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Abstract

   We experienced a remarkable change of the relative price 
system in Japan by the impact of the oil crisis. In our paper 
we aim to search quantitatively the possibility of the substi-
tution among various inputs corresponding to the changes of the 
relative price systems and measure the bias of technical change 
with respect to each input. Here we classified the Japanese 
economy into thirty industrial sectors and observed during the 
period 1960-1977. We tried to describe the producer behavior 
by a trans-log price frontier function. We can draw on the 
work of Jorgenson and Fraumeni(1981) as a related research. 
As in the Japanese economy the oil crisis in 1973-1974 had an 
enomous impact on the economic structure, we can expect that 
there exists some structural changes on the parameters of the 
price frontier function. Therefore we tried to estimate the 
parameters of price frontier function firstly in the samples 
during the period 1960-1972 and secondly in the samples during 
the period 1960-1977, which include the samples after the oil 
crisis. If the impacts of the oil crisis were dominant in the 
samples after 1973, estimated parameters in the latter samples 
might have statistically significant differences from the previ-
ously estimated parameters. 

   According to the results we find that properties in terms of 
the elasticities of substitution do not change drastically at the 
oil crisis except the relation between capital and energy, which 
revealed a remarkable change from the independent relationship to 
the complimentary relationship in the several industries. Results 
are summarized in [Table 5].
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   On the other hand the bias of technical changes with respect 
to time had experienced a remarkable change in some industries. 
Before the oil crisis in Japan "capital using - labor saving -
energy and material neutral" bias of technical changes are 
dominant in many industries. After the oil crisis, the results 
suggest that the bias of technical change moved significantly 
corresponding to the changes of the relative prices as shown in 
[Table 6]. 

   The bias of technical change with respect to capital input 
moves to the input saving way for eleven industries. On the 
contrary in sixteen industries the bias of technical change with 
respect to labor input moves to the input using way. Also the 
bias of technical change with respect to energy and materials 
moves into the input saving way in almost one-third of the thrity 
industries.

* This report is an intermediate product of the co-research 

   project, 'Energy and Economic Growth' supported by the 
   Japanese National Science Foundation. Also our work was 

   discussed in the project, 'Energy and Economic Growth in 
   the United States and Japan' which is processing between 

   Dale W. Jorgenson and M. Kuroda within the financially support 
   of the U.S. National Science Foundation. But the views and 

   interpretations in this paper are those of authors. We would 
   like to thank Dale W. Jorgenson, Chikashi Moriguchi, Mieko 

   Nishimizu, Iwao Ozaki, Mitsuo Saito and Kanji Yoshioka for 
   valuable comments and data supports. Also we have to many 

   thanks Akiko Ota for her assistant in paper preparation.
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1. Theoretical Framework 

   Our production model aims to explain the producer behavior 

in each industrial sector of Japan. We assume that there exist 

a twice differentiable production function, by which the gross 

flow of output , Xi in i-th sector is related to the service 

flows of four inputs : labor(L1), capital(Ki), energy(Ej) and 

other intermediate materials(Mi). 

We assume further that the production function is characterized 

by constant returns to scale and Hicks - neutral technical 

changes. 

(1.1) Xi = fi(Li, Ki, Ei, M1, t), 

where t denotes time trend. 

Under the competitive market conditions, producer behavior can 

be described equivalently in terms of production functions or 

price possibility frontiers. We can deduce the price possibility 

frontier as a dual framework of the production function (1.1). 

(1.2) qi -gi(PL1, PKi, PEi, PMi' t) 

where qi is the price •of output of industry i and 

represent the price of labor service, capital service, energy 

input and other intermediate material input in industry i respec-

tively. 
Further we assume that the price possibility frontier (1.2) 

can be specified by the following trans-log price function. (2 

(1.3) ingi = oco1 + ~;ct lnP
3 . i 

                 2 kfj 1nPki1' . i + at. t                 + s ~. ~ ~                 kj 

           + ~1 tlnPjlit + 1 ~ttt z 
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where aol al (j=K L E M) Si (k j=K L E M) 

and aft denote the parameters of the                                           price function of i-th 
sector. (3 

As well known, trans-log price function is one of sufficiently 

flexible functional forms, which give a second order approximation 

to 'an arbitrary twice-differentiable function. 

According to well known Shapard Lemma under the condition of 

the perfect competitive market, we can obtain the share function 

assuming the profit maximization behavior of producer. (14 

(1.4) aingl P i Y _ 
                   1 = . _____ _ 

                                        _ W .1
_ ( j - K, L, E , M )          al

nP. qi Xi 

where corresponds to each input, K i,'Li,E
i and Mi for j=K,.L,E and M 

and represents income share of j-th input in the i-th indust-

rial sector. 

Similarly we can define the rate of technical change as the 

negative of the shift of the function in terms of the price 

possibility frontier. 

           aingi 

(1.5) - = Wti 
a 

where ti denotes the rate of technical change. 
From the trans-log specification of the price possibility frontier, 

we can deduce the following system of the share functions and 

the negative of the rate of technical change.
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(1.6)

~'1IC i
PKiKi i iin in in in 

       aK + BKICPICi+ a
KLPL1+ ~KEPEi+KMPMI+ SKtt PiXi

       PLiL3
. _ i + ~i 1P in. + i In + i Li a

L LK Ki SLLpLi+ SLEPEi SLMPM1 SLtt

         E In in                                        in in 
41E1 = 

P X = aE + SEKPKI SELPLi+ SEF Ei+ SEMPMi+ SEtt

ti1Mi
PMiMi

PiXi

    i i in i in in in 
 aM + SMKP

Ki+ SMLPLi+ SMEPEI+ aMMPMi+ SMtt

-Wt i =
a 1n q1

at

    i 11n i in in in = at + ~tKPKi+ atLPLi+ atEPEi+ BtMPMi+ Rttt,

(1=1 .........31 )

(1) For further discussion, see Samuelson(1953) and Fuss-Mcfadden 
   (1978) 

(2) For trans-log specification, see Christensen, Jorgenson and 
   Lau(1973)• 

(3) The trans-log KLEM price frontier function is estimated by 
    Berndt and Wood (1975) in the U.S. manufacturing during the 
    period 1947-1971. Fraumeni-Jorgenson (1981) tried to estimate 

    the trans-log model by the 36 industrial sectoral data in U.S. 
    Wills (1979) analyzed the properties off the technical change in 

    the U.S. primary metal industry by a trans-log price frontier. 
    In the articles of the productivity analysis, we can find several 

    articles in which fluctuations of the productivities are related 
    to the specification of the trans-log production or price frontier 

    functions ; Gollop and Jorgenson (1980), Mohr (1980) and Madoo 
   and Hansen (1980).
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Deductions of the trans-log price function give the economic 

interplitation of parameters as the share elasticity with 

respect to input price, biases of technical change and the rate 

of change of the negative of the rate of technical change. 

Share Elasticity

                       SW.. i 
(1,7) U1 k = 31 = 

              alnPki 

Biases of technical change

(j.k = K.L.E.M).

         i a(-Wti) i (
1.8) U. = _ ~.t (i= K.L.E.M). 

         ~t alnP .i ~ 

The rate of change of the negative of the rate of technical changes

                a(-W ) 
(1.9) U' = ti = ~tit 

                at 

We have to introduce some theoretical constraints in the formu-

lation of trans-log price frontier function, so that the trans-log 

price function becomes consistent with the theory of producer's 

equilibrium.(5 

Firstly adding-up condition of accounting identity imposes the 

following restrictions on (1.3). Under these restrictions the 

relative share must sum to unity and only three of the first 

four equations in (1.6) is independent.

(LI) See Shephard (1970). 
(5) Fraumeni-Jorgenson (1981).
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           aKi + aLi + aEi + aMi 1 

(1.10) aKK + ELK + SEK + FMK 0 

          SKL + BLL + REL + AML = 0 

           SKE + ALE + SEE + SME -- p 

              + ELM + SEM + SMM 0 

          ~K t + SLt + ~Et + 

In our four inputs model, which we will call KLEM model below, 

it involves estimating explicitly thirty parameters for each 

industry. If the material share equation is Belated, the 

six additional parameters are calculated from independently 

estimated twenty-four parameters. 

Secondly the ten symmetry restrictions of the KLEM model with 

the material share equation delated are as follows. 

(1.11) 

          i i           ~
KL - ELK 

              i _ i           S
KE - SEK 

          i i i i i           ~
KM - SMK - BKK _ ELK _ ~EK 

              i _ i           A
LE - aEL 

             i _ i _ i _ i S
LM r AML - _ ~KL ALL _1.                               EEL 

           i i _ i i i           B
EM ^ BME r EKE _ QLE _ SEE
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 i r Si B
Kt tK 

i i -~
Lt ~tL 

 1_i S
Et - ~tE 

 i _ i i i _ i R
Mt StM r _ BKt _ SLt BEt

Given these restrictions, there are fourteen unknown KLEM 

model parameters to be estimated for each industry. 

The accounting identity and symmetry restrictions taken 

together imply that the price possibility frontiers are 

homogeneous of degree one.

Finally monotonicity and concavity are desiable price possibility 

frontier curvature properties according to economic theory. 

The conditions for monotonicity and concavity can be obtained 

by differentiating the price possibility frontier with respect 

to prices. With respect to the KLEM model, the first order 

partial derivatives are

(1.12) a chi gi 

aPKi ~ pKi

alnc~i

alnPK
W i K

i qi 
i P ~ 

K

aqi qi 

 aPLi ~ PLi 

a qi q•1. 

a PE PE i

a lnq i

a 1nPL~ 

alnai 

alnPEi

  q i 4J i 

  P i L L

g
. W i 

p i E , E

       qi 

aP i.- P i  M M

 a 1nq

a1nP

i i _g

P1  i iWM M M
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The second order partial and cross-partial derivatives of 

the price possibility frontier can be written by 

(1.13) a2 qi 
_ 
           aP-iz, = Pie (p44 + W~ -' W~ )         j j 

                                        (j K.L.E.M) ., 
     and 

           2q 
i -- q i (~i + WlWl ) 

       ~PiaPi PP Ki JK j K 
            i K ~ (j ,K =.K,L,E,M) 

These second order partial derivatives determine the Hessian 

• 

                                            *1 
of the price possibility frontier, H at the point of base 

year (q1, Phi = 1.0 , j=K.L.E.M). 

(1.14) 

 H * ~" 

      SKK + WK (WK - 1) SKL + WKWL SKE + WKWE ' ~KM + WKWM 

              ALL + WL(WL - 1 ) SLE + WLWE ELM + WLWM 

                        SEE + WE(WE - 1) SEM + WEWM 

                                     ~MM + WM (WM -- 1 )
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(l.

can be expressed by an alternative

as follows. 

15) 

      i i      H = (~
~K ) + WiWit -w i

way of expressing

(L31 ) =

Wi =

r  ~rIK 
 WL 

 tiJL 

 Wi M

i B
KK 

i S
KL 

i S
KE 

i B
KM

and

i i B
KL BKE 

i i B
LL BLE 

i i B

LE SEE 

 1.1 B
LM BEM

i B
KM 

i B
LM 

i B
EM 

i B
MM

~''~K

0

Wi L

Wi E

0

111 VV 
M

1 

.i 

I 2

 Monotonicity requires that each element of Wi has to be non-

 negative. If each element of Wl were non-negative, matrix, 

 WW- Wi might be a negative semi-definite matrix, so that 

 the sufficient condition of concavity of H i is consistent 

 with the negative semi-definiteness of [8k]. In this case 
 the negative semi-definiteness of [~~k] guarantees the monotonicity
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and concavity of the price frontier function regardless of the 

level of W.1. We call it conditions of "global concavity". 
J 

The negative semi-difiniteness of [Q~k] for the global concavity 
might be tested by searching the negativity of diagonal factors 

in the Cholesky Factorization of [ask]. 

Instead of the global concavity, we can impose the weaker 

condition of concavity on the price possibility frontier, which 

means that the concavity of the function might be satisfied 

within the observed fluctuation of the income share, W~ (j= 
K,L,E,M). We call it the condition of "local concavity". 

Our KLEM production model describing the producer behavior in 

terms of the trans-log price possibility frontier has to be 

imposed the above theoretical restrictions: homogeniety, symmetry, 

monotonicity and concavity.

2. Stochastic Specification and Estimation 

   Stochastic specification of KLEM model can be drawn on the 

U.S, model estimated by Jorgenson-Fraumeni [1981]. They assumed 

the additive disturbances E~ in each of the equations (1.6), 

reflecting errors in cost minimization. Under the adding-up 

condition one of the equations in (1.6) is not independent. 

This implies that the sum of the additive disturbance terms in 

the first four equations equals zero in every time period. 

Therefore they assumed that the truncated covariance matrix 

corresponding to one equation being deleted might be nonsingular 

and the truncated vector of disturbances is independently and 

identically normally distributed with a zero mean vector and 

c >~r,r~a~~Ce matrix St. 

We will use the same assumption in our KLEM model.
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The rate 

frontier, 

descrete 

trans-log 

(2.1) - W

of technical change for the production possibility 

 Wt in (1.6) is unobservable directly. Following 

divisia index of technical change is exact with the 

 price frontier function. (Diewert (1976)) 

ti = ingi(t) - ingt(t -1) 

   - W
ki(lnPki(t) - lnPki(t-1)) 

  - W
Li(1nPLi(t) - lnPLl(t-1)) 

  - W
Ei(1nPEi(t) - lnPEi(t-1)) 

  - WMi(1nP
Mi(t) - lnPMi(t-1)) ,

where

Using 

(1.6) 

(2.2)

     WKi = [WKi(t) 

    WLi = 2 [WLi(t) 

    WEi = 2 [WEi(t) 

     WMi 1 [WMi(t) 

2 

    Wt i = 2 [Wti (t ) 

this index number - W 

becomes 

       - Wt = at + ~Kt

+ 

+ 

+ 

+ 

+

t,

WKI(t-1)], 

WL1(t-1)], 

WE1(t-1)], 

WMI(t-1)], 

Wti(t-1)] . 

the final behavioral equation,

= a 

+

t + ~Kt 

Et1nPEi

lnP 

+

Ki + SLt1nP 

SMt1nPMi +

Li 

Rtt • t !
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where 

        'K1 i = 1 [1nPKi(t) + lnPKi(t-1)], 
2 
1 
        lnPLi = 
2 [lnPLi(t) + lnPLi(t-1)], 

        1nPEi = 1 [lnPEi(t) + 1nPEi(t-1)], 

2 

        1nPMi = 1 [1nPMi(t) + lnPMi(t-1)], 

2 

        t = 1 [t + (t-1)]. 

2 We then transform the set of behavioral equation (1.6) into 

the following set of equations that can be estimated: 

(2.3) W
Ki-aK ±~KKl PKisi                     n KL1nPLi+~KElnP+S                                        Ei KM1r~pMi+gKt K 

        WLi-aL+~KL1nPKi ~LL1nPLirSLElnPE ~LMln M BLTt+EL 

          Ei E KE1npKi LE1nPLi EE1nPEi EM1npMi Et E 

       WMi-aM+~KM1
nPKi+~LM1nPLiT~EMln E ~MM1nPM SMtt+EM 

       -Wt =at+~KtlnPKi+~LtlnPLi~~EtlnPEi+~MtlnPMi+~t~t+Et
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where 

         EK = [c(t) + EK(t-1)] 

         EL = 1 [c(t) + EL (t-1)] 
2 

         cE = [EE(t) + EE(t-1)] 

        EM = 1 [EM(t) + CM(t-1)] 
2 

        ct = [ct(t) + ct(t-1)] 

The error terms { cK, cL, cE, eM, ct } are now serially corrf~lated. 

Applying NL3SLS in TSP system, we tried to estimate parameters 

in the simultaneous equation (2.3) after deleting the serial 

correlation in the errors. (Jorgenson-Fraumeni (1981)) 

Here we will list the instrumental variables in our estimation. 

Gallant [1974] has shown that NL3SLS estimation is strongly 

consistent., asymptotically normally distributed.

List of Instrumental Variables

Z1 

Z2 

Z3 . 

Z4 

Z5 

Z6 

Z7 

Z8 

Z9 

Z10: 

Z11:

Constant 

Time trend 

Nominal government current expenditure 

Nominal government fixed capital formation 

Total time endowment 

Average effective rate of indirect tax 

Average effective rate of income tax 

Effective rate of corporate income tax 

Effective rate of corporate enterprise tax 

Effective rate of non-corporate inoome tax 

Effective rate of non-corporate enterprise tax
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Z12: 

Z13: 

Z14: 

Z15:

z16: 

Z17:

Aquisition tax rate for real estate 

Property tax rate for buildings and other structure 

Property tax rate for automobile 

Property tax rate for depreciable goods except automobil 

and building 

Property tax rate for land 

Over-all price of labor service

We can obtain some measurement of technological properties 

in each industry from the estimated parameters. 

Allen partial elasticity of substitution is defined in terms of 

trans-log price possibility frontier as follows: (6

(2.4)
i 

cikj

i 
Q.. JJ

 ~k . J/wkw - + l 

~

z 

= - l /W

(k

i 

j + 1

j, k,j= K.L.E.M)

(j=K.L.E.M).

Also we 

perfect

can define the 

competitiveness

price elasticity 

 of the market as

of demand 

 follows:

under the

(2.5)
 alnxji 

 alnPki

Pki

Xji

   xji 
. a------ = W i Q k 

  aPki

i 

j k
(k,,j= K.L.E.M.).

Concavity restriction in 

the following conditions.

the price possibility frontier requires

(2.6)
Qi. 

33
 R~~/W

2

3
1 /Wi + 1 < 0

or

1 ~

~ j
< W

J (1-W
i~

(j = K.L.E.M. )
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(2.7) WLaKL + 

WK6LK + 

 i i W

KcEK + 

 i i W

KcMK +

WEuKE + WMQ 

WE ° LE + WM Q 

WLcEL + WMQ 

WLGML + WEQ

KM < ' 

LM < '

EM < 0 ' 

ME < 0

Substituting (2.4) into each equation of (2.7) and imposing 

the restriction of homogeniety of degree one, we can deduce 

(2.6) again. This implies that if condition (2.6) is imposed 

on the trans-log price possibility frontier local concavity 

condition is satisfied during the sampling period. In our 

estimating procedures we try to estimate trans-log price function 

with restriction, (2.6), when unconstrained parameters did not 

accomplish to concavity condition. 

3. Design of Experiment and Data Sources 

   Annual observations during the period, 1960-1977 were prepared 

for estimating the trans-log price possibility frontier in 

30 industrial sectors shown in [Table 1]. As well-known, 

discrete divisia index are consistent with a trans-log aggregator 

functional form. Here we will summerize briefly compiling 

procedures for price index of output and inputs in each industrial 

sector. C7 

Output, Energy and Intermediate Material Input:

   Divisia price index of output, energy and intermediate 

material input were constructed from the estimated time-series 

input-output tables. In Japan input-output tables classified
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 on commodity basis have been compiled every five years since 

 1955• At first we tried to estimate the time-series input-

 output tables compiled with concistent concepts and definitions 

 over the period 1960-1977, by using published tables as bench 

 marks. We applied here Lagrangian method instead of well-known 

 RAS method. Secondly we tried to convert estimated tables 

 classified by commodity basis into transaction tables based 

 upon industry by using information of product mix in each indus-

 trial sector. Column vector in estimated transaction table 

 represents the intermediate input structure classified by commo-

 dity and the primary input structure in each industrial sector. 

 Commodity transaction in each cell includes both domestic and 

 imported goods. We tried to sum up non-competitive imports like 

 crude oil in each sector and reclassify them as a directly 

 allocated import. In Japan almost all of crude oil products are 

 imported. Then imported crude oil are allocated directly to mining, 

 petroleum refinery industry and electric utility sector. Finally 

 secondary energy products fabricated in the petroleum refinery 

 industry or electric utility sector are provided to other indus-

 trial sectors. In such dependency of intermediate input trans-

 action we can simply understand that energy inputs in each industry 

 except mining, petroleum refinery and electric utility are secondary 

 energy produced in the latter three industries and directly allocated 

 energy import is one of intermediate inputs in mining,petroluem refinery 

 industry and electric utility sector. Energy input price index 

 in i-th industry is defined by the aggregated price of both petro-

 leum refinery and electric utility products as follows. 

 (3.1) , 
                               P o (t)`2CSj(t) + S~(t-1))                           j . 

          PE.(t) = PE1(t-1)
i2•I2s                                  P

0j (t-l)

- 19 -



where P0(t) represents the over-all price of j-th commodity 

and S.(t) denotes input share of j-th energy input to total 

energy input in i-th sector. 

P0(t) is defined by the similar divisia aggregation of both 

j-th domestic and imported commodity prices. 

. .
1 

(3.2) 2 (P (t) (u (t) + u(t-1))                             k jk jk 
          P. (t ) = P(t-1) ll             o oj 

k=1 Pc
,jk(t-1) 

where P
01(t) denotes price of domestically produced j-th commod-

ity and P.2(t) denotes price of imported j-th commodity. 

U 
1(t) represents share of j-th domestically produced commodity j 

and u.2(t) is share of j-th imported commodity. 

Price index of other intermediate material inputs is defined by 

similar divisia aggregation. 

(3.3) n P 
__(t) __--(S1(t) + Silt-1)) 

0 

          PMi(t) = PMi(t-1)j~l Po. t-1 

~ 

                                   (j12,26') 

where P(t) is a over-all price of j-th commodity. 

Price index of j-th industrial output is also defined by the 

divisia aggregation of domestically produced commodity price. 

(3.4) 

                       n Pil(t) 2(vil(t) + vi1(t-1))      q(t) 
= q (t-1) II c 

                   j i=1 P
cil(t-1) 

where vi1(t) represent the nominal share of i-th commodity 

product to total product in j-th industry. 

                                       - 20 -



Labor Input 

   Similarly we can formulate discrete divisia price index 

of labor service as follows: 

(3.5) wklmn,i(t) 2[uklmn,i(t)+uklmn,i(t-l)] 
        PLi (t ) = PL(t-1) I                      i 

klmn wklmn,i(t-1) . 

where wklmn,i(t) denotes price of klmn-th labor service type 

in i-th sector and uklmn,i stands for the income share of 

klmn-th labor type in total labor compensation of i-th sector. 

   Labor type is classified as follows: 

(1) Employment status (1. ordinary employee, 2. temporary worker, 

    3. dayly worker, 4, self-employed, 5. Un-paid family worker), 

(2) Sex (l.Male, 2. Female), (3) Occupation (1. Blue-collar worker, 

2. White-collar worker), (4) Education (1. Elementary and Junior 

high school, 2. High school, 3. Junior college and Technical 

school, 4. College and University), (5) Age (1. less 17 years old, 

2. 18-19 years old, 3. 20-24 years old, 4. 25-29 years old, 5.30-

34 years old, 6. 35-39 years old, 7. )40-44 years old, 8. 45-49 

years old, 9. 50-54 years old, 10. 55-59 years old, 11. 60-64 years 
old, 12. more than 65 years old), (6) Industry shown in Table [1-1]. 

Data for the ordinary workers in the non-agricultural sectors are 

principally available on the source of Basic Wage Structure Survey 

(BWSS). Estimates for the ordinary workers in agricultural and 

government service sectors are deduced from Labor Force Survey 

(LFS). Data for temporary worker, dayly worker, self-employed 

and un-paid family worker were estimated from LFS, Manufacturing 

Census, Establishment Census and Employment Status Survey.

- 21 -



Capital Input 

   We can define divisia price index of capital service input 

as follows: 

(3.6) jCklmn .i t z(wklmn.i(t)+wklmn .i(t-1)) 
          PKi .(t) - PKi (t-1) . TI I 

                        klmn\\Cklmn.i(t-1) 

where Cklmn.it represents capital service price of klmn-th 

type capital service input and wklmn.i(t) stands for the income 

share of klmn-th capital service type in total capital compensation 

of i-th sector. 

Unlike the prices of labor service, we can not directly observe 

the price of capital service, Cklmn.it. According to well-known 

procedures of imputative calculation, we can deduce a relation-

ship in which the capital service price is regarded as a function 

of price of klmn-th investment goods, g.klmn,it, rate of return 

on capital yit, economic rate of replacement, pi
t and certain tax 

variables. 

Ignoring tax variables for the simplicity, we can derive the next 

well-known relationship, 

(3.7) . 

                                                    _ ~klmn.it            Ckl
mn.it~gklmn.it(yit+1~klmn.it ) 

                                                gklmn .it 

On the other hand the data of business surplus adjusted for 

compensation of capital in i-th sector, Bit are available 

through the estimation of time-series input-output tables. 

Under the assumptions of the competitive market and of the 

linear homogeniety of price possibility frontier function, 

Bit must be equalized to the total capital service cost of i-th 

industry.

- 22 -



(3.8) 

      Bit EEEECklmn .it Kklmn.it             klm
n 

                              ( _ gklmn.it 
             klmn gklmn.itYit + uklmn.i q ) Kklmn.it                                                    kl

mn.it 

where Kklmn .it denotes klmn-th type capital asset 
in constant price. Regarding this relation as the equation 

of unknown variable, Yit and putting the observed data of Bit, 

gklmn .it' ~klmn.i and Kklmn.it to this equation, we can solve 

the rate of return, yit in i-th sector and hence impute the 

capital service price, Cklmnit in (3.7). 

. Substituting estimated time-series of Ckl
minto (3.6), we can 

estimate divisia price index of capital service. 

(6) Allen partial elasticity of substitution is defined as follows: 

                   ~fiai F j          (l) Q
ij= aiaj F 

    where ai denotes quantities of i-th input, fi repiesents the 
    first derivatives with respect to i-th input and F and Fij 

    stand for the matrix of the second order derivatives with respect 
    to inputs and its co-factor of fib in F. Under the assumption 

    of competitive equilibrium, definition (1) can he rewritten as 
    follows: Pi 

                       E Pi .q •aai         (2 P            ) 
aiaj q aPj aiaj aP. 

    where Pi denotes prices of i-th input and q denotes prices of 
    output. 

    According to the Shephard'Lemma, 

         ( 3 ) a q gi = ai 
              aPi ' 

                      2q 
        ( 4) a = 

              aa gij = aa -i-             PiPj aP~ 

  Substituting (3) and (ti) into (2), we obtain 
                         q a2q as ôa        (5) cij- gig j q~aP aP ) (aP. aP 

   Assumming the trans-log specification of price frontier function 
   and substituting partial derivatives of the first two orders, 

  we can obtain the equations,(2.4). 

(7) For further discussion, see Jorgenson and Kuroda(1981) and 
   Kuroda and Imamura(1981).
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!}. Estimated Results 

   We estimated trans-log price frontier function in the 30 

industrial sector level. In the Japanese economy the oil crisis 

in 1973-74 had an enomous impact on the economic structure 

through the rapid changes of the relative price system. We can 

expect that the parameters of price frontier function might 

have been changed adjusting with the dramatic fluctuation of 

economy. 

   Therefore we tried to estimate the parameters of price frontier 

function firstly in the samples during the period 1960-1972, 

which do not include the impacts of oil crisis, and secondly in 

the samples during the period 1960-1977, which reflect the fluc-

tuations after the oil crisis. If the impacts of the oil crisis 

were dominant in samples including after 1973, parameters esti-

mated in the latter samples might have statistically significant 

differences from those in the former samples. We cal-1 below the 

former samples and the latter samples case [A] and case [B] 

respectively. 

   First of all we estimated parameters only on the restrictions 

of Ylomogeniety and symmetricity both during the period 1960-1972 

and 1960-1977. Results satisfied with monotonicity and concavity 

globally are obtained in only one industry; transportation equip-

ment in case [A] and four industries; mining, machinery, whole-sale 

and real estate in case [B]. With respect to industries which 

did not satisfy with monotonicity and concavity conditions we tried 

to estimate parematers with restrictions of (2.6) in order to 

accomplish to the local concavity. To test the validity of the 

local concavity restrictions we can obtain test statistics. 

From the results of unrestricted and restricted estimations we 

calculate the change in the weighed sum of squared residuals result-

ing from restrictions imposed. We divide this change by the sum

- 214 -



1. 
2. 

3. 
4. 

5. 
6. 
7. 
8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30.

[Table 2] F-Ratios for 
   on the Form

Agriculture 

Mining 
Construction 
Food & Kindred 
Textile 
Apparel 

Lumber 
Furniture 
Paper 

Printing 
Chemical 
Petroleum 
Rubber 

Leather 
Stone 
Iron 

Non-ferrous 
Fab.Metal 

Machinery 
Elec. M. 
Motor 

Trans. Eq. 
Precision 
Mis. Mng. 
Trans. 

Elec. U. 
Whole-sale 
Finance 
Real Estate 
Service

  Sample 

d.f.(vl/v2) 

(4 / 38) 
(1 / 38) 
(3 / 38) 
(2 / 38) 
(2 / 38) 
(3 / 38) 
(4 / 38) 
(2 / 38) 
(1 / 38) 
(4 / 38) 
(1 / 38) 

 (1 / 38) 
(2 / 38) 
(3 / 38) 

 (1 / 38) 
 (1 / 38) 
 (2 / 38) 
 (2 / 38) 
 (1 / 38) 
 (1 / 38) 
 (2 / 38) 

 (1 / 38) 
 (3 / 38) 
 (1 / 38) 
 (1 / 38) 
 (2 / 38) 
 (2 / 38) 

(3 / 38) 
 (3 / 38)

 Test of Concavity Restriction 
of Price Possibility Frontiers 

 1960-1972 Sample 1960-1977

F-value 

1.0357 
0.5618 
0.2406 
2.2980 
0.4721 
0.0 
0.9266 
0.0 
0.3384 
3.4987 
0.6398 
0.0 
0.4805 
1.1368 
1.5765 
0.0 
0.0 
0.1742 
0.4398 
0.2114 
0.0 

     ** 

3.5867 
1.9053 

5.5098 
2.9600 
1.0302 
0.0 
0.0

d.f 

(1

(2 
(1 
(1 
(2 
(2 
(2 
(1 
(1 
(2 
(2 
(2 
(2 
(2 
(2 
(2 
(2 

(1 
(2 
(2 
(1 
(2 
(1 
(1 

(1 

(2

•(v1/v2) 

/ 54) 

/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 

/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 
/ 54) 

/ 54) 

/ 54)

F-value 

0.4940 

* 0.0 * 
0.0 * 
0.0 * 

3.2676 
4.1660 
0.0 * 
1.1133 
0.0 * 
3.5734 
1.2638 
1.6727 
2.0012 
1.4509 
0.0 * 
2.8761 
1.5956 

      ** 

3.7352 
0.0 * 
0.0 * 
0.9935 
4.6226 
0.7245 

5.8452 
      ** 

0.1936 
      ** 

0.7925

* The estimated change in the sum of squared residuals 

    is negative. 

** Parameters are satisfied with concavity condition in 

    the non-restricted estimation.
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of squared residuals at unrestricted estimation. Finally, we 

divide both numerator and dominator of this ratio by the appro-

priate number of degree of freedom. The resulting test statis-

tics is distributed, asymptotically, as F(vi~v2 ), where vl is 

numerator degrees of freedom and v2 is the dominator degrees of 

freedom. F statistics by industries are summarized in [Table 2]. 

At a level of significance of 0.01 we accept the hypothesis that 

restrictions implied by (2.6) are valid for the price frontier 

function in all industries. 

   Lists of estimated parameters are reported in Appendix. 

Values in parenthesis denote t-value of each parameter, which is 

strongly consistent, asymptotically normally distributed. 

    Let us summarize our results. 

   The estimated share elasticities with respect to price : SKK' 

RLL,' SEE and SMM describe the implications of patterns of substi-
tution for the distribution of the value of output among capital, 

labor, energy and materials inputs. Positive share elasticities 

imply that the corresponding value shares increase with an increae 

in prices ; negative share elasticities imply that the value share 

decrease with price ; zero share elsticities correspond to value 

share that are independent of price. Some parameters of share 

elasticities are apri-o-ri given for the concavity conditions of 

(2.6). Since other unrestricted parameters are normally distri-

buted, we can test the statistical validity of null-hypothesis 

(Sii=O) in each industry. Results are summarized in [Table 3]. 

   According to the results RKK is positive for nineteen (restricted 

(B) + unrestricted(11) ) of thirty and approximately zero for 
eleven of thirty industries in case[A], so that the value share of 

capital input increases with an increase of price in the two -third of 

thirty industries while the value share is independent of price in 

other one-third of thirty industries.On the other hand this property of

-26-



[Table 3] Summary of Share Elasticity

13KK 

RLL 

13EE 

SMM

        [Case 

  Restricted 

 13>0 R<0 

8 0 

14 0 

18 0 

 0 0

A]

Non-restricted 

S>0 13=0 S<0 

 11 11 0 

 3 13 0 

  0 10 2 

10 19 1

      [Case 

Restricted 

 13>0 13<0 

15 0 

 2 0 

 21 0 

  0 0

B] 

 Non-restricted 

 13>0 3=0 S<0 

 9 6 0 

 4 23 1 

 0 7 2 

 4 24 2

Notes: (1) column 'Restricted' represents the numbers of 
industries in which parameters are restricted by 
constraints (2.6). 
(2) At a level of significant of 0.01 we test the 
null-hypothesis (iii=0) in each parameter. columns 
'Non-restricted' denote the numbers of industries .

13KK does not change remarkably in case [B]. SLL is positive for 

seventeen (restricted(14) + unrestricted(3) ) of thirty and zero 

for thirteen of thirty industries in case [A], so that the number 

of industries in which its value share of labor input increases 

with an increase of price is more than the number of industries 

in which its change is independent of price. On the other hand 

in case [B] the number of industries with positive share elasticity 

is less than the number of industries with zero share elasticity, 

so that after the oil crisis the changes-of value share of labor 

input trend to be independent of its price. 13EE is positive for 

eighteen, zero for ten and negative for two of thirty industries 

in case [A], so that the value share of energy input increases 

with an increase of price in the two-third of thirty industries. 

This properties of energy share elasticity are maintained after 

the oil crisis.
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Finally SMM shows to be approximately zero in the two-third of 

thirty industries in both case [A] and case [B]. In six indust-

ries the positive value share elasticity changed into approxi-

rnately zero after the oil crisis. 

 [Table 4] represents the estimated own price elasticity in each 

industry. Own price elasticity of capital service is less than 

unity absolutely in all industries of case [A] and case [B]. 

On the other hand own price elasticity of laborr input is signifi-

cantly more than unity in some industries of case [B]; apparel, 

rubber products, stone and clay, electric machinery and real eatate. 

Own price elasticity of energy input is estimated higher than that 

we expected. Especially in mining, petroleum and electricity 

and gas utility the price elasticities are more than unity. As 

I mentioned in the design of experiments of our works directly 

imported energy resource is allocated into above three sectors 

and products of these three sectors are distributed into other 

industries as secondary energy products. Therefore in the above 

three sectors the price elasticity of energy input might be reflected 

on the price elasticity of materials inputs. We have to notice 

that the price elasticity of materials input in petroleum refinary 

industry is less than unity; -0.236 in case [A] and -0.297 in case 

[B]. On the other hand the price elasticity of materials input in 

mining and electric utility are also more than unity, so that these 

facts might reflect substitution between alternative energy resources 

historically. Own price elasticities of energy input in other 

sectors are less than unity. Especially industries like stone and 

clay, iron and steel and chemical which are designated as energy 

intensive industries have smaller price elasticity than the average. 

Finally own price elasticities of materials input are less than 

unity in all industries except mining and transportation in case [A] 

and mining and electric utility in case [B].
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   Parameters Qij(ij) of the cross products in the price 

frontier function are related to the elasticity of substitu-

tions among inputs. Allen partial elasticity of substitution 

is defined as (2.4), which is shown in [Table 5]. Values of 

elasticities in [Table 5] are evaluated at the base period, 

1970, by using observed value shares in 1970. At the given 

level of each value share in 1970 we can test the statistical 

validity of tie null hypothesis, a'= 0. Positive Allen partial 
elasticity, a . > 0 imply that the k-th input is substitutable 

to the j-th input; negative Allen partial elasticity, Qkj < 0 
imply that the k-th input is complementary to the j-th input; 

zero Allen partial elasticity, akj=0 imply that the k-th input 
is independent to the j-th input.( .8 We find that the Allen partial 

elasticity of substitutions between capital and labor are signi-

ficantly positive, that is substitutable, only for seven indust-

ries in case [A] and in nine industries in case [B]; negative, 

that is complementary, only for five industries in case [A] and 

five industries in case [B]; zero, that is independent, for 

eighteen industries in case [A] and sixteen industries in case [B]. 

   Secondly the Allen partial elasticity of substitutions between 

capital and energy are significantly positive for nine industries 

in case [A] and three in case [B]; negative for two in case [A] 

and ten in case [B]; zero for nineteen in case [A] and seventeen 

in case [B]. After the oil crisis the relations between capital 

and energy trend to be complimentary for several industries such 

as mining, chemical, nonferrous metal, fabricated metal, finance 

and services. 

   Thirdly elasticities of substitution between capital and materials 

are significantly positive for all industries both in case [A] 

and case [B], so that relations between capital and materials are 

substitutable with fairly large elasticities of substitution.
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   Forthly elasticities of substitution between labor and energy 

are significantly positive for fourteen in case [A] and ten in 

case [B]; negative for one in case [A] and two in case [B]; zero 

for fifteen in case [A] and eighteen in case [B]. 

   Fifthly elasticities of substitution between labor and materials 

are significantly positive for sixteen in case [A] and twenty-three 

in case [B]; negative for one in case [A] and one in case [B]; 

zero for thirteen in case [A] and six in case [B]. 

   Finally elasticities of substitution between energy and materials 

are positive for seven industries in case [A] and eight in case 

[B]; negative for six in case [A] and four in case [B]; zero for 

seventeen in case [A] and eighteen in case [B]. 

   We continue the interpretation of the parameters estimates 

given in Appendix with estimated biases of technical change with 

respect to price. These parameters can be interpreted as the 

change in the share of each input with respect to time, holding 

prices constant. If the bias of technical change with respect to 

the price of the j-th input is positive, we call that technical 

change is j-th input using; if the bias is negative, we say that 

technical change is j-th input saving; if the bias is approximately 

zero, we say that technical change is neutral. Since the estimated 

parameters, are asymptotically normally distributed, we can 

test the statistical validity of the null-hypothesis, 

   A classification of industries by patterns of the biases of 

technical change is given in [Table 6]. In the table, U.N and S 

denote that the bias of technical change is using,neutral and saving 

in each input respectively. 

   According to the results in case [A] the bias of technical 

changes with respect to capital input is positive for nineteen 

of thirty industries and zero for eleven, so that the bias is 

capital using for two third of thirty industries. On the other 

hand the bias with respect to labor input is negative for fourteen
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[Table 6] Changes of Bias of Technical progress

  Case 

Sample 

K I,

[A] 
1960-1972 

  E M

  Case 
Sample   n

K L

[B] 
1960-1977 

  E M K L E M

1. 
2. 
3. 
LI . 

5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
2 L . 
25. 
26. 
27. 
28. 
29. 
30.

Agriculture 
Mining 
Construction 
Food & Kindred
Textile 
Apparel 
Lumber 
Furniture 
Paper 
Printing 
Chemical 
Petroleum 
Rubber 
Leather 
Stone 
Iron 
Non-ferrous 
Fab . Metal 
Machinery 
Elec.M. 
Motor 
Trans. Eq. 
Precision 
Mis. Mng. 
Trans. 
Elec. U. 
Whole-sale 
Finance 
Real Estate 
Service

U 
U 
U 
U 
U 
N 
U 
N 
N 
U 
U 
U 
U 
U 
U 
U 
N 
U 
U 
N 
N 
U 
U 
U 
N 
N 
N 
N 
N 
U

S 
S 
S 
N 
N 
N 
S 
N 
S 
S 
S 
S 
S 
S 
N 
S 
N 
N 
N 
N 
U 
S 
N 
S 
U 
N 
N 
N 
S 
U

N 
U 
N 
S 
S 
N 
N 
N 
N 
N 
U 
S 
S 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
U 
N 
N 
N 
N 
N 
S

U 
N 
U 
N 
N 
N 
U 

N 
N 
U 
N 
N 
N 
N 
S 
N 
N 
N 
N 
N 
N 
N 
N 
N 
U 
N 
N 
N 
U 
S

U 
U 
U 
N 
U 
U 
N 
S 
U 
S 
N 
S 
N 
N 
U 
U 
U 
U 
U 
N 
S 

U 
U 
U 
S 
N 
U 
S 
S 
U

S 
N 
N 
N 
N 
N 
N 
U 
N 
U 
N 
S 
U 

N 
S 
S 
N 
U 
U 
U 
N 
N 
N 
U 
N 
U 
U 
U 
N

N 
U 
S 
N 
N 
N 
N 
S 
N 
N 
U 
U 
N 
S 
N 
N 
N 
S 
N 
S 
N 
N 
S 
N 
U 
N 
N 
S 
N 
S

N 
N 
N 
N 
S 
S 
N 
N 
N 
S 
N 
U 
S 
S 
S 
N 
N 
N 
N 
N 
U 
S 
N 
S 
N 
N 
S 
N 
N 
S

0

x 

x

x 

o x 

o x 

x x 

o x 

o x 

0 

0 x 

0 x

X O

O

0

x 

0 

0

0

O 0 

x 

X 0 

0 

0

0

x 

x 

0

0

x 

x o

x

0 

x 0 

x

0

x 

x 

x 

0

0

0 

0

x 

0

0 

0

0

0

Note: 
 (1)

(2)

(3)

U, N and S denote that the bias of technical changes is 
using, neutral and saving in each input respectively. 
U means that parameter ~3jt (j=K.L.E.M) is significantly 
positive. S means that parameter ~jt is significantly 
negative. In the case that null hypothesis ajt=0 is not 
rejected, bias of technical progress is regarded as neutral. 
First four columns are results estimated from the sample 
period 1960-1972 and fifth through eighth columns represent 
results estimated from the sample period 1960-1977. 
Marks o and x represent the evaluation of changes in bias of 
technical changes, o implies the bias of technical progress 

changes to the input saving way. x implies it changes to 
the input using way.
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and zero for fifteen of thirty industries; so that we can not 

find labor using technology bias before the oil crisis. Thirdly 

the bias of technical changes with respect to energy input is 

energy using for two industries, energy saving for five and 

energy neutral for twenty-three of thirty industries. Finally 

the bias of technological changes with respect to materials 

input is material using for six, saving for two and neutral for 

twenty-two of thirty industries. 

   We can say roughly the properties of the bias of technical 

change as capital using - labor saving - energy and material 

neutral technical bias over the period before the oil crisis. 

This fact with respect to the technical bias is consistent with 

the changes of the relative prices among four inputs, so that it 

might suggest the explanation of the technical bias by the induced 

technology theory. After the oil crisis, the results suggest 

that the bias of technical change moved relevantly. In [Table 6], 

mark o and x represent the evaluation of changes in bias of 

technical changes. o implies that the bias changes to the input 

saving way ; x implies that it changes to the input using way. 

   As for the bias of capital input, the bias changes to the 

input saving way for twelve of sixteen industries, in which the 

change of the bias is statistically significant. On the contrary, 

the bias of technical changes with respect to labor input move 

to the input using way for sixteen of eighteen industries, in 

which the change of the bias is statistically significant. As 

for the bias of technical changes with respect to energy and 

materials, results suggests that the biases with respect to those 

inputs move to the saving way for eight industries of thirteen 

industries and thirteen industries of fourteen industries respectively, 

in which the changes of the bias are statistically significant . 

   The final parameter in our models is the rate of change of the 

negative of the rate of technical change, Stt. We find that the 
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null- hypothesis,13tt=0 in 
industries, so that the 

rate of technical change

 each industry does not reject in all 

rate of change of the negative of the 

 is approximately zero.

5. Concluding Remarks 

   Description of the producers behavior in the 30 industrial 

sectors by measuring the trans-log price frontier function reveals 

some properties in terms of the price elasticity, the elasticity 

of substitutions and the bias of technical changes as given in 

the previous section. 

   Our research suggested some possibility and the necessity of 

the further research. 

1. The estimation of the trans-log price frontier function 

even if the inputs are only four inputs - K.L.E and M.- is fairly 

unstable. Especially the fittness of the negative of the rate 

of technical change, - Wt has some possibility of the improvement. 

Specification of the factor argumenting technical progress instead 

of the I-lick neutrality might be one of possibility to be tested.(9 

2. It might be an interesting subject to describe the bias of the 

technical change in terms of the induced inovation theory. Espe-

cially the movement of the bias of technical change after the oil 

crisis in Japan has to be explained consistently with the fluctu-

ation of the relative prices.

(8)

(9)

We can refer other measurement of the partial elasticities of 
substitution with respect to capital, labor and energy input 
in the macro production analysis. Berndt - Wood(1975) and 
Hudson - Jorgenson(197)4) reported that energy is complement 
to capital, substitutable to labor and materials in the analysis 
of the U.S. manufacturing data. Griffin - Gregory(197h) and 
Pindyck(1977) reported that energy is substitutable to capital 
and labor in the analysis of OECD data. 
Wills(1979) reported the some specification in terms of the 
factor argumenting technical progress.
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