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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 oll crisis in Japan "capital using - labor saving -
energy and material neutral" bias of technical changes are
deminant 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 1n
[Table €]. '

The bias of technical change with respect to capital input -
moves to the input saving way for eleven industries. On the -
contrary in slxteen industries the bias of technical change with
respect to labor input moves to the input using way. Also the v
bias of technical change with respect to energy and matéerials
moves into the input saving way in almost one-third of the thrity
industries.
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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 , X3 in i1-th Sector is related to the service
flows of four inputs : labor(L;), capital(Ky), energy(Es) and
other intermediate materials(M;).

We assume further that the production function is characterized
by constant returns to scale and Hicks - neutral technical
changes.

(l.l) Xi = fl(Li’ Ki: Ej_’ Mis t):

where T denotes time trend.

Under the competitive market conditions, producer behavior ecan

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)  ay =RBa(Ppy. Pyss Ppys Pyys )

where q; is the price of output of industry 1 and Pji(j=K,L,E,M)
represent the price of labor service, capital service, energy
input and other intermediate material input in industry 1 respec-
tively. (t

Further we assume that the price possibility frontier (1.2)
can be specified by the following trans-log price function. (2

(1.3) lng, = uoi + Xa%ln?..
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L 14 .
where ao®, al (J=K,L,E,M), By (6ITKLLEID L ap, BT, (3=K,L,E,M)

and B%t denote the parameters of the price function of i-th
sector. (3 )
As well known, trans ~-log price function is one of sufficiently .
flexible functhnal forms, which glve 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. (4

i
dlng P,. X
b ' |
(1 ) i = Ji . 11 = wjl (J=K:L:E3M_)
alnPJ qy X ’

where zji corresponds to each input,}(i,LE,Ei and Mi for j=K,L,E and M
and Wji‘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 functlon in terms of the price
possibilility frontier.

- alnqi

e

where WEi denotes the rate of technical change.

From the trans-log specification of the price possibllity frontler,
We can deduce the following system of the share functions and

the negative of the rate of technical change.

TR



(1.6)

. P,..K in ln 1
. - 171 1 n 1n
Wy = —8IL o o1 i + pd + ol 1 1
P X; Ko BracPra® BroPra® BypPoy* BiPugt Bt
P.,L 1n in 1
- Y - 171 1 i i n, i in 1
. - —=== = > +glp 4 ;
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Vg = o™ + Bo P+ + gl 1 1
E1 PyX, E. ¥ PExFki* BELPry* BEgPpyt BiyPuyt Bgyt
. - M1t 4 i n n
Wy, = ———=2 = o & 4 P4 + gl . £ ol
i P X, Mo BuicPrat BupPrat BupPrit BrPuit Byt
3lng In in 1n 1
- i 1 1 n.
= = a + P, .+ " + 1 e
t1 ot e 7 BekPrit ByrPryt BrpPpyt BiyPuyt Bt
(i:l......-ue3l-)
- (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 1s estimated by
Berndt and Wood (1975) in the U.S. manufacturing during the
period 1947-1971. Fraumeni-Jorgenson (1681) tried to estimate
fhe trans-log model by the 36 industrlal sectoral data in U.S, .~
Wills (1979) analyzed the properties of the technical chanpge in
the U.S. primary metal industry by a trans-log nrice 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 (1%80).
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Deductions of the trans-log price function give the economie
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

) W, . _
(1.7) Ul = ——d2 - gi (J.%x = K.L.E.M).
Jk 91lnP Jk
ki
Biases of technical change
: 3 (-~-W_, i
1
(1.8) U, = td) _ 8., (5= K.L.E.M).
J 31nP J

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

(1.9) U . =

I
ot Bey

9

We have to introduce some theoretical constraints in-the formu-
lation of trans-log price frontier funetion, so that the'trans¥log
price function becomes consistent with the theory of producer's
equilibrium.(S ‘
Firstly adding-up condition of accounting ldentity 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.

(4) See Shephard (1970).
(5) Fraumeni-Jorgenson (1981).




uKi + aLi + aEi + aMi = 1

1 1 1
(1.10) Bxx * 8LK Bpg + Bug = 0
B + 8 + si + B 0

Kk, ¥ Bpp * Bgp * Byp =

1 1 1 1

1 1 1 1
By + Bry * Bpy * By = O

1 i 1 i
BKt + BLt + B = 0

Bt * Pug 7.
In our four inputs model, which we wiltl call KLEM model below,‘
it involves estimating explicitly thirty parameters for each-
industry. If the material share equation 1s delated, the

six additional parameters are calculated from independently °
estimated twenty-four parameters.

Secondly the ten symmetry restrictions of the KLEM model wlth’
the material share equation delated are as follows.

(1.11)
1
Brr, = Pk
Bxg = PEk
= By = = B - By - B
Bxm = Bux = ~ Bk ~ Brx — Bix
1
Bre = Bgy
SRR S SRUIPE SEE SN
Brv = Bun =~ Bk ~ B ~ Bep
1 1 ' -
Bem = Byg * ~ Bke ~ Bre ~ PEE



Bxe = Bix
Bit - B%L
Bét - B%E
B;t - B%M T B;t - Bit - Bét

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 monotoniclty and concavity are desiable price possibility
frontier curvature properties according to economic theory.

The conditions for monotoniclty and concavity can be obtalned

by differentiating the price possibility frontier with respect

to prices. With respect to the KLEM model, the first order
partial derivatives are

(1.12) 39, ay dlnqy 91 1
T1° 1 ° 1 - 1 "k
%9y  qq dlngy gy w i
1 i i - i "L
P, Py chE P y
9 9 ay ‘ alnol a4 " 1
ap T o 1 T° 1%
3P Pp 31nP, Py >
%9 _ 94 , 3lnq, I P
1 1 I i
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The second order partial and cross-partial derivatives of
the price possibility frontier can be written by

(1.13) 32 4

4 qay, 12 1
= + W - W
ol Pl (B33 + ¥y = ¥p)
J
(j = K.L.E.M) .,
and
324 g
y 1 i 1 1..1
= (8 + WIWS )
apgaPKi PjPKi JK 3K
4 ) (JaK = »K,L,E,M) .

These second order partial derivatives determine the Hessian
%

of the price possibility frontier, H tat the point of base

year (qi, P., = 1.0, j=K.L.E.M).

Jl
(1,;u>
yrl
-
1,1, 1.1 . i .1 14
+ W - 13 : -
B + WxlWx = 1) Byp + WRup Bke T WxWE Bgy + Wiy
o 14 11
| B, VLGN - 1) g WML g4 WL
11 11
Bgg + Wg(Wg - 1) By + WEWy
1, 1
BMM‘ +'WM(WM - 1)
.




%
H 1 can be expressed by an alternative way of exprassing
Hi as follows,

(1.15)
e T A R e
BjK -
- |
1 11 1
fkk  BkL Bke  Bxm
1 i1 1
1
(Bx ) = fxr B B Bi
i i i i
Pk Bip Bgm - Bg
1 1,1 1
P B Paw By |
W
vk ” 1 0
1
vl We
i .. |
W= | g and Wt o= 0 E .
1
Wl | Wy
L i
L J

Monotonielty requires that each element of Wi has to be non-
negative. If each element of wi were ncen-negatlve, matrix,
ﬁiﬁi— wi might be 2 negative semi-definite matrix, so that
the sufflcient condition of concavity of H*i 1s consistent
with the negative semi-definiteness of [B;k]‘ In this case

: . 1
the negative semi-definiteness of [Bjk] guarantees the monotonilcity
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and concavity of the price frontier function regardless of the

level of Wji. We call it conditions of "global concavity",

The negative semi-difiniteness of [B kj for the global concavity
might be tested by searching the negativ1ty of diagonal factors
in the Cholesky Factorization of [8 ]

Instead of the global concavity, we can impose the weaker
condition of concavity on thq price possibility frontiler, which
means that the concavity of the function might be satisfied
within the obpserved fluctuation of the income share, W§ (j=

K,L,E,M). We call it the condition of "loeal concavity",

Our KLEM production model describing the producer behaviof in
terms of the trans-log price possibility frontier has to be
imposed the above theoretical restrictions: homogeﬂiety, symmetry,
monotonlcity and concavity.

2. Stochastic Specification and Estimation

Stochastilc specification of KLEM model.can be drawn on the
U.S. model estimated by Jorgenson Fraumeni [1981]. They assumed
the additive dilsturbances EJ in each of the equations (1.6),
reflecting errors in cost minimization. Under the adding -up
condition one of the equations in (1.6).1s 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
evrptance matrix Q.

We will use the same assumption in our KLEM model.

- 11 -



The rate of technical change for the production possibility
frontier, W_ in (1.6) is unobservable directly. Following
descrete divisia index of technical change is exact with the
trans-log price frontier function. (Diewert (1976))

(2.1) - wti = lnqi(t) - 1nqt(t—1)

- Wy (InP (t) ~ InP, , (£-2))

= ~ 1nP. . (t-1))
= W, (InPp, (8) "o N¥r g

- ﬁEi(lnPEi(t) - 1nPg, (t-1))

- ﬁMi(lnPMi(t) - 1nPMi(t-1)) ,

where
Wy =-§- [Wiey (63 + Wy, (5-1)1,
Wiy =5 Do (6) + W (£-1)T,
oy =3 D0, (6) + wEi(ﬁ-l)],
Wy = 3 D (8) + W (6-1)7,
Wey =5 D, (6) + W, (6-1)]

Using this index number - W, the final behavioral equation,
(1.6) becomes '

(2.2) - W, ==& 1nP InP

g ¥ BgednPyy + 8 InPp,

-t

1nP te' b,

1nP + B

t BpelnPpy + By lnPy,
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where

1 i}
1nPKi —-E-[lnPKi(t) + lnPKi(t-l)],
1
1nPLi —-E—[lnPLi(t) + 1nPLi(t-l)],
inP =.3;[inP (t) + InP_,{t-1)]
Ei 5 Ei . Ei >
21
InPy, -'E"[lnPMi(t) + 1nPMi(t—1)],
- 1
t =?[t + (t—l)].

We then transform the set of behavioral equation (1.6).1into
the following set of equations that can be estimated:

(2.3)

P R ¢ i— - 4 i .

. =0 - - N e
Ki K*BKK1nPK1+BKLlnPLi+3KElnPEi+BKMlmPMi*BKttiEK
j— ! j— T i . 1 j— L L
KLInPKI "LLIAPLA  PLEIRPEL BLMIRBWI  PLio+er,

e i
wLi—aL+3

— 1 i 'i_ P |i. 3
W '_aE+BKElnPKirBLE1nPLi'BEElnPEi'BEMlani+BEt E

7 _ 1
WMi—aM+B

i. rBi 'Bi rBi . ] lBi.,-t-_}._E-_
KMInPKi “LMInPLi" "EMInPE1 PMMInPMi' Py M

o 1 i_______ i , j_ | i-. . i._, o
e T ke TPKe Ly TRPL R TRPET Bt THEW T BEL e
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where

+

[ek(tj EK(t—l)]

|

+

[ep,(8) + e; (£-1)]

[

=

[eE(t) + eE(t—l)]

4=

EEM(t) ey (1) ]

|
=
I
I I oI EE o

E; = [et(t) + e (£-1)]

The error terms { Egs €2 Egs Eys €t } are now seriaily correlated.

Applying NL3SLS 1n 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 1is strongly
consisfent, asymptotically normally distrilbuted.

List of Instrumental Variables

21 : Constant

Z2 : Time trend

Z3 : Nominal government current expendlture

Zl4 : Nominal government fixed capital formation
25 : Total time endowment

76 : Average effective rate of indirect tax

Z7 + Average effectlve rate of income tax

Z8 : Effective rate of corporate income tax

Z9 : Effective rate of corporate enterPrise tax

Z10: Effective rate of non-corporate inocme tax

Z11: Effective rate of non-corporate enterprise tax



212: Aquisition tax rate for real estate

Z13: Property tax rate for buildings and other stiructure

Z14: Property tax rate for automobile

Z215: Property tax rate for depreciablé goods except automobil
and bullding

Z16: Property tax rate for land

Z17: Over-all price of labor service

We can obtain some measurement of technological properties

in each 1industry from the estimated parameters.

Allen partial elasticity of substitution is defined in terms of
trans-log price possibility frontier as follows: (6

R S N | - .

(2.4) oy = By /Wiy + 1 (k # 3, k,4= K.L.E.M)
1 i 01? i
o, = .ot~ 1wt o4 S =K.L.E.M).
35 = By57M; vy (J=K )

Also .we can define the price elasticity of demand under the
perfect competitiveness of the market as follows:

(2.5) Blnxji } Pki iji ) wici
X . aP k™ Jk
ki ji ki

(k,j= K.L.E.M.).
91nP )

Concavity restriction in the price possibility frontier.requires
the following conditions.

(2-6) i i iz
0,. = B ,/W, - 1/W. + 1-< 0
JJ BJJ/ J 1/ J
or
i i 1 )
< Wr (1-W, = K.L.E.M.
BJJ ; ( J) (J )
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i 1
(2.7)  Wpoyy + Wgporp + Wyou, < 0,

=,
Q
+
=
[N

Q
=
Q
A
o
AY ]

Substituting (2.4) into e€ach equation of (2.7) and imposigg

the restriction of homogeniety of degree one, we can deduce

(2.6) again. This implies that ir 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 funetion
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 pessibility frontiler 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. (7

Output, Energy and Intermediate Material Input:

Divisia price index of output, energy and Intermediate
material input were constructed from the estlmated time-series
input-output tables. In Japan input-output tables classified

- 16 -
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on commodity basis have been compiled every five yvears since

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

output tables compiled with concistent concepts and definitions

over the pericd 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 baseéd

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 domesilc and
imported goods. We tried to sum up non-competitive imports like
crude o0il 1n 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 zllocated direetly tomining,
petroleum refinery ipdustry and electric utility sector. Flnally
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 1n 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)

J
Pey(t) = PEi(t‘l)1¢?25< . (t_lﬁ
Pos /
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where Poj(t) represents the over—al} price of j-th commodity
and Sj(t) denotes input share of j-th energy input to total

energy input in i-th sector.

Poj(t) is defined by the similar divisia aggregation of both
J~th domesfic and imported commodity prices.

. ’ 1
R \s (U -
3-2) Pos () = Poj(t-l)kﬁl(——i'—u—i k:)l))”( gel®) 8y (8-10)
cik
where chl(t) denotes price of domestically produced J=th commod-
ity and cha(t) denotes price of imported j-th commodity’
ujl(t) represents share of j-th domestically produced commodilty
and ujg(t) is share of j-th imported commodity.
Price index of other intermediate material inputs 1s defined by
similar divisia aggregation.

(3.3) n b (x) (55 (E) + 8, (£-1))
O
Pus (8 - Pygg (820,03 (Pojtt-i)
(JX12.26)

Where Poj(t) i1s 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 prisze.

(3.4)

qj(ﬁ)

1
P . (t) BVip(E) + vyi(£-1))
e i1 ]

i=1 Pogq(t-1)

Where vil(t) represent the nominal share of i-th commodity
product to total product in j-th industry.
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Labor Input

Similarly we can formulate discrete divisia price index
of labor service as follows:

1
(3.5) ( s wklmn,i(t) “2luklmn,i(t)+uklmn,i(t-1}]
P (t) = P..(t-1) I | ———
Ll Li klmn(wklmn,i(t-lJ

where “klmn,1(t) denotes price of klmn-th labor service type
in i-th sector and gklmn,i stands for the income share of
klmn-th labor type in total labor compensation of i-th sector.

Labvor ftype 1s classified zs follows: _

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

3. dayly worker, 4. self-employed, 5. Un-pald 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. Lo-4l years old, 8. Us5-l4g
years old, 9. 50~54 years old, 10. 55-59 years old, 11. 60-64 years
old, 12. more than 65 years 0ld), (6) Industry shown in Table [1-11.
Data for the ordinary workers in the non-agricultural sectors are
principally available on the source 6f Basic Wage Structure Survey

(BW3SS). 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.
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Capital Input

We can define dlvisia price index of capital service Input
as follows:

. '.‘L
(3.6) fcklmn-i(t) 2 (Wklmn, 1 () +okimy, 1(t-1))
P_.(t) = ki (t=1) T
Ki (t-1)

klmn\c

klmn.i

where Cklmn.lt 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 caplital 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 1is regarded as a function
of price of klmn-th investment goods, Sklmn,it, rate of return

on capital Yit’ economic rate of replacem?nt, uit and certain tax
variables.,

Ignoring tax variables for the simplicity, we can derive the next
well-known relationship,

(3.7)

a
= _ “klmn.it
Cramn. 16" Ulmn. 16 (Y16 T eimn, 16~ —

Qimn. 1t

On the other hand the data of business surplus adjusted for
compensatlon of capital in i-th sector, Bit are availlable
through the estimation of time-series input-output tables.
Under the assumptions of the competitive market and of the
linear homogenlety of price possibility frontler function,
Bit must be equalized to the total capital service cost of i-th

industry.
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(3.8)

B = LIZL C - K .
it xlmn klmn.it kimn.it
kimn.it"'it kimn.i klmn.it
klmn o] .
klmn.it

where Kklmn.it denotes klmn~th type capital asset

in constant price. Regarding this relation as the equation
of unknown variable, Yit and pytting the observed data or Bit’
U imn. 1+ Hilmn. 4 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, Crimn. 1t in (3.7).

Substituting estimated time-series of Cklmn.it into (3.6), we can
estimate divisia price index of capital service.

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

_Lfiai | _Fij
(1) Gij_ aiaj B
where aj denotes quantities of i-th input, 41 repgesents the
first derivatives with respect to i-th input and ¥ ang i3
stand for the matrix of the second order derivatives with respect
to inputs and its co-factor of fij in F. TUnder the assumption
of competitive equilibrium, definition (1) can he rewritten as

follows: P ] ;
ISa. a vP.a, da
(2) 045=3 e 5 - o yantl Tl
i J 173 J
where P4i denotes prices of i-th input and g denotes prices of
cutput.

According to the Shephard'Lemma,
(3) 29-5 -4

i

BPi ?
2
(N)*—g—z* = g., = 2a,

3P, 3P, 1 ap
Substituting (3} and (4) into (2), we obtain

q 2 . N
(5) °ij=“§I§3 giqu(aging)/(ggi)(;gj)

Assumming the trans-log specification of price frontler function
and substituting partlal derivatives of the first two orders,
we can obtaln the equations,(2.4).

(7Y For further dlscussion, see Jorgenson and Kuroda(1981) ang
Kuroda and Imamura{1981),
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4. Estimated Results

We estimated frans—log price frontier function in the 30
industrial sector level. ZIn the Japanese economy the 0il 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
functlion 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 o0ll crisis. If the impacts of the oil cerisis
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 call 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 homogeniety and symmetricity both during the period 1960-1972
and 1960-1977. Results satisfied with monotonicity and coneavity
globally are obtained in only one 1ndustry; 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 statisties.
From the results of unrestricted and restricted estimations we
calculate the change in the weighed sum of squared residuals result-
ing from restrictions imposed. W¢ divide thils change by the sum
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[Tfable 2] F-Ratios for Test of Concavity Restriction
on the Form of Price Possibility Frontiers

Sample 1960-1972 Sample 1960-~1977
d.f.(vi/va) F-value d.f.(vy/va) F-value
Agriculture (4 / 38). 1.0357 {1 / 54) 0.4940
Mining (1 / 38) 0.5618 %
Construction (3 / 38) 0.2406 (2 / 54) 0.0 ¥
Food & Kindred (2 / 38) 2.2980 {1 / 54) 0.0 ¥
Textile (2 / 38) 0.4721 (1 / 51 0.0 ¥
Apparel (3 / 38) 0.0 ¥ (2 / 54) 3.2676
Lumber (4 / 38) 0.9266 (2 / 54) 4,1660
Furniture (2 / 38) 0.0 ¥ (2 / 51) 0.0 ¥
Paper (1 / 38) 0.3384 (1 / 58) 1.1133
. Printing (4 / 38) 3.4987 (1 / 54) 0.0 %
. Chemical (1 / 38) 0.6398 (2 / 54) 3.5734
. Petroleum (1 / 38) 0.0 # (2 / 54) 1.2638
. Rubber (2 / 38) 0.4805 (2 / 54) 1.6727
. Leather (3 / 38) 1.1368 (2 / 54) 2.0012
. Stone (1 / 38) 1.5765 (2 / 54) L.4509
. Iron (x / 38). 0.0 % (2 / 54) 0.0 ¥
. Non-ferrous (2 / 38) 0.0 # (2 / 54) 2.8761
. Fab.Metal (2 7/ 38) 0.1742 (2 / 54) 1.5956
. Machinery (1L / 38) 0.4398 ¥ ¥
. Elec. M. {1 / 38) 0.211%4 (1 / 54) 3.7352
. Motor {2 / 38) 0.0 % {2 / 54) 0.0 ¥
. Trans. Eg. ) — (2 / 5b4) 0.0 ¥
. Precision (1 / 38) 3.5867 (1 / 54) 0.9935
. Mis. Mng. (3 / 38) 1.9053 (2 / 54) 4, 6226
. Trans. (1 / 38) 5.5098 (1 / 54) 0.7245
. Blec. U. (1 / 38) 2.9600 (1 / 54) 5.8452
. Whole-sale (2 / 38) 1.0302 ¥ ¥
. Finance (2 / 38) 0.0 % (1 / 54) 0.1936
. Real Estate (3 / 38) 0.0 ¥ * #
. Service (3 / 38) (2 / 54) 0.7925

The estimated change in the sum of squared residuals
18 negative.

#% Parameters are satlsfied with concavity condition in
the non-restricted estimation.
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of sgquared residuals at unrsestricted estimation. Finally, we
d Ivide both numerator and dominator of this ratlo by the appro-
priate number of degree of freedom. The resulting test statis-—
tics 1is distributed, asymptotically, as F(vl’vg ), wherev: is
numerator degrees of freedom and v, 1s the dominator degrees of
freedom. F statisties by industries are summarized in {Table 2].
At a level of significance of 0.0l we accepi the hypothesi§ that
restrictions implieé 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 1s
strongly conslstent, asymptotically normally distributed.
Let us summarize our results. X
The estimated share elasticitles with respect to price BKK’
BLL’ BEE and BMM describe the implications of patterns of substi-~
tution for the distribution of the value of output among capital,
labor, energy and materilals inputs. Positive share elasticities
imply that the corresponding value shares increase with an increae
in prices ; negative share elasticlties imply that the value share
decrease with price ; zero share elstiecltiles correspond to value
share that are independent of price. Some parameters of. share
elasticitles are apri-o-ri given for the concavity conditions of
(2.6)., Since other unrestricted parameters are normally dlstri-
buted, we can test the statlstical validity of null-hypothesis
(Bii=0) in each industry. Results are summarized in [Table 3].
According to the results Brx 1s positive for nineteen {restricted
(8) + unrestricted(ll) ) of thrity and approximately zero for
eleven of thirty ipdustries in case[A], so that the value share of
capltal 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
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[Table 3] Summary of Share Elasticity

[Case 4] [Case B]
Restricted Non-restricted Restricted Non-restricted
8>0 B<0 B>0 B=0 B<O B>0 B<Q B>0 B=0 B<0
BKK 8 0 11 11 0 15 0 9 6 0
BLL 14 0 3 13 0 2 0 4y . 23 1
BEE 18 0 10. 2 21 0 0 7 2
By 0 0 10 19 1 0 0 Y 24U 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 (B,.=0) in each parameter. columns
'Non-restricted' defnote the numbers of industries.

BKK does not change remarkably in case [B]. BLL is positive for
seventeen (restricted(1l) + 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,
50 that after the o0il crilsis the changes of value share of labor
input trend to be independent of its price. BEE is positive for
elghteen, 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 o0il crisis,
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Finally BMM 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-
mately zero after the o0il crisis.

[Table 41 represents the estimated own price elasticity in each
induétry. Own price elasticity of capital service 1s less than
unity absolutely in all industries of case [A] and case [B].

On the other hand own price elasticity of labor input is signifi-
cantly more than unity in some industries of case [Bl; apparel,
rubber products, stone and clay, electric machinery and real eatate.
Own price elasticity of energy input is estimated higher than that
Wwe expected. Especially in mining, petroleum and electricity

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

I mentloned in the design of experiments of our work. diréctly
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 substitutlon between alternative energy resources

historically. Own price elasticities of energy input in other
sectors are less than unity. Especially indusfries 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'cése [A]
and mining and electric utility in case [B].
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Parameters Bij(i¥j) of the cross pro@ucts in the price
frontier function are related to the elasticity of substitu-
tions among inputs. Allen partial elasticity of substitution
is defined as (2.%), 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 t?e null hypothesis, cij= 0. Positive Allen partial
elasticity, Ukj > 0 imply that the k-th input is substitutable
to the j-th input; negative Allen partial elasticity, Gij < 0
imply that the k-th input is complementary to the j-th input;
zero Allen partial elasticity, c;j=o imply that the k-th input
ds independent to the J-th input.(8 We find that the Allen partial
elasticity of substltutions between capital and labor are signi-
ficantly posilitive, that is substitutable, only for seven iIndust-
ries 1n 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 1n 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 elasticitles of substitution hetween capltal 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 falrly large elasticities of substitutilon.
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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 1in 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 substitutilon between energy and materials
are positive for seven industries in case [A] and elght in case
[Bl; 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
pri¥ess constant. If the bias of téchnical change with respect to
the price of the j-th input is positive, we call that technical
change 1is j—th input using; if the bias 1is negative, we say thaﬁ
technical change is j-th Input saving; if the bilas is approximately
zero, wWe say that technical change is neutral. Since the estimated
parameters, B%t are asymptotically normally distributedi we ¢an
test the statistical validity of the null-hypothesis, Bjt=0'0

A classification of industries by patterns of the bilases of
technical change 1s 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 capltal input i1s positive for nineteen
of thirty industrles and zero for eleven, so that the bilas is
capital using for two third of thirty industries. On the other
hand the blas with respect to labor input is negative for fourteen
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Agriculture
Mining
Construction
Foed & 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.
Trans.
Elec. U.
Whole-sale
Finance
Real Estate
Service

Note:
(1)

(2)

(3)

(Table 6] Changes of Bias of Technical progress

Case [A4] - Case [B]
Sample 1960-1672 Sample 1960-1977

K L E M K L E M K L E M

X
o

L

[=]
X X X X X
X

0000 X000 X%
X
x

X
O

Mng.

C!ZZZZZC!C:C:ZZC!C!ZC!CGGC:C!CSZZC:ZC:GCL‘C:C!
CUZZZCEZUNdEZZ2 2Nz =2 Nn="==0tWin
UJZZZZZCfZZZZZZZZZZMWGZZZZZMWZC{Z
COC:ZZ-ZGZZZZZZZZZMZZZZQZZC!ZZZCSZC:
C.‘UJU)C:ZUJC:C.‘C:CDZC?C:C:C:C{ZZCDZMG(JJZC!C}ZC}C:C:
2O aczEadadadznnEcdcnzsgdEaZ == =20
COZOOZZCZMZZMZMZZZCDZC:CSZZUJZZZZUJC.‘Z
UJZZCJJZZMZMGZZZZZMMMC{ZMZZZUBMZZZZ

o
O X X X

U, N and 8 denote that the blas of technical changes is
using, neutral and saving in each input respectively.

U means that parameter 8jt (j=K.L.E.M) is significantly
positive. S means that parameter Bit 1s significantly
negative. In the case that null hypothesis Rjt=0 is not
rejected, blas of technical progress is regarded as neutral.
First four columns are results estimated from the sample
period 1960-1972 and fifth through elghth columns represent
results estimated from the sample period 1960-1977.

Marks o and x represent the evaluation of changes in blas or
technical changes, 0 implies the bias of technical progress

changes to the input saving way. x 1mplles 1t 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 bilas before the oil erisis. 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 wWlth respect to materials
Input i1s material using for six, saving for two and neutral for B
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 erisis.
This fact with respect to the technical bias 1s consistent with
the changes of the relative prices among four iInputs, so that it
might suggest the explanation of the technical ﬂias by the induced
technology theoryf After the oil crisis, the results suggest
that the bias of technical change moved relevantly. In [Table 6],
mark ¢ and x represent the evaluation of changes in blas of
technical changes. o implies that the bilas changes to the input
saving way ; x Ilmplies that 1t changes to the input using way.
As for the blas of capital input, the bias changes to the
input saving way for twelve of sixteen industries, in which the
change of the blas is statistically significant. On the contrary,
the blas of technical changes wlth respect to labor input move
to the input using way for sixteen of eighteen industries, in
which the change of the blas is statistically significant. As
for the blas of technical changes with respect to energy and
materials, results suggests that the blases with respect to those
inputs move to the saving way for eight industries of thirteen
industries and thirteen industries of fourteen Iindustries respectively,
in which the changes of the blas are statistically silgnifiecant.
The final parameter in our models 1s the rate of change of the

negative of the rate of technical change, Bi We find that the

tte
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null—bypothesis,B%t=0 in each industry does not reject in all
industries, so that the rate of change of the negative of the
rate of fechnical change is approximately zero.

5. Concluding Remarks

-

Description of the producers hehavior in the 30 industrial
sectors by measuring the trans-log price frontier function reveals
some properties in terms of the price elasticityv, the elasticity
of substitutions and the bias of technical changes as given in
the previous section.

‘Our research suggested some possiblilitv and the necessity of
the further research.

1. The estimation of the trans-log price fronfier function ——
even 1if the inputs are only four inputs — K.L.E and M.~- is fairiy
unstable. Especlally the filttness of the negative of the rate
of'technical change, — Wt has some possibility of the improvement.
Specification of the factor argumenting technilcal progress instead
of the Hick neutrality might be one of possibhility to be tested.(9
2. It might be an interesting subject to describe the hias of the
technical change in terms of the induced inovation theory. Espe-
clally the movement of the bhias of technical change after the oill
crisis in Japan has to be explained consistently with the fluctu-
ation of the relative prices.

(8) We can refer other measurement of the partial elasticities orf
substitution with respect %o capital, labhor and enerpgv input
in the macro production analysis. Berndt — Wood(1975) and
Hudson - Jorgenson(197%4) reported that energyv 1s complement
to capital, substitutable to labor and materials In the analwvsis
of the U.S. manufacturing data. 0nriffin — Gregory(1976) and
Pindyck(1977) reported that enerpy 1s substitutable o capital
and labor in the analysis of OECD data.

{9) Wills(1979) reported the some specification in terms of the
factor argumenting technical Progress.
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