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I. Introduction

Since Christensen, Jorgenson and Lau(1971, 1973) introduced the translog functions to the

analyses of production structure, many studies in this field can measure the rates and biases of
technical change more accurately in the sense that these models permit us to calculate distinct
rates and biases of technical progress each year. This translog function can be envisaged as a
second-order Taylor’s series approximation in logarithms to an arbitrary function. This function
is general in that it can measure various own and cross elasticities of factors, and also can derive
some additional informations from itself based on economic theory. But this function has some
difficulties in analysing the optimal transition path of factors from the short-run to the long-run.
Recently using this kind of quadratic functional form, some studies have tried to build models
which distinguishe fixed and variable factors, and then derive the short—run and long-run effects
of factors. These studies belong to Morrison and Berndt(1981), Pindyck and Rotemberg(1983) and
Nadiri and Prucha(1985). In particular, Nadiri and Prucha’s model has some advantages in that it
can measure explcitly the cross adjustment of factors and permit some conveniences of parameter
estimation. We adopt this approach in analysing the production structure of manufacturing
industries of Korea, Japan and Taiwan.

These Asian countries have experienced phenomenal economic growth for some decades.” The
engine of these countries’ economic growth seems to be related to the technical progress of
manufacturing industries. So we are interested in observing some characteristics of technical
change for these industries of three countries. Section II explains the process of the derivation and
econometric formulation of our model. Section Il presents the empirical results and section IV

summarizes and concludes our paper.

II. The Model

Our model is formulated by specifying the system of the factor demand equations in the discrete

forms. This discrete formulation may be more plausible than the continuous formulation because
1) For the explanatoin of factors of these three countries’ economic growth, see Kuznetz(1988).
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of the discreteness of the economic data. Traditionally, most papers which deal with dynamic
factor demand models build their models in the continuous time, consequently obtain their
solutions specified in the form of differential equations, and then use a discrete linear
approximation for empirical analyses.? These models have an important shortcoming in that they
should assume the separability of quasi—fixed factors for empirical applications.® Recently
discrete approaches have shown that discrete formulations can permit the non-separability of
quasi-fixed factors. The idea that separability assumption can be relaxed was initiated by Epstein
and Yatchew (1985) and Prucha and Nadiri (1986).

We adopt this idea to estimate the parameter of the dynamic interrelated factor demand models
in non-separable forms. We assume static expectations on exogenous variables.” We also assume
the total manufacturing secter of a country behaves like a typical competitive firm, pursuing profit
maximization. This firm uses two variable factors and two quasi—fixed factors in producing a

single output and pays the adjustment cost of quasi—fixed factors.
We assume that the firm’s technology is described as the following general production.
¥%=F (v, %2 Ax ;T (1)

, where y, is output, v.= [v,, v,.]’ is the vector of variable fectors, and x,=[X,, X.] is the vector
of stocks of the quasi-fixed factors at the end of period. The vector Ax:=x,-x,-, represents internal
adjustment costs which bring about output diminution, and T, is technology index, which is
assumd to change uniformly in the process of time path, that is, T.=t.

The firm’s factor markets are assumed to be perfectly competitive. In this case we can describe
production technology in terms of the normalized restricted cost function defined as G(w,, x, i,
A%, V¢; t)=91.+wW,, where ¢,, and 9,, denote the cost-minimizing variable factors and w,
denotes the price of the second variable input v,, normalized by that of the first variable input v,,.

According to Lau (1976), the function G( - ) has the following properties :

1) G(-) is decreasing in x, and Ax, and increasing in w, and y,: 8G/ox; < 0, 3G/9Ax; <,

aG/ow, > 0, 8G/3y > 0,;-1..

2) For the process of linear appoximation in these dynamic factor demand model, see Treadway (1969, 1971,
1974) and Mortenson (1973).

3) These types of papers are Denny, Fuss and Wavermann (1981), Morrison and Berndt (1981), Berndt,
Morrison and Watkins (1981).

4) It is very important to take into account firms’ expectations on exogenous variables in the process of
their decision making. Recent papers are emphasizing these aspects. But the assumption of non-static
expectations requires additional numbers of parameter estimates. In particular, this study is dealing with
developing economies and has faced a serious degree of freedom because of data constraint, so we adopt
the assumption of static expectation.
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2) G( ) is concave in w,.

3) G(-) is convex in x, and Ax,.

4) 3G(-)/0w,;=V,,, the cost-minimizing factor level.?

In our empirical analysis we take materials, m, and unskilled labor, 1, as the first and second
variable factors and stocks of capital, k, and stocks of skilled labor, n, as the first and second
quasi-fixed factors.® w, is then the real wage rate of skilled labor normalized by materials price.

The functional form of G( - ) in our model is assumed to take the following form which has
constant returns to scale technology.”

G(wey X1y DXy Yoo 8)=G(Wey X1/, AX/9:, 1)

=3, [ o+ @it GoW? /24 Qwet + ast] + Quke— s + Ane_y + Grr (R3-1/32) /2
+ @nn (n%-l/,%) /2+ Qunke 174 /yz+tikAk¢ + &n AN+ Grn (Akf/yt) /2
+ Zun (AR /Ye) /24 Gun (DRARL) [ Y2+ QuorWekeo1 + QuonWi ey + Gupwe Ao,
+ duniAn,+ dunke 1 AR+ Gpnte 1 An,+ dknkt—lAnt + &t AR+ atkkt-l t

+ Qi1 t + QA RE T AinlAE (2

Form the total variable cost function G( * ), we can separate the internal cost of adjustment as

follows.

G (Akyy An) =Dkt AN+ Gun (DY 3.) /2 gun (ARY/3:) /2
+ &in (AktAnt) /yt + dusw Ak + dpnw An, + Grnke 1 AR:

+ Gpn o1 AW+ anke AW+ a1 A+ AipD Rt + GinAnt (3)
We assume that marginal adjustment costs of quasi-fixed factors are zero at a steady state,
where Ak.=An,=0.

9G/3Ak,=38C/aAk. =+ il ke/ Ve + GunANe/ Vet Guon Wi+ darke—
+ Gnte—1 +dat =0 (4—1)

5) This relation is called Shephard’s lemma.

6) In our model skilled labor and unskilled labor are measured differently. Skilled labor is measured in
terms of stocks at the end of period and unskilled labor is measured in terms of men-hours worked. This
is because we intend to follow the assumption that skilled labor is fixed and unskilled labor is variable
in the short run.

7) This functional form has a quadratic form in all arguments except time variable, t. We assume that the
coefficient of t?> equals zero.
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oG/oAn,= oC/oAn,= dn +gnnAnt/yt +gknAkt/yt+dwnwt+ GnnMi—r
+ Ganker +dnt =0 (4-2)

At the ststionary point, these conditions will be satisfied if and only if the following restrictions

are imposed.
dk:dnzéwk:&wnzdkk:dnn:&nh:dhn:&tk:a.m:o (5)

We also assume g, =0, which implies separability in aﬂjustment costs of quasi—fixed factors. In
our model we do not impose the restriction a,=0, and therefore we assume non-separability of
quasi-fixed factors.® We denote the real discount rate, the corporate tax rate, the depreciation rate
of capital and the depreciation rate of unskilled labor as r,, u,, dx and J,.

The firm’s objective is to find out input path such that the present value of future cost stream
is minimized for given k,_, and n,_,, and subject to production technology (1). Under static
expectations of exogenous variables, the firm’s optimization problem at period t can be stated as

follows.

min b { [G (t+$) + KImIn.Hs] (1—‘“:> + thlh,t+s} (1+ 7’:)—3
{Revs, nt+s}::° =0 (6)
, where G(t+3)=G(W,, Kers Nevs, AKps, Alyys, Vi, t45),2 and Qe and g, are respectively the
normalized acquisition price of skilled labor and capital. Les=Nus —(1—0n)Ness and I ;4s=
Kus—(1—0)kers—1. We assume 6,=0.

The following set of Euler equations is necessary conditions to solve this dynamic programming

problem.
—Bxyysi1t+ [A+ 2+ 7:) B]xt+s_ (1+7) Bt s-1=a: (M
, where B= [ g O ] [ Age Arn ]
0 gun Axn Ann
axta,w,+amt+cCe
and at=— [
aptawnWetamt+Cne

with c,"=(r,+d‘k)/(1—u¢) and Cnt =qnel'e.

Treadway (1974) has shown that this type of solution can be interpreted as a flexible accelerator

8) This separability assumption is being employed in the models specified in continuous forms for empirical
applications because in the process of solving this dynamic programming problem they cannot lead to
the explicit equations of endogenous variables to estimate the parameters of the models.

9) Under static expectetions, the current values of exogenous variables are equal to future values of them.
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as follows.

Mux M,
Ax,=M (xf—x,_,), x; =A"'aq, M=[ ke ’m]

8)
Mpr Mnp

, where x; =[k; n/']’ is the steady state solution of (6).

The matrix of adjustment coefficients M has to satisfy the following matrix equation.
BM?*+ (A+rnB)M—A=0 (9)
We define the matrix C as follows.

C Crn
C=—BM-= [ b (10)

Cen Cnn

Then we can express A and D in terms of B and C.!?

A=C—(1+7»)[B—B(C+B)'B] (11)
| 2.

D=B“‘+(1+r)(C—rB)“=[ Hml (12)
dkn dﬂﬂ

Substituting (11) and (12) into (9) we can write the demand equations for the quasi—fixed factors

in the following forms.
ke = Aixys + dintne + (Con/ Grw+1) Reey + (Can/ Gur) Mo (13)
M= dun@ue+ Guntne+ (Cun/ Gun) ke—1 + (Can/ Gun+1) Moy (14)

We can derive the demand equations for two variable factors from the normalized restricted

cost function using Shephard’s lemma, 1,=9G(t) /ow,, m,=G(t)—w.l,.

b= (Gt G+ Gewt) Ve + Quorker + QuonPe, (15)

M= (o + AW+ a:t) Y.+ apkey + @utte_ + aunni-/ (23,)

+ anekio1/ (29e) + Gunkem1 o1/ Yo+ urnDRL/ (29:)

10) For the derivation of these expressions (11) and (12), we have to use the idea of Prucha and Nadir(1986),
(I-M) [I-r(I-M)]"'B'=-(1/r) {B*+(@1/r)[C-(1-r)/B'}. This idea is similar to that of Epstein and
Yatchew (1985). For the explicit expressions, see Nadiri and Prucha (1985) or the appendix of Mohen,
Nadiri and Prucha (1986).
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+ gnnld n%/ (2y.) + Aepker-1t+ Aenke-r (16)

The four equations we have to estimate consist of two equations (13) and (14), and two modified
equations of (15) and (16), Where @us, @nn, Gin, dirs dnn, aNd dpn are replaced by Cix, Crzs Cnn, Srr, and

&nn.

[II. Empirical Results

In this section we state briefly data sources and construction and then present empirical results.
1. Data

The data that we use for empirical implementation of the production structures and factor
demands are composed of the economic data about the total manufacturing sectors of Japan,
Taiwan and South Korea. The data range from 1971 to 1985 for Japan, and from 1973 to 1987 for
Taiwan and Korea.

Output, capital and materials are transformed from current values of them into real variables
using the respective appropriate deflators. Uuskilled labor is measured in terms of men-hours
worked a year and siklled labor is measured in terms of the number of workers existing at the end
of each year. For the empirical results to be comparable we transform all data measured as

monetary unit of each domestic currency into the data measured on a dollar base.
2. Estimated coefficients

The estimation method of this model is full information maximum likelihood (FIML) estimation
method. For parameter computation we use the Davidson-Fletcher-Powell minimization

technique in the software package of TSP, version 4,0.'”

11) There are three kinds of FIML numerical methods in TSP of version 4. 0.1t turns out that Davidson
—Fletcher-Powell method is much slower than the other methods, Gauss method and Grad method, but
provides stable converging parameter estimates at any initial values of parameters.
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Table 1. Full information maxium likelihood parameter estimates of the dynamic interrelated factor demand
model for the total manufacturing sectors of Japan for 1971-1985, and Taiwan and Korea for 1973

-1987%
parameter Japan Taiwan Korea

a 1.087 ( 4.832) 4,629 ( 4.009) 1.398 ( 7.881)

a —3.470 (—2.135) 3.396 ( 1.979) —1.556 (—3.183)

ay —1.000 (—3. 029) —11. 127 (—4.115) —0. 480 (—0, 897)

[ —7.766 (—2, 401) —4, 788 (—3.100) —2.475 (—4,247)

Cin 0.869 ( 1.698) 1,453 ( 1.220) 0.808 ( 1.976)

Can —5. 898 (—2. 399) —7.380 (—1.930) —2.395 (—8, 323)

Gk 14.690.( 1.667) 11.698 ( 1.491) 8.393 ( 3.650)

8&nn 18.345-( 1.437) 11.846 ( 1.396) 4.339 ( 4.017)

@ 0.078 ( 2.127) 1,165 ( 3,168) 1,051 (13.139)

Gow —0. 056 (—1. 965) —0. 159 (—1.705) —0.027 (—1.063)

[ —0.166 (—4. 740) —1. 345 (—4.156) —0. 741 (—8. 470)

Quon 0.501 ( 7.428) 1.805 ( 4,007) —0.372 (—4,852)

a, 0.145 ( 3.126) 0.102 ( 0.781) 0.021 ( 0,980)

A 0.005 ( 3.487) 0.030 ( 1,198) 0,032 ( 4.769)

(" —0. 297 (—3. 180) —0.419 (—4.192) 0.086 ( 3.126)

[ —0. 008 (—0. 380) 0.226 ( 1.499) —0.098 (—4, 776)

log of LF"™ 168, 094 120, 199 145, 581

R? D-W R? D-W R? D-wW
k equation 0. 996 0, 881 0. 993 0. 987 0. 996 0.978
n equation 0. 995 0. 943 0.991 0, 624 0,993 1. 245
1 equation 0. 996 1. 107 0.991 0. 281 0. 965 0. 755
m equation 0. 981 1. 160 0.979 0. 878 0.993 1. 023

a) R¥s are calculated as unity minus the ratio of the residual sum of squares to the total sum of squares.
Asymptotic t-values are given in parentheses.

b) LF means likelihood function.

The parameter estimates of our model are presented in table 1. The fittings of the model are
quite good in each country in that the values of R%s are all greater than 0.96. T—values of
estimated coefficients in Japanese and Korean manufacturing sectors are mostly statistically
significant, but Taiwanese model have relatively more insignificant coefficients than the other
countries. Dubin-Watson statistics show that the autocorrelation of most estimated equations are
inconclusive, but some positive autocorrelation may be present in the equation such as unskilled
labor equation of Taiwan.

The important restrictions from the convexity of G( - ) in x, and Ax,, and concavity in w, imply

the following inequality parameter constraints.

QApr> 0, Qnp> 0, akkann_aknz >0
ghk>09 grm>0» A< ()

Table 2 shows ays, @i, and a,, derived from parameter estimates in Table 1. All restrictions of

three countries are satisfied.
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Table 2. The other parameter estimates calculated from the FIML parameter estimates of the dynamic
interrelated factor demand model for the manufacturing sectors of Japan, Taiwan and Korea®

parameter Japan Taiwan Korea
Qir 9. 462 (0. 762) 5. 213 (0. 560) 2.257 (0.121)
Qin —1,949 (0,125) —b5. 873 (0. 410) —2,228 (0,077)
Qnn 3. 288 (0, 406) 15,514 (1. 282) 4,244 (0, 169)

a) The sample standard deviations are given in parentheses,

3. Technical change and bias

We can also calculate the technical change and biases of inputs due to technical change,

We can define the absolute bias, b; and relative, b,; in the setting of several factors,

Technical change (tp) and two kinds of bias are defined as follows,

Table 3. Retes and absolute biases of technical change in the total manufacturing sectors of Japan, Taiwan and
Korea : averages of short-run effects over the sample periods

estimate period Japan Taiwan Korea

1970s —0.008 —0.159 —0.172

w> 1980s 0,024 0. 029 —0. 047

total 0. 005 —0. 059 —0. 106

1970s 0. 035 0.077 —0. 015

b 1980s 0, 027 0. 050 —0. 012

total 0.032 0. 062 —0.014

1970s 0,018 0. 005 0. 024

by 1980s 0. 024 0. 005 0.015

total 0. 021 0.019 0, 057

1970s 0. 029 0.014 0. 063

b, 1980s 0. 049 0.023 0. 052

total 0, 037 0. 019 0, 057

1970s —0, 001 0. 058 0. 060

bm 1980s —0, 042 —0.048 0. 046

total —0.017 0. 002 0. 052

a) tp=(38G/at) (1/G) where G is total variable cost and t is time.
b) b,=(9i/at) (1/i) where i=k,n,l and m.

tp=(aG/at) (1/G) (21)
b;=(oi/at) (1/t), i=xnim (22)
bi;=0(i/7)/0¢t, ij=mnim (23)

Table 3 shows the technical change and absolute biases in three countries. We can find the

following facts.

First, Japanese manufacturing has a positive technical change but the other two countries have

negative rates of technical change in the whole period. Compared with Taiwanese manufacturing,
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Korean manufacturing has recorded the lower technical progress in the 1970s and 1980s.

Second, three countries have higher rates of technical change in the 1980s than in the 1970s,
which means that these countries has improved the adapability to the oil shock in the 1980s in
comparison with the 1970s.

Third, skilled labor-and unskilled labor-augmenting technical changes have taken place in three
countries.

Fourth, capital-augmenting technical change has taken place in Japanese and Taiwanese
manufacturing, but capital-diminishing technical change, in Korean manufacturing.

Fifth, materials—augmenting technical change have taken place in Korea, but materials
—diminishing technical change, in Japan.

Sixth, in Taiwan materials-diminishing technical change of the 1970s has changed to the
augmenting direction in the 1980s.

Table 4 shows relative biases of inputs due to technical change. Some points of interest are
presented as follows.

Table 4. Relative biases of technical change in the total manufacturing sectors of Japan, Taiwan and Korea :
averages for the sample periods®

estimate Japan Taiwan Korea

70s 80s total 70s 80s total 70s 80s total
bin 1.7 0.3 1.1 7.2 4.5 5.7 —-36 —2.7 -33
b 0.6 -2.2 —05 6.3 2.7 43 ~78 —6.4 —-71
bim 3.6 7.4 49 1.9 9.8 6.0 —-75 —58 —6.6
bax -1.7 -03 -1.1 —-72 —45 —5.7 3.6 2.7 34
b -1.1 —-25 -13 —-09 —-1.8 —-14 -39 —-3.7 —-3.8
bam 19 6.6 3.8 -5.3 4.3 0.3 —3.6 -31 —-33
bux —0.6 2.2 0.5 —6.3 27 —4.3 7.8 6.4 7.1
bin 1.1 2.5 15 0.9 1.8 14 3.9 3.7 3.8
bim 3.0 9.1 5.4 —4.4 2.5 1.7 0.3 0.6 0.5
bmx —3.6 —6.9 —49 -19 —-9.8 —6.0 7.5 5.8 6.6
bmn -19 —6.6 —-38 5.3 —43 —0.3 3.6 31 3.3
bmi -3.0 -9.1 —54 44 —25 —-1.7 —-0.3 —0.6 —05

a) b,;=[a(i/j)/at] x100= (b,—b;) X100, i, j=k, n, ], m.

First, Japanese manufacturing sector has materials-saving technology, Taiwanese
manufacturing sector has capital-using technology, and Korean manufacturing sector has capital
—saving and unskilled labor-using technology in terms of any of the other factors.

Second, the ratio of unskilled labor to skilled labor increased due to technical change in three
countries in the 1970s and 1980s.

Third, the ratio of unskilled labor to materials increased dué to technical change in 1980s.

Fourth, in Japan the ratio of capital to unskilled labor due to technical change increased slightly
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In the 1970s, but decreases in the 1980s. In Taiwan the ratio of skilled and unskilled labor to

material caused by technical change decreased in the 1970s, but increased in the 1980s.

IV. Concluding remarks

We attempted to derive a dynamic optimization, applied it to the manufacturing sectors of
Korea, Japan and Taiwan and measured the rates and biases of technical change for each country.
Major findings are summarized as follows.

First, all parameter estimates of our study have the same signs as expected from the
neoclassical theory of firm and most estimated coefficients are statistically significant. The
fittness of our model is quite good.

Second, while Korean manufacturing has experienced the lowest rate of technical progress,
Japanese manufacturing has recorded positive and fastest technical change.

Third, three countries have experienced higher rates of technical progress in the 1980s than in
the 1970s.

Fourth, skilled labor and unskilled labor augmenting technical changes have taken place in three
countries for the whole period.

Fourth, Korean manufacturing has capital-saving technology, but Taiwanese manufacturing
has capital-using technology.

Fifth, The ratio of unskilled labor to skilled labor due to technical change has been higher in
three countries.

This study has many things to be desired for further researches.

Above all, the length of our data series needs to be longer and more appropriate data should be
available. Also continuous formulation of our model is a good way to find some characteristics of
these economies. But this work may be possible but very difficult in the transformation of derived

theoretical model into the manageable econometric equations.
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