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I. Introduction

Much of the economic success of Korea, Japan and Taiwan has been
attributable to foreign trade and technical change, and the spectacular
growth of these three economies has attracted much scholarly attention
in recent years. The present study provides the quantitative dimensions
of import demand function and technical change for three economies,
and pays attention to the contrasts and similarities in the results among
the three economies. These contrasts and similarities will provide
valuable insight for better understanding of the development process.

While imports are treated as either final goods of intermediate goods
which are separable from primary factors in the traditional approach,? it
would be more reasonable to treat imports as a factor input. A small
number of studies® have recently verified the role of imports as a factor
input which is important as substitutes or complements for domestic
primary inputs.

The specific objectives of this study are as follows: First, it examines
the role of imports in Korea, Japan and Taiwan for the period of 1964-
83. Second, it uses decomposition analysis to see the effect of technical
changes on input demand and to estimate biases of technical change.
Third, it makes intercountry comparison of the results and discuss the
implications of our findings.

In order to estimate the import demand function, we use the translog
cost function approach as it overcomes several serious deficiencies
inherent in the conventional functional form such as Cobb-Douglas and
CES functions. The translog enables us to estimate the import demand
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without imposing any a priori restrictions on input substitutability or
separability among inputs and outputs, and to test hypotheses about sub-
stitutability and various separabilities. Input-output separability implies
that the composition of outputs does not affect the cost-minimizing mix
of inputs for given factor prices. The verification of input-output
separability is of significance for three countries because of substantial
change in the mix of consumption goods, investment goods and exports.
In addition we also test the hypothesis of separability among inputs. The
non-existence of such separability implies that it would be inappropriate
to treat the import demand as depending only on import prices and
GNP, as is done in most traditional approach to the estimation of import
demand. Further, the translog cost function enables us to calculate the
Allen Partial Elasticities of substitution (AES) between pairs of inputs,
and thus to make judgement about input substitutability or comple-
mentarity.

The existing literature on the measurement of technical change is
limited in scope in evaluating the process of technical change for developing
economies.” Furthermore, little attempt has been made to analyse the
growth of factor input demand through the decomposition of factor
input demand (Kako (1978), and Berndt and Khaled (1979)). From a
policy perspective, the measurement of technical change is important for

forecasting growth prospects and allocating scarce resources.

In sections II and III, we discuss the methodology and data, and in
section IV we analyse the empirical results along with their policy implica-
tions. Summary and conclusions are given in section V.

II. The Model with Technical Change

A system of import demand function will be derived in an attempt to
avoid some of the more serious shortcomings of the traditional approach.
Import and export decisions are assumed to be made by cost minimizing
firms operating in the purely competitive market for inputs and outputs.
Imports and exports are considered respectively as inputs to, and outputs
of, the technology. Under these conditions the technology of production
can be defined by a transformation function t(Q;X)=0 where Q is a
vector of outputs and X is a vector of inputs. If t(Q;X) is continuous for
all nonnegative Q and X and the input requirement set X(Q)= (X|t(Q;X)>>0)

3) See Berndt and Khaled (1979), Binswanger (1974), Kako (1978), Kopp and Smith (1981).
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is closed and strictly convex, then there exists a unique cost function
C( Q;W) due to duality principle differentiable with respect to 'Q and W

where W is a vector of factor prices. C(Q; W) is defined by,
C(Q;W) =min W'X s.t. XEX(Q. (1)

The cost function is the formulation adopted in this paper to describe
the technology.

The production sector for a country will be approximated with a
model that has three outputs and three inputs. The outputs are con-
sumption goods (C), investment goods (I) and exports (X). The inputs
are the services of capital (K) and labor (L) and imports (M). The
following accounting identity is used to connect the total value of the
outputs to that of the inputs:

PeQc+ P1Qp + PxQx = Wi Xy + WgXg + Wy Xy (2)

The aggregate joint cost function will be approximated using the translog
function.

InC= a, + 2a; ani + Eﬁkh’Qk + rtlnT + 4LX 513 ani ]Ile
i ij
+ 'é-ZlIE O InQxInQ; + ZZ pix bW InQx + InT 2y InW;
ik i
+ lnT).;.chank + 470 (1012

i,j=K,L M, k,1=C,I K (3)

We consider the following as maintained hypothesis:
(1) The symmetry constraints require

a) 0y = di; b) Pk = Pui c) Ok = 61 (4)

(2) The cost function is linearly homogeneous in the input prices W; and
this requires the parameter restrictions®

a) za=1 b) ZXZdij =2di; =Ldij = o0 c) ZIpi =0
i ij i i !
d Zru=o (5)

(3) Linear homogeneity of the production function in inputs requires

4) Linear homogeneity in input prices is defined as follows: C (AW, Q, T)=C(W, Q, T) or
InC(AW,QT)=In 1+ InG(W,Q,T). Substitute A W for W in equation and Weget InC( W,QT)=

1 1 1 R -
1nC(W,Q,T)+ln2 ;ai-q- E(lnl)z l:?aij + Eln] ;izdii InW + 7 Ind .Yi_‘zrd.. l“wi+l“1|:l,"?“‘

.. . = — =N, = 2 Pin = Sra=0
ank-!lnTiETi. InZ . This implies that ;? 1‘-‘:;6" ?’u 0 02;?”' LA
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additional constraints:®

a) ;ﬁk =1 b) 2P0 = Fba =Z0u =0 c) ZPk =0
d) ZTe =0 (6)

Differentiating (3) logarithmically with respect to input prices and
output quantities, using Shephard’ lemma, and incorporating the main-
tained restrictions, we obtain the share equations.

alnc
alnWk

2lnC
. 3anM- ay + 5mln‘—M— + EKMIDVT/L + pMcln% + mxln%+ 7wmeInT

W, Wt
Sk = = @y + Oxx 1nW1: + 5m1nw + chln% + pxxlrle + 7x InT

>l 1

e Q & Wi W
Re nQc ﬁc + 0cc111Ql + fcx lna + Pl(cln'WL— + pmlnﬁ + rcednT
9lnC X Qc Wk Wi
R = - — —_— —
X A0 ﬁx + 0xxln—@— + 00{1an + pranL + Pmx anL + 7% InT
(7)

Where Sk and Sy are the cost shares of capital and imports, and R¢ and
Ry the revenue shares of consumption goods and exports respectively.
The 3i, P and 6 parameters have little economic meaning of their
own. They are related to various elasticities of substitution and of factor
demand. The cost share equation of labor and the revenue share equation
of investment are omitted because n-1 cost share and m-1 revenu share
equations are independent.

The four equations (7) with additive error terms for cost minimization
will be used to estimate the parameters of the translog function. The
procedure used is the Zellner’s seemingly unrelated regression estimation
to estimate the parameters of the cost and revenue share equations. The
iteration of Zellner’s estimation procedure until convergence yields
maximum likelyhood estimates which are invariant to the omitted
equations.®

Our tests for hypothesis are based on the likelyhood ratio ( 2 ) mothod,
indicating that —21n 2 is asymptotically distributed as X and unbiased

5) Constant returns to sacle (linear homogeneity of the production function in inputs) implies that
CW, Q. T=Q-g(W, TorlnC(W,Q, T)=InQ+Ing (W, T).
6) See Kmenta and Gilbert (1968).
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with the number of degrees of freedom equal to the number of independent
restrictions imposed.

The translog functional form enables us to compute AES between
inputs with the parameter estimates of cost function and the fitted cost
shares, and without any a priori restrictions being imposed. In general,
the AES between inputs i and j can be written as”

agi; = CCi; /GG = €5./5; (8)

where C;;=8°C/dW;aW;, C;=38C/aW,;, ¢ is compensated price elasticity
of ith input with respect to jth price since Q is constant, and S; the jth
input cost share.

In terms of the estimated parameters of translog cost function and the
fitted cost shares, Equation (8) can be expressed as®

)

O +
T ! (9)
Also, the own elasticity of substitution ( ¢ ;) can be expressed as following

8ii +Si°-Si
Oy = —,§l-§——'— (10)

If the technology is separable with respect to a partitioning between
outputs and inputs, the translog joint cost function can be written as InC
(Q;W;T)=InG(Q) + InH(W, T) which implies that the interaction terms
between outputs and input prices must be vanished. In terms of the
parameters of our model the existence of input-output separability
requires setting the parameters of the terms involving interaction
between input and output equal to 0.

7) See Layard and Walters (1978).

9, %y _JnC_oC Wi CWi o _SC . _SC
¥ TCG "E3awW, W, € C w7 TW,
By differentiating C; with respect to W;,

_1.35C ) .
Ci; =% [—DW; +8iC;) since W, is constant,
1 2s; €, _8C_ C _ s _
W, olnW, W; Si W, ’wiw;[alnw,“L $:81
Through substitution of the relevant terms, we get
C 35;
— WW,; aInW,»+S'S’ _ 6iy +Si8; 8 1
YTUsC SiC SiS; S8

W, W
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Separable production structure can be inferred from a separable cost
function. The AES measures the response of derived demand to an input
price change, holding output and all other input prices fixed. Separability
restrictions on production and cost functions are equivalent to certain
equality restrictions in the AES. The weak separability between W; and
W; from W, exists if and only if ¢x= o for homoethetic production
function.

The existence of linear separability between factors would hold if
o x=ox=1, If g;x= gu=1, there would exist nonlinear separability. In
terms of the parameters of the model the test for the existence of linear
separability between pairs of inputs, involves imposing the additional
restrictions.
(1) For linear separability between primary factors (K, L) and imports,
the additional restrictions imposed are jxm= §mm=0.
(2) For the case of (K, M) and L, the restrictions are dxk= —0 kM= § MM-
(3) For the case of (L, M) and K, the restrictions are jxx= dxm=0.
Finally, the existence of non-linear separability imposes the following
restrictions.
(1) The existence of non-linear separability between primary factors and
import requires that § xkm(1-Sm) =-Skémm. In terms of the parameters of
the model the restrictions are:

OKkMm

a) ay=1+ — a d M = — = — PK
) " O KK K ) O KM rx 0KK x
52 OKM. ]
b) S = KM e) Tme = KM. TKt _ Okk Tkt
'3 OMM Oxm
_ Omm _ Oxm
©) Puc = OKM Pre = OKK Pre (11)

(2) The existence of non-linear separability between (K, M) and L implies
that

Sm(Okx + dxm) = Sk(dum + Oxkm).

In terms of the parameters of the model, by substituting for Sy and Sk.

5%km
a) Okk = 3
MM
+0 7 + By B
b) ax Oxk+ OKM _ Oxm a ) o= S KK T OKM _ Okm .

_ - —_—— PMc
Smmt OkM Omm Ovm OkM Opm
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_ 5KK+ Oxum _ 5KM _ 5MM+6KM 5](“
D = o ™ T T P TN T e T T B ™
(11)

'(3) The existence of non-linear separability between (L, M) and K implies
that

"5KKSM = Okm - SK5KM.

In terms of the parameters of the model the restrictions are

8° 0

a) dxx = —X b) ax= XK g 1= o L
Omm OKM Oy
o

c) Pre =—2 puc d) pxx=5ﬂpm
5MM 5MM
Oxru

e) Tkt = —% 7me (12)
Omm

Separability means that input can be aggregated if an input is separable
from all other inputs, i.e., a consistent aggregate index may exists for
that input.

Decomposition Analysis of Technical Change

The Hicksian definition of technical change is used in this study.
According to Hicks, technical progress is neutral if the marginal rate of
substitution between capital and labor is unchanged under technical
change at given factor proportions. By the same token, technical change
is defined as Hicks' labor saving if the marginal product of capital is
raised relative to that of labor, given factor proportions, and is labor
using if the opposite is true. Hicks-neutral technical change has the
further characteristic of leaving relative income shares unchanged
whereas Hicks' labor-using technical change raises labor’s relative share
and labor-saving technical changes do the opposite.

To characterize the effects of technical change in the production process,
focuses are given on the innovation that causes a production function to
shift, increasing the maximum output obtained from given endowment
of inputs. Under equilibrium conditions, technical change can be
measured by using the cost function as a dual to the production
function.
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The variation in equilibrium factor demand over time can be attributed
to changes in output, changes in factor prices, and changes in the level
of technology. If firms attempt to minimize the cost of producing the
outputs, the equilibrium quantity of the factor input i is a function of
the levels of outputs (Q), factor prices (W), and technology (T) as following

X: =X (Q,W,T) (13)

where i=K, L, M and where Q is a vector of outputs, W a vector of
factor prices, and T a technology index.

By total differentiation of equation (13) and algebraic manipulation,
equation (14) can be written as

dInX; = 61nX~ alnX; alnX;

di , dlnX:
g P T Eorg AW+ dnT ()

The three terms on the right-hand side of equation (14) give, respectively,
that part of the growth of input demand due to: a) variations in output
levels with others being constant; the output effect, b) variations in
factor prices with others held constant; the total substitution effect, and
c) technical change with others constant; the technical change effect.
The variation in the factor input level due to output and total substitu-
tion effect is calculated using the estimates of the parameters of the
translog cost function.” The effect of technical change is calculated as a
residual.

The Hickian definition of technical change bias indicates that technical
change is X;-saving (X;-using) if, at constant relative factor price ratio,

Xi/X; decreases (increases). In general d1nX;/X;=d1nX;-d1nX;, so that
the actual growth in factor input ratios can be calculated as

Xi Xi, ten X, tan _
dln=2—= 1 N s =

Xj n Xi’t B Xist

9) The cost share of factor inputs is given by

_ 3lnC _WiKi . _C.Si L . )
8 = .- C Hence Wi = Wi T InXi = InC + InSi —-anI,

8lnXi 3InC 3lnSi  3InW.

= 4

S. . .
AnQ. aan. 2lnQ.  aInQx * TSamq, Smee Wi is constant.

a3Si
R
( xS +Bl . )
ﬁlnX; 3inC  3InS; - aS; -
3InW, ~ 2lnW, T 2InW, S.alnW, S, 5, (6, +Bl w) for i xj

alnX; 1
Dan._— X5 +

)forl—,
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Further, from equation (14), we obtain the following:

X 9InX; 91nX;
.9} _2ndi o o 214y
an dwi= o T In 3InT dinT (15)

dl
Then technical change is X;-saving or X;-using according to whether the
right-hand side of (15) is negative or positive. Binswanger (1974b)
generalized the definition of technical change bias to n inputs, which
technical change is X;-saving or X;-using according to whether the cost
share of X; decreases or increases at unchanged relative input prices. In
this framework it can be shown that:

olnX: - 9lnX;
F = —_— dinT - —=
dlns TG: n 2T dinT

and then technical change is X;-saving or X;-using according to whether
dInS;* is negative or positive.

II1I. Data Description

For estimation we require annual time series of GNP, national income,
revenue shares, cost shares, quantity indices of outputs, price indices of
inputs and index of technical progress. Values for these series were
calculated for each country from 1964 to 1983, and scaled to 1 in 1975
for Korea and Japan, and in 1976 for Taiwan. The results are invariant
to the scaling of the regressors.

Cost of labor services includes compensation to employees and the
portion of income from unincorporated enterprises which was calculated
by multiplying income from unincorporated enterprises by the ratio of
compensation to employees to the rent, profit and interest from capital
services. Cost of capital services is aqual to capital compensation
(national income less labor cost). The cost of imports is shown in GNP
statistics.

The revenue share of each output and the cost share of each input is
obtained by dividing the revenue from each output and the cost of each
input by national income, respectively. Output quantity indices of the
three outputs and imports price index can be calculated by using the
national product accounting statistics at current and constant prices.

The quantity index of labor is constructed from the data of total
persons employed. The price index of labor services is obtained by
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dividing labor compensation by the number of persons employed. The
price of capital service is obtained by dividing capital compensation by
the net capital stock. The net capital stock only for Korea was adjusted
for rates of capacity utilization which is available for Korea.

IV. Empirical Results

By using equation (7), the parameters of the translog cost function
with the maintained hypothesis, and with Hicks’ non-neutral technical
change were estimated and used in the test of the separability hypothesis,
in the calculation of elasticities, and in the decomposition analysis of
technical change.

Initially, the parameter estimates of the translog cost function with the
restrictions of symmetry, linear homogeneity of the cost function in input
prices, and linear homogeneity of the production in inputs are referred
as unconstrained estimates shown in Column I of Tables 1, 2 and 3 for
Korea, Japan and Taiwan, respectively.

The parameter estimates of the cost function with input-output
separability is presented in Culumn 2 of Tables 1, 2 and 3. The test is
performed by calculating the maximum likelyhood ratio (1) or in
logarithmic form In2 =InL(w )-InL({}). The test results for Korea,
Japan and Taiwan present X%=33.51, 30.67 and 71.25 which exceed 1%
critical value 13.28. We therefore reject the hypothesis of the input-
output separability for three countries.

The rejection of the existence of input-output separability implies that
changes in output composition will affect the cost-minimizing input mix
for a given output level and thus affect the relative demand for inputs. In
other words, a consistent index of aggregate output does not exist and
cannot be used for estimating demand for inputs. This result is consistent
with Burgess’ results for the U.S.A., but is different from Mohabbat (1984)
for India. The differing lengths of the sampe periods covered and the
different data may provide a partial explanation for the difference between
Mohabbat and this study.

For testing the hypotheses of linear separability for Korea, table 1 lists
the parameter estimates, the restrictions, and the log of likelihood
function. X ?(14.04) for linear separability between primary factors (K, L)
and imports (M). X2 (17.91) for linear separability between (K, M) and L,
and X 2 (11.11) for linear separability between (M, L) and K exceed 1%
critical value 9.21. We therefore reject the hypothesis at 1% level of sig-
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nificance. The X Zstatistics calculated from Table 2 for Japan are 29.91 for
(K, L) and M, 24.81 for (K, M) and L, and 55.32 for (L., M) and K. These
exceed the critical value (9.21) for 1% level with 2 degrees of freedom, and
we therefore reject the hypothesis. The X ? statistics calculated from Table
3 for Taiwan are 70.27 for (K, L) and M, 31.40 for (K, M) and L, and
68.07 for (K, M) and K. These also exeeds the critical value (9.21) for 1%
level with 2 degrees of freedom. Therefore, we reject the hypothesis.

Since all the linear separability hypotheses for three countries are rejected,
we proceed to test the non-linear seaparability hypotheses. The parameter
estimates and the information needed for calculting %2 statistics for Korea
are shown in Table 1. Likewise, X2 for (K, L) and M is 18.49, X2 for (K,
M) and L 31.67, and x?for (L, M) and K 96.93. Since the critical value at
1% level with 5 degrees of freedom is 15.09, the hypothesis is rejected at
1% level of significance.

From Table 2 for Japan, X2 for (K. L) and M is 91.4, X2 for (K, M) and
L 1.11 and %Z for (L, M) and K 34.87. Except for (K, M) and L, the
hypothesis is rejected at 1% level of significance. Table 3 for Taiwan gives
that X % for (K, L) and M is 75.38, %2 for (K, M) and L 25.10, and X2 for
(L, M) and K 86.58. Since the critical value at 1% level with 5 degrees of
freedom is 15.09, the hypothesis is also rejected at 1% level of significance.

The nonexistence of linear and nonlinear separability between each pair
of inputs implies that the functional forms such as the Cobb-Douglas
production function is not appropriate to describe the production technology
of each country’s economy. It further implies that it is inappropriate to
specify import demand as a function of national output and the ratio of
imports price and the price of domestic value added which is produced by
domestic primary inputs. This result confirms that imports should be
entered as an input into the production technology. Burgess (1974) ana
Mohabatt (1984) obtained similar results for the U.S. and India, respectively.

Table 4 shows the AES between each pair of inputs and the own price
elasticities of demand for each input for Korea, Japan and Taiwan.

The results for Korea in Table 4 present that all inputs are substitutes
for the period under study and own price elasticities of demand for inputs
have theoretically appropriate negative sign and are inelastic. The results
for Japan and Taiwan show that labor services and imports are substitutes
as well as capital services and labor services for the period under study.
However, capital services and imports are complements for Japan and
Taiwan, and theoretically unexpected. Own price elasticities of demand
for inputs in both countries have theoretically appropriate negative sign
and are inelastic.
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Our first observation of these results is the low elasticities of substitution
between inputs. The elasticity of substitution measures the degree of res-
ponsiveness of industries in an economy to the changing availabilities of
inputs. High elasticity of substitution implies that the production is flexible
and the inputs released from one industry can be easily absorbed by other
industries. Low elasticity of substitution implies that the economy can not
easily absorb the inputs released from any industry. As Hong (1976)
indicates, high elasticity of substitution means that a faster growing input
can be substituted easily for a slower growing input. For most of the
economies, especially developing economies, the capital stock grows much
faster than the labor force, and the production technology become more
capital intensive. High elasticity of substitution would enable the economy
to accomplish this process without causing serious problems. On the other-
hand, low elasticity of substitution would bring about a growth in employ-
ment along with the accumulation of capital stock in case of full employ-
ment or an increase in wage rate. The low elasticities of substitution observed
in these countries seem to be responsible for the increase in both employ-
ment and wage growth.

[Table 4] Elasticities of Substitution Between Inpﬁts and
Own Price Elasticities for Inputs

Country Year JXL Oxm o1M 7K 7L Y
Korea 1965 .873 .597 .038 -.584 -.251 -.188
1971 .845 .699 287 -.597 -.282 -.324

1977 .811 757 393 -.603 -.314 -.355

1983 .783 .750 445 -.609 -.317 -.353

Japan 1965 .53l -.713 522 -.281 -.170 -.205
1971 .578 -.593% 468 -.316 -.189 -.162

1977 445  -.797 .600 -.208 -.154 -.281

1983 .388 -.737 .647 -.162 -.156 -.335

Taiwan 1965 .924 -.432 .083 -.369 -.502 -.084
1971 .907  -.090 234 -.365 -.569 -.076

1977 .881 -.077 .351 -.335 -.588 -.127

1983 872 -.230 395 -.298 -.5661 -.128
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Second, the figures indicate that capital and labor services are closer
substitutes than other pairs of inputs for Korea and Taiwan. This seems to
be a typical feature of a developing economy which is abundantly endowed
with labor force, and, meanwhile, in the process of moving from the
development of labor-intensive industries to the development of capital-
intensive industries. This is especially true for those newely industrializing
countries (NICS) such as Korea and Taiwan.

Third, The substitutability or complementability between domestic
primary inputs and imports implies that trade barriers may have an
important effect on domestic income distribution as Burgess (1974) has
suggested. Suppose all inputs are substitutes and o xkm> ¢ Lm such as in
Korea, then tariff barriers which raise the price of imports, will distribute
income in favor of cpaital. Suppose labor services and imports are
substitutes while capital services and imports are complements such as in
Japan and Taiwan. This implies that domestic policies which raise user
cost of capital services, will cause demand for imports to fall, and, in turn,
will give favorable effect on balance of payments.

The key to the success of economic development in Korea, Japan and
Taiwan is that they adopted export expansion policy instead of import sub-
stitution. As an open economy, imports of capital goods and raw materials
become very important in developing export industries. This expansion of
export industries has increased the capital intensity of their overall economies
and has caused income to shift from labor to capital.

As far as trade policies are concerned, Korea, Japan and Taiwan have
adopted trade policies which reduced trade barriers or even used duty-free
measures to encourage the imports of capital goods and raw materials for
the production of exportable goods. These free trade policies would
contribute to distribute income in favor of labor services for Korea.

The coefficients of own price elasticities of demand for inputs measure
the degree of responsiveness of input quantity demanded to a change in
input prices. These coefficients are less than unity with negative sign. It is
interesting to see that the demand for import is very inelastic in all three
countries throughout the study period.

This would imply that the stability condition for foreign exchange
market is not fulfilled, i.e., the depreciation of Korean won does not
improve trade balance between Korea and Japan.

The imports of capital goods and raw materials are important and the
need for these imports is very pressing. Due to this factor along with the
favorable tariff policies to domestic producers, the price change in imports
gave no great effect on demand for imports. However, the effect of price
change has increased as the development of the economies of Korea and
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Taiwan has reached a stage where the part of capital goods and even some
materials would be supplied domestically.

An Analysis of Technical Change

The growth of equilibrium input demand is attributable to changes in
output levels, changes in factor prices and technical change. The estimates
of the decomposition are reported in Table 5 for Korea, Japan and
Taiwan. Our results show that technical change effect is negative on input
demand for all three economies. However, the magnitudes of these effects
are different.

For Korean economy, capital demand annually increased by 13.1% for
the period of 1964-83. The positive total effect on capital demand was
largely due to positive substitution effects caused by a substantial increase
in wage rate and imports price. The increases in wage rate and imports
price caused capital demand to increase by 22.5% and 11.5% annually.
This positive substitution effects reflecting the substitution relationship
among inputs was reinforced by the positive output effect which are 4.6%
for consumption goods, 2.3% for investment goods and 2.9% for exports.

The negative technical change effect implies that, due to technical
progress, with unchanged input prices, a given output level could be
produced by less input usage annually by 24.5% for capital, 20.5% for
labor and 25.0% for imports.

In case of Japan, capital demand annually increased by 11.2% during
the period of 1964-83 and the positive substitution effects were dominant.
The own substitution effect on capital demand was positive for the periods
of 1964-83 since the price of capital decreased during the periods. This
decrease in capital price resulted in the opposite signs for the effects on
labor and imports, and weakened the positive substitution effect on labor
demand and imports demand. The major source of the positive effect on
labor was the substitution effect caused by the increase in imports price
and this was reinforced by the positive outpu effect. The positive substitu-
tion effect on imports caused by the increase in wage rate is also dominant
and this was reinforced by the positive output effect. The positive substitu-
effects on input demand were negative. However, the magnitude of nega-
tive technical change effect is smaller in Japan than in Korea.

For Taiwan, the positive total effect on capital demand was largely due
to a positive substitution effect caused by a increase in wage rate. This
positive substitution effect was reinforced by the output effect. However
the output effects on the demand for labor and imports are relatively much
larger in Taiwan than those in Korea and Japan. Also, technical change
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[Table 6] Changes in Factor Combination Ratio and
Biased Technical Change for 1964-83

Count Actual Technical Techinical Change
v Growth Change Bias

Xy Korea .079 -.040 K-saving L-using
—_ Japan .101 .050 K-using L-saving
X Taiwan .078 .027 K-using L-saving
Xx Korea -.027 .005 K-using M-saving
- Japan .041 -.040 K-saving M-using
K Taiwan -.027 -.045 K-saving M-using
X, Korea -.105 .045 L-using M-saving
- Japan -.060 -.090 L-saving M-using
X Taiwan -.105 -.072 L-saving M-using

effect on input demand is negative as expected.

A more revealing approach to the analysis of the technical change effect is
to examine its respective effect on capital and labor demand simultaneously.
As already noted, the magnitudes of the negative technical change effects
are different among inputs. This difference in the magnitudes can be used
to obtain some further insights for judging the technical change bias. The
results using the equation (15) shown in Table 6 show that technical
change is labor-using and imports-saving for Korea for the periods of 1964-
83. However, the results regarding capital are ambiguous; a negative sign
of the technical change term for Xx/X implies labor-using and a positive
sign for X;/Xy implies imports saving.

For Japan, technical change is labor-saving and imports-using for the
period of 1964-83. However, the results about capital are ambiguous.
Technical change is labor-saving and imports-using for Taiwan. Similarly,
the results for capital are unambiguous. This ambiguity results from the
conventional Hicksian definition of biased technical change, which give
unambiguous results only in the two-input case.

V. Summary and Conclusions

A dual cost function approach as well as a decomposition analysis have
been used to estimate respectively the import demand functions and the
effect of technical change on factor inputs for 1964-83 for Korea, Japan
and Taiwan. We were interested in five major points:
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(1) input-output separability (2) linear and nonlinear separability
between imports and primary inputs (3) elasticity of substitution between
inputs (4) price elasticities of input demand and (5) the effect of technical
change on input demand and its biases.

We obtain the results which imply that imports should enter the
production function as a factor input and that imports should not be
treated as final goods. The results for Canada, the U.S.A., and India are
similar to ours.

For all three economies, the hypothesis of input-output separability was
rejected. This results implies that during the sample period changes in
output mix would affect the relative demand for inputs. The rejection of
linear and nonlinear separability of imports from primary inputs implies
that the imports demand cannot be expressed as a function of the relative
price of imports and aggregate output as conventionally proposed.
Further, the rejection of the hypotheses of linear and nonlinear spearability
between inputs implies that Cobb-Douglas and CES functional forms
cannot be suitable to represent the production technology of these economies.

All inputs have negative own price elasticities for all three countries and
the demand for all inputs is inelastic. All inputs are substitute for each
other in Korean economy and ¢km > oLM, implying that an increase in
import prices would redistribute income in favor of capital. For Japan
and Taiwan, labor and imports as well as capital and labor are sub-
stitutes while capital and imports are complements. This results suggest
that an increase in import prices would redistribute income in favor of
labor.

According to the decomposition analysis, the total technical change
effects on each input for three countries are negative, implying that a
given output level could be produced by less input usage due to technical
progress. A partial explanation for less input usage could be provided in
terms of more efficient labor forces, and better quality of capial and raw
material. By using the differences in the magnitudes of the technical
change effect, calculation shows that technical change is labor-using and
imports saving for Korea while it is labor saving and import using for Japan
and Taiwan during the sample period.
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