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I. Introduction

The purpose of this paper is to examine comparative advantage
and productive efficiency of Korea in the textiles, clothing and
footwear industries, respectively, for the period 1968-1977. These

“industries have significantly contributed to Korea’s export-oriented
development policies.! Korea’s export values of textiles, clothing
and footwear as a total have been increased at an average annual
rate of 41% for the 1968-1977 period, explaining about 40% of
Korea’s total export values for the same period.? Korea’s market
shares have become about 10% of world total exports in these in-
dustries, respectively.® It seems, therefore, that Korea has had
comparative advantages in the exports of textiles, clothing and
footwear.

However, the question arises whether such a conspicuous ex-
pansion in exports has been mainly based on cost advantages from
Korea’s cheap labor cost or on efficiency in production. As the so-
called light manufacturing sectors, Korea’s textiles, clothing and

* Graduate School of Management, University of California, Los Angeles.
1 For detailed expositions of Korea's export-oriented development policies, see Frank,
Kim and Westphal (1975) and Westphal, Rhee and Pursell (1979).
2 See Appendix 2 for details,
3 See Appendix 3 for details,
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footwear industries have led the growth of exports due to-Korea’s
abundant labor endowment. By exporting to world markets,
however, these industries should achieve productive efficiency in
order to maintain comparative advantages in the future. If they
do not achieve productive efficiency, their export increases have
mainly resulted from cheap labor cost, so that comparative advan-
tages would be jeopardized in the face of increasing wage levels.

Following Farrell's approach (Farrell (1957), ‘Tyler, Lecraw
(1979)) we interpret efficiency as composed of two distinct and
separable components--technical efficiency and price efficiency.
Technical efficiency will be analyzed in terms of econemies of scale
(increasing returns to scale). Using the ‘Cobb-Douglas production
functions of these industries, we define the industry as
being technically efficient if there are economies of scale in pro-
duction.

Price efficiency will be analyzed in relation to the world-wide
energy crisis in 1974. The crisis, by increasing capital costs, would
change the ratio of the prices of capital and labor. A price-
efficient industry would change the ratio of its marginal products
of capital and labor equal to the changed ratio of their prices after
the crises. This means that a price-éfficient industry would use
relatively more labor in response to increased capital costs after the
crisis.

The paper is organized as follows: In the second section, an
overview of Korea's textiles, clothing and footwear industries is
made and their comparative advantages are examined. In the
third section, the Cobb-Douglas production function is used to
estimate economies of scale for these industries. In the fourth sec-
tion, the 1968-1977 period is divided into 1968-1973% and 1974-
1977 subperiods to investigate price efficiency associated with the
world-wide oil erisis. In the final section, we summarize the fin-
dings and propose further researches needed.

II. Overview of the Industries and Their Comparative
Advantages

Textiles Industry

Korea’s textiles industry was composed of 4176 establishments
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in 1977. The number of persons imployed was reported $98 thou-
sand in 1977. Of these, 289 thousand or 72.6% were committed
to spinning and weaving.

The production of yarns increased from 180, 714 metric tons
(M/T) in 1968 to 610, 704 M/T in 1977 with an annual rate of in-
crease of 18%. - The production of fabrics increased to 1, 312, 112
thousand square meters (m?) in 1977 from 206, 340 thousand m? in
1968, which yields an average annual rate of increase of 229%. The
details are presented in Appendix 1.

Clothing Industry

A total of 2777 establishments was reported for Korea’s
clothing industry in 1977. 'The total number of persons employed
was 205 thousand. The production of clothing has increased from
31.9 billion won (U.S.$ .1 billion equivalent) in 1968 to 806 billion
won (U.S.$1. 67 billion equivalent) in 1977 at current prices. The
details are also presented in Appendix 1.

Footwear Industry

Korea’s footwear industry had 192 establishments with 20
thousand persons employed in 1977. Its production has increased
more than five times for the period 1968-1977, which amounted to
127 million pairs in 1977. The details are also given in Appendix
1.

The export performance of Korea’s textiles, clothing and
footwear industries have also been remarkable. The export value
of textiles increased from U.S. $61,233 thousand in 1968 to U.S.
$1,093,373 thousand in 1977 with an annual rate of increase of
42.3%. The export value of clothing has increased from U.S.
$112,232 thousand in 1968 to U.S. $2,069,459 thousand in 1977,
which yields an average annual rate of increase of 39.4%, The
- export value of footwear has also increased to U.S. $487,626

thousand in 1977 from U.S. $11,044 thousand in 1968, which
shows an average increase rate of 58.19% annually. The details of
Korea’s export performances are presented in Appendix 2. It
seems, therefore, that Korea has comparative advantages in the ex-
ports of textiles, clothing and footwear.

So far we have referred to comparative advantage in general



156 JOURNAL OF ECONOMIC DEVELOPMENT

terms. A more precise specification of comparative advantage is
needed. Ideally, comparative advantage should be measured by
relative prices of bundles of goods traded by those countries whose
advantage one seek to establish. Since price differences are ex-
tremely difficult to observe in a world characterized by
heterogeneous industries and multiproduct firms, we follow
Balassa and others who looked for ‘revealed comparative advan-
tage’ in the form of an export performance index, assuming that
commodities characterized by comparative advantage will exhibit
a high export performance Balassa (1965). Kojima (1970), Hirsch
(1975), Parry (1975).

There are two indices in this type of revealed comparative ad-
vantage measure: (1) a measure of the share of an industry in the
country’s total exports Hirsch (1975); and, (2) a measure of the
relative export performance of an industry involving the relative
share of a country in the world exports of individual commodities,
suttably normalized by that country’s total share in “world” exports
‘Parry (1975).

According to the first measure, in the traditional two-country
and two-commodity model, we expect country 1 where the price
ratio of A to B goods is lower than in country 2 to have a higher ex-
port performance in A: The ratio of A exports to total exports will
be higher in country 1 than in country 2. And the second ap-
proach argues that if country 1’s relative share in “world” exports
of commodity A is greater than its overall share in total “world” ex-
ports, then country 1 has a “revealed” comparative advantage in
exporting commodity A.

The first measure is legitimate for making cross section com-
parisons between countries. It would be useless for comparing the
export performance of different industries within a single country.
In cases of time series comparisons for an industry, therefore, the
index does not indicate comparative advantage unless it is com-
pared with other countries. It simply represents the share of the
industry in the country’s total exports over time, Instead, it is im-

4 This is represented by the index.

X
u
E;~7—x 100
Xi
where Ej; = index of country i export performance in industry j
xy = country i exports of industry j

X; = country i's total exports.
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portant to note the directions of changes and their variance. If
the index has been increased over time, then comparattve advan-
tage of the industry has been relatively strengthened, and vice
versa. And if the changes in the index have been smaller, this sug-
gests that comparative advantage of the industry has been relative-
Iy stable.

The index is presented in Table 1 for Korea’s three industries.
The index of the textiles industry has decreased from 13.4 in 1968
to 10.9 in 1977. Except in 1973, the index has been lower than
that in 1968. This suggest that its comparative advantage has
been relatively weakened during the period 1968-1977, though it
has shown a relatively moderate stability in terms of its standard

Table }

RELATIVE EXPORT PERFORMANCES
IN KOREA IN TERMS OF VALUES

(percentage)
Year Textiles Clothing Footwear
1968 13.4 24.6 24
1969 10.6 25.8 1.7
1970 10.2 25.6 2.1
1971 12.9 28.5 35
1972 11.2 27.1 34
1973 13.9 23.2 3.3
1974 11.2 21.5 4.0
1975 13.0 22.6 3.8
1976 125 24.1 5.2
1977 10.9 20.6 4.9
Average 11.98 24.36 3.43
Standard 1.24 2.35 1.08
deviation

Sources: Calculated from Appendix 2.
Note: The index represents the export share of the industry irr Korea’s total exports as
a percentage, For details, see Note 4 in p. 25. '
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deviation. On the other hand, the index of Korea’s footwear in-
dustry has been doubled for the same period. What is more, the
index has been most stable. This could be interpreted as the fact
that comparative advantage of Korea's footwear industry has been
strengthened significantly and stably during the period 1968-1977.
Lastly, the index for Korea’s clothing industry has been mostly
variable in terms of its standard deviation. This might indicate
unstable comparative advantage of Korea’s clothing industry.
However, two related points should be noted. First, the index of
‘Korea’s clothing industry is much higher than those of the textiles
and footwear industries. It turns out to be about 24, which means
that about 24% of Korea’s total exports has been performed by the
clothing industry. As Korea’s total exports increase rapidly, the
index is possibly subject to higher variations relative to smaller
ones, Second, the index has decreased since 1973-1974, when the
world-wide oil crisis prevailed. This means that the relative share
of Korea's clothing industry in Korea’s total exports has diminished
in the post-oil crisis period.

As mentioned before, Table 1 is incomplete measures of com-
parative advantages unless compared with other countries. "For a
complete measure of revealed comparative advantage, we will use
the second index. As shown in Table 2, the relative export shares
of Korea’s three industries have been much greater than Korea’s
overall share in total world exports during the period 1968-1977.
This means that Korea has comparative advantages in the exports
of textiles, clothing and footwear.

III. Scale Economies of the Industries

Inthe previous section, we have found that Korea's textiles,
clothing and footwear industries have comparative advantages in
world exports, respectively. However, the question remains
whether such comparative advantages have been based on increas-
ed efficiency. Of efficiency, this section deals with technical effi-
ciency in terms of economies of scale. The industry is defined to
be technically efficient if it has demonstrated economies of scale in
production.

. 1. The Nature of Economies of Scale

The existence, nature and measurement of economies of scale
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have been the subjects of debate since the times of Adam Smith.
The existence debate has long been resolved, but there remains an
ongoing discussion regarding the nature of economies of scale and
how they are best measured Pratten (1971).

Economies of scale are reductions in average costs attributable
to increases in scale.’ We can estimate directly the cost function,
but it involves grave difficulties in application.® The traditional
approach was to specify the production function which described
the maximum output that can be obtained, with an existing state
of technological knowledge, from given quantities of inputs. The
production function approach describes the efficient techniques,
i.e., those which produce the maximum output of a desired com-
modity for given inputs Walters (1963).”

The production function is a technological relationship con-
fronting a firm. It is the entrepreneur who chooses factor propor-
tions and output levels. Can we then proceed to construct useful
production functions for an industry as a whole? One difficulty is
that those factors which we regarded as fixed for the individual
firm are not necessarily fixed for the industry, e.g., intrepreneurial
ability. Other factors, such as the quantity of skilled labor, which
were not fixed for the individual firm, may well be an important
limitation for the industry.®* Empirically the use of aggregate in-
dustry level data may mix fundamentally different production
techniques. Again use of aggregate data mixes ex post and ex
ante substitution in response to changing factor prices over time
and may give spurious results if changing capacity utilization is not
taken into account.’®

We shall assume, therefore, that the distinguishing features of
firm production for a given industry may be embodied in attained
values for certain technical parameters in an “industry” produc-
tion function, differences in them reflecting capacity utilization,
scales of operation, organizational structures, etc. In the spirit of

5 See Pratten (1971), p. 3.

6 For a detailed discussion, see Walters (196%), pp. 41-52.

7 When the production function is estimated, it is assumed that the only error is in the
disturbance term. This error is generally thought to arise from variables omitted from the
relationship or errors in measurement of the dependent variable Johnston (1972}, p. 281. If
firms do not operate along the production frontier, for whatever reason, the production
function that is estimated will be some “average” production function, not the efficient
frontier Aigner and Chu (1968), Lecraw (1977).

8 Walters (1963), p. 8.

9 Lecraw (1979), p. 633.
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Farrell (1957, 1962) who constructs an envelope isoquant for the
mdustry, the “industry” production function is conceptually a
frontier of potential attainment for given input combinations. The
production function for any particular firm may concepturally be
obtained from the industry function in terms of the firm’s ability to
implement optimal values of parameters in the industry.

We now define economies of scale for an industry in terms of
the elasticity of the production function for the industry. The
elasticity of a function f with respect to some decision variable x is
defined as:

¢ _ proportionate change in f

(1)

proportionate change in x

The function f(x1, xg, ..., xp) is defined as the production func-
tion, but the elasticity of f can not be defined without defining x,
the variable with respect to which the elasticity is to be measured.
If we assume that the other inputs are fixed, the elasticity of f(x;,

X2, ..., Xn) With respect to x; is then:
f B
e, = ’ 2
X_i ax_ ¥ ( )

This elasticity relates to the returns to a variable factor used in

" combination with other factors which are indivisible in the short
run, and have no direct relevance to estimates of economies of
scale for the industry.

Alternatively we might assume that other inputs are adjusted to
maintain an optimal input mix, in which case the elasticity of f
with respect to x; is:

e de ' X5 _ Ej (af,laxj)dxj . X, 3)
¢ dx. f dx; ' . f

1

For each relative factor price regime we can identify the optimum
input mix required to produce a given output. Hence we can
device the elasticity of output with respect to each input:

nf dlog [p(x*)]
= i=1...... n 4
e"‘i dlog (Xi) { ! . ) ( )
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where P( ) = production function
x* = optimum input mix for a particular factor
price regime.

If the production function is homogeneous, then there exists a
linear expansion path for each relative factor price regime and the
_elasticity of output with respect to all inputs is the degree of
homogeneity of the production function,'

Economies of scale are said to exist with respect to all inputs,
when the .appropriate elasticity of the production function
evaluated at constant relative factor prices and given technology is
greater than unity over the range of attainable scales Griliches and
Ringstad (1971).

. Economies of scale can be schematically shown through the iso-
quants diagram. Point A in Figure 1 represents an industry pro-
ducing at an observed combination of two factors--Kgy and Lg--to
produce output Qg (for example, 100 pairs of footwear). The iso-
quant QgQyp depicts the combinations of K and L to produce 100

Figure 1
ECONOMIES OF SCALE

K
Qs
Expansion path-
Qo '
K-\ — -~ — —
/ || Ql : Q; > 200
Kop=>=m=——~ X |
} |
/ ; : Qo @ Qo = 100
1
’!’l_ i ,I/l ] L
0 Lo L,

- 10 Layard and Walters (1978}, p. 64.
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pairs of footwear efficiently. If K and L are increased to K and
L) proportionally, say, dre doubled, this will reach the new iso-
quant (1Q; for output Q. If the new output Q; is increased
more than proportionally from Qy, i.e., is greater than 200 pairs,
there are economies of scale.

To estimate economies of scale, we will concentrate on the
estimation of the Cobb-Doublas production functions of Korea’s
textiles, clothing, and footwear industries.”! The elasticity of the
function which is given by the surn of the output elasticities with
respect to capital input (K) and labor input (L), measures the
relative increases in output from a proportional increase in K and
L. If there are economies of scale, the estimated elasticity of the
function is above unity.

A coveat is in order. For sensible aggregation of the industry,
the production function must be additively separable.”* Qutput is
then equal to a labor component plus a capital component.’¥ The
Cobb-Doublas production function does not satisfy the condition,
but when transformed logarithmically the function is additively
separable.!*

2. Methodology

The methods used to etimate the production functions are
single equation, ordinary least squares. They typically lead to
econometric problems of simultaneity (endogeneous explanatory
variable), multicollinearity and heteroskedasticity. Multicol-
linearity and heteroskedasticity problems are carefully examined in
relation to actual data in Section 3, but the methods are still weak,
in the sense that they do not take into account the fact that K and
L are jointly determined with output K and L are not independent
of the stochastic disturbance term, and our methods lead to a pro-

It For the properties of the Cobb-Douglas production function, see Nerlave (1965), for
example.

12 For discussion of additivity and separability, see Layard and Walters (1978), Pp-
163-167. .

13 In fact the function should be of the form

w.ooow w
X %=aL 1 + bk 2
where the w's are constant weights.

14 This.is the rationalization of Klein's use of geometric means. One of the practical
problems is that the data are published in the form of arithmetic averages or totals, whereas
our function requires geometric averages. However, if the relative variances of the
variables, output, capital, and labor are approximately equal, the relative biases will be
about equal.
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blem of simultaneous estimation Intriligator (1978). *

However, it is dangerous to be pedantic about the superiority of
simultaneous equations or single equation methods. The choice
between the single and simultaneous equation models must depend
on the purposes for which the estimates are required, the
availability of data, and relative errors.

The function can be expressed as

U B
Q = AK* Lfct (5)
where Q; = output at period t
- Kt = capital input at ¢
L; =laborinput att

The log-linear form is then

qc = a + akg + Bl + Ug (6)
denoting the logarithm of corresponding variables by lower case’
letters. The estimated « and 3 measure the elasticities of output
with respect to capital and labor, respectively. The sum o + (3
gives information about returns to scale, that is, the response of
output to a proportionate change in the inputs. If the estimated
sum is greater than unity, there are economies of scale, which is
considered technically efficient.

All data, presented in Appendix 4, are annual for the period
1968-1977 and are taken from the UN Yearbook of Industrial
Statistics, supplemented by Korea Statistical Yearbook. There-
fore, all data are generally in accordance with United Nations
standards.

As a proxy for capital input, electricity consumption used, to
avoid weaknesses of the book value of capital as a measure of
capital input.’® One of the dissatisfactions with the book value of
assets as a measure of capital input is that while output is a flow
concept applied to the period of time, the book value of assets is a
stock at a particular point in time, The justification for using

15 The simultaneity problem refers to the possible confusion in causality: output depends
onK and L, while K and L, in tumn, depend on output. For possible solutions, see Griliches
{1979).

16 For the excellent summary of the weaknesses, see Mason {1973).
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electricity consumption is that within the textiles, clothing and
footwear industries, respectively, the technologies are sufficiently
similar, so that the capital input is proportional to electricity con-
sumption Cohen (1973).7

3. Empirical Findings
The estimated parameters of the Cobb-Douglas are reported in

Tabel 3. From Tabel 3, a test of the hypothesis of constant
returns to scale can be conducted by the t test as follows:

(a+p) -1
SE(ac-+6)

— | (0 +8) -1 (7)18
Var (@) + Var (8) + 2Cov (a,8}

Table 3

REGRESSIONS USING ELECTRICITY AS A PROXY
FOR CAPITAL INPUT

Intercept o g R? F-ratio

Textiles Industry ~ -3.362 0.876 142 991  390.1212
(-1.538)  (5.144)* ( .367)

Clothing Industry ~ -6.193 421 1.090 990 353.83%
(-6.121)* (2.386)° (5.073)2

Footwear Industry -3.974 -265  1.643 .864 22.314%
(-3.025) (-731) (4.386)%

Note: 1. Numbers in parentheses are t-tests.
2. a, b, and ¢ indicate significant difference from zero at 1 percent, 5 pecent, and
10 percent levels, respectively.
3. Assuming N=15, the Durbin-Watson test indicates that while the test is
inconclusive for the texiiles industry, there is no positive or negative serial
autecorrelation in the clothing industry and the footwear industry, respectively.

17 Electricity consumption possibly serves our purpose better in examining the effects of
the energy crisis, which is dealt with in Section 4.
18 Sec Gujarati (1978}, p. 325.
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 If increasing returns to scale prevails, the t value computed above
exceeds the critical t value at the chosen level of significance on a
one-tailed test, so that we may reject- the hypothesis of constant
returns to scale.’” The result of the t test in equation (7) is given in
Table 4.

As shown in Table 4, the sum of the estimated output
elasticities « + [ is significantly different from 1 in the clothing
and footwear industries. This indicates that Korea’s clothing and
footwear industries have demonstrated increasing returns to scale
for 1968-1977 period. On the other hand, the textiles industry is
subject to constant returns to scale for the same period, since the
estimated sum is not statistically different from unity.

Table 4

THE TESTS OF THE HYPOTHESIS OF CONSTANT RETURNS
TO SCALE (Hy: o + B =1)

at+f t-value df Decision

Textiles Industry 1.018 082 7 Accept Hy,
Clothing Industry 1.512 7.659% 7 Reject Hyy
Footwear Industiry 1.369 1.678°€ 7 Reject Hypy

Note: a and ¢ indicate the 1 percent and 10 percent s&igniﬁcance level.

19 By imposing the restriction that « + B = 1 on equation (6) directly, we can also use
‘the F-test as follows:

Let
Zey? = the residual sum. of squares (RSS) of the estimated equation (6)
Ze,? = RSS of the estimated equation with the restriction
m = _ number of restriction (1 in this case)
K = number of parameters in equation (6)
N = number of observations
‘Then,

(2322 - 2&12) /m

Ze 2/ N-K)

follows the F-distribution with m, N-K df.
- See Gujarati (1978), p. 326.
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The test procedure in equation (7) is indirect, in the sense that
we actually test the hypothesis of constant returns to scale. A
direct approach would be to test the hypothesis of increasing
returns to scale by incorporating the hypothesis into our function,
According to the hypothesis, the sum of & and B is greater than 1,
ie,a + B > 1. If weintroduce a slack value h, we get

atf-h=1 (8)%°

If we incorporate equation (8) into equation (5), the model
becomes

U

Q = agKLetie (9)
If we divide both sides by L., we get

Qt Kt @ h u

T, % \L) e (10)

t t .
Its log-linear form becomes
K, :
log T - loga, + cxlog? + hlogL, + U, (11)*
t t

A primary advantage of this information is that it permits a
direct t test of whether h is significantly different from zero. If the
estimated h is significantly greater than zero on a one tailed test,
we may accept the hypothesis of increasing returns to scale.

The empirical findings of equation (11) are presented in Table
5.

Asshown in Table 5, h is significantly greather than zero in the
clothing and footwear industries, thus leading to the conclusion of
increasing returns to scale. On the other hand, h is not statistical-
ly different from zero in Korea’s textiles industry. These results
are same as in Table 4. Therefore, we conclude that Korea's
clothing and footwear industries have demonstrasted technical

20 For detailed discussions, see Intriligator (1971).
21 This estimating equation has been used by Griliches and Ringstad (1971}.
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Table 5

REGRESSIONS FOR THE HYPOTHESIS OF SCALE ECONOMIES
(H12: o + B > 1)

Intercept o h R?  F-value Decision

Textiles  -3.362 876 018 971 116.074* Reject Hy,
Industry  (-1.533) (5.144)* { .082)

Clothing  -6.193 421 512 985 504662 Accept Hy
Imdustry  {-6.121)% (2.386)P (7.656)%

Footwear -3.974 -.265 369 .379 2.135  AcceptHp,
Industry  (-3.025)° (-.781) (1.679)°

Notes: 1. Numbers in parentheses are t-values,
2. a, b, and ¢ indicate significant difference from zero at 1 percent, 5 percent,
and 10 percent levels, respectively. -

efficiency in production, while Korea's textiles industry has not
achieved technical efficiency.

IV. Price Efficiency of the Industries

The world-wide oil crisis has caused capital costs to increase
significantly. In response to increased capital costs a price-

22 Actual prices per Kwh sold are reported as follows:

Year Won/Kwh
1968 6.04
1969 5.85
1970 6.33
1971 6.40
1972 . 7.36
1873 7.30
1974 10.64
1975 17,10
1976 19.43%
1977 21.81

Source: Korea Electric Co.
Note that the prices was increased in 1974 by about 46 percent as compared with in 1973.
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efficient industry will substitute labor for capital after the crisis.?
To test the existence of substitution possiblities with production
function estimates and observed capital-labor ratios, we divide the
sample into two parts: pre-energy crisis and post-energy crisis,
‘where the latter characterizes the 1974-1977 period. Then the
production function in Equation (6) is estimated for both
subperiods,

Figure 2 describes the substitution choices for the industry in
pre-and post-energy crisis subperiods. The respective wage-
electricity cost ratios are given by (W/T)po and '(w/r)pr; K;
represents the capital (electricity consumption)-labor ratio before
the energy crisis; K3 represents the capital-labor ratio after the

Figure 2
FACTOR SUBSTITUTION

isoquant before the crisis

/
/
/
/
/ Isoquant after
/S __ the crisis
s (/1)
[ L= N Wiy,
e L

28 “Ancxmaple . . . comes from a project to reduce energy use in the finishing of textiles.
Old way: cloth is treated with a liquid to make it, say, water-repellent or more resistant to
wrinkling; then it takes a lot of heat to dry the cloth. New way: cloth is treated with a con-
centrated foam instead; with much less moisture, much less heat is needed for drying”
(Fortune, March 9, 1981, p. 84).
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energy crisis; and Kg represents capital-labor ratio of the industry
after the energy crisis if it were to face the wage-electricity cost
ratio not significantly different from the pre-energy crisis period.
K; and Kg are selected by choosing the least cost capital-labor
ratio.

By comparmg kg and kg we can test for price efficiency after
the crisis; if kg ks, then the industry is selecting an act1v1ty on the
isoquant which utilize relatively more labor after the crisis due to
increased capital costs. Therefore, kg exceeds kg in the price-
efficient industry.

Capital-labor ratios, ki and ks, are taken to be the observed
means in pre-and post-oil crisis. Assume that perfect competition
prevails. To calculate, kg, equate the least cost ratios of the pre-
oil crisis and the post-energy crisis under the assurnption of a com-
mon wage-electricity cost ratio, (w/ r)pr, and solve for kg.™

Productive technologies differ between the pre-energy crisis
and the post-energy crisis if, when facing the same wage-electricity
cost ratio, the least cost capital-labor ratios differ, i.e., k; is dif-
ferent form kg. The hypothesis that k; = kg can be tested by
applying Chow’s F-test of the equality of the coefficients of the two
sub-period regressions since, if the production functions are iden-
tical and factor price ratio is equal the capital-labor ratios must be
equal.

The estimated parameters are reported in Table 6. The Chow
tests indicate the regression coefficients do not differ between the
two sub-periods in Korea's textiles and clothing industries. In
these industries, therefore, we can not say that k; and kg in Figure
2 differ significantly. There are thus no statistical differences in
productive technologies between the pre-energy crisis and the post-
energy crisis. However, the equality of production regression coef-
ficients is rejected at the 5 percent level in Korea’s footwear in-
dustry. This means that productive technologles differ between

24 To illustrate, letting pr and po be subscripts referring to the pre-energy crisis period
and the post-energy crisis permd respectively, equate the least cost capital-labor ratio of the
pre-energy crisis,

(Bpr/mpr) k1 = (w‘/r)pr
with the least cost ratio of the post-energy crisis,
(B;}u/“po) ky = (W/r)pr
and solve for Ks.
Notice that the calculation of ky does not require data on w/T.
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the pre-energy crisis and the post-energy crisis in Korea's footwear
industry. This in turn implies that at least two different

technologies exist in Korea’s footwear industry Courtney and Leip-
ziger (1975).

Table 6
REGRESSIONS FOR FACTOR SUBSTITUTION

z Chow-test
Intercept o 8 R Fratio
Textiles Industry
Pre-energy crisis -3.346  1.066 =007 991
(2.152)  (8.412)* ( .027) 3.08
Post-energy-crisis 1.796 1.706 ~1.154 947
(.158)  (1.168)  ( .458)
Clothing Industry
Pre-energy crisis -5.237 55 905
(3.282)°  (2.81)°  (3.04)° 973
2.36
Post-energy crisis -.268 687 232 996
( .287) (5.77) (1.307)
Footwear Industry
Pre-energy crisis 1.078 152 386  .BI8
( .738) ( .802) (1.078)
13.19P

Post-energy crisis 887 749 316 977
( 874}  (1.946}  ( .891)

Notes: 1. Numbers in parentheses are t-values.
2. a, b, and c indicate significant difference from zero at 1 percent, 5 percent,
and 10 percent levels, respectively, .

As shown in Table 7, kg is less than ks in Korea’s textiles in-
dustry. This means that the textiles industry is price-inefficient
since it uses more capital after the crisis in spite of increased capital
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costs. This might be explained by the fact that Korea's textiles in-
dustry has made efforts to improve its product quality by relying on
more capital-intensive uses. Since ki and kg are statistically the
same in the textiles industry, however, its efforts have failed with
the same technology available. On the other hand, kg exceeds kg
in Korea's clothing and footwear industries, which implies that the
chosen production process is run more labor-intensively after the
energy crisis due to relatively lowered wage levels. This indicates
that Korea’s clothing and footwear industries are price-efficient.

Table 7
ESTIMATES OF K, Ky AND Ky

ki kg ks
Textiles Industry A7 002 .30
Clothing Industry 02 10 .02
Footwear Industry 08 48 .05

However, the way to maintain price-efficiency differs in these
two industries. Since kj and kg do not differ in Korea's clothing
industry, the industry has basically used the same technology
regardless of the energy crisis. Instead, the clothing industry has
successfully substituted labor for capital where possible and
employed more labor per unit of capital after the crisis than before
the crisis. On the other hand, Korea's footwear industry has at
least two different technologies available since k) differs statistical-
ly from kg. After the crisis, therefore, Korea's footwear industry
has chosen a different technology which is more labor-using.

V. Conclusion and Proposal

Korea has had comparative advantages in the exports of tex-
tiles, clothing and footwear for the period 1968-1977. Though
Korea's textiles industry has a comparative advantage, it fails to
achieve efficiency--neither technical efficiency nor price efficiency.
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Its comparative advantage is simply based on Korea’s cheap labor
costs. Therefore, its comparative advantage would be jeopardized
in the face of increasing wage levels. On the other hand, Korea's
clothing and footwear industries have achieved efficiency--both
technical efficiency and price efficiency. Therefore, their com-
parative advantages would be maintained in the future. What is
more, the footwear industry has the flexibility in adapting the
technology. '

The usefulness of our studies lies in providing a criterion for
judging the firm's chosen technology. If we get data about firms
within the industry, we can judge the appropriateness of the
technology chosen by the firm, using our results.

This is illustrated in Figure 3. The estimated function (6) is
PP.

Figure 3
CHOICE OF TECHNOLOGY FOR A FIRM

Capital P .

slope = wfr

0 Labor
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For a given factor-price ratio w/r, an efficient firm would
choose its technology at C. A technology is price-inefficient if it is
on the production frontier, but the ratio of its marginal products.of
capital and labor is not equal to the ratio of their prices (point B
in Figure 3). A technology is technically inefficient if it is to the
northeast of the production frontier (point A). At point D, the
chosen technology is both technically inefficient and price-
inefficient. A firm that chooses technology at G uses appropriate
technology; any other technology is inappropriate.®

25 A similar study has done on Thai econemy by Lecraw (1977).
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APPENDIX 1
Table 1

PRODUCTION OF TEXTILES AND FOOTWEAR IN KOREA

Yams Fabrics Footwear

Year .

M/T  %inc. 100 m?® %inc. 1000 pairs % inc.
1968 130,714 - 206,340 - 25,912 - —
1969 200,721 53.6 314,468 52.4 81,695 22.3
1970 261,447 31.3 328,653 4.5 31,712 (%.1)
1971- 289,177 106 405,217 23.3 43,148 405
1972 406,838 40,7 432,777 6.8 43,531 1.0
1975 586,001 44,0 632,271 46.1 67,644 554
1974 603,383 3.0 609,255 (8.6) 75,736 120
1975 568,581 - (5.8) 720,562 18.3 71,536  (5.5)

1976 538,282 (5.3) 936,113 29.9 112,798 577
1977 601,704 11.8 1,312,112 40.2 127,104 12.7
1978 630,203 4.7 1,457,079 11.0 140,261 104

Table 2
PRODUCTION. OF TEXTILES, CLOTHING AND
FOOTWEAR IN VALUES {Unit: Billion Won)

Year : Textiles ‘ Clothing Footwear
1968 129.0 31.9 3.3
1969 178.4 35.9 3.4
1970 197.5 46.3 _ 3.6
1971 261.8 624 5.6
1972 378.1 94.5. 111
1973 665.1 189.7 12.2
1974 806 251 14
1975 1,308 385 28

- 1976 1,813 666 39
1977 2,164 . 806 : 101

Source: Yearbook of. Industrial Stéltistics, U.N. and The Growth of World lndﬁstry,.
U.N.
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AfPENDIX 4

Table 7

PRODUCTION INDEX, MAN-DAYS AND
ELECTRICITY CONSUMPTION

1. Textile Industry

‘ Electricit
Year Index ?f Man-days _Consumptiin
Production {Thousand days) (Million KW)
1968 24 4,193.5- 478
1969 32 4,760 638
1970 38 : 4,622.8 740
1971 45.7 4818.4 908
1972 60.8 5,643.5 1,003
1978 76.2 7,053.7 1,456
1974 78.4 6,510.2 1,718
1975 100 7,813.2 2,240
1976 131.0 8,466.7 2,677
1977 141.6 9,281.4 3,122
2. Clothing Industry
e T i
Produr_:tmn {Thousand days) (Million KW)
1968 12 904.2 ' 15
1969 125 1,038.9 20 .
1970 15.3 _ 1,064.5 24
1971 21.7 1,414.8 29
1972 32.2 1,958.0 33
1973 59.5 2,197.4 80
1974 78.1 92,7384 58
1975 100 3,753.9 74
1976 1419 4,666.0 118

1977 157.8 4,782.8 131
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‘3. Footwear Industry

Year Index ,O f Man-days ’ Cfrizz;n;iz:z
| Production {Thousand days) (Million KW)
1968 23.1 128.4 5
1969 23.1 115.3 _
1970 23,1 94.3 8
1971 32.6 : 128 4 10
1972 81.1 186.7 22
1973 37.4 : 197.3 15
1974 60.6 - 1422 9
1975 100 279.4 15
1976 139.2 o 368.3 20
1977 201.4 457.9 26

Sources: Yearbook of Industrial Statistics, U.N. ang Economic Planning Board, Korea.
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