover, the
government's or authorized ban.ks' repayment guarantees
were extended to almost all foreign loans so that foreign
lenders could lend regardless of the individual borrower's

credit condition. Thus the risk premium on foreign loans



Table 1.2 GNP, Exports and Imports
11970 constant billion wons

Exports1 Growth Imports1 Growth Exports Share of Mfg.
Year GNP (as percent of GNP) of Exports (as percent of GNP) of Imports 1less Imports in Exports
o) (2) (3) () (s) (6) ol
195 890 10.3 -39.4 78.1 -28.6 -67.8
(1.1) (8.8)
(1.4) (11.2)
1956 9u2 it.s -10.9 122.4 16.8 -110.9
(1.2) {13.0)
(1.5) (14.3)
(1.9) (11.7)
1959 1108 22.9 16,2 102.6 -18.1 =79.7
(2.1) (9.3)
(2.4) (10.4)
1961 1184 38.2 39.4 106.6 -19.3 -68.4 22.0
(3.2) (9.0)
(3.5) (11.6)
(3.5) (13.5)
1964‘ 1”’42 5701 23.6 133!3 "25.6 "?6.2 51 .6
(4.0) (9.2)

2
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Table 1.2 (Continued)

(1) (2) (3) (#) (5) (6) (7)
1965 1530 80.3 40.6 149.6 12.2 -69.3 62.3
(5.2) (5.2) ( 9.8)
' (7.1) (13.8)
(8.9) (17.3)
1968 2087 235.0 1.6 468.0 k5.9 -233.0 773
(11.3) (22.4)
(12.9) (21.3)
1970 2589 381.2 22.9 6u2.4 10.0 -261.2 83.6
: (14.7) (24.8)
1971 2827 L59.4 20.5 773.6 20.4 =314,2 86.0
(16.3) . (27.4)
1972 3024 643.3 40.0 801.2 3.6 -157.9 87.7
(21.3) (26.5).
1973 3534 1049.5 63.1 1141.7 2.5 -92,2 88.2
(29.7) (32.3)
54-73 26.6 15.3
61-73 33.2 20.6

. isource: Bank of Korea, Economic Statistics Yearbook, 1974, p. 262,
2Sou:::cet Economic Planning Board, !ajor Economic Indicators, 1974, p. 76.

¥e
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was minimized. As can be seen in Table 1.3, the inflow of
foreign loans remarkably accelerated beginning in 1966 --
from $218 million in 1966 to $739 million in 1973, The inflow
of foreign loans was so rapid that South Korea has experienced
an increase in foreign exchange holdings by the central bank,
despite the large trade deficits since 1965.

The importance of foreign saving in domestic capital
formation is indicated in Table 1,4. The bulk of the inflow of
foreign saving came from foreign aid until 1964, mostly from the
U, S. A, under reconstruction programs after the Korean war
which ended in 1953, But after 1964, foreign commercial and
public loans began to replace foreign assistance as the major
source of foreign savings. It should be noted, however, that
national saving has become increasingly important since 1962
as the GNP grew rapidly, despite the large influx of foreign
loans; national saving rose from 12.1 percent in 1962 to
79.5 percent in 1973,

Changes in the industrial structure of the South
Korean manufacturing sector are indicated in Table 1.5. A
few notable features are evident f'rom the data. First,
there was a substantial structural change during the 1960's;
the share of nondurable consumer goods declined sharply

from 73.8 percent in 1960 to 55,6 percent in 1972, while the



1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964

Table 1.3 Balance of Payment

( $ million) 5
1 1 1 1 2 Foreign
Commodity Commodity Sexvices Goods & Official Net Loan Exchange
Exports Im?orts Net Services Grant Aid Capital Inflows Holdings
(1) 2) (3) €D) (5) (6) (2)
24 21 37 -180 139 28 105
18 327 43 ~266 2ho -3 95
25 380 2L =331 298 14 97
19 390 -17 -388 355 18 114
17 3ub 16 =311 319 -7 145
20 273 25 -228 229 -17 146
33 305 io0 -262 256 -1 155
41 283 Ly -198 207 19 205
55 390 L3 -292 200 -16 167 -
87 L97 7 -403 208 -104 130
119 365 25 =221 141 -26 129
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Table 1.3 (Continued)

965 175 2 2 % 8 “ i
1966 250 . €80 107 -323 122 218 236
1967 335 909 157 -7 135 299 | 347
1968 186 1,322 170 -666 121 422 387
1969 658 1,650 198 =79 98 631 549
1970 882 1,804 119 -803 82 582 583
1071 1,132 2,178 28 -1,018 64 662 535
1072 1,676 2,250 - 33 -541 52 478 69k
1973 3,266 3,817 8l -b67 33 739 1,034

15ourcer Bank of Korea, Economic Ststistics Yearbook, 1971, pp. 266-267 and
1974, pp. 224-225.
2I..oa.n capital, both private and government, short term and long term, net
of amortlzatlon payments,
3Sow.n‘:cez Bank of Korea, Economic Statistics Yearbook, 1974, p. 221.
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Table 1.4 Capital Formation
(in 1970 constant billion)

Gross! cpr! Nationall
Domestic as of percent Saving as Forelem Saving as percent of GDI1
Year Investment GDI percent of Net Transfer from Net Borrowing from
GDI Rest of World Rest of World
1954 91.6 10.3 54.8 36.2 9.0
1955 94.0 10.0 L1 .1 47.0 11.9
1956 750? 801 -1”.1" 122.3 -7.9
1957 135.3 13.4 36.1 63.6 0.3
1958 11?-? 11-0 38.4‘ 68.8 -8.2
1959 91.8 8.3 36.5 67.0 -3.5
1960 96.6 8.6 1302 82-3 -’-ho
1961 121.4 10.2 29.9 76.1 -10.9
1962 119.9 9.8 i2.1 67.6 15.8
1963 225.1 16.9 33.8 37.4 20.6
1964 188.2 13.0 50.8 43.1 5.0
1965 197.3 12.9 L49.6 L, 2 -2.0
1966 317.5 18.4 54.6 26.5 12.5
1967 368.3 19.8 54,0 21.7 18.5
1968 509.1 2h.b 51.0 14.6 28.5
1969 71i4.1 29.7 58.8 11.4 25.5
1970 704,7 27.2 60.0 8.0 27 .4
1971 748.8 26.5 56.9 7.4 36.6
1972 667.9 22.1 71.7 8.3 18.4
1973 o42.6 26.7 79.5 8.0 10.5

1Source: Bank of Korea, Economic Statistic Yearbook, 1974, p. 263.
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Table 1.5 The Structure and Growth of Manufacturing Industries

1954-1972 (at 1970 constant prices)

Composition as percet oi‘1

total manufacturing value added

Growth rate1

1954

1960

19€6

1972 1954-1960 1961-1966 1967-1972  1954-1972

1) (@ ) W (5) (6) (2) (8)
Hondurable
consumer Goods _76.9 73.8 59.2 55.6
20.Food 22.8 18.5 15.1 12.3 11.1 9.1 16.5 i2.1
21 .Beverage 9.5 14.9 9.2 6.9 17.9 5.3 15.2 13.1
22,.Totacco 10.5 6.4 8.3 8.1 4.1 17.8 20.2 13.5
23.Textile 20.7 20.1 14.8 16.2 14.4 7.6 22.3 14.8
2L .Tootwear &

Clothing 6.5 7.7 6.6 9.6 19.3 10.6 28.9 19.6
26.Furniture 2.2 1.4 0.6 o.bk 8.2 -0.7 15.3 7.6
28.Printing L.,7 4.8 4,6 2.1 13.6 16.4 5.5 12.0

Intermedlate

Goods 13.2 14,7 23.5 27.1
25.%Wood 3.2 2.6 2.7 2.4 16.3 15.9 19.4 17.4
27 .Paper 1.1 1.4 2.6 2.0 22.9 244 16.0 2.2
29,.Leather 1.2 0.8 0.6 0.8 9.0 5.9 48.8 20.7
30.Rubber 1.7 2.4 2.0 1.4 21.1 12.1 12.6 i5.5
31.Chemicals 3.0 3.4 5.4 8.3 15.2 39.9 30.8 27.9
32,Petroleun and

Coal 0-7 1.3 5.9 8-1 2""-5 !*‘8.9 3"".8 3505
33.Caly 2.3 3.1 L.3 L,2 22.0 19.6 20.3 20.7
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Table 1.5 (Continued)

(1) (2) (3) () (5) (6) (7)

Metals and

Machinery 8.0 9.7 i5.1 12.9
34.Basic Metal 0.5 1.8 2.4 2.3 36.7 19.1 20.2
35.Hetal Prod. 1.5 1.7 1.8 0.9 14.8 14.6 7.4
36.Hachinery 2.7 2.7 2.6 1.2 15.1 13.5 6.8
37.E1C0t. Mach, 0.7 1.1 303 4.6 32-0 31.7 2?.8
38.Transpn.Eq., 2.6 2.4 5.0 3.9 14.6 29.9 17.6

Other HManuf, 1.7 1.6 2.3 4.3

1Sou:co::ex}}a.nk of Korea, National Income Statistics Yearbook, 1973, pp. 172-173.

(11
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share of intermediate goods and metals and machinery
increased from 24.4 percent in 1960 to 40 percent in 1972,
Sécond, among nondurable consumer goods, the share of exportable
goods (23, Textile, 24. Clothing) remained stable; therefore all
the decline in the share of nondurable consumer goods resulted
from the slow growth of nontraded consumer goods (20. Food,
21, Beverage, 23, Tobacco, 26. Furniture, 28. Prini:'mg).28
Third, the expansion of the pfoduction of intermediate products.
is largely due to the rapid growth of petroleum products and
chemicals which have received special benefits, Fourth,
although the share of metals and machinery industries as a
whole increased during the 1960's, the shares of metal products
and machinery (35. Metal Products, 36. Machinery) industries

both declined sharply. 29

28
Exportable goods are those whose exports are

greater than 10 percent of total domestic production in 1968
and nontraded goods are those whose exports and imports are
both less than 10 percent of domestic production.

29Bala.s sa (4) pointed out that overvalued foreign
exchange during the second half of the 1960's, and subsidies
in the form of duty-free entry of machinery and materials used
in export production and preferential credit facilities of their
importation, may have induced domestic producers to use
imported machinery and metal products and discouraged the
domestic production of such products,
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Factor markets

The capital-market structure in Korea appears to be
highly distorted in violation of cornpetitive-market principles.
Before the 1965 interest rate reform, an unrealistically low
interest rate was employed in South Korea; (this is a common
practice designed to encourage domestic capital formation in

30 In addition, a preferential

many developing economies),
loan scheme was adopted by providing loans at varying interest
rates according to the purpose of the loans as well as the
source of funds. The shortage of loanable funds through the
organized money market resulted in credit rationing and an
emergence of an inefficient curb market.

The 1965 interest rate reform was mainly intended to
reflect the real cost of capital in Korea, It was also aimed
at getting better distribution of scarce resources, as well as
enhancing the éfficiency of the financial institutions to transform

savings into investments. Remarkable progress has been made

since the 1965 interest rate reform; total loans fromalldomestic

30'I‘hat low interest rate should be the target of monetary
policy follows from the traditional Keynesian view that the
interest rate is the only link between the financial market and
the markets for real goods and services, Most of the simple
Keynesian models, "owever, are demand-oriented, and ignoring
the supply side of the economy often led policy makers to misuse
of low interest policy. See Patinkin (50).
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financial intermediaries leaped from 90. 8 billion won in 1964
to 163. 8 in 1966 and to 757.0 by 1969.31 However, the
uneconomic structure of interest rates has been persistent,
because preferential loan rates by and large remained at their
previous level while the ordinary loan ra.té was raised from 16
to 26 percent. For example, the loan rate for export-industry
financing remained at 6.5 percent, the Korea Development Bank's
rate on equipment loans stayed at 11 percent per annum, and
other government-~funded loan rates for key industries were
almost u.ncha.nged.32 As can be seen in Table 1,6, the annual
rate of inflation averaged 13.7 percent by GNP deflator during
1965-1970 and 11.3 percent by Seoul conswner price index,
Thus, onthe one hand, the real rate of interest on ordinary bank
loans, with a nominal rate of 26 percent, exceeded 12 percent
during 1965-1970. On the other hand, the real rate of interest
on preferential loans turned out to be negative. Those pre-
ferential loans comprised 63,6 percent (52 billion won) of the
total loans of all domestic financial institutions in 1963,

52 percent (85.2 billion won) in 1966 and 44.4 percent (335.9

31
Source: Shim, Suh, Chee and Lee (53), p. 40,

32Sov.rce: Bank of Korea (7, 1973), pp. 49-52.
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Table 1.6 Major Price Indices

1

( 1970 = 100)
2 GNP Deflator :f.‘or3 Seoul
GNP GNP Defla.tor3 fixecd capltal formation Whole Sale Consumer Price

Year Deflator for Mfe. Industry in Hfr. Industry Price Index Index
1954 7.5 12.7 10.5 10.5 10.2
1955 12.4 17.4 1.7 19.1 i7.3
1956 16.2 19.7 18.3 25.1 21.2
1957 19.5 23.1 18.8 29.2 26.1
1958 19.4 25.2 21.0 27.3 25.3
1959 19.9 27.5 24.8 28.0 26.4
1960 21.8 27.5 25.6 31.0 28.6
1961 25.1 31.6 3k.3 35.1 30.9
1962 28.6 35.6 36.3 38.4 32,9
1963 36.8 43.8 L2.3 46.3 39.7
1964 48.6 62.5 56.4 62,3 51.4
1965 52.6 67.4 6.9 68.5 58.4
19€6 60.1 76.4 79.3 4.6 65.4
1967 €8.5 78.0 86.0 79.4 72.5
1968 76.6 8k.0 88.9 85.8 80.6
1969 86.7 91.1 90.6 91.6 88.7
1970 100.0 100.0 100.0 100.0 100.0
1971 111.5 103.9 108.7 108.6 112.3
1972 127.7 123.8 125.6
1973 138.2 132.4 129.5

1
3

liddle of year.
“Sourcer Bank of Korea, Econcric Statistic Yearbook, 1974, pp. 4, 264-267,

Sourcet Bank of Korea.

14
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billion won) in 1969.33 Another source of uneconomic interest
rate structure in South Korea is the low cast of foreign loans.

As was seen in Table 1.4, South Korea has inc;-easingly relied
upon foreign loans to finance her ambitious investment projects
since 1965; annual foreign loans averaged about 22 percent
of total domestic investment or 5.4 percent of the GNP during
1966-1973, Frank, Kim and Westphal calculated nominal and real
interest rates on the foreign loans; the weighted average of
nominal interest on foreign loans ranges from the lowest of
5.6 percent in 1965 to the highest of 7.1 percent in 1969 for the
period 1965 to 1970, and the real private costs of interest on
foreign loans were estimated at from 0.3 percent in 1965 to 1.8
percent in 1969 for the same period.34

Economic theory would predict a high rate of return
to capital for an economy such as that of Korea, where labor
is relatively abundant and capital is scarce. The inference
régarding high rates of retﬁrn is supported by the observation
that the amount of funds demanded by borrowers far exceeds

the amount of funds supplied for ordinary bank loans even

335ee Shim, Sub, Chee and Lee (53), p. 22.

34See Frank, Kim and Westphal (24), Chapter VII.
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after the 1965 interest rate reform. From national income
data, Gilbert Brown>? has estimated the real marginal rate of
return on capital. The estimates reveal that the average
marginal rate of return on new investments in the private non-
farm sector was between 20 and 30 percent during 1962 -1967.

The direct control of interest rates by the government
and the presence of a wide spectrum of interest rates both
suggest that capital markets in Korea inay be far from a
perfectly competitive equilibrium. The average or marginal
cost of capital can vary from the highest curb market rate to
the lowest preferential loan rate, dépendi.ng upon the capital
structure or ability of the firm to finance its capital stock.
Thus low-cost domestic preferential or foreign loans might
have contributed to a worsening of factor market distortion
and possibly led to misallocation of resources in Korea.

Unlike the capital market, the labor market in Korea
appears to have been highly market-oriented. The government
did not intervene with unrealistic social legislation, nor
was labor well organized into unions. Thus wage rates are

largely left to be set by the market forces in Korea. Unlike

5 .
See Brown (13).
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frequent reports of the failure of rapidly growing manufacturing
sectors to absorb a significant amount of labor in ma..ny
developing countries, 36 in Korea manufacturing employment
grew relatively rapidly, at least until the very late sixties. As
can be seen in Table 1.7, the rapid growth rate of value added
was matched by a rapid growth rate in manufacturing employment
and a steady decline in the rate of unemployment in the non~-farm
sector until 1968, After 1968, however, the growth rate in
manufacturing employment began to drop sharply, although the
growth rate of value added remained high. On the other hand, real
monthly wages, which showed a mild decline in the early sixties,
tended to rise sharply beginning in 1967. Thus both the sharply
rising real wages and the sharp drop in the growth of employment
in the late sixties suggest that Korea may have .been experiencing
a transitional period from labor surplus to labor market

tightening in the late sixties,

1-4, Plan of the Thesis

In Chapter II we review various forms of production
functions relevant to the questions to be studied and discuss

a2 number of estimation problems. The burden of that chapter

36
See footnote 20 on page 14,



Table 1.7 Employment and Vage Rates in Manufacturing

Employment Growth Rate ion Farm Crowth Rate

in Mfg. Growth Rate of Value Added Labvor Force of Non Farm
Year (in thousands) of Mfg. Empl. in VMfg. (in millions) Labor

(1) (2) (3) (1) (5)
1960 L5y 8.1 2.92

- 1961 462 1.8 3.1 3.22 10.3
1962 529 14.3 13.1 3.21 -0.3
1963 631 19.3 17.2 3.37 5.0
1964 671 6.3 6.5 3.45 2.4
1965 800 19.2 19.9 3.76 9.0
1966 851 7.1 17.1 3.90 3.7
19€7 1043 21.7 22.7 4,19 7.4
1948 1181 13.2 27.0 L34 3.6
1969 1222 3.5 21.3 k.59 5.7
1970 1260 3.1 18.3 L,91 7.0
1971 1208 2.1 17.7 5.24 6.9
1972 1372 6.5 15.9 5.36 2.1
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Table 1.7 (Continued)

Non-farm Total Monthly Price Deflated Growth Rate
Household Houschold Barnings of Earnings in of Price
Unemployment Uncmployment Prod. Worker Mfg.(won in 1970 Deflated
Year Rate (55) Rate (%) in Mfg.(won) Seoul Cons. Prices) Earnings
(6 () (8) (9) (10)
1950 n.a. 7.5 2330 8007
1961 n.a. 7.9 20610 8286 3.5
1962 n.a. 8.3 2780 8274 -0.1
1964 4.4 7.7 3880 7548 -4,6
1965 13.5 7.4 1600 7877 L4
1966 12.8 7.1 5420 8287 5.2
1967 11.1 6.2 €640 9159 10.5
1948 8.9 5.1 8100 10422 13.8
1969 7.8 L.8 11270 12706 21.9
1970 7.5 h.s5 14561 ) 14561 4.6
1971 7.8 .5 17249 151149 6.1
1972 7.6 b,5 20104 16006 3.6

Source: Bank of Korea, Economic Staticstic Yearbook, various issues, and
Economic Planning Board, Hajor Economic Indicators, various issues.
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is to evaluate the viability of various regression equations for
estimating key parameters in production functions. Estimates
of the various production functions are presented in Chapter III
along with discussions of those results. In Chapter IV we
further investigate the implications of our cross section production

function results, and in Chapter V our summary and conclusions

are presented.



CHAPTER I
PRODUCTION FUNCTIONS AND SAMPLE PROPERTIES

1I-1. Introduction

The empirical problem of this study is concerned with
statistical estimation of production functions which confront firms
in the 18 two-digit industries composing the manufacturing sector
of the South Korean economy. The production function expresses
the relation between the maximum quantity of output and the inputs
required to produce it and the relation among inputs themselves,
The estimates of production functions will provide us with
information on such technical characteristics as: (i) elasticities
of output with respect to inputs; (ii) the elasticity of scale or
the elasticity of output with respect to 2 proportional change in
all inputs; (iii) the elasticity of sut;stitution; and (iv) homotheticity
of the production technology, that is, whether the form of
isoquants is independent of scale.

The scope of the empirical work in this study is very
much conditioned by the availability of a pa.rt'icular body of data:
cross section data from the 1966 and 1968 Manufacturing Surveys

in South Korea. This report provides cross section data classified

41
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both by region and firm size. Thus the basic units used in this
study are per -establishment averages of the cross section data
classified by region and firm size.

The major purposes of this chapter are (1) to review
alternative production functions with respéct to estimation of
the key parameters of production functions in section 2; (2) to
discuss the problems of aggregation in the data in section 3;
(3) and to describe the properties of the data used and the

limitations of the empirical work of this study.

1I-2. Production Functions

A. wide choice of algebraic forms can be used to
represent production functions. Probably the most popular
production function is the Cobb-Douglas function which can be

written in its best known form as
2.1) v=aK"LP ornv=a,+a)nK + aplnL

where V measures output, K the quantity of capital input, and
L the labor input. 1 The properties of the Cobb-Douglas function

are:

(i) The o and B are the elasticities of output with

respect to capital and labor, respectively,

lsee Cobb and Douglas (16).
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(ii) The function is homogeneous of degree o+ 8 .
There are increasing, constant, or decréasing
returns to scale, depending upon whether the
elasticity of scale, o + B , is above, equal to,
or below unity, respectively.
(iii) The marginal rate of substitution is B K/a L, and

the elasticity of substitution, ¢ , is unity.

While the Cobb-Douglas function allows us to estimate
elasticities of output with respect to inputs and the elasticity
of scale, it imposes strong assumptions on the data, which would
require empirical verification. The.se assumptions are constancy
in output elasticities of inputs, in the elasticity of scale, and
in the ela.stfcity of substitution regardless of the levels of
inputs employed. Further, the elasticity of substitution is not
only constant but is assumed to be unity.

The Cobb-Douglas function was challenged in 1961 by a
more general function called the constant elasticity of substitution
(the CES function), pioneered by Arrow, Chenery, Minhas and
Solow (ACMS).2 The basic change introducéd by ACMS is to allow

the elasticity of substitution to be constant at a value other than

2See Arrow, Chenery, Minhas, and Solow (1).
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unity (Cobb-Douglas) or zero (input-output of Leontief type).

A general form of the CES function can be written as

— A8
(2.2 v=B Fk"%+-o)- /

where
8 = distribution parameter
& = elasticity of substitution parameter
A = scale parameter,

Although the CES function has some attractive theoretical
merits over the Cobb-Douglas function, it has had rather limited
empirical application. This lack of use is because the CES
function cannot be transformed to a function linear in its
parameters and is therefore difficult to estimate directly.

A major emphasis in work involving CES functions has
focused on estimating ¢ , the elasticity of substitution. The
conventional procedure of estimating the elasticity of substitution
has been indirect through marginal productivity relation. The
regression equation to estimate the elasticity of supstitution

usually takes the following form:

(2.3) In(V/L) =a+ g(W/L) + A
where
W = total labor compensation

M = random digturbance.
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The derivation or interpretation of this equation as yielding
evidence about g requires, however, many underlyir.xg a priori
assumptions. These assumptions are: (1) ;;erfectly com;;etitive
factor and output market equilibrium; (2) profit maximizing
conditions; and (3) constant returns to scale.3
Relaxing the assumption of constant returns to scale,

we can derive a similar form from the labor marginal productivity

relation, which can be wr i1:ten:4=

(2.4) In(V/L) = a + bln(W/L) + cIn(L) + u

where
a= -\/(X6)ln\ (1-0)
b= A/ M8)
¢ = ~(1-b)(1-1).

Hence A-1 = c/(1-b) and o= b/(1l+c).
Since we are particularly interested in the possibility of
non-constant returns to scale, the regression equation 2.4 is

better suited to our purpose. But the problem with the

Of course, certain discrepancies from these assumptions
can be admitted without affecting the validity of the estimate, g .
For instance, a proportional discrepancy between the marginal
revenue product and the value of the marginal product would
affect only the constant term in equation 2. 3.

4
Hodgin's (32) study on Canadian Manufacturing is
based on this equation.
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equation 2.4 is that it still relies on the assumption of marginal
productivity relation which may not hold true. Furthermore,
Griliches points out that exactly the same regression equation
can be derived from a slightly different specification. 5 Therefore
a "significa.nt'.' coefficient for the In(L) term may not be the result
of the elasticity of scale being different from unity.

An alternative procedure which does not rely on the mar-
ginal productivity relation is the direct estimation of the CES
function through the use of an approximation suggested by
Kmeni:a.6 This is based on a Taylor expansion of the logarithm
of the function around § = 0, and, ignoring third and higher order

terms, it can be written as:

(2.5) 1n(V/L) = In(B) + hin(L) + A6 In(K/L) - 1/2 20 (1-9)
2
/n(x/1)7

where

5ror instance, Griliches indicates that if the production
function were of the generalized ACMS form proposed by Mukerji,
that is - _1/
v=afk 1y (10)L7027 7 00

the marginal productivity relation implicit in this function leads to

In(V/L) = B + Cln(W/L) + C(6 5 -6 )In(L)
where C=1/(1+§,), which is therefore statistically indistinguishable
from the equation 2.4. See Griliches and Ringstad (29), p. 13,
and Mukerji (45).

6See Kmenta (38),
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or

In(V/L) = a, + a)In(L) + azln(K/L) + a3£1'n(K/L)_72.

The closer the elasticity of substitution is to ‘unity, the better this
.approxima.tion is; it deteriorates as the elauticity of substitution
departs from unity, which is an undesirable property. However,
this approximation allows a direct test of the Cobb-Douglas form,
because it reduces itself to the Cobb-Douglas form when the
elasticity of substitution is unity. If a3 is not significantly different
from zero, one cannot reject the hypothesis of a Cobb-Douglas
form; otherwise one accepts the hypothesis of a CES form. But
this test is rather weakly grounded due to following reasons:

(i) The ignored higher order terms in the app. -ximation
by Taylor expansion can affect a3 in an unpredictable
way.

(i) The acceptance of the hypothesis can be misleading
in the sense that a3 being significantly different
from zero could also be the result of a more
general production function.

(iii) Since a3 is a product of many parameters, the fact
that a3 is not significantly different from zero does not
necessarily imply that § is not significantly different

from zero.
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A technique for direct estimation of the CES function by
nonlinear least squ.ares is also available. This is b.ase'd on the
first order Taylor expansion, but it itera.tes until the estimates
converge to certain values with a specified rate of change,
However, the estimates are not likely to be terribly sharp due
to the omission of terms higher than the first order in the Taylor
expansion and due to the presence of collinearity in the first
order differentials with respect to parameters.

As a consequence, there is no fully satisfactory procedure
to estimate the CES function. But we will attempt t;) estimate the
elasticity of substitution by the various ways considered above
and compare the results.

Although the CES function does not require such a priori
assumptions as the unitary elasticity of substitution and constancy
in output elasticities with respect to inputs, it still assumes
both the elasticity of scale and the elasticity of substitution
to be constant, regardless of the scale or combination of inputs,
and hence production technology is assumed to be homothetic.
These assumptions require further empirical support.

Recent studies, directed mostly to generating more
generalized production functions, have produced a number of
new forms of production functions. Among others, two potentially

useful functional forms for empirical application are worth
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noting heré. One is the transcendental logarithmic production
function (or translog production function) developed by
Christenson, Jorgenson, and Lau, 7 and independently by

? Both the

Griliches. 8 The other was developed by Diewert.
translog form and the Diewert formulation are characterized

by linear, second order local approximation to an arbitrary twice
differentiable transformation function. Whereas the translog
function is presented as a general second order polynomial form
in the logarithms of the variables, the Diewert formulation is an
expansion of a second order polynomial in terms of the square
roots of the variables, Both have the property of being linear in
the parameters so that linear regression techniques can be em-~
ployed in estimation. Furthermore, neither needs any a priori
assumptions regarding elastiéity of scale, elasticity of
substitution or homotheticity. The Diewert formulation can be

reduced to 2 linear transformation function as a special case,

whereas the translog function reduces to 2 Cobb-Douglas function

7See Christensen, Jorgenson, and Lau (14). For an
application of the translog production function, see Berndt and

Christensen (9).
8See Griliches and Ringstad (29).

9See Diewert (19). Parks (49) has applied the Diewert
formulation to estimating substitution possibilities in Swedish
manufacturing. '
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as a special case, 10 Though these new functional forms are
claimed to be much more general than the Cobb -Doug.las or CES
function, the estimates of these new functions may not be very
sharp because they suffer from a relatively large number of
parameters to be estimated and the preseﬁce of multicollinearity
among independent variables. However, they do provide us
with the grounds to test some of the properties assumed a priori
in the Cobb-Douglas or CES function. Since the translog function
contains the Cobb-Douglas function as a special case, it attracts
our interest more and hence will be fitted to the data in the present

study. We can write the translog function as:

(2.6) 1n(V) = a, +a1ln(K) + 2p1n(L) + a3 _f_In(K)_72 + :14@1(1,)_'_72

+ a5 /In(K) 7 /In(L) /.

As will be immediately apparent from the above equation, when

ag=a,y=ag=0, the translog function reduces to the Cobb-Douglas

01 a simple case of two factors and one output, the
Diewert function can be written as

V=ag+t a.lKl‘l2 + azL”2+ azL + a.4K + asKlllelz.

Note that when a) = a, = ag = 0, this function reduces itself to
a linear transformation function.
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form. When a3 = a4 = -($)ag, the translog function reduces
to the Kmenta approximation of the CES function. Thus one can
directly test the translog form against the Cobb-Douglas or the
Kmenta approximation of the CES function.
In the translog function, output elasticities of inputs can

be derived from equation 2. 6:

_ an(V) _aV K _
(2.7) = m—) = 5?{- v = al + 2a3ln(K) + a51n(L)
In(V) _aV L
(2.8) p = 31n§L; = 3L & =ay+ 2a40n(l) + agin(k)

where the @ and B denote the output elasticity of capital and
labor, respectively, Note that these elasticities are not constant
but depend upon the levels of inputs employed, The elasticity

of substitution is also a variable in the translog function. The
elasticity of substitution can be expressed in terms of output
elasticities of inputs and the coefficients of the variables in

the translog function as follows:ll

_ B (0.4 B)

2.9 = -
(29 o8 (a+p) + 2/a5a8 -a3 Bz~a4 az_/.

llln Appendix A, the properties of the translog function
along with the derivations of the elasticity of substitution are

presented.
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Thus the elasticity of substitution is in general no longer
constant but a function of output elasticities of inputs, which
are in turn determined by the amount of factors employed. Note
that if the coefficients of second order terms in the translog
function are equal to zero, the production function reduces to

the Cobb-Douglas and the elasticity of substitution becomes unity.

II-3. Aggregation Problem

From a microeconomic point of view, the production
function should represent a technological relationship confronting
individual firms, because they are the basic units who make all
the decisions on the allocation of prc;duction resources and
level of outputs. Thus the data one would like to work with
for estimating the firms' production functions are those of
individual microunits -- firms or establishments -- within a
well-defined industry. In the bulk of earlier econometric
studies on production functions in manufacturing industries,
however, it appears that the basic statistics used have fre-
quently been inappropriate because they are at various level s
of aggregation. For instance, the cross sec'tion data classified

by individual industries have often been used as a sample base. 12

lzFor example, see Douglas and Gunn (20), and
Griliches (28).
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The economic meaning of 2 production function estimated from
these data is obscure, because it is assumed in the p:}ocedure
used that factor inputs are homogeneous across industries and that
production functions for various industries are the same. Second,
sometimes production functions ha.ve; been inferred from such
cross section data: as state or regional totals, which seem to
have little relevancy to the scale of individual firms or plants. 13
Third, in other cases, per-establishment data have been taken
as "representative establishment, " thus permitting a production
function to be estimated for a given industry on the basis of the
differences between representative establishments of different
states or regions. 14 As we shall show below, these are also
subject to a bias in sampling and tend to cause 2 loss of
precision in estimation due to aggregation. Surprisingly, only
a few studies have actually dealt with the data of microunits
or at least average cross section data classified by relevant

firm size. 15

13For example, see Bronfenbrenner and Douglas (12),
Dhrymes (18), and Katz (34).

14
For example, see Hildebrand and Liu (31), and

Griliches (28).

lsFor example, Eisner's (23), Hodgin's (32), and
Griliches and Ringstad's (29) studies are based on data for
individual companies or plants.
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A systematic treatment of the general aggregation
problems in production function was pioneered by Kl.ein and
Nataf, 16 Nataf has shown that, for sensible aggregation, the
pro&uction function must be additively separable, Particularly
if the production function for the microunits were of Cobb-
Douglas type, Klein and Nataf have shown that aggregate
data should be logarithmic sums or geometric averages of
microunits in order for the aggregate data to remain on the
same production function as that of the microunits, 17 However,
census data are often presented only in the form of arithmetic
averages or totals. Thus economists are often forced to use
cross section data of state or regional totals, or at best
arithmetic averages, hoping that arithmetic means may not
differ significantly from the geometric means. A natural
question to ask then is what are the errors introduced by
these aggregate data? The most serious drawback of the

aggregate data of state or regional totals is that they do not

165ee Klein (37), and Nataf (46).

1 5uppose that for each microunit i, we have the Cobb-
Douglas function in the logarithmic form: In(Vjy) = o In(K;) +
gln(Ljy), i=1, . . ., N. Then the Klein~Nataf condition for
aggregate variables to have the same function is: In(V) =
aln(K) + Bln(L), where In(V) = (1/N) £ In(Vj), In(K) = (1/N)
EIn(K;), and In(L) = (1/N)% (Lj).
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reflect individual firm size but instead represent largeness of
states or regions, Therefore, the aggregate data ma..y deviate
from the production surface of individual firms. The deviafion
could be éarticula.rly serious when the tr\;e‘pro&uction function
is subject to other than constant returns to scale and when
the number of firms aggregated in each sample point becomes
large. In a simple case of Cobb-Douglas function, it can be
shown that the aggregate data of arithmetic sums tend to fall
under the true production surface when the elasticity of scale
is greater than unity and tend to fall above when it is less than

unity. 18 Thus per -establishment averages of cross section data

18A simple example will demonstrate the likely deviation

of the aggregate data from the true production surface. Suppose
the true production function is V = K& LB or V = k) , where

k = (K/L) and A = a+ B. Assume therc are two firms, firm 1
and 2, who employ the same capital-labor ratios but may differ
in scale. The aggregate output observed would thenbe V) + V2
for the inpuff of (L] + L) and (K) + K,), where V) + V;, =

kaLl + K& L, = a(Ll + LZ). However the true output level, at

the scale of (L + LZ) and (K] + KZ)’ would have been Vy, o =
kO (Ly + Lz)k . Thus the aggregation bias can be written as

vith

(ViFVp) =V = KA+ 1) -y + L7 2 0. @625 L
Therefore the aggregate output will underestimate the true output
when the production function is subject to increasing returns to
scale and overcstimate in case of decrcasing returns to scale.
Of course, this is not a proof that the elasticity of scale estimated
with the aggregate data of arithmetic sums is necessarily biased
toward unity. But one can casily see that if all the firms are
jdentical and observations differ only in number of firms aggre -
gated in each sample point, then the clasticity of scale estimated
with these data tends to be constant returns to scalc regardless
of the true elasticity of scale of individual firms.
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appear to be the more relevant data to estimate the elasticity
of scale or production functions, because they at 1ea:st reflect
the average size of establishments in different states or regions.
But still they suffer from being arithmetic means, whereas
aggregation requires geometric means in the case of Cobb-
Doﬁglas function. If the deviations from the mean value of a
variable are relatively small, it can be shown that the geometric

mean G is related to the arithmetic mean A by formula.:1

2
-— - 4
G=A(1- 4,
A
2 .
where o , is the variance of the variable. This formula
indicates that the larger the relative variance, the larger is
the divergence between the arithmetic mean and the geometric
mean. Therefore, an aggregation over a wide range of firm
size in one sample point may give rise to a large deviation

between the arithmetic means and the geometric means of the

va.riables.20 For that reason, if individual establishment data

19See Walters (56), p. 10.

20The formula suggests, however, that as long as the
relative variances of the variables, output, capital, and labor
are approximately equal across sample points, the bias due to
arithmetic averages in the estimates of the factor -output
elasticities may not be serious in case of a Cobb-Douglas form,
because any fixed deviation in the variables across sample points
would affect only the constant term. But the formula depends on
(continued next page)
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are lacking, the closest approximation to the required micro~data
or geometric means can be obtained by using cross section <.ia.ta.
classified by some relevant firm size.

It is well known that, even when grouped data with no
aggregation bias (such as geometric means for the Cobb-Douglas
function) are used in the multiple regressions, a loss of
precision resulting from grouping is unavoidable in estimation
of the parameters. The loss of precision depends upon the
relative variations of independent variables from their mean

21 Thus the loss of

within a group to those between groups.
precision is clearly minimized wher& the data are grouped so
that the values of independent variables are little different
within a group. This is another important reason why per-
establishment averages derived from cross section data

classified by some relevant size of firms are preferred to those

derived from simple cross section data,

(footnote 20 continued)

the assumption of only relatively small deviations of the variables
from mean values, and this asswunption may not be satisfied if
the variances of the variables get too large.

2150e Malinvaud (42), pp. 281-285.
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II-4., Data and Limitations of the Work

All the data used to ‘estimate production functions in

this study were obtained from the Report on Mining and

Manufacturing Survey, published jointly by the Korea Develop-

ment Bank and Economic Planning Board. " This Gata source
covers all the establishments with five or more employees,
One of the most serious shortcomings of the data is that the
capital stock data are available only for 1966 and 1968. However,
the report provides cross section data for each of 18 two-digit
manufacturing industries, classified by eleven regions and
twelve divisions by size of the firms.for each region in 1966 and
seven divisions by size of the firms for each region in 1968.
Thus, at maximum, 209 sample observations could be obtained
for each industry. Each sample point includes the data for
value added (V), capital stock (K), number of workers (L},
number of establishments (N), and total labor compensation (W).
The basic units used in this study are per -establishment
averages of cross section data classified both by regions and
firm size.

These data, however, are subject to limitations in a
number of respects. The capital stock represents the total
"pook value'' of tangible fixed assets as of the end of the year,

This measure of capital stock as an input suffers from many
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shortcomings: (i) it measures the stock of capital ra;ther than
the flow of services from it; (ii) it ignores vintages a;xd
heterogeneity of capital stocks; and (iii) capital stocks are not
adjusted for capacity utilization. 22

The labor input is measured as the average number of
employees during the twelve months and the number of working
proprietors and unpaid workers as of the end of the year. Per-
haps the most important drawback in the measure of labor is
the lack of information on the characteristics (age, sex, skills,
etc.) of the labor {force in the various sample points. Thus no
adjustment can be made to account for quality differences of
labor among sample points. Moreover, the procedure used
assumes that the flow of labor services has some constant
relationship with the stock of labor input.

The measure of output as the main dependent variable
in this study is value added derived by subtracting the cost of
production from the value of gross output. The production
cost refers to direct charges actually paid or payable for

materials and services consumed or put into production during

22Capacity utilization appears to be an important
variable in time -series analysis but not so seriously important
in cross scction analysis, For empirical cvidence, sece
Eisner (23).
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the reporting year. The value added, theérefore, inc¢ludes
depreciation charges, domestic consﬁmption duties, . income
tax and other indirect business expenditures, in addition to
the actual payments to factors, labor and capital. Thus, to
the extent that the fraction of actual returns to factors in the
measure of value added differs from sample to sample, the output
data should suffer from measurement error.

Besides the errors of measurgment in the variables,
our estimation procedures may be subject to a number of
possible biases. In particular, the aggregation to the two-
digit level of industries and the specification errors should be
noted. We assume a unique production function for a two-digit
industry in which hundreds of different products and different
technologies may exist. We fail to include the '"entrepreneur-
ship' factor in the production function. Hence, the estimated
elasticities of labor and capital may be biased in some unknown
way because of this omission. It can be shown, however, that
if the omitted variable is positively correlated with one factor,
then the bias in the elasticity of that factor would be upward.
The omission bias on the overall returns to scale depends
on how the omitted input changes in the sample when the
other inputs are varied to scale. On the average, we shall
overestimate if the omitted input varies more than i:ro-

portionally with the included inputs, and we shall
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underestimate in the opposite case.23 We also ignore the
simultaneity between factor employments and output éeter-
mination decision, and we use the single-equation, least square
method. This method is subject to the well-known ""simultaneous
equation bias." To deal adequately with the simultaneous
model, we would have to have good price data for inputs and
output. In the aggregate cross section analysis, however, the
good price data are hardly available;'this lack of data forced us
to rely on the single-equation estimation method.

Before we estimate and interpret the parameters of the
production function, one basic question should be answered.
That is, what are the sources of differences in K and L among
establishments within the industry? 1If all the establishments
in an industry are subject to an identical production function and
are faced with the same factor and output markets, why should
they produce different levels of o;ttput with different combinations
of inputs? There may be several explanations for that: (1) there
may be some fixed inputs which can change only slowly over time;
(2) there may be regional differences in wages; (3) different firms
may have differential iiccess to capital markets; and (4) different

firms may have different price expectations,

23 eference is made to Griliches (27), and Theil (55),
p. 551.



CHAPTER III

RESULTS OF ESTIMATION AND HYPOTHESIS TESTING

III-1. Introduction

The main results of estimating production functions
for South Korean manufacturing industries are presented
in this chapter. Prior to investigation of two-digit level
industries, preliminary experiments were conducted with the
cross section data for the total manufacturing sector., These
preliminary experiments are primarily intended to reveal some
of the important properties of the data and production functions
for total manufacturing, and to illustrate the estimation
procedures used for the follow-up estimation of production
functions in two-digit level industries., Care should be taken,
tﬁerefore, in interpreting the estimates of various elasticities
derived from total manufacturing, because the data are aggre-~
gated across industries and a unique production function is
assumed for average firms in total manufacturing, Having
estimated production functions of individual industries at

the two -digit level, of course, more relevant factor-output -

62
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elasticities for total manufacturing may be constructed by
finding weighted averages of the factor -output elasticities
of individual industries, the we%.éhts being the shares of
respective industries in total magnitude of relevant inputs. !

We shall present all the results of preliminary
tests and estimates of production functions for total manu-~
facturing in section 2 of this chapter., In section 3, we report
all findings concerning 18 two~digit industries and hypothesis
testing regarding the characteristics of production technologies
for each of the 18 industries, We chose to delete two two-digit
industries -- tobacco and miscellaneous industries -- in the
present study, because the foriner, being a monopoly owned
by the government, lacks degrees of freedom and the latter

lacks homogeneity in outputs.

III-2. Overview: Total Manufacturing

At the outset we examined the importance of the
per-establishment cross section data in contrast with the cross

section totals in making inferences on the output elasticities

lOutput-ela.sticity with respect to a factor for total
manufacturing can be interpreted as the percentage increase in
output in the manufacturing sector measured in value added if the
factor input increased by 1 percent. The weighted averages of
the output elasticitics across industries mean assuming that
all firms in the manufacturing sector increase the factor by
1 percent.



64
of inputs or the elasticity of scale. 2 A simple Cobb-Douglas
function was fitted to each set of data, The estimatix;g equation
and the regression result for the data of cross sef:tion totals

are;
(3.1) InV*=a,+dD +a;lnK* + apInL*

= ~0.974(-3.720) d = 0.076(0.973)

)
]

) = 0.573(9.955) B, = 0.458(6.664)

R%= 0.888 SSR =49.789 Sample = 202
where '"#!' refers to the data of cross sectional totals which are
not divided by the number of establishments in each observation,
At refers to the estimates of the coefficients,. and D denotes
time dummy, 0 for 1966 and 1 for 1968, The numbers in
parentheses by the coefficients represent t-values of the
estimates. The coefficient of the time dummy variable should
not be interpreted as an estimate of technical change, since
the values of the dependent variable are not deflated for
price changes, R2 represents the coefficient of determination
adjuéted by degrees of freedom and SSR, the sum of the squares

of residuals., The estimation result indicates that the

2 ’ '
See page 55,
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elasticity of scale is very close to unity. Thus the hypothesis
that a) + a, = 1 was tested by estimating the constrained
equation. It gave an F -ratio of 1,045 which is not significant
at the 10 percent level. As discussed in the preceding
Chapter II-3, however, the above estimates of the output
elasticities of inputs may be subject to serious biases due to
aggregation of the data and neglect of the actual size of the
microunits. Thus in order to look at the possible influence of
the number of firms aggregated in each sample point, we added
another independent variable, that is, the number of firms
which constitutes each sample point, to the equation 3.1, The

regression result is;

(3.2) V¥ =a_+dD +ajInK* + a,InL* + azlaN*

3, = -1.971(-7.781)  d = 0. 155(2.309)
3‘1 = 0,437( 8.490) az = 0.773(11,230)

3 = -0,172(-8,732)

R2= 0.919 SSR =35.897 Sample = 202
where N* is the number of firms in each sample point. The
result clearly indicates that the equation 3.1 is sgriously

misspecified in not having reflected the number of firms
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aggregated in each sample point, 3 The more economically
‘meaningful way to reflect the number of firms in each sample
point would be to take per-establishment averages of the
cross section data as ''the representative firms' for the sample
points. Using the per-establishment data, the estimate of the

Cobb-Douuglas function is:
(3.3) InV=a,+dD+2a;lnK + aplnL

2 = -1,656(-12.646) d = 0.181(2.791)

A1 = 0.447( 8.762) Bz = 0.723(12.045)

0
—
1

R2= 0,956 SSR = 36,291 Sample = 202
where V, K, and L are the average values which correspond .
to V¥*/N*, K*/N*, and L*/N¥, respecti'.'ely.4 Comparing the

estimates in equation 3.1 with those in equation 3.3, two

3The auxillary equation, InN* = by + dD + byInK™ +
byInL¥, was estimated at: B; = -0.795(4.486), and b, =
1,835(8.679), implying that if equation 3.2 had been a
correct specification, then the estimate of aj would have been
overestimated and that of a, underestimated in equation 3, 1.

4Equation 3.3 is, in fact, cquivalent to constraining
equation 3.2 by az = 1 - (a; + ap). Analysis of variance for the
null hypothesis of a3 = 1 - (a} + ap) gave an F -ratio of 2.2
which is not significant at the 10 percent significance level.
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characteristic observations are evident: (i) the elasticity of
scale is substantially greater than unity in equation 3.. 3,
whereas it is not significantly different from unity in equation
3.1, This is not too surprising because the aggregate data
of arithmetic sums tend to reflect the number of firms aggre -
gated in each sample point rather than the size of individual
firms;5 (ii) the failure to take per -establishment data gave rise
to an overestimation of a; and an underestimation of a, in
equation 3. 1.

Since OLS (ordinary least squares) is used in the
estimation procedure, it would be desirable to check the
assumption of homoscedasticity of the disturbance in regression
equation. Plotting the residuals from equation 3.3 against the
logarithm of employment per-establishment (InL) shows a mildly
increasing tendency as employment rises, implying that the
residuals may be subject to some degree of heteroscedasticity.
Thus the heteroscedasticity was tested by the method of
Goldfeld and Quandt, estimating equation 3.3, separately using

the first 74 samples and the last 74 samples when the whole

SSee footnote 18 on page 55.
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202 samples were placed in order of the size of employment
(lnL).6 Denoting the SSR) and SSRz the sum of the squares
of the residuals from the regression based on the relatively

small and large values of InL respectively, we form:

_ SBR2
F70,7 - SSR,

under the null hypothesis of homoscedasticity.
The test gave an F -ratio of 6.8 which is significant at the
1 percent level, Thus we divided equation 3.3 by the

logarithm of the employment term and got:

InV 1 +dD InK

B4 TE = % mrtiantimn T2

The test of homoscedasticity of the residuals of equation 3.4
using the same procedure as described before gave an F -ratio
of 1.5 which is not significant at the 5 percent level. Thus
homoscedasticity of the transformed. equation is not rejected.
There is another traditional source from which the hetero-
scedasticity may come. Heteroscedasticity may arisz as a
result of aggregation. That is, if error terms of all the

microunits show constant variances, then the different

6Accord1ng to the best experimental result obtained
by Goldfeld and Quandt (26), we left out 54 samples,
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number of microunits aggregated in each sample may give
rise to heteroscedasticity., Thus a new regression équation
was derived from equation 3.3 by multiplying / N* assuming
that all microunits before aggregation were initially subject
to homoscedasticity in their logarithmic Cobb-Douglas form.

That is:
(3.5) JN* v =a  /N*+d/N*D + a)/N* InK + ap/N* InL,

The test of homoscedasticity of equation 3.5 gave an F -ratio
of 9.0, rejecting the null hypothesis of homoscedasticity
at the 1 percent significance 1cve1.7 Both attempts tp correct
heteroscedasticity rest upon ad hoc assumptions, but the
specification of equation 3.4 appears to be better than that
of equation 3.5. Hence we attempted to use Cobb-Douglas
and other functional forms divided by InL in order to estimate
coefficients of the production functions by OLS in the following
estimations.

Since the cross section data for two years, 1966 and

1968, are to be used together with the time dummy variable (D)

7The same procedure as in the previous test was used
except that SSR, was referred to small firms and SS5R; to
large firms in calculation of the F -ratio, for the data show
an correlation coefficient of -0.8 between firm sizc and number
of firms in observations.
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in the present study, it should be checked whether th.e factor -
output elasticities remain unchanged between 1966 and 1968,
Thus the null hypothesis of the same coefficients between 1966
and 1968 was tested by estimating the Cobb-Douglas function
separately for each year. The resulting F-ratio was 0,234
which is not significant at almost any level,

By rearranging equation 3.4, we can derive a new
equation by which the returns to scale can be easily tested.

That is, by subtracting 1 from both sides of equation 3.4,

we get:
In(V/L) _ 1 D In(K/L) -
(3.6) ™ 20 o7 +d1nL +a) T (ay + a3 -~ 1).

Thus the constant term (a] + 2, - 1) in equation 3.6 measures
the scale coefficient (h = A - 1), i.e., the extent of departure
from constant returns to scale,

The estimates of equation 3.4 and 3.6 for the total

manufacturing sector are summarized below:

2, = -1.624(-15.688) d = 0.211(4, 665)
B1= 0.420( 7.714) 3, = 0,732(12.113)
B = 0,152( 9.383) Sample = 202
R%= 0.896 SSR = 1,617

In order to verify the assumption cf unitary elasticity

of substitution imposed on the data in the Cobb~Douglas
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function, the Kmenta approximation of CES function (equation

2.5) was fitted to the data, The regression equation’and the

result are:

2
(3.7) In(V/L) _ a, A ral aj +a, 1“(K/I")-ra.:,' E“(K/L.)?
2 = -1,625(-14.844) d =0.163(3.411)

2 0.152( 8.824) 3, = 0.419(4.489)

Yt
1

4. = -0,0005(-0,012) Sample = 202

]
W
i

R%= 0.896 SSR = 1.617

The result indicates that adding the square of the logarithmic
capital-labor ratio term to the Cobb-Douglas form does not
affect the other coefficients much at all, The estimate of
h(a]) remains at 0,152 and R? also remains unchanged.

As mentioned in Chapter II-2, the translog function
has merits in that it does not impose any a priori assumptions
such as constancy in the elasticities or homotheticity onto the
data, Furthermore, it contains the Cobb-Douglas or the Kmenta
approximation of the CES form as special cases and hence can
provide us with direct tests against the restricted forms. The

estimate of the translog function is presented below:

2

InV 1 D InK (InK)
. — + aglnL

(3.8) InL ~ OmL +d InL, AT tatasnT 24

+ aslnK.
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8, = -1.722(-5.109) d = 0.177(3.623)

2y = 0.164( 0.672) Fp = 0.917(2.859)

85 = -0.025(-0,534) 34 = -0.48(-0.655)

45 = 0,088(0.787)

R2= 0.897 SSR =1,581 Sample = 202

The result indicates that the coefficients of the first order
logarithmic capital and labor terms lose much of their
sharpness due to the relatively large number of independent
variables and the presence of multicollinearity among them.
Moreover, none of the coefficients of the quadratic terms
is statistically significant, The test of the null-hypothesis
of 2 Cobb-Douglas form against a translog form gave an F -
ratio of 1.480 which is not significant at the 5 percent level.
Thus one can infer that the Cobb-Douglas functior may not
be a bad approximation of the production process for the
total manufacturing sector in South Korea. 8

In order to double check the earlier finding that the
elasticity of substitution is not significantly different from

unity, we have further attempted to estimate the elasticity of

8The results for total manufacturing, however, do not
guarantee that the same conclusion will follow in two -digit
industries because of the aggregations made in total
manufacturing.
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substitution in two more ways: one through the marginal
productivity relation and the other by direct estimation of the
CES function by nonlinear least squares method. Allowing for
non~-constant returns to scale, the estimable equation can be
derived from the marginal productivity condition (equation 2. 4).

The estimating equation and the result are:

3,9y In(V/L) _ 1 D In(V /L)

(3.9) —T =% 1nL+d1nL+a1 Tt 22-
B = 1.026(3.491) d = -0,039(-0. 809)
A

= 1,006(11, 450) 32 0.079( 4.818)

1Y)
[
|

R%=0.919 SSR = 1.265 Sample = 202

This result yields the estimate of the elasticity of substitution
of 0,932 with approximate standard error of 0.09, which is
somewhat lower than unity but not significantly different

from unity at the conventional level. 9 The calculation of the
scale coefficient h ( or A - 1), however, led to the nonsense

result of -13,2 witk the approximate standard error of 194.8.

9In equation 3.9, we find g = a1/(1 +2ay) and b (or A - 1)
=ap/(1~a)). The approximate standard error of ¢ and h can
be calculated according to the Goldberger's suggestion. That is,
suppose y is a differentiable function of 2 where a is a vector
of a.'s; then approximately o 2 (variance of y) can be expressed
as g2 = A'MA where A = ay).la a, and M is the covariance
matrik of a. Sce Goldberger (25), p. 125,
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This is not too surprising because, even if the marg'!na.l
productivity condition were to hold true, the estimate of h
becomes extremely unstable when the estimate of a; approaches
unity., Thus it appears that equation 3.9 may not be an appro-
priate one from which the economies of scale can be inferred,
at least for the manufacturing sector in Korea with the data
available,

Another attempt at direct estimation of the CES

function was made using nonlinear least squa.r.es method, The

estimating equation and the result are:

n/B8K-%+(1 -0)L"07
InL,

InvV _ 1 D
(3.10) o3~ " 2o T O4GT "%

-1.625(-1.844, -1.406) ¢. 163(0. 067, 0. 258)

u
1l

i
[

0.364( 0.197, 0.531) 1.152(1.117, 1, 186)

Q) > o)

[}
[ ]
1

-0,004(-0.649, 0.644) or = 0,996(0.606, 2.809)

RZ= 0.896 Sample = 202

where the elasticity of substitution 0 is derived by 1/(1 +6 ).
The numbers in parentheses by the coefficients are the
approximate lower and upper bounds of the 95 percent
confidence interval. Both the estimates and the confidence

limits on the estimates are based on a linear approximation
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of equation 3.10 by Taylor expansion. 10 The results indicate
that the estimate of the elasticity of substitution is subject to
a large standard error but is not significantly different from
unity. The estimate of the elasticity of scale turns out to be
1. 152 which is not different from those obtained by the Cobb-
Douglas function and the Kmenta approximation of the CES
function.

In order to test the dualism hypothesis that the
production technology for large firms may differ from that of

small firms, we divided our sample into two parts by 2 somewhat

10Let us have 2 nonlinear regression model:
Vi=f(Xi;'n')+/“i i=z=l, ... n

where Xj denotes a vector of independent variahles for ith
observation giving rise to V; while 1 is a vector of unknown
parameters. The estimation of by nonlincar least
squares is to minimize S(m = /vy - f(Xym) /©. The first
order Taylor expansion at T, as certain initial values for 1
will be given by
£(Xi5 7o)

T mT=To

Vi - f(Xi; ‘TTO) = ( = TTO) +/ai + Ri

where Rj is the remainder of the Taylor expansion, Using OLS
we estimate ( m - 7). Then we correct initial values 1 o by
the new estimates of mand repeat the process until kth jteration
converges to the criterion given by

mk = Tk-1
L Sl
Tk

=y where y is specified a priori.




76

arbitrary standard -~ into establishments with fewer than or
more than 100 employees. 11 Then separate regressions for
estimating the Cobb-Douglas function (equation 3.4) were run

for each part, The results are:

fewer than 100 employees more than 100 employees
a,: -1.641(-12.338) -1,772(-4.078)

d 0.200( 4.222) 0.036( 0.273)

3;: 0.333( 3.995) 0.449( 5.654)

23p: 0.773( 9.031) 0.750( 6.360)

RZ: 0,884 0. 486

SSR: 0,696 0.873

Sample: 110 92

The hypothesis testing for the null hypothesis of the same
production functions for small and large establishments gave
an F -ratio of 1,484 which is not significant at the 5 percent
level. Thus the dualism hypothesis is not supported
statistically. However, it is interesting to note that the
elasticity of scale is greater for la;.rge firms (A= 1,199) than
for small firms ( A = 1. 106), and the elasticity of output with
respect to capital is greater for larger firms than for small

firms,

llywe chose to divide at the level of 100 employees per
establishment because the share of employment with fewer than
100 employees in total manufacturing employment has declined
since 1966, whereas that with more than 100 employees has
increased. See Table 4.4 on page 107.



17
In conclusion, we may summarize the findings as follows:
(1) There is a significant indication of increas ing returns
to scale at the establishment level as opposed to the
constant returns to scale which result from cross
gsectional totals for total manufacturing., Moreover,
the estimate of the elasticity of scale is invariant
regardless of the estimation procedures or production
functions used.
(2) There is no indication that the elasticity of substitution
differs significantly from unity.
(3) There is no indication that the production techno-
logy is not homothetic.

(4) The dualism hypothesis is not supported by the data,

These observations, however, should be taken only as
indicative for ind'w‘idua.l manufacturing industries, because of
the aggregation of data involved in total manufacturing, We
now proceed to investigate two-~digit 1eve;1 industries and

discuss the findings in the following section.

I11-3, Individual Industry Results and Hypothesis Testing

We have fitted the Cobb-Douglas and other related
production functions to the data for each of the 18 two-digit

industries, according to the procedures described for total
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manufacturing in the previous section. All the regression
results are 'pr.eéented in Appendix B, and we shall pr.esent only
the summary o these results in this section. In Table 3,1 the
results hof estimating a Cobb-bouglaa function (equation 3, 4)
;sépa'rately for each of the 18 industries are reported, The
estimates of the output elasticities with respect to factors
turn out to be reasonably good stafistiéa]ly with all the expected
ctans. The weighted average of factor -output elasticities across
two-digit industries turns out to be 0,425 for capital-and 0,741
for labor (the weights being the share of each industry in total
manufacturing capital stock and employment for respective
elasticity). It is interesting to compare these weighted averages
with those estimated directly from total manufacturing; the output
elasticity was 0,420 for capital and 0,732 for labor, res-
pectively, 12

In Table 3,2 we present the F -ratios for testing hypo-
theses regarding alternative forms of production functions;
(i) the null hypothesis of a Cobb ~Douglas form against the
Kmenta approximation of a CES form; (ii) the null hypothesis

of the Kmenta approximation against a translog form; and

12See ﬁage 70,
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Table 3.1 Estimates of Cobb-Douglas Function (Equation 3. 4)1
for Individual Industries

Coefficlents
Industry(n)? ) 3 2, 3, R?
(t-value) (t-value) (t-value) (t-value) (SSR)
20 OFOOd '1 . 21 2 ] 0“’3 0655 [ 625 0428
(152) (-8.472)  ( .551)  (10.437) ( 9.591) (3.473)
21 .Beverage - .208 350 507 .827 392
(121) (-1.229) (3.732) ( 6.188) ( 8.826) (3.562)
23 Textile - o“’?i 0194 -380 o?"“O 0379
(175) (~5.732)  (2.998) ( 7.483) (11.828) (2.k25)
2l ,Footwear & 2hl 343 .232 750 431
Apparel(104) ( 2. 092) (4. 136) ( 3.729) (10.508) (1.912)
25.Wood - .005 .20 342 759 525
(94) (- .027) (2.805) ( 5.M6) (12.269) (1.952)
26|Furnitu.re - 04?5 .1403 n298 u892 -355
(82) (-2.767)  (4.679) ( 2.580) ( 8.178) (1.553)
27.Paper - .186 .023 502 595 504
(116) (-1.500) ( .233) ( 8.560) ( 6.037) (3.631)
28.Printing - 337 2L2 238 845 130
(102) (-1.564)  (2.088) ( 2.700) ( 7.447) (3.975)
29.Leather 335 .169 2Ly .768 175
(1) ( .995) ( .905) (1.810) ( 4.479) (1.692)
30,Rubber - 757 162 .503 682 .357
(76) (-3.984)  (1.196) (5.354) ( 6.865) (2.26)
31 .Chemicals - 276 .130 Sl 716 34
(133) (-1.824)  (1.478) ( 6.484) ( 9.878) (3.056)
32.Petroleun & - ,663 .190 «553 780 .538
Co21(105)  (-5.383) (2.452) ( 7.538) ( 8.986) (1.359)
33.Caly 034 056 .552 488 504
(143) (- 503)  (-.760) ( 9.841) ( 8.072) (3.151)
34 BaSic Iletal ind 0189 l115 0315 0854 0217
(100) (-1.193)  (1.067) ( 4.950) ( 9.984) (2.666)
35-“81;31 Prod. - 5158 -185 0291 0795 202
(117) (-1.250) (2.281) ( 3.315) ( 8.506) (2.098)
36.]‘1a0hine 0014 02?9 0132 0941 0420
(122) ( .108) (3.271) ( 1.540) (10.922) (2.8%0)
37.E130. MaCh- - 0151 '010 0361 0726 0172
(89) (- 798)  ( 179) ( 4.387) ( 7.558) (3.145)
38.Transp. Eq. 270 175 . 260 900 .219
(128) (-2 246)  (2.456)  ( 2.456) ( b.146) (1.943)
1
1nV 1 D K
(3:4) T =8 T+ 4T * 23 Tip * %

2n indicates the number of observations.



Table 3.2 Hypotheses Testings for Alternative
Production Functions for Individual Industries

Industry F 1.n-51 1“2.11-'/"2 F3.:1-73
20,Food .0k2 1.929 1.301
21 .Beverage 8.0u4" .763 3.179
23.Textile 7,847 .109 2.661
24 .Footwear & Appr. J16 1.796 1.338
25.Wo0d 921 1.275 1.159.
26 .Furniture ,000 .539 .359
27 .Paper .58l 9.664 6,667
28.Printing ,000 1,063 .709
29.Leat! er .193 Ad73 177
30.Rubber 5.300" .226 1.883
31 .Chenicals 9.929°  1.385 4,253
32.Petro. & Coal 2.33h ,560 1,144
33.Caly 4.808°  2.215 3,136
34, Basic Metal 8.039" .828 3,222
35.Metal Prod. 268 1,017 767
36.lachine 16,607  #.702°  9.021"
37.Elect. Kach, .027 934 631
38.Transp. Equ. ,063 .503 .356

1l"‘-ra.'l'.:i.o'.-'i for the null hypothesis of a3 w 0
in equation 3.7,

Zp-ratios for the null hypothesis of 8y =,
- -§a5 in equation 3.8.

3p-ratios for the mull hypothesls of 2, = a)
- a.5 = 0 in equation 3.8, 3

*
The F-ratio is significant (rejection of the
null hypothesis) at the 5 percent level.
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(iii) the null hypothesis of a Cobb-Douglas form against a
translog form. First, we find that in 7 industries (Zi, 23, 30,
31, 33, 34, and 36) out of the 18 two-digit industries, the
Cobb -Douglas function is rejected againat the Kmenta approxi-
mation, indicating that the assumption of unitary eiasticity of
substitution may not be appropriate for these 7 industries,
Second, the Kmenta approximation is rejected only in two
industries (27 and 36) when tested against a more general
translog form, implying that the homothetic assumption tends
to be violated with statistical significance in these two
industries. It is interesting to note that a Cobb-Douglas
form is not rejected against the Kmenta approximation for
the paper industry (27), but both the Cobb-Douglas and the
Kmenta approximation are rejected against a translog form,
implying that the elasticity of substitution may not be far
from unity but that production technology tends to be
nonhomothetic., For the machine industry (36), however, it
appears that both assumptions of the unitary elasticity of
substitution and the homotheticity are violated, since the
hypothesis of 2 Cobb-Douglas form is rejected against the
Kmenta approximation and the Kmenta approximation is again

rejected against a translog form. Thus the estimation results
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of the Cobb-Douglas and the CES function should be interpreted
~ with care for these two industries. 13 .

We have summarized the alternative estimates of the
scale coefficient (h =\ - 1) in Table 3.3. The estimate of the
scale coefficient is in fact equivalent to the hypothe.slé testing
of constant returns to scale, Indications of economies of scale
a.lre predominant, with the elasticity of scale being significantly
greater than unity in 13 out of the 18 industries at the
conventional 5 percent significance level. It is interesting
to note that the estimates of the scale coefficient yield almost
the same values regardless of the form of production functions
and estimation methods employed, even for the seven industries
where the null hypothesis of a Cobb~Douglas form was rejected
against the Kmenta approximation of a CES function. Thus
only in 5 industries (24, 27, 29, 33, and 37) are we unable to
reject the hypothesis of constant returns to scale. Only in
industry (24) do the estimates of the scale coefficient show

a negative sign, but not significantly so.

13
We aid not attempt, however, to draw estimates of

various elasticities from the estimation results of the translog
function because a number of coefficients turned out to be
insignificant even for these two industries, See Table B.2,
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Table 3.3 Alternative Estimates of the Scale Coefficient

by Industry
CES Functlon Approximations
Cobb-Douglas Kmenta nonlinear

Industry h(t-value) h(t-value)  h(9% Cont. int.)
20.Food v280 (8.273)  .277 (7.531)  .276 (.203, .350)
21 .Beverage 334 (7.209) . 93 (7.928) 4ok (.305, .502)
23.Textile 120 (5.018)  .1:7 (5.354)  .125 (.077, .172)
24 .Footwr. & % * x

Appr., =018 (-.474) -.024 (-.604) -.026 (-.105, .052)
25.Hood 101 (2.004) .105 (2.082) .105 (.104, .206)
26.,Furniture 189 (3.395) .189 (3.152)  .189 (.049, .309)
27 .Paper 097 (1.891)  .0877(1.655)  .088%(.017, .193)
28.Printing JA34 (2.219) 133 (2.065)  .133 (.004, .262)
29.Leather O18°( 1136)  .0007( .001) .00t (-.224, .226)
30.Rubber 185 (3.513)  .185 (3.615)  .187 (.084, .289)
31.Chenicals 157 (4.387)  .213 (5.474)  .212 (.137, .287)
32.Petro. &

Coal 292 (7.872) .288 (7.139) .288 (.208, .369)
33.Clay 040 (1.503)  .0117( .371)  .005 (.054, .06k)
34.Basic Metal ,168 (3.562) .182 (3.970)  .174 (.081, .266)
35.Metal Prod. .086 (2.386) .091 (2.423) .091 (.016, .165)
36.Machine .072 (3.133)  .087 (3.979)  .076 (.030, .112)
37.Elec. Mach. .087 (1.592) 085 (1.507)  .085 (-.028, .198)
38.Transp. Eq. .160 (5.126) .158 (%4.959) .159 (.095, .222)

zero at the 5 percent level.

*ﬁ(='i ~ 1) is not significantly different from
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Alternative estimates of the elasticity of substitution
are summarized in Table 3,4. The estimates of the.elasticity
of substitution through marginal productivity relation (equa.ti'on
3.9) turn out to be reasonably good in terms of statistics,
showing that they are significantly differént from zero in all
of the 18 industries, but significantly different from unity
only in 5 industries (23, 25, 33, 36, and 37). 14 Among these
5 industries, elasticity of substitution in 4 industries (23, 25,
33 and 36) is significantly below one and in 1 industry (37)
is above one. It turns out, however, that the various direct
estimates of the elasticity of substitution, ¢, from the pro-
duction function result only in estimates with large variances.
The major reason for that is that we are relying on the
linearized CES function by Taylor expansion. We would,
perhaps, need larger samples or greater dispersion's in
capital-labor ratios in order to detect the deviations from
unitary elasticity of substitution with any degree of
statistical significance, The last two columns in Table 3.4

report on alternative estimates ofg based on the production

14It should be pointed out, however, that the
estimates of ¢ tend to be biased towards unity to the extent
that there are significant differences in the quality of labor
and in the product prices. See Griliches and Ringstad (29),
p. 197, and Nerlove (48).
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Table 3.4 Alternative Estimates of the Elasticity of
Substitution by Industry

achsl(appr.  Knenta Nonlinear(95 %
Industry Stand. Error) Conf. Int.)
20.Food 1.061(.076) 1.067 1.068 (.672, 2.591)
21.Beverage  1.179(.162) AP .392%(.246, .956)
23, Textile L29(,067)% L5560 540 (.367, 1.024)
24 ,Footwear & 4

Appr. 1.1u5§.122;a 1.359 1.727 §'62°' oo ;
25,Wood 425,133 .79 791 (.548, 1.416
26 .Furniture  1,008(.111) 1993 .992 (.280, ool
27.Paper .888(.098) 1.263 1.274 (746, 4.386)
28.Printing .689(.173)  1.019 1,016 (.357, ool
29.Leather .821(,270) 2.632 1.653 (.563, oot
30.Rubber 1.113(.192) L13® 107 (.223, 2.404)
31 .Chenicals .997(.103) 4360 372%(.234, .191)
32.,Petro. &

Goal 1.044(.187) 969 969 (.606, 2.404)
33.Clay .75u§.080ga 3.984) . dé .835, oogg
34.Basic Netal  .987(.152 oo 2% 40,753 (,826, oo
35.Metal Prod.  .896(.139) 715 700 (313, o)
36.Machine .237(.039)? .371b 159 (.058, acg)
37.Elec. Mach., 1.410(.145)*  1.081 1.071 (.569, 9.090)
38.Transp. Eq.  .995(.120)  1.314 1470 (.545, o)

1The elasticity of substitution in equation 3.9

is calculated by G = ﬁi/(i + 32), and the approximate standard

error is calculated according to the procedure described in foot-
note 9 on page 64.

BMhe elasticity of substitution is significantly
different from unity.

1:'l‘he coefflcient a3 in equation 3.7 is significant
at the 5 percent level.

®The estimate of 6 in equation 3.10 is significantly
different from zero at the 5 percent level.

%umm%sutmnmmg<4.
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functions one via the Kmenta approximation (equation 3.7)
and the other via direct nonlinear estimation (equation 3. 10),
In the Kmenta case, it was shown before that in 11 ;:ut of the
18 industries we could not reject the null hypothesis of a
Cobb-Douglas form at the 5 percent signiﬁéance level, In
the remaining 7 industries, the elasticity of substitution in
5 industries (21, 23, 30, 31, and 36) is below one, in one
industry (33) is above one, and for one industry (34) wrong
curvature for the isoquants (g { () is implied. In the non=-
linear case, the elasticity of substitution in 2 industries (21
and 31) is significantly different from one, both below one.
In 2 number of industries, there appears to be little relation-
ship between the estimates of 0 based on the marginal pro-
ductivity relation (ACMS) and those based on the production
function, However, the estimates of ¢ across industries through
the Kmenta approximation rank almost in the same order as
those estimated by nonlinear least squares.

In order to test the dualism hypothesis at the two -digit
industry level, separate regressi(ms for estimating the Cobb-
Douglas function (equation 3.4) were run for each part of
establishments with fewer or greater than 100 employees for
each individual industry, The summary of the estimation results

is presented in Table 3.5. One industry (26) has no large



Table 3.5 Dualism Hypothenls Test for Individual Industries

Establishments with fewer Establishments with more Hypothesisi
than 100 cmployees than 100 employees test
3 3., a4, R? 3 3 243, BRZ F
Industry g 1 2 17%2 L 1 2 1782 4,ngtn -8
(t-value)(t-value) (8SR) (t-value)(t-value) (SSRg
(1) (2 (3 W ____(5) (6) (?) (8) _(9) (10 (11)
20.Food 106  .609 W68 T 1.257 371 L6 722 685 1.407 497 509
(7.82%) (7.525) (2.300) (6.374) (2.915) (1.134)
21 .Beverage 96  .418 902 1.320 .308 25 739 1.223 1.962 .690 1.390
(4.035) (7.347) (3.053) (6.534) (&.457) ( .342)
23.Textile 103 .390 46 1.136  LO5 72 .320 861 1.181  .196 242
(6.123) (8.448) (1.781) (3.364) (5.988) ( .630)
24 . Footwear & 78  .206 847 1.053  .354 26 233 1.078 1.311 .393 1.507
Appr. (2.801) (8.592) (1.571) (2.085) (&.344) ( .223)
25.Wo0d 81 .339 <797 1.136 .498 13 . 549 A31 .980  .324 L84
. (4.784) (11.118) (1.725) (2.442) (1.512) (1.184) »
27 .Paper sk 472 .510 .982  Lé8 32 .878 0L6 92L L.142
(7.684) (4.€91) (2.670) (4.99%) ( .157) ( .478)
28 .Printing 85 .266 795 1.062 124 17 «239 1.0 1.333 .418 582
(2.057) (5.850) (3.761) (2.527) (4.283) ( .093)
29.Leather 34 242 .815  1.057 .080 7 .286 516 .802  .672  .099
(1.540) (3.542) (1.662) (1.811) (2.832) ( .009)
30.Rubber 54,550 611 1,161 .385 22 .289 637 926 .185 759
(4.936) (4.366) (1.922) (1.528) (2.590) ( .228)
31.Chemicals 89 .365 79% 1,159,276 Ly 577 .502  1.079  .L406 604
(3.955) (B.496) (2.118) (4.953) (2.008) ( .880)

L8



(1) (2)

32.Petro. & 92 .514
Coal (5.611)
33.Caly o4 470
(5.366)

34,Basic Metal 72 .312
(4.297)

35.Metal Prod. 92 .265
(2.728)

36.Machine 92 111
(1.049)

37.Elect. Mach. 63 .358
(3.828)

38 .Transp. Eq_o 9? 5262

(3)
758
(7.365)

875

(3.579) (10.445)

1

v

inL o 1nL inL

Table 3.5 (Continued)

() (5) (6 (7
1.272 .472 1 L9
(1.264) (3.809)

.985  .450 L9 +599
(2.664) (10.288)

1.136 .229 28 «295

(2.324)

1.110 .118 25 123

(1.697) ( 436)

1.045 452 30 .318

(2.432)

978  .213 26 291

(2.369) (1.481)

1.137 .238 31 254

(1.623) (1.928)

1 D 1nK
T Yoty Tt e

by using SSR's in Table 3.1 and Table 3.5.

*
The null hypothesis 1s rejected at the 5 percent level.

2 [ ]

(8)
1.250
(3.876)

.831
(4.175)

(9)
1.703

1.135
<925
564

1.209

1.199

1.085

(10) (11)
.898 1.081

( .037)
722 1.152

( .383)
.180 684

( .265)
177 .763

( .344)
.204 1,094

( .303)
--015 06?2

( .675)
.032 264

( .303)

The null hypothesis is that a,, d, a,, and a, are the same for small and large
establishments in equation 3.4:

The F-ratio is calculated
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firm and so is excluded from estimation. In general, the
fitting for large firms tu;'ns out to be relatively poor: The
fact that the sample size is much less for large firms than
for small firms may be partly responsible for that, The null
hypothesis of the same production functions for small and
large firms was tested for each of the 17 industries. The
F -ratios were calculated and are reported in the last column
in Table 3,5. Only in one industry (27) did the production
functions prove to be significantly different between small
and large firms at the 5 percent level.

We may summarize our findings as foliows:

(1) The single most important finding is that fairly
substantial economies of scale exist in most of the Korean
manufacturing industries. The =2stimates are almost invariant,
regardless of the type of production functions and estimation
methods employed. Only in 5 out of the 18 industries are
we unable to reject the null hypothesis of constant returns
to scale.

(2) It appears that there is no satisfactory procedure
for estimating the elasticity of substitution directly from the
CES function with the data available, The estimates of the
elasticity of substitution based on the marginal productivity

relation appear to be much better in terms of statistics,
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but they tend to differ from those based on-the production
function in a number of industries, particularly in such
industries as beverages (21), leather (29), rubber (30),
chemicals (31), clay (33), and basic metals (34)., Since both
methods are subject to 2 number of drawbacks, these results
are not so surprising, But one conclusion emerges from the
results with reasonable certainty -- that is, g is not close
to zero.

(3) There are only two industries (27 and 36) where
the assumption of homotheticity in production technology tends
to be violated with statistical significance,

(4) The findings (2) and (3) above may be of some
importance in explaining the pa.radox observed in somne
developing countries, that is, that the growth of manufacturing
employment has been extremely slow despite the rapid growth
in output and capital. 15 The traditional explanation of this
paradox involves the assertion of low elasticity of substitution
and nonhomotheticity in the production function. But our

findings for South Korea do not seem to confirm that

sFor a fuller discussion about the paradox, see
pages 14 and 15,
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assertion. Thus to the extent that structure and production
technologies in the manufacturing sector of South Korea are
‘nof significantly different from those of other developing
countries where the paradox is observed, our findings suggest
that perhaps there are more imp;artant reasons than the
traditional explanation of production technology for the paradox.

(5) Our data do not seem to support the dualism
hypothesis that R, R, Nelson proposed. It is recognized that
a sharp distinction between the craft and modern subsectors
within an industry is almost impossible to make. It should be
noted, however, that our sample ma.'y be too small to detect
any difference in production technology between large and small
firms. It should also be pointed out that technolugy diffusion
may occur in 2 continuous fashion from large to small firms
and the esfirnat;:d elasttic ity of scale rn%y pick up much of the

efficiency differentials over the size distribution.



CHAPTER IV

FURTHER IMPLICATIONS OF THE ESTIMATION RESULTS

1V-1l. Introduction

In the preceding chapter, we have presented estimates
of production functions for manufacturing industries of the
South Korean economy. Despite a number of limitations
encountered in the estimation procedure, the results throw
considerable light on the characteristics of the underlying
production technologies, particularly on the factor -output
elasticities and the e&a.sticity of scale.

The purpose of this chapter is to present some
interesting implications of these results. Section 2 of this
chapter will be devoted to exarnining and comparing static
allocative efficiency in capital and labor utilization across
industries. In section 3, we will examine the actual impor-
tance of the economies of scale in explaining output growth
in the South Korean manufacturing sector. In section 4,
we will explore linkages between the pattern of trade
development and the characteristics of underlying pro-
duction technologies across industries.
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IV-2. Marginal Products of Factors and Actual Returns
to Factors '

In the neoclassical theory of the firm, it is customary
to assume that factor and goods markets are characterized by
perfect competition and furthermore that firms operate under
constant returns to scale. Our empirical results, however,
indicate that at least the latter assumption tends to be
violated in a number of industries in the South Korean manu=-
facturing sector. For instance, the firms in 13 industries
out of the 18 two-digit industries are subject to significantly
increasing returns to scale. Furthermore, the manufacturing
sector of South Korea was growing rapidly during the 1960's,
and hence all firms could have been on the way to equilibrium
or in the process of adjustment. Under these circumstances,
one can hardly expect a long -run equilibrium to prevail in
factor as well as output markets, As a consequence, it
appears risky to employ the marginal productivity assumption
in factor payments or the income-share approach in approxi-
mating factor -output elasticities. Having estimated the
factor -output elasticities at the two-digit industry level,
it is of some interest to know the actual magnitude of
marginal products of factors and the extent of their

variations across industries. It would also be interesting



94
to compare the marginal products of factors based on the
production function and actual returns to the respect.ive
factors.

Using the estimates of the Cobb-Douglas function
(equation 3, 4) for total manufacturing, w;.a calculated the
marginal products of capital and labor over the 12 size groups
for 1966 and the 7 size groups for 1968, The marginal
products of capital and labor for total manufacturing were then
calculated by finding the weighted averages of the marginal
products over the size groups (the weights were the shares of
respective size groups in total value added). The results are
presented in Table 4.1. Actual return to labor was measured
as the labor compensation per unit of labor employed. Actual
rate of return on capital was measured as the ratio of residual
after deduction of labor compensation and consumption duty
from the value added to the capital stock.

As can be seen in Table 4, 1, the weighted average
of the marginal product of capital declined from 0.342 in
1966 to 0,273 in 1968, whereas the value of the marginal
produ'.ct of labor increased from 199.7 thousand won in 1966

to 292.0 in 1968.' This is not too surprising, because

lThese values are not adjusted for price changes. The
GNP deflator for manufactures went up about 10 percent during
1966 -1968, See Table 1.6 on page 34.
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Table 4.1 marginal Products of Factors and Average Returns
on Factors by Flrm Size for Total Manufacturing

Average1

Marginal Rate of

2 2
Value of  Ave., Wage

Product Return on Marg.Frod. Rate per

Firm Size of K K (2)/(1) _of L Worker
1966

5-9workers .238 382 1.607 1.039 461
10-19 +523 A115 1.641 1,259 +535
20-19 «229 379 1.654 1.524 «552
30-49 .280 U463 1.657 1.342 «557
50-7k4 o313 »509 1.624 1.431 621
75-99 389 654 1.682 1.653 .663
100-149 343 +591 1.724 1.677 635
150-199 407 .698 1.715 1.699 649
200-299 422 765 1.813 2.246 v 732
300-499 319 582 1.827 2.66€0 8Ub
500-999 382 661 1.729 2,287 856
100 or more .390 706 1.809 2.577 846
Velghted

Average 42 1.997
1968

5-9vorkers 0263 L13 1.571 1.355 629
10-19 253 405 1.541 1.714 .826
20-49 270 U426 1.578 1.824 .8l
50-99 Sk +509 1.622 2.117 .921
100-199 206 322 1.565 2.181 1.021
200-499 +300 519 1,731 3.1 1.171
500 or more .271 U481 1.777 3.725 1.292
Velghted

Average 273 2.920

1

425
A7
JA5
H34
4ot
379
382
326
318
374
328

465
U482
A61

435

373
347

Average rate of return on K is measured by (V-T-W)/K,

where V represents value added, T consumption duty and ¥ labor
compensation.

2The measurement unit is 100,000 won per worker.
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during the same period the number of employees in total
manufacturing increased by only 23 percent from 566, 665
to 748,307, whereas capital stock more than doubled from
178, 548 million won to 414, 667. 2

One of the puzzles that emerges from Table 4. 1,
however, is the fact that there are large discrepancies
between the marginal products of factors and the actual rates
of return on factors. The ratios between the average returns
and the marginal products are well above one for capital and
well below one for labor, suggesting that capital gets over-
paid and labor underpaid. TLis puzzle may be explained largely
by the fact that our measure of value added is overvalued to a
large extent. Recall that our measure of value added is derived
by subtracting the direct charges for materials or services
consumed in production from the value of gross output, and thus
it includes depreciation, taxes and other indirect business
expenses in addition to actual payments to factors, labor and
capital. For instance, the share of labor compensation in
our measure of value added for total manufacturing turns

out to be 0,24 for 1966 and 0,26 for 1968, but the share of

2
The value of capital is not adjusted for price changes,



labor compensation in actual returns on capital and labor is
reported to be 0,42 for 1966 and 0,45 for 1968 in the Financial

Statement Analysis, published by the Bank of Korea. 3 This

suggests that our measure of value added might exceed the
actual payments to factors by almost 100 percent, Thus the
marginal products of capital and labor, and the average rate of
return on capital in Table 4.1, might have been exaggerated by
almost 100 percent of the true values. Even if these over-
valuations were taken into consideration, however, the con-
clusion that capital gets overpaid and labor underpaid remains
unchanged. This means that the cap{tal intensity in manufactur
irdustries of the South Korean economy may be unduly high
from a social welfare point of view. Not enough work has
been done to explain the causes of ithe high returns on capital
relative to marginal products and of the low wage rates
relative to value of marginal products; however, there seems
to be several possible explanations.

i) If production functions are subject to increasing

returns to scale, which is observed in our

The return on capital is derived by summing up the net
profits, payable interests, and rents. The Financial Statement
Analysis (6) is based on sample observations of firms with mor

than 10 employees.
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estimation, the factor payments according to the
marginal products will more than exhaust the total
output. Under this circumstance, bargaining power
may determine how the product will be divided
among the factors. Should both factors have
approximately equal bargaining power, one might
expect that the actual returns to factors would be
proportionally less than their respective marginal
products, In most of the South Korean industries,
however, labor is not unionized enough to exercise
much power in collective bargaining. Furthermore,
the managers of firms, even in large scale firms,
are often identified with the owners of the firms.
Thus capital may be able to pay labor less than its
marginal product, while capital itself gets more

than its marginal product.

According to the data, capital grows much faster than
labor does. In the period of such an unbalanced
growth of factors, perhaps la.gged' response in wage

adjustment may be partly responsible for such a

' gap between the value of marginal product of labor

and the average wage rate., Recall that wages were

rising rapidly during the sample period of 1966-1968
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after declining mildly in the early sixties in
South Korea (see Table 1,7).
Up to this point we assumed a riskless economy.
In the real world, however, most of the economic
decisions of firms are subject to some degree of
uncertainty regaraing output price, demand or
acquisition of intermediate goods, etc. Thus the
risk premium on capital might have required a target
value of rate of return on capital higher than its
marginal product. The reverse would be true for

labor.

As mentioned in Chapter 1I-4, our measure of

capital stock as an input suffers from a number of
shortcomings and is therefore undoubtedly subject

to relatively large measurement error. It is well
known that if independent variables are subject to
measurement error, OLS estimates of the coefficients
4

will not only be biased but will also be inconsistent.

Particularly when the true coefficients are positive

4For a proof, see Johnston (33), p. 281.
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valugs, OLS estimates will be negatively biased.
Therefore, our estimates of the capital-o{xtput
elasticity could have been biased negatively by some

unknown magnitude, 5

v) Another possibility is that output markets may not
be perfectly competitive, In this circumstance,
labor will be employed and paid according to the
marginal revenue product instead of the value of

marginal product,

The arguments made above may explain in some part
but we believe much remains to be answered.

Another puzzle which can be observed in Table 4.1
is the fact that the wage rate tends to rise as firm size gets
bigger. It appears that there are a number of causes to which
these wage differentials can be attributed, One extreme view
could be that all the variation in wage rates is due to differences
in the quality of labor and hence reflects a return on invest-

ment in human capital. If this were the only reason, then our

5Griliches and Ringstad (29) believed that the measure-~
ment error in capital input was mainly responsible for the
relatively low estimates of the capital-output elasticity. The
median capital-output elasticity was about 0. 18 for Norwegian
manufacturing industries. See Griliches and Ringstad (29), p. 70.
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data for labor input cc;uld be very disappointing because the
measurement for labor input does not reflect the qua.lity-
differences, There seem to be, however, a number of other
reasons which might be equally responsible for the wage
differentials, First, one could imagine a spectrum of lahor
markets which might exist between urban and rural areas with
limited inter -market labor mobility, Thus firms in different
locations may be faced with different wage rates which reflect
differences in the cost of living, differences in the cost of
moving from one place to another, ar;d the exten’ ~f immobility
of 1abor for other cultural reasons. .In order to look at the
possible wage differentials between urban and rural workers,
we have further disaggregated the wage rates per worker
(formerly classified by firm size for total manufacturing in
1968) by 11 cross regions (2 cities and 9 provinces)., The
results are presented in Table 4,2, The wage rates at the
disaggregated level are quite revealing., For instance,
the wage differentials across firm size in Seoul and Busan
(South Korea's first and second largest cities, respectively)
turn out to be much more moderate than those aggregated
over cross regions in Table 4,1, Furthermore, there is no
indication of a tendency for wage rates to increase across

firm size in Jeju province, a small rural island which is



Table 4.2 Average Wage Rates by Firm Size and
by Reglon, 1968

Ware Rates

5-9 10-19 20-49 50-99 100-199 200-499 500 or more

Regions Workers Workers Workers Workers Workers Workers Vorkers
Seoul city .819 1.191 1.073 1.110 1.225 1.270 1.3

Busan clty .773 .876 923 1.001 1.030 1.092 1.129
Gyunggl 591 768 .837 735 930 1.379 1.521

Gangwon 634 .692 656 662 522 1.412 1.316
Chungbug 573 694 661 677 +589 +985 1.739
Chungnam 561 632 .68L «739 +596 1.242 1.253
Jeonbug +537 560 656 67 576 .807 1.203
Jeonnam 499 605 «575 792" 811 866 1.079
Gyungbug +590 697 .738 «7h7 «902 .962 1.096
Gyungnan .628 660 .618 .880 +793 1.079 1.493
Jeju 605 721 119 »523 797 JL27 -—_—

Data sources Korea Development Bank and Economic Planning Board, Report on Mining and
Manufacturing Survey, 1968. The measurement unit 1s 100,000 won per worker.

201
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probably the least industrialized province. The important
point is, however, that wage differentials between thé same
gize firms in Seoul and Jeju are approximately the same
order of magnitude as those between the largest ;.nd smallest
size firms in Table 4. 1.6 It is therefore not unreasonable
to say that the sharp wage differentials across firm size in
other provinces may reflect, to a large extent, the fact that
most small firms are likely to be in rural areas and that an
increasing proportion of large firms tends to be located in urbau
areas within each province. Second, if the production functions
are, indeed, of increasing returns to scale, profitability will
be positively related to the firm size. A high rate of economic
profit attained from economies of scale may then be divided
into higher returns on capital and labor. Under increasing
returns to scale, generally, large firms would bid labor away
from small firms, and only large firms would exist at long-run
equilibrium, Third, rapidly growing firms or firms being
newly established on a large scale will inevitably have to
pay higher wages to draw labor from other firms or other

sectors of the economy. Fourth, although trade unions are

Of course, one could suspect again that the quality of
labor may be different between Seoul and Jeju for the same
size firms.



not well ~developed enough to affect the wage rate in any
significant way in South Korea, it is true that large firms
are under heavier government or social pressure to pay
their employees a decent wage than are small firms.

Careful investigation in necessary to answer the
question of wage differentials in any meaningful way,
particularly in the context of human capital, Obviously,
this is beyond the scope of the present study. Our study,
however, suggests a number of iniportant factors other than
the quality of labor which could cause the wage different.ials
in South Korea.

Table 4.3 presents the marginal product of capital
and the value of the marginal product of labor obtained by
finding weighted averages over the firm size groups for each
of the 18 two~digit industries, It should be borne in mind,
however, that these figures could have been exaggerated
by almost 100 percent, because our measure of value added
far exceeds the actual payments on factors, labor and capital.
But the ranking of the different industries with respect to
the marginal product of capital or labor probably would not
bave been affected. Thus we believe that this ranking,
together with the estimating results of the elasticit'y of
scale across industries, can provide an important guide

for evaluating future investments in terms of efficient
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Table 4.3 Marginal Product of Capital and Value of
Marginal Product of Labtor for Individual Industries

105

1966 1969
Marginal Value of
Product of K Marginal Marginal Value of Marg.

(ratio) Prnd. of I Prod, of K Prod. of L
20.Food 5700 2) 1.690(13)  .530( 3)  2.416(11)
21 .Beverage 592( 1) 4.479( 1) 726( 1)  5.849( 2)
23.Textile .257(12)  1.210(16) .201(15)  1.773(18)
24 .Footwear &

‘Apparel .256(13; 1.2075173 .29og 9§ 1'901€15§
25.Wood 214(17) 1.984(10 .269(12) 2.826( 8
26.Furniture  .312(10) 1.366(15) .305( 8) 1.905(14)
27 .Paper 514 3)  3.971( 3) .336( 6)  3.563( 6)
28.Printing 2L6(18)  2.422( 8) .275(11)  3.210( 7)
29.Leather 241(15)  1.730(12) 192(16)  2.329(12)
30.Rubber L65( 6)  1.056(18) 567( 2)  1.891(16)
31.Chemicals  .470( 5) 4.111( 2) 247(13)  6.892( 1)
32.Petro. & L85( 7)) 3.46{ 5) LU8( L) 3.928( 3)
33.01a5°%" .370( 8) 2,224 9) 358( 5)  1.884(17)
34.Basic Metal .342( 9)  3.h27( 4) .279(10)  3.681( 5)
35.Metal Prod. ,265(11) 1.503(1%4) 2h2(14)  2.175(13)
36.Machine 136(18)  1.975(11) .102(18)  2.680(10)
37.Elec. Mach. .hou( &)  2,956( 6) 324( 7)  2.696( 9)
38.Txansp. Eq. .231(16) 2.734( 7) 184(17)  3.804( 4)

1

across industries.

The numbers in parentheses indicate the ranking



allocation of resources,

IV-3. Industry Growth and Gains from Economies
of Scale

In industry growth, aggregate output increases over
time, partly due to increases in factor employment of the
existing firms, partly due to the birth of new firms, and
partly due to technical change over time, If the firms'
production processes are characterized by increasing returns
to scale in an industry, a typical firm in the industry would
tend to expand over time, and new firms entering the industry
would tend to be relatively large scale. Thus the size
distribution of establishments should be shifting towa‘rd
larger firms over time, The pattern of growth in the South
Korean manufacturing sector is revealing. Table 4.4 shows
that firms of over 200 employees, which in 1966 accounted
for 39. 8 percent of total employment in the manufacturing
sector, accounted for 53.8 percent in 1971. The increase
in employment by firms of over 200 employees accounts
for more than 82 percent of the total increase in employment
by the manufacturing sector between 1966 and 1971. During
the same period, there was a significant relative decline in
employment in small firms. Employment in firms of under
100 fell from 50,02 percent of the total in 1966 to 35.89 in

1971.
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Table 4.4 Distribution of Labor Force by Firm Size for
Total Manufacturing, 1966-1971

Employees by Firm Size
(As Percent of Total Manufacturing)
5-9 10-19 10-49 50-100 100-199 100-499 500 or more
Year Workers Yorkers Workers Vorkers Vorkers Workers Vorkers Total

1966 76,880 67,783 78,847 59,541 58,371 78,291 146,935 566,665
(13.6) (12.0) (13.92) (10.50) (10.30) (13.81) (25.94) (100.0)

1967 91,353 73,187 84,173 66,212 66,798 88,462 178,626 648,811
(14.08) (11.28) (12.97) (10.21) (10.30) (13.63) (27.53) (100.0)

1968 85,689 79,305 95,630 70,673 73,606 109,525 233,876 748,307
i (11.45) (10.60) (12.78) ( 9.u4t) ( 9.84) (14.64) (31.25) (100.0)

1969 103,620 59,586 99,104 77,114 89,994 125,868 273,758 829,0u4
(12.50) ( 7.18) (11.95) ( 2.30) (10.86) (15.18) (34.97) (100.0)

1970 85,483 72,612 102,720 75,075 85,665 138,371 301,112 861,041
(C9.93) (8.43) (11.93) (78.72) (9.95) (16.07) (34.97)  (100.0)

1971 80,729 68,410 87,229 68,054 87,396 154,301 302,075 848,194
( 9.52) ( 8.07) (10.28) ( 8.02) (10.30) (18.19) (35.61) (100.0)

Data source: Korea Development Bank and Economic Plarning Board, Report on Mining and
Manufacturing Survey, 1966-1971.

- L0T
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In view of the fact that the estimated elasticity of
scale is greater than unity in 13 out of the 18 two-digit
industries, it is of great interest to know the extent to which
economies of scale have actually contributed to growth in
South Korean manufacturing industries. .To assess this
precisely, one would have to have time-series data of estab-
lishments for each industry. But this is simply unavailable,
Instead, we have aggregate data of inputs and output for only
two years, 1966 and 1968, for each industry. Thus we would
have to make some ad hoc assumptions about the data in order
to make even a very rough approximation of the extent of
output growth due to realizing economies of scale, This can
be done using an approach developed by Griliches, Assuming
that firms within an industry are identical, we can write
aggregate value added as the product of value added by

individual firms and by number of firms in the industry:

(4.1) V¥ =N.V

where
V¥ = aggregate value added
N = number of firms in the industry
V = value added by the typical firm,

TRefer to Griliches (28), p. 317,
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The growth rate of aggregate output is then obtained by

differentiating v* with respect to time and dividing l:;y v*,

That is:
(4.2) Vi N,V
Vonty

where dots over variables indicate differentiation with
respect to time, The first term on the right-hand side repre-~
sents growth duz to net birth of ney firms; the second term
represents growth due to an increase of output of the typical
firm. Let the production function for the typical firm be a

Cobb-Douglas function, V = AKY lﬁ . Then we have:
V_A. X L
e 3 — T e (o -
(4.3) =73 tog * BT

This is the form conventionally used to measure disembodied

technical change (the residual method). But it should be ;mted
that we are dealing with the typical firm's production function
instead of approximating @ and B by income shares of

capital and labor. We can rewrite equation 4.3 as follows:

+(1-eo)%+().-1)_/_'eog+(1- 6,)

J

>l

+6°

<l<-
o
e

(4. 4)

where 6 = a/(a+B),A =a+ B.
The last term in equation 4.4 is a measure of output growth

due to the fact that the elasticity of scale is other than unity.
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If there were constant returns to scale, the last term would
vanish, Substituting equation 4.4 into equation 4.2 yields a
growth form of aggregate value added derived from the typical

firm!'s production function for an industry. That is:

v b0 Bao -1 feo Be (10927

(4.5) o

Wi

_N,A

The ratio of the last term on the right-hand side to the
growth of aggregate value added on the left-hand side in
equation 4.5 was calculated for each of the 13 industries in
which economies of scale are significant at the 5 percent level.
The results are summarized in Table 4,5. The gains from
economies of scale range from 1,4 percent in the machine
industry (36) to 24.2 percent of the growth in the basic metal
industry (34). The calculation for total manufacturing indicates
that about 11 percent of total growth is the result of gains from
economies of scale during 1966-1968, This contrasts sharply
with the earlier reports of 2 percent for the United States
post-war manufacturing sector and 7 percent for the Canadian
manufzacturing sector, 8 suggesting that economies of scale
may be a more important source of productivity growth in

rapidly industrializing economies like South Korea than in

85ee footnote 13 on page 10.
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Table 4.5 Gains from Economies of Scale for Total
Manufacturing and by Industry

o ¥
v . . .
Industry % (_éll)_ % %+((13—)9°)% (7\-1();;(3) %%%:)100
20.Food .303 -.008 175 049 16.2
21.Beverage 313,029 .036 .012 3.8
23.Textlle 375 034 +250 .030 8.0
25.Wood .503  .029 .297 .303 6.0
26.Furniture 385  .105 .069 013 3.4
28.Printing 266,023 .075 .010 3.8
30.Rubber 397 -.021 A 126 6.5
31 .Chemicals  .858 -.080 1,064 167 19.5
32.Petroleun .50  ,092 349 102 20.2
& Coal
34,Basic Hetal .248 ,026 357 .060 24,2
35.Metal Prod. .345 .025 140 012 3.5
36.Machine 211,029 042 .003 1.4
38.Transp., Eq. .291 .058 256 041 4.1
Total Manuf, 377 .030 .263 040 10.6

Data source: Korea Development Bank and Economic Flanning Board,
Report on liinine and lNenufzcturinz Survey, 1968.
Value added and capital stock are measured in 1966
constant prices.




112
advanced countries. We feel, however, that our results should
be taken only as indicative, because our data covex; c'mly two
years and are by no means adequate to draw conclusive

results about growth problems,

IV-4, Trade Development and Production Technology

After the end of the Korean war, the relatively small
manufacturing sector of the South Korean economy began to
grow rapidly, mainly the import substitution in nondurable
consumer goods and their intermediate goods. By the late
fifties, however, most of these imports had been replaced by
domestic production, and the relatively rapid growth of the
manufacturing sector began to slow down in late fifties. ? Unlike
many countries which concentrated further on import sub-
stitution in intermediate goods, machinery and durable
consumer goods at that stage of industrialization, South Korea
began to emphasize an export promotion strategy. Certain
changes in policies along with a devaluation were made in
1961, but the major policy shift began with the exchange rate
reform in 1964, Gradual liberalization of import controls

and a variety of export promotion measures were introduced

9Rv.afe:r: to Table 1.1,
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in subsequent years. The major effect of this policy has
been rapid expansion of foreign trade, particularly ra.pid
expansion in exports of labor -intensive manufactured goods.
Exports began to grow about 1961 and growth accelerated
sharply after 1964, The rapid expansion in foreign trade was
reflected in a high growth rate of the manufacturing sector,
which grew at an annual rate of 17.8 percent during 1961-
1973, 10

Having estimated production functions at the two -digit
industry level, it is of interest to examine the pattern of tr;de
development in the context of the underlying production
" technologies. For that purpose, we have classified the 18
two-digit industries by export, import-substitution, and home-
goods industries, Although most industries at the two-digit
level are subject to two-way trade, we adopted the following
rules: (1) export industries are classified as those industries
whose average export ratio (ratio of exports to domestic
production) exceeds 10 percent in both the years 1966 and 1970;
(2) similarly, import-substitution industries are defined as

those showing an import ratio (ratio of imports to domestic

10
Refer to Table 1.1 and 1.2.
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production) higher than 10 percent; and (3) the rest of the
industries are classified as home-goods industries. " The
industries whose export and import ratios are both higher
than 10 percent are classified as export industries. 11 raple 4.6
presents export and import ratios, along with a few char-
acteristics of the underlying production technologies for each
of the two-digit industries classified by the three sectors.

The table also reports weighted averages of the elasticities

of scale, capital-labor ratios in 1968, and marginal products

of capiial in 1968 for each of the three sectors (the weights

are the share of each industry's capital stock in each sector).
A few interesting points may be seen in Table 4.6.

First, exports appear to be relatively more labor-intensive

than imports. This implies that the basic pattern of trade

in South Korea is conforming with the simple Heckscher-Ohlin

model; South Korea is relatively abundantly endowed with

labor in comparison with her major trading countries. 12 Thus

llWe did so on the ground that most of the industries
initially started from import-substitution industries in South
Korea and then some of them have gradually transformed into
home-goods or export industries,

lzFor instance, in 1968, 81.7 percent of total exports
of South Korea went to Japan, Europe and U,S,A,, and 83.8
percent of total imports came from those countries. See
Major Economic Indicator (22, 1970), p. 72.




Table 4.6 Trade and Production Technology by Industry

. Ty Capital-labor® Marg. prod.
Export-ratio Import ratio Elasticity ratio(in Mil., of capital,
Export (%) (%) of scale won/worker) 1968
Industries 1963 1966 1970 1963 1966 1970
(1) (2 3 W () | (7) (8) (9)
25.Wood 111 31.6 38.6 2. 1.0 1.1 1.101 .513 269
2L .Footwear & *

Apparel 1.1 17.8 28.9 3 .5 1.2 982 .198 «290
23.Textile 5.8 13.6 25.0 6.2 5.0 11.4 1.120 450 .201
30.Rubber 3.2 17.4 23.1 1.1 i.1 3.2 1.185 «239 +567
37.Elect. Mach.> 3.5 10.3 22.7 53.8 33.8 63.4  1.087 409 32k
95.Hetal Prod.s 1.7 10.2 13.1 15.6 49.9 53.3 1.086 334 242
Welghted Ave. 1.105 18 240
-Import-Sub

Industries

36.Machine 3.0 8.8 3.3 43.2 189.9 327.8 1.072 391 102
38.Transp. Eq. 2.2 106 1.9 2709 27.9 58'1"' 1.160 0551 -18’4‘
31 .Chemlcals .8 .8 3.1 b9 .3 6.2 U6.9 i.157 1.476 2U7
34-}3&510 Metal 18.5 9.7 S,LI— 33.6 32-2 L"8|8 1.168 3510 0279
27 Paper 4 1.6 2.4 41 104 297  1.097 .730 .336
Welghted Ave. 1.145 1.054 «239

S1T



Table 4.6 (Continued)

Home-goods

Industries
(1) (2 (3 W (5 (6) (7) - (8) (9)
20.Food 3.0 7.1 5.6 L.s5 5.9 9.4 1.280 U156 «530
21 .Beverage ou' 1 03 '6 2 ou' '6 1 .33“‘ 420 '726
26-Fmiture 2.8 1.8 i1 -5 .1 .1 o? 1.189 .228 0305
28.Printing 6 1.0 1.3 1.6 1.6 1.8 1.134 Lol 275
29.Leather 2 b5 6.5 .3 2.8 b5 1.014" 713 .192
32.Petroleun & 0 4,6 6.7 .7 9.2 2.3 1.292 1.015 A48
Coal *
33.Clay 1.5 5.7 3.9 14,6 7.2 5.3 1.040 1.329 348
Weighted Ave, 1.150 .9“’7 OLI'16
1

Sources: Bank of Korea, Input-Output Tables, 1963, 1966, 1970.

ZSources: Korea Development Bank and Economic Planning Board, Report on Mining and
Manufacturing Survey, 1968.

3Industries whose export and import ratlos are both higher than 10 percent.

*
Indicates that the elasticity of scale is not significantly different from unity.

911
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her comparative advantage should lie in exporting labor-
~ intensive products and in importing capital-intensive ‘ones.
Second, it appears that the elasticity of scale tends to be
somewhat smaller in the export sector than in the import-
substitution sector; the weighted average of the elasticities
of scale yields 1,105 for the export sector but 1. 145 for the
import-substitution sector. The elasticity of scale, however,
varies widely across individual industries within each sector.
It turns out that the elasticity of scale is not significantly
different from unity in two export industries (24, 37) and in
one import-substitution industry (27). Industry (27), however,
revealed that the production functions differ significantly
between small and large firms, requiring more capital-
intensive technology for large firms (see Table 3.5). Third,
among home -goods industries, food (20), beverage (21), and
furniture (26) industries are characterized by both the pre-
sence of scale economies in production and relatively labor-
intensive production methods. The petroleum and coal industry
(32) also indicates the presence of scale economies in pro-
duction but requires relatively capital-intensive production
methods. It turns out that the firms' scale economies are not
significantly different from constant returns to scale in the

leather (29) and clay (33) industries, but both industries
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require relatively capital-intensive production methods.
Fourth, the marginal products of capital are not much different
between the export and the import-substitution sector but are
sharply different from the home-goods sector; the weighted
average of marginal products of capital was 0. 416 for the
home -goods sector in 1968, whereas it was 0,244 for the
export sector and 0.239 for the import-substitution sector.
This result is not entirely surprising, because one would have
little doubt that markets for tr;.ded goods are more competitive
than those for home goods, particularly in a small country.
Therefore, the monopolistic nature of domestic markets for
home goods may give rise to higher marginal products of
factors than would occur under perfect competition. Another
reason for the higher marginal products may be that domestic
preferential and foreign loans at subsidized interest rates
probably have been concentrated more on export and import-
substitution industries than on home-goods industries, and
hence the cost of capital has been higher in home-goods

industries than in export or import-substitution industries. 13

13'For instance, a very rough approximation indicates
that the ratio of preferential loans to capital stock was 0.42
for the export sector, 0.45 for the import-substitution scctor,
and 0.33 for the home-goods sector. The prefercntial loans
are roughly measured as the sum of domestic equipment loans
and foreign loans. The data were obtained from Economic
Planning Board and Bank of Korea.



CHAPTER V
CONCLUDING REMARKS

In this study we have examined the manufacturing sector
of the South Korean economy, particularly focusing on the
production technologies of two-~digit level industries. The
major limiting factor facing us was the availability and
reliability of basic data. Quite aside from the measurement
errors associated with the va.ria.ble's used in estimating
production functions, we are aware of the specification errors
and problems involved in aggregation up to the two-digit
level of industry., While there is much to be improved in our
results when more refined data become available, we did
learn something about the structure of the underlying production
technologies in South Korean manufacturing industries,

Our principal finding is the evidence of increasing
returns to scale for total manufacturing, as well as for most
of individual industries at the two-digit level. The estimate
of the Cobb-Douglas function for total manufacturing yields

the elasticity of scale of 1,152, and in 13 of the 18 two-digit

119
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industries the elasticity of scale turns out to be significantly
greater than unity at the 5 percenf level (see Table 3.3).
Surprisingly, these estimates of the elasticities of'scale are
almost invariant, regardless of the type of production functions
and estimation methods employed.

It is worthwhile to emphasize that these results are
based on observations that are per-establishment averages
of cross section data classified both by region and firm size.
Thus, they are a more relevant measure of microunits than
regional totals or simple regional averages used frequently
in many earlier studies on production functions.

However, this study is unable to draw any substantive
conclusions about the elasticity of substitution. Different
methods of estimating the elasticity of substitution give
differing results in a number of industries (see Table 3.4).
The estimates of the elasticity of substitution based on the
marginal productivity relation appear to be statistically
satisfactory but suffer from the underlying assumption of
labor market equilibrium conditions. Our data are not too
informative about the possible curvature of the underlying
isoquants. Direct estimates of the CES function yield
only estimates with large variances, The only thing that is

certain is that the elasticity of substitution differs



121

significantly from zero in all industries. In 7 of the 18
industries, the null hypothesis of a Cobb-Douglas function is
rejected against the Kmenta approximation of a CES function,
suggesting that the assumption of unitary elasticity of
substitution may be wrong in those 7 industries. In 2
industries, the null hypothesis of the Kmenta approximation
is rejected against a translog function, implying that the
assumption of homotheticity may be violated in these 2
industries (see Table 3.2). The knowledge about the
elasticity of substitution and homotheticity found in this study
may be of some importance in explaining the paradox observed
in some developing coﬁntries that the growth of manufacturing
employment has been extremely slow despite the rapid growth
in output and capital, To the extent that the structure of, and
production technologies in, the manufacturing sector of South
Korea are not significantly different from those of other
developing countries where the paradox is observed, our
findings suggest that perhaps there are more important
reasons for the paradox -~ for instance, trade policies or
imperfect factor markets, etc. --than the traditional
explanation through low elasticity of substitution and non-
homotheticity in the production function.

Our data do not seem to support the classic dualism

hypothesis. Only in one industry do we find statistically
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significant evidence that the production functions differ
between small and large firms. Of course, much care should
be taken in interpreting this result, because it is difficult to
make a sharp distinction between the craft and modern sub-
sectors within an industry and because our sample size may
be too small to detect any difference in production technology.

W'hile it is hard to judge the validity of our estimation
results, we have drawn some interesting implications from our
cross-section production function results. First, we find that
ratios between the average returns and the marginal products
are well above one for capital and well below one for labor,
indicating that capital gets overpaid and labor gets underpaid.
This finding remains unchanged even if overvaluation of our
measure of value added is taken into consideration. Perhaps
the fact that wages were rapidly rising during the sample
period of 1966-1968 can be partially explained by a lagged
response in wage adjustment (see Table 1,7), Second, the
actual importance of economies of scale in output growth
is quite evident in most of the manufacturing industries in
South Korea, It turns out that economies of scale explain
about 11 percent of the growth of total manufacturing output
during 1966-1968, Third, it appears that the outward-

looking development strategy adopted in early 1960's in
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South Korea has resulted in a relatively efficient pattern of
trade development through exporting labor -i.ntensive.
manufactured goods and importing capital-intensive products.
Thus the rapid expansion of exports seems to have contributed
significantly to the fairly rapid growth in employment in the
manufacturing sector, hence reducing the pressure of
underemployment.or unemployment in the agricultural sector.
Our production function results further indicate that elasticity
of scale tends to be smaller in export industries than in
import-substitution and home ~goods industries, This suggests
that the products which can be produced efficiently on a
relatively small scale may be more easily developed into
exports at the early stage of manufacturing development., This
also suggests that the government's protective measures for
some import-substitution industries may foster inefficient
operation of firms and an inefficient market structure by
permitting non-economic size firms to be profitable, whereas
the absence of appropriate government policy in some home-~
goods industries may allow a monopolistic market structure

because of the economies of scale,



APPENDIX A
TRANSLOG FUNCTION

A production function is usually considered to be well
behaved if it is monotonically increasing function of inputs and
concave. Because of the quadratic nature of the translog
function, one cannot expect these conditions to be satisfied
globally. But the range where these conditions are met may
be large enough to cover all the sample points. One can
easily check the monotonicity and concavity condition for a
specified translog function. The monotonicity condition requires
that the marginal products of inputs are positive. This
condition can also be satisfied if the logarithmic marginal
products are positive. The logarithmic marginal products
are nothing but the output elasticities of inputs in the translog

function. In our simple case of equation 2.6, i.e.,

In(V) = a4 + a;In(K) + a,ln(L) + a3 [fn(K)_72 + a4_/__1'n(L)_72

+ ag [In(K) 7 [In1) 7,
the logarithmic marginal products can be written as
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() « = Zﬁfg = g%% =a) + 2a3ln(K) + agln(L)

2 B = %11%% = %%.\E’ = aj + 2a4ln(L) + agln(K)

where 0 denotes the output elasticity of capital and B the
output elasticity of labor. Note that these elas?:icities depend
upon the level of inputs employed. The concavity condition is
satisfied if the Hessian matrix of second order partial deriva-
tives is negative definite, Thus the monotonicity and concavity
conditions can be evaluated at each sample point for an
estimated translog function.

The elasticity of substitution is also a variable in the
translog function. To show that, let a production function be
V = f{K, L). Then the elasticity of substitution can be written

as:

(3) _ din(K/L) _ d(K/L)(K/L)
dln(fy,/fk  d(fL/ig) /(f1./K)

where f1, and fgk are the partial derivatives of the production
function with respect to labor and capital, respectively. For

computational purposes, we can rewrite:;

dIn(K/L) = d/In(K) - In(L)_/ = dK/K - dL/L
dln(f; /fg) = ¢/Infy, - Inf/
= dfy /£, - dfgl/fy,

_ f.LdL + f KAK _ frk dL + fkgdL
£1, i
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_ f11, KL Hix Ikk
(-;.E--f ) dL + . -fK)dK.

| £ frer £ £
& 4L, L KLy, LK OKK g
K ; 5 fg =

Since dK/dL = -fy,/fy along an isoquant, substituting this in the

above equation and simplifying yields:

_ fgfy (fgK + £1.1)

) KLD

fKKfKLfK 2
where D = fLKfLLfL = ZfKLfoL - fK.KfL - fLLfK.
fie 3, 0
By rearranging equation (1) and (2), we can write the

marginal products of capital and labor as:

o
0
=}
Rl

(5) £y

\'A
6 f: =B — .,
6  f B Y

Differentiating (5) and (6) with respect to capital and labor
and simplifying, we get the second order partial derivatives

as:

(7) frex = fo(a-1) + 22,7

Rl
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(8)  fy7 =/B(B-1)+2ay4] -EZ
= = !
(9 fpg = fgy, = (0B Hag) =

By substituting (5), (6), (7), (8), and (9) into the equation (4)

and simplifying, we get

(10) o = ap (a+B)
aB( o+t B)+2_/_'55aB -a382 - a,0

27

Thus the elasticity of substitution is in general no
longer constant but a function of output elasticities of inputs
which are again determined by the amounts of factors employed,
Note that if the coefiicients of second order terms in the translog
function are equal to zero, the production function reduces to

the Cobb-Douglas and the elasticity of substitution becomes unity.
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Industry

(n)

20 .Food
(152)

21 .Beverage
(121)

23.Terxtile
(175)

2L ,Footwear &

Apparel (104)

25.oo0d
(94)

26, Furniture
(82)

27 .Paper
(11%)

28 .Printing
(102)

29.Leather
(1)

30.Rutber
(76)

Table B.1 Estimates of the Kmenta Approximation of the
CES Function (Equation;}lzi) for Individual Industries

3, a 3, 3 2 RZ
(t-value) (t-value) (t-value) (t-value) (t-value) (SSR)
1) (2) (3) () (5) (6)
-1.196 LOh2 277 634 ,010 24
(-7.402) ( .036) (7.531) (5.587)  ( .219)  (3.472)
-.183 325 393 .878 -.183#% 126
(-2.532) (3.500) (7.928) (5.738)  (-2.840)  (3.330)
-.470 212 127 478 - 110%* 103
(-5.832) (3.320) (5.354) (7.851)  (-2.799)  (2.318)
2hl 335 -~ .02 242 024 428
( 2.083) (3.974) (-.cot) (3.770)  ( .652)  (1.904)
-,009 207 .105 395 -.032 . 524
( -.050) (2.874) (2.032) (8.716)  ( -.959)  (1.932)
.76 108 189 .208 ,000 -346
(-2.557) (4.551) (2.152) (1.646)  ( -.006)  (1.553)
-.189 .023 .087% 86 ,028 « 502
(-1.422) ( .224) (1.636) (7.811) ( .762) (3.612)
-.355 242 733 .284L 002 Jd21
(-1.3%9) (2.057) (2.0€5) (1.322) ( .021)  (3.975)
391 JAs54 .000* 172 LO4d) 157
( 1.070) ( .799) ( .001) ( 777) A33)  (1.683)
-.783 .237 .185 787 -.188%% 393
(-4.238) (1.751) (3.615) (5.130) (-2.304) (2.090)

621



31 .Chemicals
(133)
32.Petroleum &
Coal (105)
33.Caly
(143)
34.,Basic Metal
(100)
35.ketal Prod.
(117)
36.Hachine
(122)
37.Elec. lMach.,
(89)
38.Transp. Eq.
(128)

1(3.7)

Table B.1 (Continued)

(2)
.1’4’5
(1.701)
.179
(2.324)
-.0l9
(-.670)
-.0068
(-.55M)
199
(2.311)
.302
(3.768)

(3) () (5)
213 .851 — 16L%%
(5.474) (5.831)  (-3.147)
. 288 . 562 -.005
(7.139) (4.682)  ( -.098)
011% «372 088 %%
( .371) (3.788) ( 2.219)
.182 166 J137%%
(3.970) (2.053)  ( 2.839)
.091 345 -.0h7
(2.423) (2.045) ( -.497)
.087 528 - 230%%
(3.979) (4.183) (-4.072)
.085% «355 .009
(1.502) (3.904)  ( .175)
158 216 021
(4.959) (1.771)  ( .420)

*Ei(éﬁ) 1s not significantly different from zero at the 5 percent level.

*KA
a3 is significantly different zero at the 5 percent level,

o€l



Table B.2 Estimates of the Translog Function (Equation 3.8)1

for Individual Industries

Industry

20.Food
21 .Beverage
23.Textile
2Lk ,Footvear &
Apparel
25.Wood
26.Furniture
27 .Paper
28 .Printing
29.Leather
30.Rubber

31 .Chemicals

Pal

-~

.

~ ~ 2

30 d a, a a, a), a5 R
t t t t t t t (ssRr)
B8 8 8 8 ¢ o o
-6 ,0L8 277 .698 020 -.036 O0bs5 L31
(-1.130) ( .626) (1.125) (2.859) ( .457) ( -.570) ( .478) (3.382)
-.053 .328 4135 . 796 -.142 -.226 368 JL2L
-.100) (3.574) (1.373) (2.073) (-1.9%9) (-2.909) (2.809) (3.287)
-.483 .215 J132 .713 -.122 -.144 262 396
(-2.377) (3.329) (3.095) (3.837) (-2.537) (-1.716) (2.137) (2.315)
.075 345 -,093 1.226 .005 -,084 ,00L 437
( .2k2) (s.a2bh) (-.007) (4.366) ( 1.219) (-1.227) ( .o46) (1.836)
136 .253 .105 1.018 ool -.08 LOfL .527
( .262) (2.930) ( .304) (4.778) ( .095) (-1.800) 9u1)  (1.877)
-1.164 356 1.740 ~-.345 -.249 .137 111 382
-1.913) (3.958) (2.789) (-.63?) (-1.%03) ( .869) ( .389) (1.431)
L34 .120 238 JL26 ~-.095 -.160 311 570
( 1.550) (1.276) (1.456) (1.229) (-1.884) (-1.197) (2.032) (3.068)
498 273 -.185 922 .0L8 -.023 016 .123
782) (2.226) (-.387) (1.748) ( .467) ( -.166) ( .080) (3.888)
-.175 .158 203 1.084 Ol .032 -.125 Jd1€
( -.156) ( .780) ( .521) (1.910) ( .356) ( .113) (-.309) (1.668)
~-1,068 .225 916 430 -.203 -,182 367 380
(-2.333) (1.695) (3.009) (1. °85) (-2.361) (-1.756) (2.168) (2.076)
-.143 157 +557 513 - 161 -.224 «390 387
( -.357) (1.874) (2.317) (1.792) (-3.000) (-3.276) (3.511) (2.775)

T€l



(1)

32.Petroleum & -.343
Coal (-1.029)
33.Clay 419
( 2.0u8)

34 ,Basic Metal -.101
( -.2u46)

35.Metal Prod. -.u42%6
(-1.047)

36.¥achine -.119
( -.366)

37.Elect. Mach, 05
( .881)

38.Transp. Eq. -.109
( -.341)

1(3 8) an

Table B.2 (Continued)

(2) (3)
192 .570
(2.304) (2.494)
-.007 316
(-.089) (2.274)
-.07hL .006
(-.606) ( .039)
213 217
(2.u08)  ( .78R)
. 220 612
(2.668) (2.035)
-.010 .300
(-.032) (1.187)
JA74 -.004
(2.373) (-.016)
1 D

= & Tn + diﬁf + a1

1nL

(&)

371
(1.369)
4h6

(2.941)
1.141
(4.234)
1.076
(3.938)
«359
(1.622)
49
(1.267)
1.151
(4.142)

ink a,

(5) (6) (7
-.034 -.010 .076

( -.594) ( -.127) ( .625)
065 .087 ~114
(1.538) (1. u46) (-1.138)
117 033 -.158

( 2.280) ( .355) (-1.169)
-.033 -.092 .093

( -.3ul4) ( -.899) ( .489)
-.2143 -.209 4481
(-3.761) (-3. 441) (4.383)
.015 .047 -.017
( .297) ( .u68) (-.137)
047 -.,010 -.043
( .823) ( -.169) (-.431)

2
2y %%)— + 2,1l + 2 lnk,

€T



133

Tatle 3.3 Estinates of the Generaliz=d AKCS (Equation 3. g)!

for Individual Industries

”~

Lo

”

a d a

(t-value) (t-value) (t-value)

20.Focd 1.166 -.215 .150
(9.792) ( -.185) (16.438)

21 .Beverage 1.720 -.201 1.388
(9.093) (-1.909) ( 9.432)

23.Textile 191 136 77
(1.526) ( .47) ( 7.286)

24, Footwear & 1.267 -.048 1.059
Apparel (10.016) ( -.632) (10.3k0)
25,Wood 1.014 261 Loy
(6.091) ( .239) ( 3.198)

26 .Furniture 861 .081 1.017
(6.408) ( 1.246) (10.829)

27 .Paper Lol -.036 1,050
(3.195) ( -.512) (10.883)

28.Printing 756 .0L7 683
(3.226) ( .379) ( 4.560)

29.Leather 1.130 -.108 .820
(3.328) ( -.533) ( 3.22%)

30.Rubber 931 .061 1.159
(3.964) ( .469) ( 6.570)

31.Chenicals 1.780 -.080 .983
(10.487)  (-1.059) (11.517)

32,Petro. & 1.005 023 1.121
Coal (5.680) ( .2u0) ( 6 49)
33¢Clay |C55 "0015 ?
(9.229) ( -.201) ( 9.52%)

34,Basic Metal 979 -,015 1.032
(5.275) ( -.150) ( 7.86%)

35.Metal Prod. .887 -.006 .508
(5.808) ( -.08%4) ( 7.040)

36.Machine 024 105 .280
( .297) (1.263) ( 5.468)

37.Elec, Mach. 1.316 -.235 1.383
(8.257) (-2.623) (11.482)

38.Transp. Eqa 0914‘9 "-071 1.008
(7.493) (-1.089) ( 9.585)

1 1n§V[L§ 1 D

(3.9) " =2, g t95g * @

N

a2 R2
(t-value) (SSR)
008”’* .649
(3.112) (2.130)
77 541
(4.093) (2.686)
JA11% 371
(L.482) (2.456)
-.075% .687
(-2.614)  (1.053)
-.042 430
(-.825) (2.324)
.009 1.017
( .24d) (10.829)
.182% .601
(4.564)  (2.919)
.008 .229
(-.123)  (3.523)
.000 820
( .000) (3.224)
0l 438
( .811) (1.964)
-1014 0569
(-.4k8)  (1.998)
074 .501
(1.500)  (1.436)
oirn 490
(1.611) (3.235)
046 102
(1.012)  (2.035)
.013 392
( .390) (1.600)
.180% .528
(6.194) (2.311)
-.019 602
(-.484)  (1.512)
.013 1189
( .548) (1.271)
in(V/L
InL T 22

*a
a, is significantly different from zero at the 5

percent level.



Table B.lt Nonlinear Estimates of the CES Function (Equation 3.10)1 for Individual Industries

3 1 0 3 g R

(1) (2) (3) (&) (5) (6)

20,Food -1.185 o 000 498 .063 1.276 A26
(-1.505, -.865)~ ( .000, .000) ( .329, .666) ( .u87, .614) (1.203, 1.350)

21.Beverage -.h388 '335 06?7 -1 .55”’* 1. L"O o1+32
( -.920, -.056) ( .152, .517) ( .370, .984) (-3.062, -.046) (1.305, 1.502)
( 299, .623) ( .082, .342) ( .298, .533) (-1.726, .023) (1.077. 1.172)

24, Footwear & .26 334 24 A21 974 429
Appa.rel ( .012, 01480) ( -166, 0502) ( 0105' '377) ( bl ] 61’4‘ 1 tl"57) ( 0895’ 1 .052*)

25.Wood & ~.005 .2l7 3354 -.265 1.105 524
. Cork ( -.381, .371) ( .075, .419) ( .216, .k93) ( -.825, .294) (1. 004, 1.206)

26 ,Furniture -.476 1408 251 -.008 1.189 346
( -.848, -,104) ( .229, .587) (-.042, .544) (-2.575, 2.599) (1 069. 1.309)

27 .Paper 192 .023 JL4s 215 <503
( -.b57, .074) (-.173, .219) ( .303, .586) ( -.381, .772) ( .983. 1.193)

28.Frinting -.335 2h2 252 016 133 Jd21
( -.823, .154) ( .o07, .478) (-.118, .621) (-1.800, 1.831) (1 oou 1.262)

29.Lezther .387 157 .185 +395 1.001% 156

-.365, 1.139)  (-.226, .540) (-.229, .599) ( -.776, 2.551) ( .776, 1.226) :

30.Rubber -.776 22Ul 6l -1.454 1.187 392
(-1.154, -.398) (-.025, .513) ( .307, 1.020) (-3.491, .584) (1.08%4, 1.289)

31.Chemicals -.652 155 785 -1 .,685% 1.212 .388

(-1.046, -.257) (-.016, .326) ( .509, 1.062) (-3.282, -.088) (1.137, 1.287) .

32.Petr0. & "0656 01?9 0437 -.032 28 0534
Coal ( -.947, -.365) ( .025, .33%) ( .257, .616) ( -.649, .584) (1 208, 1.369)

14



Table B.4 (Continucd)

(1) (2) (3) (&) (5) (6)

33 .Cla.y 0110 bt ] 045 0318 1 L] 014 1 '005* 0519
( -.101, .321) (-.191, .100) ( .081, .555) (-.198, 2.225) ( .946, 1.064)

34,Basic Metal -.204 -.020 .170 .907 1.174 .252
( -.519, .112) (-.263, .224) (-.012, .352) (1.211, 2.026) (1.081, 1.266)

35.Metal Prod. -.178 .199 315 1.428 1.091 .197
-3, .087) ( .026, .371) ( .0GH, .565) (-2.200, 1.343) (1.016, 1.165)

36.Machine .099 .303 335 -5.280 1.076 L6k
-.352, .552) ( Jas4,  Wu63) (-.224, .895)(-16.110, 5.544) (1.030, 1.112)

37.Elec. Mach., -.149 .007 .327 .066 1.085% .163
( -.529, .232)  (-.243, .258) ( .159, .495) (-.759, .891) ( .972, 1.198)

38.Tra.nsp. qu -.252 -170 -198 -1""8 1-159 .au’
( -.523, .019) ( .025, .315) (-.00%, .400) (-.834, 1.129) (1.095, 1.222)

1 w4 . .D _Aln[ekC« (1-0)L™%]
(3.10) Fx =2 Tz * %L " 5 TnL

2The numbers in parenthescs indlcate the approximate lower and upper bounds of the 95

percent confidence interval.

¥
% 1s not significantly different from unity at the 5 percent level.

Gel



10,

REFERENCES

Arrow, K., Chenery, H., Minhas, B., and Solow, R.
"Capital-Labor Substitution and Economic Efficiency, "
Review of Economics and Statistics, August 1961,

‘Baer, W., and Herve, M, E, A, "Employment and -

Industrialization in Developing Countries, "
Quarterly Journal of Economics, Vol. 80, No. 1,
1966.

Balassa, B. The Structure of Protection in Developing
Countries, Johns Hopkins Press, 1971.

Balassa, B. '"Industrial Policies in Taiwan and Korea, "
Weltwirtschaftliches Archiv, Vol, 106, 1971, pp. 55-77.

Baldwin, R. E. "The Case Against Infant-Industry Tariff
Protection, "' Journal of Political Economy, Vol. 41,
1969, pp. 295-305.

Bank of Korea: Financial Statement Analysis, 1568.

Bank of Korea: Economic Statistics Yearbook, various
issues,

Bank of Korea: National Income Statistic Yearbook,
various issues.

Berndt, E. R., and Christenson, L. R, '"The Translog
Function and the Substitution of Equipment, Structure,
and Labor in U, S. Manufacturing 1929-1968,"
Journal of Econometrics, March 1973, pp. 81-113,

Bhagwati, J. The Theory and Practice of Commercial
Policy: Departure from Unified Exchange Rates,
Princeton University Press, 1968.

136



11,

12,

13,

14,

15,

16.

17.

18,

19,

20,

21,

137

Bhagwati, J. and Krueger, A, O. "Exchange Control,
Liberalization, and Economic Development, "
American Economic Review, May 1973,

Bronfenbrenner, M. and Douglas, P. H., "Cross-section
Studies in the Cobb-Douglas Function, " Journal of
Political Economy, December 1939,

Brown, G. '"The Impact of Korea's 1965 Interest Rate
Reform on Savings, Investment, and the Bala-.ce
of Payments, "' a paper presented at the CENTO
symposium on Central Banking Monetary Policy
in Economic Development, Izmir, Turkey, April
1971, :

Christenson, L. R., Jorgenson, D. W., and Lau, L. J.
"Transcendental Logarithmic Production Frontier, "
Review of Economics and Statistics, February 1973,

Clague, C. K. '"Alternative Estimates of Capital-Labor
Substitution in Manufacturing in Developing Countries,
Econometrica, July 1969, pp. 528-537.

Cobb, C. W, and Douglas, P, H, "A Theory of
Production, " American Economic Review, Vol, 18,
1928, ppl 139"1650

Corden, W. M. '"Monopoly, Tariffs and Subsidies, "
Economica, February 1967, pp. 50-58.

Dhrymes, P, J. "Some Extensions and Tests for the
CES Class of Production Functions, " Review of
Economics and Statistics, November 1965,

Diewert, W, E. "Functional Forms for Profit and
Transformation Function, " Journal of Economic
Theory, June 1973,

Douglas, P. H., and Gunn, G. T. "The Production Functio:
for American Manufacturing for 1914, " Journal of
Political Economy, August, 1942,

Eckaus, R, S. '"The Factor Proportions Problem in
Underdeveloped Areas, ' American Economic Review,
September, 1955,




138

22. Economic Planning Board, Korea, Major Economic
Indicator, various issues.

23, Eisner, R. "Capital and Labor in Production: Some
Direct Estimates,' in M. Brown (ed.), The Theory
and Empirical Analysis of Production, Studies
in Income and Wealth, Vol. 31, NBER, New York,
1967. -

24, Frank, C., Kim, K. S., and Westphal, L. Foreign
Trade Regimes and Economic Development:
South Korea, NBER, New York, (mimeographed).

25, Goldberger, A, S. Econometric Theory, John Wiley
and Sons, Inc., New York, 1964, p. 125.

26. Goldfeld, S., and Quandt, R. '"Some Tests for
Homoscedasticity, " Journal of the American
Statistical Association, June 1965,

217. Griliches, Z. "Specification Bias in Estimates of
Production Functions, ' Journal of Political Economy,
Vol. 39, 1957, pp. 8-20.

28. Griliches, Z. "Production Function in Manufacturing:
Some Preliminary Results,' in M. Brown (ed.),
The Theory and Empirical Analysis of Production,
Studies in Income and Wealth, Vol. 31, NBER,
New York, 1967.

29. Griliches, Z. and Ringstad, V. Economies of Scale
and the Form of the Production Function, North-
Holland, Amsterdam, 1971.

30, Harris, J. R., and Todaro, M. P. "Migration,
Unemployment and Development: A Two Sector
Analysis, ' American Economic Review, March
1970,

31, Hildebrand, G. H. and Liu, T. C. Manufacturing
Production Functions in the United States 1957,
Cornell University Press, 1965.




3a.

33.

34.

35.

36.

317.

38.

39.

40,

41.

42.

43,

139

Hodgins, C. Economies of Scale in Canadian Manu-
facturing, unpublished Ph.D. dissertation,
University of Chicago, 1968.

Johnston, J. Econometric Methods, McGraw-Hill,
New York, 1972, p. 281,

Katz, J. M. Production Function, Foreign Investment
and Growth, North-Holland, Amsterdam, 1969.

Keesing, D. B, "Outward-looking Policies and Economic
Development, "' Economic Journal, June 1967.

Kindleberger, C. P. Economic Development, McGraw-
Hill, New York, 1958, Chapter 6.

Klein, L. R. '"Macroeconomics and the Theory of Rational
Behavior, "' Econometrica, April 1946.

Kmenta, J. 'On the Estimates of the CES Production
Functions, " International Economic Revicw, June

1967.

Krueger, A, O, "Some Economic Costs of Exchange
Control; The Turkish Case,' Journal of Political
Economy, October 1966,

Lewis, W, A, "A Review of Economic Development, "
American Economic Review, May 1965, p. 12,

Little, I, M., Scitovsky, T., and Scott, M. Industry and
Trade in Some Developing Countries; A Comparative
Study, Oxford University Press, published for the
O.E.C.D., London, 1970.

Malinvaud, E. Statistical Methods of Econometrics,
North-~Holland, Amsterdam, 1970,

McKinnon, R, I. Money and Capital in Economic
Development, The Brookings Institution, Washington,

D. C., 1973.




45,

46.

47,

48,

49,

50.

51,

52.

53.

54,

140

Moore, F. T. "Economies of Scale: Some Statistical
Evidence, " Quarterly Journal of Economics, Vol.
73, 1959, pp. 232-245.

Mukerji, V. '"Generalized SMAC Function with
Constant Ratios of Elasticities of Substitution, "
Review of Economic Studies, Vol. 30, 1963,
pp. 233-236,

Nataf, A. '"Sur la Possibilité de Construction de Certains
Macrormod«ls, ' Econometrica, October 1950,

Nelson, R. R. "A Diffusion Model of International
Productivity Differences in Manufacturing Industries, "
American Economic Review, December 1968.

Nerlove, M, '""Recent Empirical Studies of the CES and
Related Production Functions, ! in M. Brown (ed.),
The Theory and Empirical Analysis of Production,
Studies in Income and Wealth, Vol, 31, NBER,
New York, 1967.

Parks, R. W. '""Price Responsiveness of Factor Utilization
in Swedish Manufacturing, 1870-1950," Review of
Economics and Statistics, May 1971,

Patinkin, D. Money, Interest and Prices, Harper and
Row, New York, 1965,

Pursell, G. and Snape, R. H. '""Economies of Scale,
Price Discrimination and Exporting, ! Journal of
International Economics, August 1973, pp. 85-91,

Reynolds, L. G. "Wages and Employment in a Labor
Surplus Economy, " American Economic Review,
March 1965,

Shim, B. K., Suh, S. Y., Chee, Y. H. and Lee, D. H.
A Study of Preferential Interest Rate Structure,
the Korean Experience 1963-1971, October
1972, (mimeographed),

Stalely, E. and Morse, R, Modern Small Industries
for Developing Countries, McGraw-Hill, New York,
1965,




55.

56.

57.

58.

141

Theil, H. Principles of Econometrics, John Wiley and
Sons, Inc., New York, 1971, p. 551,

Walters, A. A. "Production and Cost Functions: A
Econometric Survey," Econometrica, January -
April, 1963,

Witte, A. D, "Alternative Estimates of Capital-Labor
Substitutions in Manufacturing in Developing
Economies: Comment on Professor Clague, "
Econometrica, November 1971,

Witte, A. D. "Employment in the Manufacturing Sector
of Developing Economies; A Study of Mexico and
Peru, ' Journal of Development Studies, October
1973.




