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1. Introduction

. The rapid growth of the Japaﬁese economy during the postwar years has
accompanied a sizable transfer of labor from agriculture to the non-agricul-~
tural sectors. The total number of agricultural gainful workers declined
from 15.6 million in 1952 to 5.7 million in 1982. The average rate of
decrease was 3.3 percent per year. In terms of labor hours per unit of
land, this rate was 4.0 percent for the average farm for the same period.

What were then the factors which can explain this drastic decline in
agricultural labor? At least three factors can be considered: (1) the
demand for labor in nonagricultural sectors; (2) the supply of labor of
. agricultural households to both aéficulture:and nonagricultural sectors;
and (é) the demand for labor in agricultural production.

This study will focus. on the analysis of the last factor. That is,
the production structure of agriculture is to be analyzed by shedding a
special light on the demand for labor. For this objective, a tramslog cost
function model will be estimated for the périod 1952-82 by making use of
farm level data. Similar methods which employ the tramslog cost function
have been used for the analysis of U. S. and Jazpanese agriculture (Binswanger,
Ray, Kako, and Le Thanh Nghiep). However, these studies assumed a priori
that the economic agent minimizes costs and the producticn process is
characterized by either homotheticity or Hicks neutral technical change or
by both. If, however, the maintained hypothesis of cost-minimizing behavior
is rejected through a statistical test, "the transleg cost function model may
not be valid. 1In addition, if the production process cannot be represented

either homotheticity or neutrality, the estimates based on the models with



such assumptions will then be biased. This study will thus explicitly.test
in the process of estimation the hypothesis of cost minimization together
with the hypotheses on the functional form such as homotheticity, constant
returns to scale, Cobb-Douglas (C-D) production function, and Hicks neutral
technical change.

Based on the estimates of the final specification of the translog cost
function with the imposition of parameter restrictions if necessary, the
Allen partial elasticities of substitution between-pairs of factor inputs,
own- and cross-price elasticities of demand for factor inputs, and biased
impacts of technical change and nonhomotheticity will be estimated. In
addition, the chénges in relative factor uses for the period 1952-82 will
be decomposed into the scale effect, the total substitution effecté; and
the biased technical change effect. The empirical findings of this study
are expected to be useful for policy mzkers who seek for policies for lzhor

adjustment in agriculture.

2. Methodologg

The present study assumes that the farms' production technology may be

L
represented by the translog cost function of the following form:
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Where Q is output; P refer to the prices of labor (XL)’
respectively; t is an annual index of time; and C¥ is the minimized total
cost. It is assumed that the translog cost function (1) is twice differen-—
tiable, so that the Hessian of this function with respect to the inmput
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prices is symmetric. This implies the symmetry restrictions,'/ Y., =
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in for i#§ (i,j = L, M, I, T, 0).
The cost share functions can be derived through the Shephard duality

theorem as:
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Any sensible cost function must be homogeneous of degree ome in input
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prices. This requires in the translog cost function (1) that Z o, = 1,
5 5 5 i=1
'ZlYij =0, izléQi = 0, and izluti =0 (i, =1, M, I,. T, 0). Essentially,
the same set of restrictions on parameters follows from the adding-up
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requirement of the cost shares.
Note that the translog cost function (1) is of a most general form in

the sense that no restrictions such as homotheticity and Hicks neutrality



are a priori imposed. If the produétion process is not characterized by
these properties, the estimated coefficients of the transleog cost function
will be biased. Thus, these restrictions concerning the production tech-
nology together with the cost-minimizing behavior will first be statistically
testeﬁ in the process of estimation.

Observe that there are parameters which appear in more than one of the
five cost share functions and that all of the parameters of the five cost
share functions appear in the translog cost function. fhe equality of these
parameters is a necessary condition for the system of equations to be con-
sistent with cost minimizing behavior of the farm. The equality of the
parameters can be exﬁlicitly tested. If this test is rejectéd, equation (1)
is not valid and hence the imposition of the equality restrictions maﬁ cause
biases in the estimated parameters of the gystem of equations. To avoid
this, one has to specify a different cost function such as a varizble cost
function as proposed by Browm and Christensen.

Several hypotheses concerning the structure of technology are also
tested. The first hypothesis to be tested is separability of the cost
function in output and input prices. Such functiomal separability indicates
homotheticity of -the technology. If the cost functiom is multiplicatively
separable, it can be written as C* = F(Q)-H(P,t). This implies the follow-
ing set of restric;ions on the translog cost function (1); SQi =0 (1i=1,
M, I, T, Q) and th = 0. This empirically implies that changes in ocutput
level or scale do not affect the cost shares. Second, if the primal produc-
tion function exhibits constant returns to scale, then the cost function can

be written as C*(Q, P, t) = Q-H(P,t). This implies the following set of




Q=l’ aqizo

0. Third, the primal production fumction is

parameter restrictions on.the translog cost functiom; o

(f =L, M, I, T, 0), and th =
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terms of the translog cost function, this implies that YQQ = 0, Yij = 0 for

all 4 and j, & ; = 0 for all i, th =0, u . =0foralli, and ¢ =0

Q ti tt

(i, j =L, M, I, T, 0). Finally, if the production function is characterized
by Hicks neutral technical change, the corresponding dual cost Ffunction can
be written as C*(Q, P, t) = A(t)-£(Q, P). This implies the following set of

parameter restrictions on the translog cost function: = 0 and uti =0

th
- for all i (=L, M,"I, T, 0).

The test of these four hypotheses concerning the production technology
will be carried out conditionally on the validity of the equality test, since-
the equality hypothesis is the maintained hypothesis of the cost fumction
approach used in the present study.

The Allen partial elasticities of substitution (AES) among and price

elasticities of demand for factor inputs in the translog cost function

fremework can be given as (Binswanger 1974a)
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where Si's are the cost shares. These AES and hence the price elasticities




are not constrained to be constant bﬁt may vary with the values of the cost
shares.

If the test of hypothesis of Hicks neutral technrical change could not
be rejected, thén the teghnical change is neutral. If it is rejected, then
there exist biased impacts of technical change on the use of factor inputs.
It is of great interest to evaluate such impacts numerically. In this study,
Hicks' definition of bias in technical change is used in a modified version
which leads to a definition of bias in terms of cost shares (Binswanger,
1974b): i.e.,_Bi = (BSi/Bt)(l/Si), where Si refers to the i-th factor cost
share, and BSi/Bt designates the share change while keeping factor propor-
tions constant. In terms of parametérs of the translog cost funmction of

this study, Bi is given by
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Technical change is defined as i-th factor-saving, neutral, or using accord-
ing as Bi < 0, Bi = 0, or Bi > 0, |

If the test of homotheticity is rejected, then there exist biased
effects of scale change on the use of factor inputs. The bias due to a
scale change or nonhomotheticity of the production function is conceptually
analogous to the bias due to technical change. That is, nonhomotheticity
implies that as the scale of operations of the firm increases, given all
other technical properties of the production process, unit requirements of
one factor input will decline (or increase) compared to those of another
factor input (Nadiri).

A scale change is defined as a change in output caused by a propor-

tional change in all input prices. Therefore, the effects of output change



on factor cost shares can be used to measure the nonhomotheticity of the
production technology. Antle proposed a measure of nonhomotheticity in a
multi-input translog profit function framework. His measure can be trans-
lated into a measure of nonhomotheticity in the framework of the multi-factor
translog cost function as, N, =r3£n5i/3'2nQ. In terms of parameters of the
translog cost function in this study, this can be rewritten as,
: §

) N, = i

1
We propose in this paper to define, in a manner analogous to the case of the

bias of technical change, as nonhomothetically i—th:factor-saving, neutral,

or qsing according as Ni < 0, Ni = O,lor Ni > 0.

These measures of biases, Bi and Ni, will indicate the directions and
magnitudes of the effects of non-neutral technical change and nonhomotheti-
city, respectively, on relative uses of factors of production. However, both
measures may not be appopriéte to investigate the question of what factor
has contributed by how much to actual changes in relative factor uses. 1In
order to measure the degrez of such a contributien, it may be useful to
apply a decomposition analysis which can be developed as follows.

To begin, write the cost-minimizing input demand as,
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By differentiating (8) totally with respect to time, dividing both sides

by X{*, and expressing the growth rate by G(-), we obtain,
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A change in relative factor use is given by the change in the factor pro-
portion as G(X{*/Bﬁ%) ='G(X£*) - GCX;*), which, by making use of parameters

of the translog cost funtion of this study, reduces to:
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The first term measures the effect of a scale change on the relative
factor use (the scale effect hereafter). Note that if the technology is
homothetic, this term vanishes since GQi =0 for all i (=L, M, I, T, O).

The second term measures the effect of factor substitutions due to factor
price changes (the totzl substitution effect herezfter). The last ternm
measures the effect of technical change. Note however that if the technical
change were Hicks neutral, then its effects on the proportionzal changes in
requirements for the two factor inputs would have to be identical. There-
fore, the last term catches the effect of non-neutral technical change {the

3
biased technical change effect hereafter).’

3. Statistical Method

For statistical specification we assume an additive error with zero



expectations and finite variance for‘each of the six equations of the
model given in equations (1) and (2). The covariance of the errors of any
two equations is permitted to be nonzero for the same farm. However, the
covariances of the errors of any two equations corresponding to different
farms are assumed to be identically zero. Given this specification of
errors, Zellner's method provides an asymptotically efficient estimators.
Moreover, the efficiency of estimation can be increased by imposing known
restrictions on the coefficients in the equatioms.

We impose a priori only the linear homogeneity restrictions on the
translog tost funFtion (1) and the adding-up (which‘is equivalent to the
linear homogeneity) restrictions on the cost éhare equatisns. This allows
us to exclude arbitrarily any one equation from the five cost share equa-
tions. The cost share equation of other inputs was then omitted. The
estimates of the coefficients of this equation can easily be obtained by
making use of the parameter relationships of the adding-up restrictions
after the system is estimated.

The set of final egtimating equations are as follows.
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4
i Qi fn Q + .Z

A L] Pj/PO +ug dnt,

i, =L, M, I, T .

These five equations may be estimated jointly by Zellner's efficient method.
However, since the estimates by Zellner's method are sensitive to which share
equation is excluded, the procedure needs to be iterated. Thus, the Iterative
Seemingly Unrelated Regression (ISUR) method was emgloyed.é/ In the process
of estimation, the statistical hypotheses described in section two will be
tested and, based on the results of the tests, comstraints will be imposed

3/
on the coefficients in the equations if necessary.

4, The Data

The datz required for the estimation of the model are the total cost,
the quantity of output, and the prices and cost shares of the five factors
'of production; labor, machinery, intermediate inputs, land, and other inputs.
The major sources of data used to process these varizbles are the Survey

Report on Farm Household Economy (FHE hereafter) and the Survev Report on

Prices and Wages in Rural Villages (PWRV hereafter) published annually by

the Ministry of Agriculture, Forestry, and Fisheries, The data processing
was carried out for the national average farm for the period 1%52-82. Thus'
the number of observations is 31.

Now, the quantity and price indexes of output (Q and PA) werz/computed

by following Tornqvist approximation method of the Divisia index. For

this computation eleven different categories of farm products were
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distinguished for crop and 1ivestock-products. The base year of these (and
the following) indexes is 1952,

The quantity and price indexes of machinery (XM and PM), intermediate
inputs (XI and PI), and other inputs (XO and PO) were also coﬁstructed by
the Tornqvist method. In these computations, the cost of machinery (PMXM)
was defined as the sum of the costs for machinery, energy, and rentals; the
cost of intermediate inputs (PIXI) as the sum of the expenditures on ferti-
lizer, feed, agri-chemicals, materials, clothes, and others; and the cost of
other inputs (POXO) as the sum of the expenditures on animals, plants, and
farm buildings an@ structures. The necessary data werg.taken from the FHE.
In addition, the p?ice data necessary for computing the Tornqvist indexes
were obtained from the PWRY.

The quantity of labor (XL) was defined as the total number of male-~
equivalent labor hours of operators, family, and hired workers. The number
of male~-equivalent labor hours by female workers was éstimated by multiplying
the number of female labor hours by the ratioc of female daily wage rate Lo |
male wage rate which can be obtained annually from the PWRV. The price of
labor (PL) was obtained by dividing the wage bill for temporary hired labor
by the number of male-equivalent labor hours of temporary hired labor. The
lzbor cost (PLXL) was defined as the sum of the labor cost for operator and
family workers imputed by PL and the wage bill for hired labor.

The quantity of land (XT) was defined as the total area of arable land.
The price of land (PT) was obtained by dividing the cost for rented land by
the rented land area. The land cost (PTXT) was estimated by multiplying

PT by XT.



Finally, the total cost (C) was defined as the sum of .the expenditures
' .3
on. these five categories of factor inputs, i.e., C = Z PiXi i=1L, M, I,
: izl
T, 0). The cost shara (Si) was obtained by dividing the expenditure on each

category of factor inputs (Pixi) by the total cost (C).

5. Empirical Results

Tests of Hypotheses and Final Specification

1
The five statistical hypotheses described in section two were tested.

They are (1) equality, (2) @omotheticity, (3) constant returns to scale,
(4) Cobb-Douglas production function, and (5) Hicks neutral technical change.
We employed test statistics based on F ratios. To control the overall level
of significance of the series of tests, the overall level of significance
was set at 0.05. This implies that the probability of rejecting a true
hypothesis in our series of tests is 0.05. We first assigned a level of
significance of 0.01 to the test of the equality restrictioms implied by
cost minimization. We then assigned a level of significance of 0.04 to the
rest four tests of restrictioms on the technology structure. These four
sets of tests are nested; under the null hypothesis, the sum of levels of
significance provides a close approximation to the level of significance
for the four sets of tests simultaneously.

Test statistics are presented in Table 1. At a level of significance
of 0.0i we cannot reject the equality hypothesis, inaicating that the
restrictions implied by cost minimization is valid. Proceeding conditionally

on the validity of the hypothesis of cost minimization, the four hypotheses
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Table 1. Statistical Hypotheses Tested

Hypothesis Computed ¥  Critical F, o1
1. Equality (28, 99) 1.21 2.03
Conditional on equality
2. Homotheticity (5, 127) 11.4 3.17
3. Constant returns to scale (7, 127) 29.1 2.79
4. C-D production functioca (21, 127 110.6 2.03
5. Hicks neutral technical change (5, 127) 10.7 2.96

Note: Figures in parentheses are the degrees of freedom.
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concerning the technology structure Qere tested.

-- First, we reject the null hypothesis of homotheticity. This implies
that changes in output level or scale affect the cost shares. Second,
we reject the null hypothesis éf constant returns to scale, indicating that
there exist economies (or diseconomies) of scale in agricultural productiom.
Third, we reject decisively the null hypothesis that the production tech-
nology is represented by Cobb-Douglas function. This means that there are .
pairs of factor inputs whose AES are not unity. Finally, we reject the null
hypothesis of Hicks neutral technical changa, implying that there exist
biased impacts of technical change on relative uses of factor inputs.

Based on the results of the tests of hypotheses, the system of the
.translog éost function and the four cost share equations were jointly esti-
mated by imposing the restrictions which are tested but not rejected. In
the present case, only the equality restrictions were imposed. The implied
estimates of the parameters of the system of equations can immediately be
obtained by making use of the parameter relationships of the linear homo-
geneity restrictions. The estimates of the transleog cost function is

g
presented in Table 2, This set of estimates is referred te as our final

9

specification and will be used for further analyses.

Allen Partial Elasticities of Substitution and Price Elasticities of Demand

In order to measure factor substitution possibilities we computed the
AES (Gij) and price elasticities of demand-(nij) as formulated in (3), (4),
and (5). The results are presented in Table 3. Several important findings

emerge from this table,
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e 2. Estimates of the Translog Cost Function for 1952-82

Parameter - Coafficient t-value Parameter Coafficient t=-value
o 5.121 14.86 Yur ~-0.0397 -4.200
GQ. -1.377 -1.385 Yyt 0.006 0.465
aL 0.6986 33.17 Yuo -0.003
iy 0.0256 1.566 Y1r -0.0348 -2.861
&I 0.1331 7.166 Y10 0.0320
GT 0.0498 1,987 Y10 -0.0151
ao 0.0929 6QL -0.1276 ~3.3506
€, 0.5903 L4478y © =0.0050 -0.201
YQQ -2.552 -1.979 SQI 0.0871 2.876
Y1 -0.0657 -2.348 GQT 0.01¢91 0.511
Yo 0.0673 6.218 6QQ 0.0405
Y1 0.0425" 3.128 fq -0.4149 -1.756
Yoy -0.0000 -0.001 Mg -0.0460 -3.319
Y 00 -0.0553 oy 0.0277 2.686
Yim \ -0.0251 -2.111 Mg 0.0330 2.782
Yi1 0.0136 0.866 Ui -0.0128 -0.805
YT 0.0499 3.132 Moo -0.0147
T10 0.0409 €\r 1.130 2.051

Note: The coefficients without the ;—values were computed by making

use of the linear homogeneity restrictions.
In this computation, however, the statistically insignificant
coefficients at the 20 percent level were assumed to be zero.
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Table 3. Qun-Price Elasticities and Allen Partial

Elastic¢ities of Substitution (Averages for 1952-82)

Labor Machinery Intgrmediate Land Other

inputs Inputs

Own-price ~0.61 -0.25 -0.59 -0.88 . =1.96
glasticitias (0.09) (0.16) (0.00) (0.04)

Allen partial elasticities of substitution

, Intermediate Other

Mzchinery inputs Land Tnputs

Labor 0.55 1.0 I.91 2.48
(¢.07) (0) (0.24)

Machinery -0.96 1.0 0.58

0.73) (0)

Intermediate -0.82 3.99
inputs (G.90)

Land =1.64

Note: Standard errors in parentheses are computed as follows:

SE(Y..) SE(Y..)
& — SR %

For the estimates concerning with other inputs, standard errors
cannot be computed, since the Yi - (i=L, M, T, I, 0) were obtained
as implied estimates through th& linear homogeneity constraints.
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First, the own-price elasticitiés of demand for all the factor inputs
except for other inputs were found to be less than one in absolute values,
indicating inelastic demand for factor inputs by farms. This result is
consistent with that found by Kako. Second, intermediate inputs, land, and
other inmputs were found to be good substitutes for labor. However, the AES
between labor and machinery is less than one, indicating that the price-
induced substitutability between these two factor inputs has been low. Qur
estimate, 0.55, is fairly smaller than Kako's 0.93. This difference may
have come not only from his assumption of homotheticity in the model, but
also from the different data sets used in the two studies. Third, inter-
‘mediate inputs whicﬁ are composed mainly of fertilizers, agri-chemicals, and
feed were found to be.a complement of both machinery and land.

In sum, the substitutability of labor with machinery, intermediate
inputs, land, and other inputs and the complementarity oi intermediate inputs
with machinery and land may indicate that simultaneous promotion of méchani—
cal and bio-chemical technologies in postwar Japanese agriculturs has played

an important role in reducing labor imput in production.

Biased Impacts of Technical Change and Nomhomotheticity

Estimates of biases caused by technical change (Bi) and by nonhomotheti-
city (Ni) as measﬁred respectively by equations (6) and (7) are presented in
Table 4. According to this table, technical change was found to be labor-
and other-inputs-saving, machinery-and intermediate-inputs-using, and land-
neutral. The directions of the bias of technical change towards saving

labor and using machinery and intermediate inputs appear to be associated
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Table 4. Technical Change Biases (Bi) and Nonhomotheticity (Ni)

(Averages for 1952-82)

, Intermediste Other
Labor . VMachlnery inputs Land Inputs
Bi -0.0103 0.0463_ 0.0237 0 -0.0307
Ni =0.249 0 0.447 0 0.743
Note:

Equations (6) and (7) were respectively used for the computations
of By and Ni. '
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respectively with the rising trend of the price of labor and the declines
in the prices of machinery and intermediate inputs relative to the output
price. In this sense, the bias of technical change with respect to these
factor inputs may be said to be comsistent with the Hicksian induced
innovation hypothesis. On the other hand, scale change was found to be

nonhomothetically labor-saving, intermediate- and other-inputs using, and

machinery- and land-neutral.
We may say from these findings that biases caused by technical change
and nonhomotheticity had significant impacts on the drastic decline in labor

input in postwar Japanese agriculture,

Decomposition Analysis of Changes in Relative Factor Uses

The decomposition was carried out for all the factor combination ratios
by making use of equation (9). However, since our interest in this study is
centered around labor demand in agriculture, the estimates for only four
factor combination ratios related to labor ars presented in Table 5. They
are labor/machinery (L/M), labor/intermediate inputs (L/I), labor/land (L/T),
and labor/other inputs (L/0).

As clearly seen in columm 2 in Table 5, labor input declined drastically
relative to zll the other four factor inputs; the annual rates of decrease
over the 1952-82 pericd were 12.0, 12.5, 4.0, and 5.5 percent relative to
machinery, intermediate inputs, land, and other inputs, respectively. The
factors responsible for these drastic decline in labor input relative to the
other factor inputs are now investigated by relying on Table 5.

First, the decline in labor relative to machinery is attributed largely
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Table 5. Decomposition Analysis of Annual Changes
in Factor Proportioms with Respect to
Labor, 1852-82 ' ' '
(unit: %)
' o Biased
Change in Total ,
factor Sféle substitution technical
proportcion errect effect change
effect
Labor/Machinery -11.95 -0.87 -5.42 -5.66
(100.0) (7.3) (45.4) (47.4)
Labor/Intermediate -12.48 ~2.43 -7.82 ~2.23
" inputs (100.0) (19.5) (62.6) (17.9)
Labor/Land -3.97 -0.87 -3.646 0.3
' (100.0) (21.9) (86.6) (-8.5)
Labor/Other inputs -5.49 ~3.47 -2.28 0.26°
(100.0) - (63.1) (41.3) (=4.7)
Note:  Equation (9) was used to compute the three effects. The effects

of bizsed

technical  change were obtaimed as residuals: That

is, (change in factor proportion) - (scale effect. .+ total substi-
tution effect).
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to the total substitution effect and'the biased techﬁical change effect; 45
and 47 percent are explained by these two effects, respectively, for the
period 1952-82.. The contribution of the scale effect was only 7 percent.

Our result does not support Kako's where the biased technical change
explained as much ag 70 percent of the decline in labor relative to machinery
and the rest 30 percent was duvue to the total substitution effect for the
period 1953-70. This larger estimate of the biased technical change effect
by Kako might have come from his assumption of homotheticity so that he
failed to distinguish the sczle effect.

Second, the decline im labor relative to intermediate inputs is
explained largeiy by -the total substitption effect; the contributioq‘of
this effect was about 63 percent on the average for the 1952-82 period. The
contrigutions of the Eiased technical change effect and the scale effect
were on the average 18 and 20 percent, resgpectively.

Third; the most important factor respomnsible for the decline in labor
relative to land was found to be the total substitution effect. In addition,
the scale effect was also fairly important as indicated by & 22 percent con-
tribution.

Finally, the decreases in lzbor relative to other inputs is explained
mainly by the scale effect and the total substitution effect. In particular,
the significant contribution of the scale effect is noteworthy; it was as
large as 63 percent on the'average during the whole period 1952-82. On the

other hand, the biased technical change effect was negligible.
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6. Concluding Remarks
©  The major findings in this paper can be summarized as follows. Although
farmers have behaved so as to minimize costs, the production process of
postwar Japanese agriculture has been characterized neither by Hicks neutral-
ity nor homdthéticity.»rBiases caused by technical change and nonhomotheticity
were found to have resulted in significant impacts on reducing labor relative
to the other factor imputs during the postwar years. These findings imply
‘that estimation of models with the assumption of Hicks neutrality and/or
homotheticity will cause significant biases in the estimates.

.Qn the other hand, the price-induced substitutions along an isoquant
hypérplane were alsoc found Eo have had significant impacts on the drastic
.aecline in labor relative to all the otﬁer inputs. We may thus c¢onclude that
the development of the biases of labor-saving and machinery- and inter-
medizte~inputs-using technical change, together with the price-induced
substitutions between labor and all the other factor inputs, has allowed a
substantial amount of labor to migrate to the non-agricultural sectors during
the postwar years in Japan.

Meanwhile, the bizses of technical change werz found to be consistent
with the induced-innovation hypothesis. This may imply that both agricul-
tural research agencies and farmers have been responsive to changes in the
relative prices of factor inputs over time (Hayami and Ruttan, Binswanger
and Ruttan). We may thus say that technical change characterized especially
by a rapid mechanization during the psst%ar years has been developed in the
direction of facilitating the substitution of relatively asbundant factors

such as machinery and intermediate inputs for the scarce factor, i.e., labor,



23

in accordance with market price sigﬁals. The results.of this study may thus
suggest that agricultural.development policies.be formed so as to take
advantages of the price-responsiveness of both farmers and agricultural
research agencies.

An important limitation of this study is the implicit assumption of the
consténcy of the Yij coefficients over the sample period. This limitation
may be overcome by introducing the translog cost functiog with time~varying
parameters as developed by Stevenson and Greene. Furthermore, since live-
stock production has grown so rapidly that the share of it in the total
_agricultural_production ras become almost as equal to that qf rice production
in the recent years, a multi-outpﬁt quel may give us betger estimates with
less aggregation bias. In both cases, however, a substantizl number of

observations is raquired.
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Footnotes

1/ We have chosen to use the cost function for three reasons. First, the
government has regulated output prices through price programs at certain
levels during the period under question. This may have disturbed the
principle of marginal cost pricing on the part of farmers, which in turn
implies that an approarch such as a profit function may not be appropriate.
Moreover, the government introduced in the late 1970s an allotment program
particularly for rice production which has been the most importamt product
in Japanese agriculture in order to balance the supply with the demand.

The level of output could then be treated agiexogenous. Second, the cost-
function approach yields direct estimates of the various Allen partial
elasticities of substitution. Third, the cost-function approach allows us
to exploit duality theory without imposing any restrictions om the returns

to scale in the underlying technology.

o Christénsen, Jorgenson, and Lau (1973, p.35) give a clear distinction
between the "symmetry" restrictions and the "equality" rsstrictionms. The
former is related to the svmmetric Hessian of a twice-differenciable func-
tion, while the latter refers to the equality of parameters appearing in
more than two equations in the system of, say, the translog cost function
and the cost share functiﬁns.

3 The first term can be dirived as follows. Since §; = Pixik/C*,
¢ 4n Xi* afn c* 3 an §;

A inQ 5%aq T3fmnaq

ol

* o= # - . Then,
in Xi gn C¥ 4+ ¢n Si in Pi en
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94 X* 94X 5S.- dns.
i 3 i 5

3 Q “34mQ dfmQ SfagQ °

Thus,

In terms of parameters of the translog cost fuaction of this study, this

term is given Ey é i/Si -8 '/Sj' This term in effect measures the bias

Q Qj

caused by nonhomotheticity.

The second and last terms can be interpreted diagramatically by relying
on Figure 1 whera It’ Et’ and Pt are the isoquant, the equilibrium point,
and the relative factor price respectively, and the slope of ORt gives the
factor proportion of Xi and X.j in the base period. Suppose now technical
change tock place and the isoquant shifted from It ta It+l and that there

was a change in the relative factor price from Pt to Pt+i' By diawing a
tangent which is parallel to Pt+l to isoquant It, the shift fiom Et to Et+1

e
S

" which is attributable

can be decomposed into the substitution effecé EtEt
exclusively to the change in the relative factor price and technical change
effect Et+i Et+l under a proportional éhange in the relative factor price.
The former effect corresponds to the second term in equation (9).

The letter effect needs a further explanatiom. Since

* " * n *
uda L. F & 2’ -
3 & Xi ) 5 83 C* 3 %n Si ) 3 in Pi 3 in Yl ) ] n‘XJ )
ot 3t &t ot ? ot ot
9 fn S, 3 4n S, g fn P, g fn P,
: . NI - L. 1, However, since we are evaluat-
ot ot ot ot

ing the effect of technical change with a proportional change in the relative

factor price as seen in the figure, the last term of this equation vanishes,
Ut- Ut-

and the first term reduces to %-[ ?;5 -<?rl ] in terms of the translog cost

3
function of this study. This term actually measures the biased effect of

technical change.



-6~

9’ Refer to Oberhofer and Kmenta for details.

5 Note however that the tests of the equality hypothesis and the
hypotheses on the technology structure can now be expressed in simpler forms

because of the a priori imposition of the linear homogeneity restrictions.
6/ Refer to Binswanger (1974az, p.385) for the details of computation.

I The translog cost function (10} and the four cost share equatioms (11)
were estimated first by ordinary least squares method in order to see the
goodness of fit. The Rz's were 0.999, 0.984, 0.924, 0.820, and 0.888
regpectively for the translog cost function, the labor cost share, the
machinery cost share, the intermedizte inputs cost share, and the land cost

share equations, indicating a fairly good f£it of the model.

8/ The estimates of the cost share equations were omitted, since they are

a2ll included in the estimates of the translog cost function.

9/ The fittad cost function was checked for monotonmicity and concavity at
each observation. The result was that 211 the five cost shares estimsted
were positive and the Hessian was negative semi-definite at each observatiom,

implying that the translog cost function represented by the estimated para-

meters in Table 2 is well-behaved within the region of sample observatien.




Et+l

Rt+l

=27=

Figure 1




-28-

References

Allen, R. G. D. Mathematical Analysis for Economists. London:

Macmillan, 1938.

Antle, J. M. "The Structure of U.S. Agricultural Technology, 1910-78."

Amer. J. Agr. Econ, 66 (1984): 4&414-21.

Binswanger, H. P. ™"A Cost Function Approach to the Measurement of
Elasticities of Factor Demand and Elastiticities of Substitution."

Amer. J. Agr. Econ. 56 (1974a): 377-86.

Binswanger, H. P. 'The Measurement of Technical Change Biases with Many

Factors of Production.” Amer. Econ. Rev. 64 (1974b): 964~76.

Binswanger, H. P. and V. W. Ruttan. Induced Innovation. Baltimore: Johns

Hopkins University Press, 1978.
Brown, R. S. and L. R. Christensen. "Estimating Elasticities of Substitu-
tion in a Model of Partial Static Equilibrium: An Application to U.S.

Agriculture, 1947-1974." Modeling and Measuring Natural Resource Sub-

stitution, ed. E. R. Berndt and B. C. Field. Cambridge: The MIT Press,

1g81.

Chriscensen, L. R., D. W. Jorgenson, and L. J. Lau. "Transcendentazl

Logarithmic Production Frontiers." Rev. Econ. and Statist. 55 (1973):

28=45.

Greene, W. H. "Simultaneous Estimation of Factor Substitution, Economies of

Scale, Productivity, and Non-Neutral Technical Change." Development in

Econometric Analyses of Productivity: Measurement and Modeling Issues,

ed. A. Dogramaci. Boston: Kluwer-Nijhoff Publishing, 1983.



-29-

Hayami, Y. and V. W. Ruttan. égricﬁltural Development: An Intermational

Perspective. Baltimore: The Johns Hopkins University Press, 1971.

Hicks, J. R. The Theory of Wages (2nd ed.). Londen: Macmillan, 1963.

Kako, T. 'Decomposition Analysis of Derived Demand for Factor Inputs:

The Case of Rice Production in Japan.”" Amer. J. Agr. Ecen. 60 (1978):
628-35.
Le Thank Nghiep. "The Structure and Changes of Technology in Prewar

Japanese Agriculture." Amer. J. Agr. Econ. 61 (1979): 687-693.

Ministry of Agriculture, Forestry, and Fisheries. Survey Report on Farm

Household Economy (in Japanese). Tokyo! Statistical Bureau of the
Ministry of Agriculture, Forestry, and Fisheriés,'annual edition.

Ministry of Agriculture, Forestry, and Fisheries. Survey Revort on Pricess

and Wages in Rural Villzges (in Japanese). Tokyo: Statistical Burezu

of the Ministry of Agriculture, Forestry, and Fisheries, 1983.
Nadiri, M. I. "Some Approaches to the Thecry and Measurement of Total Factor

Productivity: A Survey." J. Econ. Liter. 8 (1970): 1137-77.

Oberhofer, W. and J. Kmenta. "A General Procedurz of Obtaining Maximum

Likelihood Estimates in Generalized Regression Models.'" Econometrica

42 (1974): 579-390.
Ray, S. C. "A Translog Cost Function Analysis of U.S. Agriculture, 1939-77."

Amer. J. Agr. Econ. 64 (1982): 490-498.

Shephard, R. W. Theory of Cost and Production. Princeton: Princeton

University Press, 1970.

Stevenson, R. 'Measuring Technological Bias.”" Amer. Econ. Rev. 70 (1980):

162-173.



-30-

Tornqvist, L. "The Bank of Finland's Consumption Price Index,” Bank of

Finland Monthly Bulletin, no. 10 (1936): 1-8,

Zellner, A. "An Efficient Method for Estimating Seemingly Unrelated

Regressions and Tests for Aggregation Bias.” J. Amer. Statis. Asscce.

57 (1962): 585-612.




