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Abstract

We experlenced a remarkable change of the relative price
system in Japan by the impact of the oll crisls. In our paper
we alm to search quantiltatively the possibility of the substi-
tutlon among various inputs corresponding to the changes of the
relative price systems and measure the bias of technical change
wlith 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 Fraumenl(1981) as a related research.

As 1in the Japanese economy the oil crisis in 1973-1974 had an
enomous impact on the economlic structure, we can expect that
there exlsts 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 olil crisis were dominant in the
samples after 1973, estlmated parameters 1n the latter samples

might have statistically significant differences from the previ-

ously estimated parameters.
According to the results we find that propertles in terms of

the elasticitiles of substitution do not change drastically at the
0il 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].



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 o0il crisis, the results
suggest that the bias of technlcal change moved significantly
corresponding to the changes of the relative prices as shown 1n
[Table 6].

The blas of technical change wlth respect to capital input
moves to the lnput 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
bias of technical change with respect to energy and materilals

moves into the input saving way in almost one-third of the thrity

industries.
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1. Theoretical Framework

OQur production model aims to explain the producer behavior
in each 1industrial sector of Japan. We assume that there exist
a twlce differentiable production function, by which the gross
flow of output , X4 In 1-th sector is related to the service
flows of four inputs : labor(Li), capital(Kj), energy(E;) and
other intermediate materials(M;).

We asgsume further that the production function 1s characterized
by constant returns to scale and Hicks - neutral technical

changes.

(1.1) X E My, t),

1 Kyo Eys My,

where t denotes time trend.

= fi(Li’

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) ay =B1(Prys Prys Ppys Pyys )
where ¢, is the price of output of industry i and Pji(J=K,L,E,M)
represent the price of labor service, capital service, energy
Input and other intermediate material input 1n Industry i respec-
tively. (1
Further we assume that the price possibility frontier (1.2)
can be specified by the following trans-log price function.(2

i

(1.3) lng, = ao~ + Ya 1nP
i J J

= % i.lnP 1nP,. + o, +t
2 kJBkJ ki ji t

i i 1 2
+ LB, P + — t
BJtln jit > Btt



where oo™, aj (J=K,L,E,M), Bij (k,j=K,L,E,M), ut, B;t (§=K,L,E,M)
and Bit denote the parameters of the price funection of i-th
sector. (3

As well known, trans-log price function 1s one of sufficiently
flexible functlonal forms, which give a second order approximation
to an arbitrary twice-differentiable function.

According to well known Shapard Lemma under the condilition of

the perfect competitlve market, we can obtain the share function
assuming the proflt maximization behavior of producer’.(u

31nq:L P b4 ‘
(1.4) J o, 11 - Wiy, (J=K,L,E,M)

alnPji— a4 Xy
where YJi corresponds to each 1HPUt’I{i’Ii’E1 and Mi for j=K,I,E and M
and wji represents income share of j-th input in the 1-th indust-
rlal sector.
Slmllarly we can define the rate of teennical change as the
negative of the shift of the function in terms of the price
possibillity frontier.

Blnqi

(1-5) —T = Wti

where wti denotes the rate of technical change.
From the trans-log specificatlon of the price possibility frontier,
we can deduce the followlng system of the share functions and

the negative of the rate of technical change.



12

W

W

(1) For further dlscussion, see Samuelson(1953) and Fuss-Mcfadden
(1978).
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(2) For trans-log specification,

Lau{1973).
(3) The trans-log, KLEM price frontier function is estimated by

Berndt and Wood (1975) in the U.S. manufacturing during the

(1981) tried to estimate

the trans-log model by the 36 industrial sectoral data in U.S.
Wills (1979) analyzed the properties of the technical change in
the U.S. primary metal industry by a trans-log price frontiler.

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 productlon or price frontier
functions ; Gollop and Jorgenson (1980), Mohr (1980) and Madoo

period 1947-1971.

and Hansen (1980).
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Deductions of the trans-log price functilion gilve the economic
interplitation of parameters as the share elasticity with
respect to input price, blases of technical change and the rate
of change of the negatlve of the rate of technlcal change.

Share Elasticity

) aw, . .
(r.7) Ul = —dEf =gl (j.k = K.L.E.M).
Jk 51nP Jk
ki
Blases of technical change
; o (-W
i 1
(1.8) Ul = — 1) _ g (3= K.L.E.M).
Jt 21nP, Jt
J

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

0(=W,_.) _ .3
(1.9) U;£ = t1T = By

%

We have to introduce some theoretical constralints in the formu-
lation of trans-log price frontler function, so that the trans-log
price function becomes consistent wlth the theory of producer's
equilibrium. (>

Firstly adding-up condition of accounting identity imposes the
following restrictions on (1.3). Under these restrictions the
relatlve share must sum to unity and only three of the first

four equations in (1.6) 1is independent.

(U4) See Shephard (1970).
(5) Fraumeni-Jorgenson (1981).
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In our four inputs model, which we will call KLEM model below,
it dnvolves estimating explicltly thirty parameter§ for each
industry. If the material share equation is delated, the

slx 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)
B;L = 81x
Bxr, = B
By = Bk = - Bk - Blx - Pax
Big = Py
BEM = BﬁL = - BiL - BiL - BéL
85w = Bug = - Bk = BLm - g



Bre = Bix
Bit - BEL
Bét = B%E
e = Bew = = By - Bry - Bt

Given these restrictions, there are fourteen unknown KLEM
model parameters to be estimated for each industry.

The accounting 1dentlty and symmetry restrictlions taken
together 1mply that the price possibllity frontlers 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 concavlity can be obtained

by differentiating the price possibility frontier with respect

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

(1.12) 3y 9y lmay 41 4
ap, 0 P 9lnP” P X,
9ay _ ay Pldy 91 1
op,* Pt dlnp p,t P
Bchi J S Mnoy gy gy
T - T
2P Pt alnpl By
Uy 9 L Mnay 9y oy
) 1 T~ 51



The second order partial and cross-partial derivatives of
the price possibility frontier can be written py

(1.13)

and

32 4
1 a4 i i? 1
== 4 - w
(J = K.L.E.M) .,
924 q
i i 1 1.1
= + WW
BP;ani P;PKi (Byx * Wy¥k )

(J,K = K,L,E,M) .

These second order partial derivatives determine thé Hesslan
* »

of the price possibility frontier, H * at the polnt of base

year (qi’ Pji = 1.0 , j=K.L.E.M).

(1.1h)

nrl

1,1 1.1 11 11
FWe(We = 1) By + W Beg T WkYg Bem T WKV
1,4 11 11

BLL + wL(wL - 1) BLE + wLwE BLM + wLwM

1,1 11

Bpg + Wg(Wg - 1) Bem + WgWy




¥
H 1 can be expressed by an alternative way of expressing

Hi as follows.

(1.15)
nt = gty ettt ot
~ ~
1 14 1
Byk  Bxr Bxe  Bxm
: 1 1 1 1
1
(Bsx ) = By,  BLr Bre  Bm
1 14 1
Bxe BLg Bz - Bgm
1 11 1
§ kv PLv “PEm By |
v
i C i )
i ) X 1 .
i
wL WL
1 . Wi
Wy o= W and Wl - 0 E
wi wi
M L Mo
\ Va )

Monotonicity requires that each element of W' has to be non-
negative. If each element of Wi were non-negative, matrix,
- wl might be a negative semi-definite matrix, so that

~ the sufficient condition of concavity of H*i is consistent

" with the negative semi-definiteness Pf [B?k]. In this case

the negative semi-definiteness of [B§k] guarantees the monotonilcity

- 10 -



and concavlty of the prilce frontier function regardless of the

level of wjl. We call it conditions of "global concavity".

The negative semi-difinlteness of [Bjk] for the global concavity
might be tested by searching the negativity of diagonal factors
in the Cholesky Factorization of [B;k].

Instead of the global concavity, we can lmpose the weaker
condition of concavity on the price possibility frontier, which
means that the concavity of the function might be satisfied
within the opserved fluctuation of the income share, w§ (§=
Ks;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: homogeﬁiety, symmetry,
monotonlclty 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 g; in each of the equations (1.6),
reflecting errors in cost minimizatlon. Under the adding-up
conditilon 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 1n 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
eyveriange ‘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) 1s uncbservable directly. Followlng
descrete divisia Index of technical change is exact with the
trans-log price frontiler function. (Diewert (1976))

(2.1) = W,y = lnq () - Ing, (t-1)
- Wy (InPy (8) 7 1P (810
- W (npp (6) 7 PPy (8210
- wEi(lnPEi(t) = InPp, (£-1))
= Wy (InPy, (£) - 1nPy, (t-1))
where

=1
It

- 1 .
Wgq = 5 [Wiy (B8) + Wy (8-107,
L
5

i [WLi(t) + wLi(t—l)],

- 1
= _ 1
Wp = 5 [y (8) + Wy, (0-107,
e 1

Using this index number - Wt, the final behavioral equatilon,
(1.6) becomes

(2.2) = Wy = ap F BrelnPypy + By InPry

+ BppInPL, + B InP,. + Btt'E ,

i

- 12 -



where

1
1nPKi ~Er£lnPKi(t) + P i(t-l)],
1
1nPLi —--é-[lnPLi(t) + 1nPLi(t—1)],
- - |
InPp . —-E-[lnPEi(t) + InPp, (5-1)1,
1
1nPy, -E-[lnPMi(t) + nPMi(t—l)],

£ =-%%[t + (t-1)1.

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

K1~ oK "Bk 1nPr1* BRL1nPL1 T BREInPEL M PRMImemL HPrE D 1K

] . . 1
W =0 By TpRT PLL Tnpr PLuTree  Prminsit PLTt toL

W, t+e.

Ei uE+BKE1nPK1TBLE1nPLi BEElnPEi'BEManM1+ﬁEt E

W,

M1~ M+BKM1nPKiTBLMlnPLilBEMlnPEiIBMMlnPMiLBMtt+E

i

Ty =By TrpRs Lo TRPET By TRPET e Trpie Be

t

t+e

- 13 -



where

_._=1
EK E
— 1
€L = 5
e =1

E o
e =1

Moo
T = X

t 2

The error terms

[eK(t)

[eL(t)

[eE(t)

[sM(t)

+

+

+

3

[et(t) +

{ e,, €15 Eps Eys Eg } are now serlally correlated.

e (t-1)1]
e (6-1)]
eg(t-1)]
ey (t-1)]

Et(t_l)]

Applying NL3SLS in TSP system, we tried to estimate -parameters
in the simultaneous equation (2.3) after deleting the serial
correlation 1n 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, asymptotlcally normally distributed.

List of Instrumental Varlables

21
72
Z3
zh
Z5
Z6
z7
z8
Z9 :
Z210:
Z11:

Constant

Time trend

Nominal government current expenditure

Nominal government fixed capital formation

Total time endowment

Average effective

Average effectlve

Effectlve
Effective
Effective
Effective

rate
rate
rate

rate

of

of
of

of

rate of i1ndirect tax
rate of income tax
corporate lncome tax
corporate enterPrise tax
non-corporate inocme tax

non-~corporate enterprise tax

- 14 -



Z12: Aquisition tax rate for real estate

Z13: Property tax rate for bulldings and other structure

Z14: Property tax rate for automobile

Zz15: Property tax rate for depreciable goods except automobil
and buillding

216: Property tax rate for land

Z17: Over-all price of labor service

We can obtain some measurement of technological propertiles

in each industry from the estimated parameters.

Allen partlal elasticlty of substitution is defilned 1n terms of
trans-log price possibility frontiler as follows: (6

S R .
(2.4) oy = B/ + 1 (k # 3, k,j= K.L.E.M)
1 1,12 1
o3y = By /My - LWy + 1 (J=K.L.E.M).

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

Blnxji Pki iji

!
k I3
Ji OPyy

(2.5)

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

31lnP X

ki

Concavity restrictlon in the price possibility frontier requires
the feollowing conditions.

Ujj = Bjj/wj - l/Wj + 1 <0
or
1 i 1 .
Bjj < Wj (1~Wj) (j = K.L.E.M.)

- 15 -



. 11 i1 1
(2.7) WLOKL + WEOKE + WMGKM < 0,
11 1
Weorg ¥ Wgopg + Wyopy < 9

0i
ML E"ME

5
L
Substituting (2.4) into each equation of (2.7) and imposing

the restriction of homogeniety of degree one, we can deduce

(2.6) agaln. This implies that 1f condition (2.6) is imposed

on the trans-~log price possibility frontier local concavity
condition 1s 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 willl summerize brilefly compiling
procedures for price index of output and 1lnputs in each industrial
sector. (7

Qutput, Energy and Intermediate Material Input:

Divisla price index of output, energy and intermedilate
material input were constructed from the estimated time-series

input-output tables. In Japan input-output tables classified

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

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

output tables compiled with concistent concepts and definltions

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

marks. We applled here Lagrangian method instead of well-~known

RAS method. Secondly we tried to convert estimated tables
classified by commodity basls into transaction tables based

upon industry by using Iinformation of product mix in each indus=
trial sector. Column vector in estimated transaction table
represents the Intermedlate input structure classified by commo-
dity and the primary input structure in each industrial sector.
Commodity transaction in each cell includes both domestle and
imported goods. We tried to sum up non-competitlve imports like
crude o0ll 1n each sector and reclassify them as a directly

allocated 1mport. In Japan almost all of crude oil products are
imported. Then imported crude oil are allocated directly tomining,
petroleum refinery industry and electric utility sector. Finally
secondary energy products fabricated in the petroleum reflnery
industry or electric utillty sector are provided to other indus-
trial sectors. In such dependency of intermediate input trans-
actlon we can simply understand that energy inputs in each industry
except mining, petroleum refinery and electrilic utllity are secondary
“energy produced in the latter three industries and directly allocated
energy import 1s one of intermedlate 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) , "";"(Sj,(t) +8,(6=1))

P.(t) = P, (t=1) ?I Foy(®?
Ei Ei 1n.26< Poj(t_l))

- 19 -



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

o]
and Sj(t) denotes 1input 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 domestic and 1imperted commodlty prices.

: ' 1
(3.2) 2 [P0 (8) g, (6) + w,, (5-1))
Poy(t) = Pyy(t-1) 1 —eJk 7T ¥k Jk
: k=1 chk(t—l)

Where chl(t)'denotes priece of domestically produced j-th commod-
1ty and chz(t) denotes price of imported j~th commodity.
ujl(t) represents share of j-th domestically produced commodity
and ujz(t) is share of j-th imported commodity.

Price index of other intermedlate material inputs 1s defined by

similar divisia aggregation.

(3.3) n o () IS (E) + 8, (6-1))
@]
Pui () PMi(t-l)jgl (Pojtt~1§
(IJ%12.26)

Where Poj(t) is a over-all price of j-th commodity.
Price index of j-th industrial output is also defined by the
divisla aggregation of domestically produced commodity price.

(3.1

n
qj(?) = qj(t—l) I

1
Pcil(t) ETvil(t) + vil(t—l))
i=1

Pcil(t—l)

where vil(t) represent the nomlnal share of 1-th commodity
product to total product in j-th industry.

- 20 -



Labor Input

Similarly we can formulate dlscrete divisia price 1ndex

of.labor service as follows:

(3.5) ~#[ukimn,i(t)+uklmn,1i(t-1)]

wklmn,1(t)
p..(t) =P ,(-1) I |[———
L1 Li klmn\wklmn,i(t-1)

where “klmn,1(t) denotes price of klmn-th labor service type
in i-th sector and “lmn,l stands for the lncome 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-pald family worker),
(2) Sex (1.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 Technilcal
school, 4. College and Unlversity), (5) Age (1. less 17 years old,
2. 18-19 years old, 3. 20-28 years old, 4. 25-29 years old, 5.30-
34 years old, 6. 35-39 years old, 7. 40-44 years old, 8. U5-49
years old, 9. 50-54 years old, 10. 55-59 years old, 11. 60-64 years
0ld, 12. more than 65 years old), (6) Industry shown in Table [1-17.
Data for the ordinary workers in the non-agricultural sectors are

principally available on the source Jdf 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-pald family worker were estimated from LFS3S, Manufacturing

Census, Establishment Census and Employment Status Survey.
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Capltal Input

We can define divlsia price 1ndex of capltal service input
as follows:

V1
(3.6) /Cklmn-i(t) 2 (WkImn.1(t)*wkimn.1(t~1))

(t~1). 1 |
el Cpey g, 3 (6-1)

P..(t)

Ki = Pgy

where Cklmn.it represents capltal service prilce of klmn-th

type capital service lnput and wklmn.i(t) stands for the income
share of klmn-th capital service type in total capital compensation
of i1-th sector.

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

the price of capltal service, Cklmn.lt. According to well-known
procedures of imputative calculation, we can deduce a relation-
ship in which the capiltal service price 1s regarded as a function
of price of klmn-th investment goods, @klmn,it, rate of return

on capiltal Yit’ economic rate of replacement, and certain tax

Mg
variables.
Ignoring tax varlables for the simpliclty, we can derive the next

well-known relationship,

(3.7)

=q +u . ximn.it
klmn.it fxlmn. 1t (Y1t "klmn. it ) .
Qeimn. it

C

On the other hand the data of business surplus adjusted for

compensation of capital in i-th sector, are availlable

B
1t
through the estimation of time-series input-output tables.
Under the assumptlons of the competitive market and of the
linear homogeniety of price possibility frontier function,
By
industry.

must be equalized to the total capital service cost of i-th
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(3.8)

B = LLZL C * K .
it k1lmn klmn.1lt klmn.it
= IIII g (Y., + u _ Jaamn. it ) K
k1lmn klmn.it" it kilmn.i klmn.it
Qimn. 1t
where Kklmn.it denotes klmn-th type capltal asset

in constant price. Regarding thils relation as the equation
of unknown variable, Vit and putting the observed data of Bit’
Y imn. it uklmn.i and Kklmn.it to this equation, we can solve
the rate of return, e In 1-th sector and hence impute the
capital service price, Cklmn.it in (3.7).
Substituting estimated time-series of Cklmn

estimate divisla price index of capital service.

4t into (3.6), we can

(6) Allen partial elasticity of substitution 1s defined as follows:

_.xfdai | _Fij
(1) 034 aia; T
where a4y denotes quantities of i-th input, f4 represents the
first derivatives with respect to i-th Ilnput and ¥ and Fij
stand for the matrix of the second order derivatives with respect
to lnputs and its co-factor of fij in F. Under the assumption
of competitive equillibrium, definition (1) can be rewritten as
follows: R

22y Bai rPiay Bai
(2) 044" aje, 4 3P, ~aya; 8P,
where Pj denotes prices of 1-th input and q denotes prices of
output.

According to the Shephard'Lemma,
3
(3) —L=g, = ay

aPi ?
2(1
(u)__i___ = €4y - 984
BPiBPj aP,

J
Substituting (3) and (4) into (2), we obtain

q 2 n
(5) Uij="gzgg gij=q(agi§Pj)/(g;i)(ggj)

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

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

We estimated trans-log price frontier function in the 30
industrial sector level. In the Japanese economy the oil c¢risis
in 1973-74 had an enomous impact on the economic structure
through the rapid changes of the relatlve 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 trled to estimate the parameters of price frontier
function firstly in the samples during the period 1960-1972,
which do not 1nclude the impacts of oll crisis, and secondly in
the samples during the period 1960-1977, which reflect the fluc-
tuations after the o0il c¢risis. If the impacts of the ail crisis
were dominant in samples including after 1973, parameters esti-
mated 1in 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 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
dld not satisfy wilth monotonleilty and concavity conditions we tried
to estimate parematers with restrictions of (2.6) in order to
accompllish to the local concavlity. To test the validity of the
local concavity restrictions we can obtain test statistices.
From the results of unrestricted and restricted estimations we
calculate the change in the welighed sum of squared residuals result-
ing from restrictions imposed. We divide thils change by the sum
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[Table 2] F~Ratlos for Test of Concavity Restriction
on the Form of Price Possibllity Frontiers

Sample 1960-1972 Sample 1960-1977
d.f.(vi/vs) F-value d.f.(vi/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 / 54) 0.0 ¥
Apparel (3 / 38) 0.0 % (2 / 5Lh) 3.2676
Lumber (4 / 38) 0.9266 (2 / 5h) 4,1660
Furniture (2 / 38) 0.0 ¥ (2 / 54) 0.0 ¥
Paper (1 / 38) 0.3384 (1 7/ 54) 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) 1.4509
. Iron (1 / 38) 0.0 ¥ (2 / 54) 0.0 #
. Non-ferrous (2 / 38) 0.0 ¥ (2 / 54) 2.8761
. Fab.Metal (2 / 38) 0.1742 (2 / 54) 1.5956
. Machinery (1 / 38) 0.4398 * %
. Elec. M. (1 / 38) 0.2114 (1 / 54) 3.7352
. Motor (2 / 38) 0.0 ¥ (2 / 51) 0.0 ¥
. Trans. Eq. —m¥ (2 / 51) 0.0 ¥
. Precision (1 / 38) 3.5867 (1 / s1) 0.9935
. Mis. Mng. (3 / 38) 1.9053 (2 / 54) 4§.6226
. Trans. (1 / 38) 5.5098 (1 / 54) 0.7245
. Elec. 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
is negative.

#¥% Parameters are satisfied with concavity condition in
the non-restricted estimation.



of squared residuals at unrestricted estimation. Finally, we

d ivide both numerator and dominator of this ratio by the appro-
priate number of degree of freedom. The resulting test statls-
tlecs is dlstributed, asymptotlcally, as F(vl,vg ), wherev; is
numerator degrees of freedom and v, 1s the dominator degrees of
freedom. I statlstics by industries are summarized in [Table 2].
At a level of significance of 0.0l 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 : 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 materials inputs. Positlve share elasticiltles
imply that the corresponding value shares increase with an increae
in prilces ; negative share elasticities imply that the value share
decrease with price ; zZero share elsticities correspond to value
share that are independent of price. Some parameters of share
elastlcities are apri-o-ri given for the concavity conditions of
(2.6). Since other unrestricted parameters are normally distri~
buted, we can test the statlstical validity of null-hypothesis
(Bi1=0) in each industry. Results are summarized in [Table 3].

According to the results BKK is positive for nineteen (restricted
(8) + unrestricted(ll) ) of thrity and approximately zero for
eleven of thirty industries in case[A], so that the value share of
capltal input increases with an inecrease 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 A]] [Case B}

Restricted Non~-restricted Restricted Non~restricted

B>0 B<0 B>0 B=0 B<O B>0 B<O B>0 B=0 B<0O
BKK 8 0 11 11 0 15 0 9 6 0
Br1, 14 0 3 13 0 2 0 4 23 1
Bap 18 0 10 2 21 0 0 7 2
BMM 0 0 10 19 1 0 0 4y 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 (B,.=0) in each parameter. columns
'Non-restricted' denote the numbers of Industries,
BKK does not change remarkably in case [B]. BLL is positive for

seventeen (restricted(l4) + unrestricted(3) ) of thirty and zero
for thirteen of thirty industries 1n case [A], so that the number
of dndustries 1n which its value share of labor input increases
with an increase of price 1s more than the number of industriles
in which 1ts change 1s independent of price. On the other hand
in case [B] the number of industries with positilve share elasticity
is less than the number of industries with zero share elasticity,
so that after the oll crisis the changes -of value share of labor
input trend to be independent of 1ts price. BEE i1s positive for
elghteen, zero for ten and negative for two of thirty industriles
in case [A], so that the value share of energy input increases
wlth an increase of prilce in the two-third of thirty industries.
This properties of energy share elasticlty are mailntained after
the oil crisis.
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Finally BMM shows to be approximately zZero in the two-third of
thirty industries in both case [A] and case [B]. In six indust-
rles the posltive value share elasticlty changed into approxi-
mately zero after the oll crisils.

[Table U] represents the estimated own price elasticity in each
induétry. Own price elasticlty of capital service is less than
unity absolutely in all industriles of case [A] and case [B].

On the other hand own price elasticity of labor input 1s signifi-
cantly more than unlty in some 1ndustries of case [B]; apparel,
rubber products, stone and clay, electric machinery and real eatate.
Own price elasticity of energy input ls estimated higher than that
we expected. Especlally in minihg, petroleum and eleotricity -
and gas utlility the price elastlcitles are more than unity. As

I mentioned in the design of experiments of our works diréctly
imported energy resource 1ls allocated into above three sectors

and products of these three sectors are distributed into other
industrilies as secondary energy products. Therefore in the above
three sectors the price elastlcity 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 1s less than unity; -0.236 in case [A] and -0.297 in case
[Bl. On the other hand the price elasticity of materials input in
mining and electric utility are also more than unlity, so that these
facts might reflect substltution between alternative energy resources
historically. Own price elasticities of energy ilnput in other
sectors are less than unity. Especlally industries like stone and
clay, diron and steel and chemical which are designated as energy
intensive industries have smaller price elasticity than the average.
Finally own price elastlcities of materials input are less than
unity in all industries except mining and transportation in case [A]
and mining and electric utility in case [BR].
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Parameters Bij(i¥j) of the cross products in the price
frontier function are related to the elasticity of substitu-
tions among inputs. Allen partial elasticlty of substitutlon
is defined as (2.4), which is shown in {Table 5]. Values of
elastlcities in [Table 5] are evaluated at the base perilod,
1970, by uslng observed value shares in 1970Q0. At the given
level of each value share in 1970 we can test the statistical
validity of the null hypothesis, of{f 0. Positive Allen partial
elasticity, ij > 0 1mply that the k-th ilnput 1s substigutable
to the j~th input; negative Allen partial elasticilty, ij < 0
imply that the k-th input is complementary to the J-th input;
zero Allen partilal elasticity, Oij=0 imply that the k-th input
1s independent to the J-th Input.(8 We find that the Allen partial
elasticity of substitutlons between capltal and labor are signi-
ficantly positive, that 1s substitutable, only for seven indust-
ries in case [A] and in nine industries in case [Bl; negative,
that is complementary, only for five industries in case [A] and
five industries in case [B]; zero, that 1s independent, for
elghteen 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 [Aj and three in case [B]; negative for two 1n case [A]
and ten in case [BJ; zero for nineteen in case [A] and seventeen
in case [B]. After the oll crisis the relatlons 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 hetween capltal and materials
are signifilcantly positive for all industries both in case [A]
and case [B], so that relations between capltal and materials are
substitutable with fairly large elasticitles 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 in case [A] and eighteen in case [B].

Fifthly elasticities of substitution between labor and materials
are significantly positive for sixteen 1n 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 1n case [B].

Finally elasticitles 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 eilghteen in case [B].

We contlnue the interpretation of the parameters estimates
glven 1n Appendix with estimated blases of technlical 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 bilas of technlical change with respect to
the price of the j-th input is positive, we call that technical
change is'j—th input usilng; 1f the bias 1s negative, we say that
technical change 1s j-th input saving; 1f the blas is approximately
zero, we say that technical change 1s neutral. Since the estimated
%t are asymptotically normally distributedi we can
test the statistical validity of the null-hypothesis, Bjt=0'0

A classificatlon of industries by patterns of the biases of
technical change 1s given in [Table 6]. In the table, U.N and S
denote that the blas of technical change is using,neutral and saving

parameters, B

in each input respectively.

According to the results in case [A] the‘bias of technical
changes with respect tc capital Input is positive for nineteen
of thirty industries and zero for eleven, so that the blas 1is
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 Blas of Technical progress

Case [A] Case [B]
Sample 1960-1972 Sample 1960-1977

K L E M K L E M K L

Agriculture
Mining
Construction
Food & Klndred
Textlle
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

o
X X X X X

O 0000 X0 0o X
X

X

NhZzZnzZ22NCaZII=2I220hczZu2 2=z ZE 2 HF
o]

AXZZ2Z=ZCoCcIdozdaooadaazzacgzacgaaad
ghzzzdcdhzunczZzZzzzhzunhhhnzZzunz=2u
Nz ZZ2=z=zzCc=z2222=2zzz22unazzzzZ220hzazxn
NOZZ IR 22222 Zz2NZ2zz3z3czzaaz=z=zc=zag
cluhdzmucdchzcoagooaozzuancdhazcoc=zgqa
Zocacz2c=TzadacdznnhrzadnzadIIcdI=z2=2=2=230n
nzZzunIZzdznzzhhznzzzzZzngaagxzznzzzzunc=s

Q
O X X X

Note:

(1) U, N and S denote that the bias of technlcal changes is
using, neutral and saving in each input respectively.
U means that parameter Bjt (j=K.L.E.M) 1s significantly
positive. S means that parameter BJt 1s significantly
negative. In the case that null hypothesis Bjt=0 is not

X

rejected, bias of technlecal progress 1s regarded as neutral.

(2) First four columns are results estimated from the sampile

period 1960-1972 and fifth through eighth columns represent

results estimated from the sample period 1960-1977.
(3) Marks o and x represent the evaluation of changes in bilas

technical changes, 0 implies the blas of technical progress

changes to the 1nput saving way. x d1mplles 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 usilng technology bias before the oil crisis. Thirdly
the blas of technical changes with respect to energy input 1s
energy using for two industries, energy saving for five and
energy neutral for twenty~three of thirty industrles. Finally
the blas of technological changes with respect to materials
input 1is material using for six, saving for two and neutral for
twenty-two of thirty Ilndustries. '

We can say roughly the properties of the bilas of technical
change as capital using - labor saving - energy and materlal
neutral technical blas over the period before the olil crisis.

This fact wilth respect to the technical bias is consistent with
the changes of the relative prices among four Ilnputs, so that it
might suggest the explanation of the technical bilas by the induced
technology theory. After the oll crisis, the results suggest

that the blas of technical change moved relevantly. In [Table 6],
mark o and x represent the evaluation of changes 1n bias of
technical changes. o implies that the bias changes to thé input
saving way ; % implies that it changes to the input using way.

As for the bias of capital input, the blas 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 bilas 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 blas 1s statistically significant. As
for the blas of technical changes wlth 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 lndustries of fourteen industries respectively,
in which the changes of the bias are statistically significant.

The final parameter in our models 1s the rate of change of the
negative of the rate of technical change, Bit' We find that the
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null-hypothesis,sit=0 in each industry does not reject in all
industries, so that the rate of change of the negatlve of the
rate of technical change 1s approximately zero.

5. Concluding Remarks

Description of the producers behavior in the 30 industrilal
sectors by measuring the trans-log price frontiler function reveals
some propertles in terms of the price elasticity, the elasticity
of substitutions and the bias of technical changes as given in
the previous sectlon.

Our research suggested some possihllity and the necessity of
the further research.

1. The estimation of the trans-log price frontier function ——
even 1f the inputs are only four 1nputs — K.L.E and M.— 1s fairly
unstable. Especilally the fittness of the nepative of the rate

of techniecal change, — Wt has scme possibility of the improvement.
Specification of the factor argumenting technlcal progress instead
of the Hick neutrality might be one of possibility to be tested.(9
2. It might be an interesting subject to describe the blas of the
technical change in terms of the induced inovation theory. Espe-
cially the movement of the blas of technical change after the oill
crisls 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 of
substitution with respect to capital, labor and enerpgv input
In the macro production analysis. Berndt — Wood(1975) and
Hudson — Jorgenson(1974) reported that energy is complement
to capital, substitutable to labor and materials in the analysis
of the U.S. manufacturing data. Griffin — Gregory(1976) and
Pindyck(1977) reported that energy 1s substitutable to capital
and labor in the analysis of OECD data.

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

- b1 -



(g6f"T)  20TO°0- (#66°0) 27000
(€69°2) LgE 0~ (g98°T) G91°0-
(21£°9) 7l2°0 (268°6) 6.2°0
(00T"T)  6160°0 (8Tx°T)  £€9%0°0-
{(6e7°0) Z2RT0°0 (L8&8°1) 9.80°0-
(060°4) €90 (#96°9) SEEANY
(IRT*T) £9%00°C- (620°T)  E£0TO'O-
(486°0) 6T90°0 (6.8°0) £1.0'0
(§06°T) #17S00°0 (0l6°¢) 90.L00°0
(Lgg &) gET 0- (ggl-¢) 191°0-
(orS°1) €TGG0 (€cE€*T) gg9eob°0
(LLE"0Q) S§T200°0- (620°4T) 7020 0-
(0€L°0) 00tO'0- (#95°%)  G¢60°0-
(OKTIO"0) 6TI00°0 gT" 0
(605" 1) 9620 (BEg6E) 6810
(T90°2) 889000 (Tge ) S6600°0
(4l97€)  -goT'0- (0§ 2)  GS20°0-
(g€2*T) T990°0- (9€0°T) 2TEQ"O-
(€GT°E) 7GT°0 (zgé-2) #I1°0
(GEE- L) 062°0 (60f-"TT) 0i2'0
enTeA~] * 3800 eNTRA-% *Jeco
T -1 weg £1-1 weg
SUTUTH "2

UoT3ounyg J8Tjuoad 90fad BOoT-surdl JO

{(Ll7G0°0) Q9LTO000- (£09°%) £e400°0
(20€£°0) GE20°O0 (0T'9) gogtT-o
(901°0) €£.1200'0 (02°L) 1620°0-
(L0T°0) 197000 (65°6) 6900~
(hEg"T) 60€0°0- (2o 4) 5G70° 0

(0g2 nT) 5ge"0 (8g1°62) 2EE"0
(€87'0) G&TI200°'0 (921°0) G66000°0
(89¢°0) 62100~ (841" 0) TOT0* G-
(8E0°T) TK.L000°0 (24T°0) GTIT0000°0
(LTG°0) LLI700°0 . 2100
(8KT°T) 8€800°0 #GTO 0
(66L°8) 29T10°'0- (19°0€) T020° 0~
(6L2°0) 8%€00°0- (85°G)  52800°0
(L9T'1) HEZT'0 8T 0

(L16°02) Eqn-0 (66°16) 9gn°0

(gE0°GT)  9GTI0°0 (RT°ET) gnTI0°0
(9LL°0) 26£00°0- (69°1) £6100°0
(Ex2*6) GeT'0- (56'6) 6TT 0-

9T"0 910

(RE6°ET) 7910 (0E"#T) 4910

anTrA-3 ~J200 SNTBA-2 *JIs09
gT -1 wes €T-T weg
AN3TNOTI3Y T

J939weasd pPeIBWIASH

[xTpuaddy]

LINd
WL
WHg
WId
W¥g

WY
LLd

LY
LHd
HHd

Civ
L1
4714
114

TV
IXg
CH:4%
T3H
AqAd

sy

- o _



(9LT"0) £TE0Q00'0Q (96°T)  29400°0-
(2T€*0) 8IT0'0 (grT"0) 29000
(906°0) 99800°0- (gr°2) 9€T0 0~
(6T°1T) 81200~ (7€°0) L7900°0
(95L°0) 98T0'O0 (€€0°0)  TOTOO'O
(0T°TE) 7190 (1Te* L) 669°0
(TEQ"0) GgEo0' o0~ (y61°0)  TST0O0'O
(g2 1) 01900 (L0S°0) 02€0°0
(LLE*0) T8T000-0- (9T°S) gEzo00°0-
T0°0 T10°0
(o°2T)  9ET0"O F7T0"0
(Te 1) 90T0C"0C (#00°0) G900000°0-
(6L£°0) 25200°0 (g0*2) H6700°0
(0L°T) 11200 (2z°' 1) £€8T0'0
(£9°6) 08600 (T9° L) TIT°0
(0G6L°0) 6TITI0C° 0~ (Gz-2) L8r00°0
(TeL*0) -98E00°0- (714°0) 9£200°0-
(gI2*0) 281000~ (L9°¢E) 96200~
(965°0) 62100~ (570" T) 60£0°0
(26°6T) PR, (€g-6) $T2°0
INTeA-T * 1209 anTeA-2 *Is0D
gI~T1 weg €I-T'wes

PSapUTy 3 pood

T

(EGL°0) =2Ego0-0- (hg€-2) 9LE00°0
(96°T) 1210 (The-€) 19170
(€G°E)  #T.LO°O- (90T°0) L2z200°0-

(90%°0) €220 0- (06£°9) 1210~
(96°2)  TlzO"0- ‘(e0s-€)y  E€LE0"0-

(BE"ETH L99°0 (001°82) 794°0

(Ggz*0) 91200°0- (€6T°0) TEECO"O

(2 0) 6470°0 (72€0°0) 6TS0C°0C
(LE*E) #8HOO" O~ (LEL*0) #ETO0°O

£70°0 GT10°0
(gg'g)y 0z2loro (091°0) GIE00°0

(Rl6°0) 00£00°0 (€60°1T)  9E€T0°0-
(Gg°€) 0650°0 (geg*0) €0I0°0-

(¢l€*0)  yyIO0-O- ¢1°0
(92°5) 281°0 (y0z*2%) 19€°0
(21°%) L1I500°0 (060°9) G5.00°0

(gl60°0) 68500070~ (096°0) Tp200°0~
(67°2) £2e0°0- (2€L°T) €810 0~
S0°0 8500
(€g*9)  £glo'0 (GLE°G)  G990°0
aniea-9 *J900 antea-3 *I800
oT-T'Weg £1-T weg
UoT3ondasuoy ¢

LI
WNE
Wdd
WId
WAd

Lad
Had

2y
L1d
474
114

TV
LAd
a3d
st
g

Ay

- 43 -



(9€°¢) ¢27goo0°0- (12°0) 95000°0~
(&T 1) LLT 0~ (69°0) L&®0°0-
(08°T)  64T0°0 (16°1) §9.L0°0
(66°2) 60T"0 (20°1) 90£0°0-
(EG8° L) 12500 (Q°0) 7ye00°0-
(2g°61) T6L°0 (96 %2) 619°0
(291°0) #RTO070 (9ng*0) EETO0"C-
(L5L0°0) gLLOO"O- (g2g*0) 6EO0T"0
(662°0) TL2000°0 (GE°0) LgO0O' 0~
8000 (0g°T) 1090°0-
(88€°0) 96£00°0 (Lg°0) 6£20°0
(Le"T)  LTno0°0 (6T°T) £€9000°0
(o€°T) TETI0'0- (GT°0) LEOO°O-
(€6°T)  G0S0°0- (20°%) 8®To°0
(62 1) 9%T"0 L8T"0
(96°¢€) g6E0O"C (GE°T) 6L000°0
(T1°4) - A1T0°0- (L6°€) LgTo'0-
(LG°L) 65707 0- (£G6°T) 96000
9G00°0 9600°0
(€8 %)  16S0°0 0110
snTeA-3 * 1900 snieAa-3 * 39200
gT-1°Wes EI-1uweg
Tegaeddy -9

(g€ 2) 0ORto0'0- (€6°0) LEEOOTO-
(Lg°T) Out0-0 (R€°T)  6450°0
(26°1) 9TTI0°0- (96 #T)  6ETO°0-
(929°0) 00T0°'0- (Eg*0)  #&TO"O-
(66°1) £220°0- (oz'2) $9z20°0-
(79" ftr) EEL O (29°8T) 0EL D
(0220°0)9£40000" 0= (79T°0) 8T8000 "0~
(#8l°0) 7820°0 (9T6°0) 62£0°0
(LTg'0) #IG000°0- (66'9) 6€T000°0-
L6000 €10°0
(89°2) #6100 GGT0°0
(z0°1) €TTOO°0- (2g8'0) 98200°0-
(€E64°0) EGE0O"O (0T*0) ££0000°0
(g2 2) 0820°0 (LE"T)  ftR0O"O
(ch-g) G0T"0 (61°€) €210
(Lg*L) 10%00'0 (9z°g8) LEY00'0
(9f%°0) {9TOO 0O- (526°0) 880000
(G0"%) G120 0= (ge ) 0620°0-
(20°%)  GSK0°0 (8L°9)  LnS0°0
(I8°6T) ERT"0 (0E*9T) 2ET"0
aNnieA-3 * 3800 snTeA-3 °J90D
BT-T-uwesg £1-1 weg
9TTAXSL °§

LiNd
WINd
Wad
Wid
Wxd

NV
Jal¥

LY
LHd
Hdd

qv
&1
H71d
114

v
I¥d
q4d
14d
A¥d

Y

- 4y -



(06E°0) 92T00° 0~ (8§°T) 846000
(gL 0)  2EE0'0 (Gh°T) 90T'0
(188°€)  8THO" 0= (8TL°0)  L020°0-
(6TT°0) <21In00-0 (gE"T) 166070~
(0€5°0) 4hy00°0 (ne6 0) L9600°0
(eqg " L1) 0990 (Ly" L) 6E£5°0
(2ge'0) Q02000 (89L0°0) L2100°0
(tin-0Q) ign0-0 (T6T°0) 0200
(Gye-e) 65200 0- (L6T°0) L67000°0
L800°0 T600°0
(L6€7€)  lexorto (8%2*0) 88Y900°0C
(gTS°2) 9240070 (ET°T) GSTIQOD"0-
(Ly6-2) 72€0°0 (T9T1°'0) TIEx00°O
(£99°0)  #6T0'0- (19°T) 02T'0
(2hg8'S) €610 (957 #) 79€°0
(gT8"€) 1Igco0-oO- (Le"T) £1200°0-
(TIT2°0) 21.L000°0 (€9°T) £€£L00°0
(26€°2) 2lT0°0- (64°2) 0620°0-
210°0 J 2100
(962-0T) HOT 0 (La°9) €060
anTBA-3 g=Tols] aInieA-% * 19209
g1-1-weg €1-1 uweg
sInjTuang m

(#61°1) TE200'0- (£9°G) §500°0
(yTS°0) 8L600°0 (ow°4) L9ET" 0
(9TS°0) Heh00 0= (T2°8) 2910 0-
(90200°0)EBEOCOO"0 (9L°0T) hh60°0-
(0gl*0) 8S9S00°0- (Lg"2) 0920°0-
(8T9°€E) TIGL°0 (7#0°0L) 859°0
(f72°0) €£2200°0- (IS2°0)  T9E00°0
(69€°0) T19€0°0 (9850°0)  T§900°0
(§490°T) TETO0'O (1.9'0) 6200000~
800°0 210°0
(9G9T0°0) 6T2000°0 ErTO0"0
(gg6-0) E6T00°0 (66°ET)  #£800°0-
(€EL°0) 9/800°0- (8S8L°¢)  Ggeoo°o
(goT*'1)  6z20°'0 ARG
(LELO" L) 2LT°0 (9£°66) Ggz' o
(9.6°T) g£6000°0- (geg'2)  1geno°0
(2€2'1) 0Lnyco'o (066°0)  LETO0'O
(92€2)  14T0°0- (092°¢) £820°0-
ST0°0 €500
(6GE€°0T)  #ilo0 (E0°1) Leno-0
anTeA-T *J20D snTBA~-3 *Jo00
gT-1-wesg £1-T uweg
JaqunT A

LINE
WY
Wad
W'Id
WAd

WY
dald

LY
LHE
H4d

qY
LI
q271d
11d

TV
L3
Hag
144
AAd

Ay

- 45 -



(#S9°T) hewoo'0- (LG°6)  61500°0
(969°1) gLwo-0- (Gl-0T) GGLT0
(LT8°0) £6500°0- (96°2) €£.00°0-
(OTL*T) 6.L%0°0 (06°9T) 6ET 0~
(056°0) 985000 (97°€) Lge0 0=
(Tg9°TC) 919°0 (7G°56) T0G°0
(621°0) £9T00°0- (TSh°0) 866000
(79€°0) g6%70"0 (g910°0) £620°0-
(642°0)20T000°0 (¥80°0) £200000°0-
(£62°T) #T1500°0 LG00°0
(96E£°T) £4500°0 L800°0
(740 %) HTT0'0O (95°6) 0TTO"0-
(62T°0)795000°0 (921°1) L9100°0
(Swe"1) €gEo"0- 81" 0
(2ly°8)  goZ-o (#0°8€) enwto
(£gE€"9) 62.00°0- (66°1) £500°0
(g0E°0)622000°0 (Tr0°0) 21000070
(€29°T) T0T0°0 (€6 1) Teh0 " o=
700°0 T.0°0
(9T6°€T)  ®AT'O (€0°9) T0G0"0
sniTeA=1 °*J800 anieA-3 3900
gT-T1 ues £1-1-uweg
BUTJUTId 0T

(668°0) 69100°0- (EL8'0) 24€00°'0
(T€°T) 9¢€w0"0 (06T°0) LTE0 "0~
(¢6°T) g9t0°0- (9LL°0)  9060°0

(02T°0) 062000~ (€g6°0)  00%0°'0-
(£6°T) 0tc0° 0= (6TE0) L6BO0O'0-

(69°2¢) 70L°0 (991°4T) Eq9°0

(2LT0°0) 0920000~ (TS7°0) 9TT0'0
(892°'0)  6E{O"O (h#78°0)  GLTO'O-
(446°0) 0A9000°0- (L2E00°0)6ET0000° 0
€€0°0 (689'0)  8090°0-

(T6°G6) Ely0°0 (Ln6°0)  Syy0'0
(5570°0)99.L0000°0 (066°9) 92500°0-

(€8T°0) 65T00°0- (62wg'0)  9020°0-
(€2°1)  LG20°0 80°0
(0L°9) LOT"0 (L99°8T) L9T"0
(IT°2) 8e200°0 (29T°1T) G.LTI00°'0
(Ly*2) LrT0°0- (7&K °0) @gI600°'0-
(88°1) 2T120°0- (#29°0) 1I#600°0-
(6T°r) 665070 (£€6°1T 9,200

(G-cT) ™hi'o (698°8) 9T 0

snTea-3 * I200 antea-3 *Jsco

gT-T wes £1-1 weg
Jadedg

LING
WiNE
Wad
Wid
Wid

WV
Ldd

LY
Liad
HEd

HyY
L'1d
q41d
T1d

g
Lid
qg31d
134
ANd

Av

- he -



(T8 %) Lw9co-o (00T*2) 2T10°0
(15" 11) b0 0 {€88°0) 0cg0°0
(89°€) 2Lwo"O (g68°0)  6TE0'0
(og€-0) <2E€200°0 (LTL'T) 1857 0-
(LL*6) 126070~ (gle"T) 88S0-0-
(85" 1) 085°0 (2€9°6) G1G°0
(127°0) 25L00°0- (€0G°0)  8TIIO'O
(0EG"0) 20T°0 (9860°0) 981070
(GT°e) 2T200°0 (g€0°2) 96500° 0~
(98°T)  TO{O*O- (ThS*2)  T990°0-
(r6°¢) €500 (ELE 1) 6ET"0
(f4°9) LEz200°0- (G€£0°9) Lgn00-0-
(I2°¢) 6TE0 0= (Te6 1) £970°0
£20°0 £EE0°0
(TT°6T) £990°0 (80G*TIT) 6260°'0
(0T°G) 2290070~ (g2T1°0) TEE000°C-
(E0"E) - 8REO-0 (EL6°0)  TET0°0-
(L9°T) 29900°0 (997°T)  2Zne0-o0-
T190°0 (Efgt€)  TY60°'0
(g€ ee) 80E"0 (€LE°6) GEZ'0
aniea-3 *JI900 aniena~-3 i =Tolks|
gI-T wesg £I-1 weg

wheTodidsd 21

(262°1) 20£00°'0- (L92°T) 06200°0-
(1.6°2) T90T°0 (€gere) 2rT o
(f8T"T) 900LTO 0- (gy€0)  #STO"0-
(g9T1°T) {I0L0"0O- (60T°€)  L0GOo-0-
(G48°9) 66850°0- (2€0°€)  g&lo*o-
(79G8°€2) 9£9°'0 (E6T 172) 0290
(pl170) 27T00°0- (L6f 0) T6500°0
(665 0) T610°0 (LLy0°0) LES00°O
(g290°2) 62£00°0 (LLL*2) 89E00°0
£90°'0 (e0e"1T) 6.70°0
(TL6°T) TO0GEQ'O (ole'g) g8eto'o
(T9L°0) SRT00'0O- (E€l-6) Lzooo-0-
(TLL*0) 20RIC"O- (902°2) gLezo‘O-
(hiT1°2) 2Ly00 tg80°0
(6ne" 9 RET"O (£g5-9¢2) 2810
(6€50°T) QTIT00O'OC (€9C"€) 85000
(7690° 1) 6TEQ " 0O- (085°0) 0.ln00'0-
(QE0E"0) OwOEOO O~ (Lew*C) 9rS00°0-
7600 (566°¢) 64800
(9Tl %T) S6T°0 (8LE°Q) 99T°0
SNTBA=-T *Fe00 °SnTeaA-3 *IS200
g1~ T wWeg €1-1 wsg
TeOTWaY) "TT

LG
Wikd
WHE
Wld
W¥g

WV

4V
Ldd
qJHd
g2y
£L1d
H71d
11d
1V
Lid
q3g
1¥d
A¥d
AvY

- 47 -



(Bge e) TS400°0-
(9" 1) 6,900
(LgL*T) 8220° 0~
(682°0) LLROO"0O-
(Lgo*E)  E9E00-
(9r&6'ge) c6.l°0
(2E€0°0) 65200070~
(g€E"0) L6200
(2LL°T) 98T00°0-
L00°0
(gggér2) E£TIL0°0
(98E°€) 263900°0
(29y°T) g020°0
(T65°0) nh10°0-
(LSO 1) 2L60°0
(ry€°0) 25700070
(8g.°0) TO0S00°0-
(0L170) TE200°0
6€0°0
(060°G)  68Ll0°0Q

enNIeA-3 *J200

ST— 1 weg

(Le*0) 99000°0-
(te2*€) 7G0T*0
(TR E) hLTO 0~
(66°1) 29L0°0-
(4G°0) 9TT0 0~
(20 1Tw) Lzl 0
(L0%"0) 815000
(LL0°0) 6800 °0-
(E€°0) 120000°0
8000
€IT0°0
(89°9)  G6700°0-
(gl°2) o700°0
T°0
(9€2¢) L2270
(59°2) 855000
(€2 1) 9100 U
(£g° 1) 9820 0-
(9¢°1T) LSEQ"D
(96°1) 0RE0" 0
snreA-1 ‘J2090
£T1-1 weg
J8ys3ee] T

asqany

(IT0°L)  6rTO"0- (20€°0) 6900070
(H0€°0) HEQOO*O— (88°9) 605TI°0
(062°0) 66100°'0- (" T) gTI0 0=
(op6-2)  8E90°0 (GE-GQ)  hn60-g-
(ELE*1)  GESO'0- (62°€)  9#n0' 0~
(7LE°TE) 20g°0 (19" 42) 809°0
(78€-0) 69E00"0- (yle 0) §S700°0
(65L°0) 88.0°0 (FTT0) £G10°0
(6£5°0) 627000°0 (7€°G9) 6200070~
gT0 0 (gL°*T) TI{TI0'O
(66L°1)  LLT0°O 920°0
(826" 1) GETO0'0 (12" 8) £210°0-
(048°T) §2I0°0- (6g"g)  G200°0-
(go&-e) 9.50°0- ET°0
(900°¢c) 88900 (L6°8T) 9%¢°0
(28%°0) €0T0O°O (og*€) 6IT0°0
(988°0) £9£00°'0- (She2*0) H©E000"0
(0ef 0) {1900°0 (18" T) 0EE0"0-
160°0 (To"11) £LL00
(L9E°9) 2IT°0 (6T2°0) §.LB0O0'0
sanlea-3 *Js02 sniea=-3 * 3800
g1 -1 ueg £1-T1 weg

T

LINE
Wi
WHg
Wid
W34

WY
L1d

LY
1H9
q3d

vy
4149
CARES|
1714

TV
add
Ch:Ac!
134
a¥d

A

- 48 -



(E0°T)  60T00°0 (65L0°0) 92£000° 0=~
(Exr-2) T60°0 (909°0)  TT.lO"O
(LL'T) 0620°0- (0Tg0°0) T0900'0-
(92°9) G080 0- (gge 1) 66K0°0-
(70°1T) GRTV"0 (cgl-0)  29T0°0-
(192 64) 06970 (0Ex"9T) €TL°0
{g81°0) R6TO00- (0gn*0) 86L00°0
(2x5°0) 81900 (€960°0)  0E£T0°O0
(Ub"0) Sh000°0- (#89°0) L%200-0
Ly0°0 (625°0)  9920°0
Zhg0° 0 (680°T) He#0°0
(Ez2-2) T200°0- (90L°0T) 0L70D°0-
(61°9) HG0" 0 (S6€0°0) &E€T00°0
(9€-2) T620°0 T50°0
(8" L) 2180°0 (en6°82) TL"0
(0T*2)  £4T00°0 (2ge 2) §%200°0
(59°1) R2l0°0~ (2L0°¢) 612070~
(81°0) 680000 (162°0) t4c00"0-
{(76°6) 0ESU"U (690°€)  &6£0°0
(gl 02) T 0 (968" 1TT) TET-O
anteaA-3 * J800 |nNTeA—-3 *JS00
gT-T uweg £1-T weg
ucar 9T

(L0€°2) 91%00°0- (L87°2) GTIT0°0-
(w€T*0) 0G700°0 (008°1) 06T 0~
(gLL*0) §9800°0- (Gr6°0)  H6€0°0
(g2g"1) 9150°0 (676°1) TIT'0
(0L6°€) Sin0t0- (ewe 1) €6E0°0
(L96°ne) gz9-o (891 °€T) 989°0
(1060°0) TOR000°0-— (G9¢°0) 975000
(GLEO) 09€0°0 (g6E0"0) E€gfo0"0
(212°0) 692000°C~ (y€6°0) 6620070
9070 90°0
(r€e2-49)  0/l0°0 (ng6°0)  25€0°0
(69£°T) £6200°0 (89.0°0) T62000°'0-
(T€9°0) LS600°0- (gTH'TI)  TeG0'0-
(196°1)  E£5%0°0- (L6*0)  G020'0-
(€LE-L) AR (oéz 1) 78T 0
(0ET"E) 6820070 (Ly2*g9) 6L800°0
(629°9) gIn0-0- (LEQ"E) €Lr0°0-
(8TE€°0) 92£00°0 (inl*2)  1BEO'O-
9800 (00%-¢) 79t0°0
(9TE"ET) 6/T"0 (ELT79)  Th60°0
aniea-1 *I900 anrteA=-13 * 3900
g§T-T weg €1-T weg
suolg 5T

IIE
WNe
Wdd
WId
WA

minct

LY
LHd
244

qy
L1d
4714
T1d

1Y
LAd
g3d
T4
A14d

AY

- 49 -



(690°T) &nweo0'0- (6If°0) 66200°0-
(26T°0) 2€8900°0 (90.0°0) TIH#00'0-
(16T°€)  g9no‘o- (L6°T) 2%920°0-
(2T0°T) 54200 (201°0) 00.L00°0
(182'2)  &&T0°0 (6G*2) 9220°'0
(LEE"92) BS9°0 (61°8) TS990
(fg2'0) LnT00'0- (5850°0) gIS000°0
(29L°0) 92400 (ETr°0) 86200
(h€°2) 1GE0O0"0- (G0E°0) ©0K000°0—
7100 7T0°0
(0r9*€) 709070 (€8°1T) 8420°0
(2rS°0) 2TT00'0 (2yg*0) TRY0O*0-
(6TOE)  LLy0°0 (0" 1) EE€T0°0
(9T2*'1) 9%20°'0- (96G°0) 290" 0
(670°0T) gze o (19°¢) £TE"0
(908 %) L8Ko0o'o (EE"g) 20T0°0
(g&n-e¢) 6710 0- (€E€°T) 0Te00°0-
(€96 1) 99500~ (61°9) G990°0C-
9400 970°0
(LGe )  0ES0°O (L98°0) 90T'0
anisa-3 +J900 snieAa-1 *Is00
QT-T ueg £1-1 uwes
T®39H ‘qBd *g1

(Lz*1) LBTI00°0- (66°T) 82E00'0
(rG°T)  98K0'O (6L°2) €ET 0
(¢97z) gzeo'o0- (€€°€)  T9G0°0-
(e9'T) 9820°'0- (LT°€)  6LL0°0-
(08T°0) gL200°0 (6L£0'0) LGL000°0
(SH°Th #99°0 (64'62) L19°0
(LT2°0) G6£00'0 (0g€*0) OTIO'O
(L02°0) 80#0'0 (€T90°0)  #R10"0
(2T°1T) GL6000°0 (gT°T) HLT00'0-
8e0'0 gEO -0
(4S°€)  2rE0'0 (6L°€) 0290°0
(yh*2) gE£200°0- (66°T) £0200°0-
(LT°0) 6ET00°0- (£9°T) 692070
G0 0 00
(LO*TT) LOT 0 (G6°g)  0660°0
(98°T) §2£00°'0 (E42°0) 967000°0
(59-°2) gEt0'0- (Eg°T) GEQ00°0-
(0y"1) 0020°0- (96.0°0) €4T00°0
(Lg"1) 0Tfo"0 (€gE-0) LT900°0
(99°0T) RET'O (L9°0T) 2220
aniea-4 *J200 anTrA-3 *I200
g7~ uweg £1-1 weg

SNOJIISJI-UON

AN

{LINE
W4
JCASH
WId
g



(g9f"T) £4500°0- (G5E°0) £6200°'0-
(2If*0) £80020°0- (TL1°0) 90200~
(LLE"2) L2e0 " 0- (9ET°0) 619000~
(qoe2 1) Shp0°0 (ZTT°0) £9800°0
(#99°0) 82go0"0 (g2l'0) Z2gT0°0
(cg6°G1T) STL°0 (€09 L) 089°0
(L{T°0) 0£c00 0- (§9T°0) LGH00°0
(I9°0) £8.0°0 (TLT70) SGgE00
(9lz*z) S6200°'0C— (£960°0) Gleooo 0
6000 IT0'0
(H0E0'E€)  9S{0°'0 (TLT°0) 0c600°0
(L96°2) tggoo'o (TT20°0) {21I000°0
(ELTO'2) 6920°0 (g61°0) €z2loo 0~
(966E°T)  LI{0'0- (094°0) hS20°0
(986°T) 09%0°0 (€S 2) 8GT°0
(GEL0) g&%EDODC 0= (TLS°T) €6200°0
(619°0) GLEoo" 0~ (98T°0) 2He00°0
(ge6-2) L6200 (796" 1) 920" 0—
(I89'T) Gheo'O (§ES 0) 229000
(109G 1T) ELTO (188°8) €GT"0
ontea-3 *Js00 SNnTea—-13 3200
g1-1-weg €1-1-weg
‘W "e®To°d 02

(glw-"T) £6Q00°0- (00°1T) 2400 0-
(206°0) 7080°0- (1£°2) 91T '0-
(805°0)  2LTI0°0- (9€°¢2) GGEO" O
(769l 1) T0T°0 (60°1) 12600
(06T°0) TEE00°0- (Ln2) 88c0°0
(182°11) 6£L°0 (61°2T) 689°0
(972°0) <2%e00'0~-  (L210°0) L,L000°0
(G2l°0) 208070 (LI°0) 9T90°0
(TT0"1) 122oo'0- (L6°0) £.L0000°0-
(TLE°0) TEGOO0O (no-2) 1L920°0-
(9TS" 1) 96£0°0 171070
(Tg"T) 2£800°0 (6807 0) SH000°0-
(0€8°0) z,lT10°0 (g6°2) zee0to-
(9.9°1T) G2L00- (GET"0) 259000
(LLE6°T) 71,6070 (€ E) RET"O
(LEg"T) T1T8200°0 (E0° %) 2.500°0
(962°1) 625400°0- (ge-t) G600 0-
(T6E"1) 9SG0 0- (68°9) £650°0-
(1hSG-€) 2S00 (Tn-2) gIEL" 0
(098°8) 82T'0 (En°8) 2€0T"0
SnteA-3 T JI800 SNTeA=-3 ‘3900
gT-1'wesg E1-T weg
Axsutyomwpy 61

CICEE |
ch
L1d
A4
T1d
v
LAd
qJ3d
1Ad
AAd
AV

(RN



(70€°2) €SL00°0- (T#6°0)  06£00°0
(gSE- 1) 92400~ (€26°0) 02%0°0
(LGL'0) T0600°0- (85€°0) /99000
(£90°T) IRreEO'O (98T°T) GLE0"0-
(7,6°1)  Glezo'o (69%°0)  z1T0'0-
(4TS 6T) 9690 (E6L°ET) 8L5°0
(829°0) HEROO'O- (L56°0') gggo0*0-
(0EL°0) $4460°0 (E06°0)  6.90°0
(LEg*0) 086000°0~ (92L°0) 1440000~
: 8000 (G6T°0) 0EE€00'0-
(889" T) 8T20°0 (919°2) G9T0'0
(IT9°0) 6&g8TI00°0- (6€6°t)  0gT0°'0-
(G/G°0) TTLOD'OQ (695°0) g1€00°0-
(9.8°0) 20£0°0 (L55°2)  6080°0
(666°9) T€2°0 (01g°6) €€ o
(092°9) FOTO 0 (LL6°E) 446000
(L20°T) 0T900°0-  (TfS0°0) SQT00Q'O-
(GT0°9)  HTLO'O- (g1 z) 20R0°0-
S0°0 (og1-2z) 91%0°0
(6T8°2) 9TS0'0 (y0T-€) 92L0°0
aniea-13 *J20° anTea-1 *I800
gT-1°wWes €T-T-uwes
b -sueal, -zge

(969°2) <2TL00°0
(6nb6*0)  97e0°0
(8TT"0) 8890000~
(i72°0) 2TE00°0-
(LT T) 80200~
(h66°81) 089°0
(0LE"0) 1&H0O-O-
(68L°0) G0T'0
(7LE°0)0GE0000° 0~
(8970°0) £52000°0
60T0"0
(gEk"9) SOT0CT O
(9£90°0) LETO00'0-
(2e2'4) 6TI20°0
72T 0
(6068°¢) E£I®00"0-
(68T°0) 0L5000°0
(€55°2)  LgTo°0-
(916°2) 68£0°0
(221°91) 9120

(7lf"0) 60T0O0O-
(42%°0) LT20 0~
(89L°0) £9800°0
(6G2°1) £620°0
(619°0) £€9T0'0-

(LLG*L2) 6890

(9TT°0) 2%200°0
(66£*0)  20L0°0
(6T€£°0)T920000'0
(L78°0) T1S600°0~
TT0°0
(EE€6 1) 961000

(TO0S0 0)T580000° 0~

(geT*0) 62T00°0
TIT'0
(£8€°0) S968000°0-
(€9£°0) £46000°0
(gg0'2)  G0EO'0-
(050°2) 6S17°0
(789 L) 6gT°0

anTeA-1 * 1500

gT-1 weg

anTeA-4 " J2090

€I-T weg
J090[ T2

LINE
WL
wad
W'id
WA

WY
Lild

Ly
RCASS
HHd

CA
114
ICIFAS)
Tid

Iig
£d
T3d
A¥d

AV

52



(ORT*€) 08%00°0- (ET*E) 00500°0
(00k'C) 28L00°0 (1€ L) 0ET"0
(6£50°0) S{eoo0" 0~ (6g e2) ETTO'O-
(605°0) 66900°0- (GL°8)  9960°0-—
(67L°T)  9KTIG 0O-— ($6°1T) ezeo'o-
(6£5*LE) c9l o (EG-61%) £€49°0
(LyT0°0) 6£T000°0- (glh°0) 8L00'0
(0LE"0)  6L£0°0 (680°0)  6TT0"0-
(€26°0) L8®000-0 (90°0) £00000°0-

ST10°0 GT0°0
(600°2) TZ10°0 6LT0°0
(068°'0) G0Z00°0 (ng"g)  LOTO'0-
(899°1) o0.LLoO'0- (#0°0) Lg0000°0
(06.°0)  1ISTO"O 210
(78€-9) LLT°0 (gg-sz) AR
(2€17€) 16200°0 (0E*E)  9900°0
(80K E) .90L00°0- (18°T) 2gE00"0-
(545 1) 10" 0- (€6°1) nee0 0=

€00 (ES°*®)  G670°0
(L9E 1) 0670°0 (5€L°0) 6510°0
sniea-3 gg=lols] SnTeA-3 *Jeoo

gT-T ueg E1~1 weg
"SUN CSTH “q2

($8€°T) T1gtLo0"0- (0Tw*T) 094000~
(gL80°'T) ~ T2§0°0 (6870}  1620°0-
(9n€re) zeeo'o0- (6n6°0)  1890°0
(r8€°0)  6TTL0° 0~ (68£°0) <21200°0
(46€0°T) 1{0L00°0- (110°0) TOTO00°'0
(98- 12) #8970 (Gg-eT) gIL 0
(T96°0) 9€E€00° 0~ (gGe2°0) 25100°0
(TLih°T)  9%40°0 (89%°0)  TLeO'O
(€eg 1) L{T00°0- (2zl°0) 7§€0000°0~

68000 (10°1T) 7200°0-
(L16°2) £.20°0 €100
(900..°0) TQI0O"O (9€°0) TRT00°0
(GER"T) €ET0°0 (26°1) gT00 0=
(8GL°1T) £940°0 (g1l*0) 8SE€0"0
(662 L) 95900c'0 (29°¢) 6610
(€L6°€) Lntoo-o (687 ) ERS00°0
(295°0) 407000 (SH*T) 901000
(666° 1) 9.0 0- (96°9) €950 0~
(ge€o-Ll)  LESor0 (0R*9)  TSG0°0
(986°8) 808g80°0 (€g*G) 00LO'O
anTeA-3 * 1200 sniea-3 * 1900
gT-T1 weg £T-T ues
uotTstoaagd ‘¢

LIWE
g
Wdd
Wid
WAd

WV
LLd

IY
incist
H€4d

ay
41d
HId
114

1Y
g
qyg
T4d
A¥d

AY

53



(16°0) 92000~ (9€w0)  L200°0
(0€°1T) ORT"0- (2IT°T) gEET 0
(98°¢) 6€2 0 (0£6°T) €z20T°0
(66°1T) #TLO 0~ (T6L°T)  26GT'0-
(02'1T) §L20°0- (796°2)  TERO O~
(le-g) €20 (€956°€) gze "o
(LT2°0)  9S700°0 (g66°0) 9L20°0
(€00°0) 69000 °0- (66%°0) 2ZIT 0~
(16°0) 0800070 (BTT"0) SS000°0
(€6°2) 96T 0- (€08°T) K60° 0~
6GT"0 (L0L°2) THI O
(€6°0) 6T200°0 (805" 1) 91000
(01°T) 6620°0 (928°0)  9440'0
(69°T) 91400 (9Le¢-2)  #.90°0
(26°G) TST 0 gGeT o
(29°1) 96000~ (662°T)  8HOO'O-
(92°9) 62,00~ (E6T'9)  BESO0-
(0L°0) 90100~ (692°1) 6€0°0
(60°17) TIT'0 (Ggerez) TL60°0
(EE"1T) 85k "0 (9179 °€T) gln-0
SNIBA-Z * I200 anTeAa—4 *J960
gT-1'uweg €1-T1-ues
‘N "o9Td -9z

(g6E°T) GLgoo*0- (926°T)  2&T0'0-
(G6€£°0) gTHO' 0~ (€99°0) 6T80'0-
(G190°T) <c0fc0 0~ (€L6°2) €660°0-
(TH6°0) €06.L0°0 (946°T) gGT"0
(685°0) cET0"0- (€9G'0) Gee0 0
(S$L£°G) g9E0 (EGT"G) a0
(L6R*0) L62E00'0- (8€90°0) £9.000°0-
(8L5°0)  GTIH0O'O (n2€*0) 0TE0"0
(Lzg2) 929000 (90L°0) <2T200°0-

6700 640°0
(10L9°0) LyT0"0 (pe&-e) TERQD'O
(€GL0"2) TTIT0 0 (L9€-2) 6L10°0
(6LT0°T) &0T20'0- (gEE"T) £970°0
(w62°0) Gx020°'0- (oeh" 1) 0ET*0-
(149°9) A4S (966°2) Ghe°o
(962°2) €9.L00°0- (6TT*0) 049000°0-
(L6LT°0) T16£00°0- (522'0) E0400°0
(942°1) GLE0 0~ (g6&'1)  THl0°0O-
(ZTT'T)  9%%0°0C (L£9*0)  994#0°0
(ETy- L) Gg2°0 (918°€) T€2"0
anTea-4 *I800 anTeas-3 *J9090
gT-T1 wes E1-Trweg

‘suBdl  *6?

LN
Wid
WHd
WId
Wid

WV
LLd

LV
LHd
CiCAsH

q4v
£L1d
q4Td
T1d

L3d
q43d
Tid
piniRct

P

- 54 -



(T2T'0)TE0LO00 O~ (€98°0)  26£00°'0-
(#8T*0)  LG20°0 (g90°0)  S4TS00°0-
(689°0) 9¢c0 0~ (1l 9) 9g.00° 0~
(#5001 0) HOTTIO"O (061°0) G940°0
(66%°0)  gfI00- (199°2) ERO"0-
(8605 1) 9g2° 0 (60€°9) 2IE" 0
(LLE'0) €02E00°0- (99€°0) 2qG000-
(7G€°0) §¢g0°0 (gre*0) 02#0°0
(68L°T) HOEE00"0— (Igz*'2) 690000°0-
G0°0 £900°0
(L96°T) §S0%0°0 6.L00°0
(9Tg"T) L80OROO"O (96L°0)  28£00°0
(L9L0°2) 2890°0 (16°1) 6TT00"0
(GTT0° 1) 7980° 0= (99.°0) 2190° 0~
(976" 1) 6£2°0 (95%°5) cgeto
(Sel-g) 6L0700°0- (L60°0) 2LT000°0C
(6nh'e) GG0S0°0- (022°0) TLECODO'O
(€£L2°0) §02L00°0 (TET'0)  TSL00°0
(LSH°T) GLG0°0 (6L2°T) 96£0°0
(T0#9°92) S€q°0 (81&-62) LBE" 0
anTeA-3 *J200 anieBa-13 *J200
8T -1 weg £1-1 wesg
S2UBUTA °gc

(2g E) 896000~ (190°0) £#000°0-
(6ST°0) 2T10°0 (§L8°T) fiw8T"0
(819°0) gnT0°0 (gT°€) €.L10°0-
(T46°0)  95€0°0 (ET°T) Lggo'o-

(¢6°2)  9190°0- (TG 2) £840°0-
(046°91) LSh°0 (670°9) LSE0

(9LL0°0) S58000°0 (16€°0) 69.L00°0
(40T°0)  &210°0 (#02°0) Geton'0-
(2TT°0)80600000 (7lt°0)6/C000°0

(tT*2) 06T0"0- 220°0

(02°¢) 282070 620°0

(TT°2) @QIRoO"O (68€°T) ngeco0°0-
(626°0) E£T10°0- (Te6°0) T9TOO'O-
(I69°0)  98T0°0 (TT9°T) <2L0T'0
(R0O°ET) 6.2°0 (EL6°G)  95%¢°0

(LL°t) TS00°0 (999°1T) 2000

(gf-2) GS10°0 (16g°¢) 8910°0~-

(r€-€)  6zZy0°0- (72l 0) 89100~

(LE"G) T680°0 (e61°t) 1glo~o
(0L-02) 9€2°0 {guf 2T) L5620

anTea-2 1900 aNnTeA-2 *+I900
gT-T weg £1-1 weg
sTeS~-3TOoUM /¢

DG
WINE
WHEg
W1d
Wxd

WV
Llg

LV
AACAS!
CICAS!

HY
LT1d
CRAS!

55



(gt2) 2%00°0- (Eq°T) LEwOO'O-
(2n-€) ghhe o (£l-2) geeto
(€9°2) wH&0°0- (0e 1) 86500~
(€272) 6Lg0°0- (98°2) 901" 0-
(9l %) E0T 0=~ (ge- 1) LG50 0=
(21°12) 8060 (89°9T) 0060
(G40'0) ®TE00O'O (tgr*0) 26500°0
(250°0) L6EOO"O- (LLE"0Q)  ELEOO-
(t& e) 2s%t00-0- (Lg*€) 60E00°0-
20*0 20'0
(g6°¢€) ¢c90°0 (EL°G) T9S0°0
(9T°T) #7000 0~ (E€*T) 6£9000°0
(gn'e)  Lys0-o @1°€) Seno'o
(9€°L) <0go°0 (gl-2) GGE0°0
g6T"0 8T 0
(90°L) 4160070 (Of*2) 289000
{€9-2) tozo'o- (025°0) €£lcoo 0=
(09°2)  2.in0"0- (ggl-0) 7gec0'o
LT 0. €00
(1T0°91T) T€2°0 (ge-6) 79¢°0
antea—-3 * 3200 2NTeA-3 *Je00
gI~T weg E€1-1 wes
2O0TAJISG .om

(R6T°0) GSTC00'0- (g6'€) 94200°0
(z02°0) 90%000O- (T2 €)  24E0°0
(99.°0) 8T4900°0- (TL°0)  ge00°0-
(9T° 1) TLT0'0 (9T°G) 11200~
(g9°1) 98L00"O- (T€E*T) €0T0°0-
(287 1T) 82T 0 (28°41) 001°0
(9.T°0) GTG00°0 (&1.°0) 89€0°0
(OTE0"0) £B600°0 (56£°0) 791 0-
(T09°0) TSTO0O'0- (80°0)9.00000°0~
(625°0) QETI0O'0 2000
(G°T) 16E00 0 7200°0
(0g°¢) AGT00°0 (Lg'€) TOTO00"O-
(#€L°0) 9G€00°0 (gG°0) G9100°0
(98°T) 89T0°0- 2200
(Lg*T) gTTI0"O0 (LT°LT) gE0 "0
(9G6°2) AL2100°0- (60°2) LGTO00'O-
(Lgz 0) Lte000°0 (TG0*0) G1000°'0
(00°T) T6L00°0- (6Gq°0) 14200°0-
(gco"z) SIT0'O (yS°T)  9210°'0
(62°09T1) 9680 (250 L1T) 8580
onTBA-2 * 3200 SnNTeBA-3 *J900
8T-1-uweg €1-T1°wes
93848y TBSY 62

LINE
WiWd
Wad
WId
WAd

Wv
LLd

oLy
Ldd
CICAS!

ay
L1d
H1d
T1d

v
IXd
ChikS!
149
Aid

v

- 56 -



REFERENCES

(1) Berndt,E.R. and L.R. Christenson. (1973), "The internal
structure of functional relationships : Separability,
substitution and Aggregation," Review of Economlc Studies,

XL No.3.

(2) and (1973), "The Trans-log
function and the substitution of equipment, structures and
labor in U.S. manufacturing 1929-68," Journal of Econometrics,
1, No.l, pp.81-113.

(3) Berndt,E.R. and D.0. Wood. (1975), "Technology, prices, and
the derived for energy," Review of Economles and Statistics,
LVII, No.3.

(4) Christensen, L.R., Jorgenson, D.W. and Lau, L.J. (1973),
"Transcendental Logarithmic Production Frontilers," RES
VOL.55, No.l, Feb.

(5) Diewert, W.E. (1976), "Exact and Superlative Index Number,"
Journal of Econometrics, Vol.l.

(6) Fuss, M. and D. Mcfadden. (1978), Production Economics: A
Dual Approach to Theory and Applications. Vol.l & 2,
North-Holland.

(7) Gollop, F.M. and D.W. Jorgenson. (1980), "U.S. Economic Growth
by Industry, 1947-1973," ,New Developments in Productivity
Measurement and Analysis, Kendrick, J.W. and B.N. Voccara,

The University of Chlcago Press, Chicago and London.

(8) Jorgenson, D.W. (1981), "Econometric Methods for Applied General
Equilibrium Modeling," Harvard Institute of Economic Research,
Discussion Paper.

(9) and B.M. Fraumeni. (1981), "Relative Price and
Technlcal Change," Harvard Institute of Economlic Research,
Discussion Paper.

(10) and M. Kuroda. (1981), "Energy and Economic
Growth in the United States and Japan," N.S.F. report.
(11) and M. Nishimizu. (1978), "U.S. and Japanese

Tconomic Growth, 1952-1974 : An International Comparison,"
The Economic Journal, Vol.88, Dec.

(12)Klotz, B., R. Madoo and R. Hansen. (1980), "A Study of High and
Low "Labor Productivity" Establishment in U.S. Manufacturing,'’
New Developments in Productivity Measurement and Analysls,
Kendrickeds. The Unlversity of Chicago Press, Chicago and
London.

(13)Kuroda, M. (1981 a), "Nihon Keizal no Selsansel Suul to Shijo
no Performance (Productiv1ty Change and Market Performance),"
Kikan Gendai Keilzai, Vol.43, Summer.

(14) (1981 1), A Method of Estimation for the Updating
Transaction Matrix in the Input-Output Relationships,"

Kelo Economic Observatory, Diliscusslon Paper, Vol.l.

(15) and H. Imamura. (1981), "Productivity and Market
Pertormance - Time-series Analysis (1960-1977) in the Japanese
Economy," Keio Economic Observatory, Discussion Paper, Vol.2.

(16)Mohr, F. Michael. (1980), "The Long-Term Structure of Production,
Factor Demand, and Factor Productivity in U.S. Manufacturing
Industries,”" New Developments in Productivity Measurement
and Analysis, Kendrick eds. The Universlty of Chilcago Press,
Chicago and London.

- 57 -



(17)8amuelson, P.A. (1953), "Prices of Factors and Goods in
General Equilibrium," The Review of Economlc Studies,
Vol.21l, pp.1l-20.

(18)Shephard, R.W. (1970), The Theory of Cost and Productilon,
Princeton University Press, Princeton.

(19)Uzawa, H. (1962), "Production Functions with Constant Elas-
ticities of Substitution," Review of Economic Studiles,
Vol.29, No.B81, Oct.

(20)Wills,” John. (1979), "Technical Change in the U.S. Primary

- Metals Industry," Journal of Econemetrics, Vol.1l0, pp.85-98.

- 58 -



