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Abstract

This paper investigates quantitatively the production structure of Kita-Kyushu agri-
culture during the latter half of the 20th century, 1957-97. In the process of empirical
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1 Introduction

The major objective of this paper is to investigate the production structure of Kita-Kyushu
agriculture, ! for the 1957-97 period, i.e., the latter half of the 20th century, using newly devel-
oped analytical tools such as the duality theorem, flexible functional forms, and index number
theories. Based on these newly developed tools and using data for Tofuken (all Japan excluding
the Hokkaido district) and Kita-Kyushu, the previous papers (Kuroda, 2008a and 2008b) have
already presented quantitatively various aspects of the characteristics of the technology struc-
ture of the postwar Japanese agriculture for the 1957-97 period. As such, the main purpose of
the previous and present papers is basically the same. However, since Tofuken data was used
for the empirical investigations of the production structure of agriculture in Kuroda (2008a),
the estimated results of varous indicators may have “representative” features for Japanese agri-
culture. 2

However, the present paper tries to capture the caracteristics of the production structure
of Kita-Kyushu agriculture for the 1957-97 period. By doing that, we want to examine the
similarity and differences of the production structure between Kita-Kyushu and Tofuken as
“representative.”

As in the case of the previous papers (Kuroda, 2008a and 2008b), we employ a multiple-
product translog total cost function as the analytical framework in the present study. In doing
so, we can test the critical hypotheses of input-output non-separability and input nonjointness
in order to check the possibility of employing a single-product total cost function. In Kuroda
(2008a, 2008b), these two null hypotheses were strongly rejected, indicating that we should
stick to a multiple total cost function. What will then happen on this intriguing issue in the
present study? 3

Before going further, however, let us at this point obsrve actual movements of outputs and
inputs of agricultural production in Tofuken and Kita-Kyushu by looking at some figures. *

Figures 1 and 3 show movements of the real revenues of crops and livestock as well as total

'In fact, the author wanted to investigate the production structure of the Kyushu district as a whole. But,
he was not able to compile the data set for the whole Kyushu district for the period 1957-97 which were used to
analyze the production structure of Tofuken (2008a) and Tohoku and Kinki (2008b). Of course, it was possible
to do similar study for the whole Kyushu district for the period 1965-97. However, this study stuck to the same
period 1957-97 as used in the previous studies (2008a and 2008b) for the sake of comparability. Needless to say,
Kita-Kyushu, Tohoku, and Kinki are all agricultural districts included in Tofuken.

20f course, this assertion has to be weaken a little, since it does not include the Hokkaido district which may
have different agricultural production structure from Tofuken because of its much larger scale farming compared
to Tofuken.

3In reality, we are going to estimate the single-product translog total cost function parallel to the multipe-
product translog total cost function and compare the estimated results between the two specifications as done
in Kuroda (2008a, 2008b) regardless of the test results of the two critical hypotheses abovementioned.

4For outputs and factor inputs discussd below, the data sources are the Noka Keizai Chosa Hokoku (Survey
Report on Farm Household Economy) (FHE) and the Noson Bukka Chingin Chosa Hokoku (Survey Report on
Prices and Wages in Rural Villages) (PWRV) published annually by the Ministry of Agriculture, Forestry, and
Fisheries (MAFF). The details of the manipulations of data are explained in Appendix B.
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production of average farm in Tofuken and Kita-Kyushu for the period 1957-97.

According to Figure 1, average farm of Tofuken had an increasing trend of real crop pro-
duction for the period 1957-74 but after 1975 until 1991 it had a decreasing trend. However,
after 1992 to 1997, it showed ups and downs. On the other hand, real livestock production
showed an increasing trend from 1957 to 1974 but after 1975 until 1997 it showed a decreasing
trend with slight ups and downs. Reflecting these movements of the real revenues of crop and
livestock production, the relative share of livestock production increased from around 8% in
1957 to around 22% in 1974, but after 1975 it turned out to be stagnant and then decreasing
until 1997. On the other hand, according to Figure 2, the share of crop production had a
decreasing trend from 1957 to 1974 but after 1975 it had an increasing trend until 1997.

Next, according to Figure 3, average farm in Kita-Kyushu had an increasing trend of real
crop production for the whole period 1957-97 with some unusual movement from 1991 to 1994.
5 On the other hand, this average farm had an incrasing trend of real livestock production for
the whole period 1957-1997. What then happened to the relative shares of crops and livestock?
Figure 4 shows that the relative share of livestock increased from around 8% in 1957 to around
32% in 1991 but after 1992 to 1997 it had a decreasing trend. The movements of the relative
share of crop production had exactly the opposite movements against the relative share of
livestock production. 6

As for the input side, Figures 5 and 8 show the sharpest increasees in machinery input both
in Tofuken and Kita-Kyushu, respectively, for the 1957-97 period. Also, intermediate input
consisting mainly of chemical fertilizers, agri-chemicals, and feed increased very rapidly as in
the case of machinery input both in Tofuken and Kita-Kyushu, but after 1992 in Tofuken and
after 1993 in Kita-Kyushu, the movements of this input had degreasing trends. On the other
hand, labor and land inputs consistently decreased over time both in Tofuken and Kita-Kyushu
until 1991 but after 1992 until 1997 they were stagnant at a little higher levels. As for other
input, both Tofuken and Kita-Kyushu had consistent increasing trends for the whole period
1957-97 with a little jumpups after 1992.

On the contrary, movement of factor prices given in Figures 6 (for Tofuken) and 9 (for Kita-
Kyushu) show almost the opposite movements against those of real factor inputs presented in
Figures 5 and 8. Prices of machinery and intermediate inputs consistently decreased, while
labor and land prices sharply increased until around the mid-1980s, although land price started
decreasing after 1994 in Tofuken and after 1978 in Kita-Kyushu, but price of labor shows
unstable movements after 1986 in Tofuken and after 1992 in Kita-Kyushu. The price of other

input was almost constant over the period under question both in Tofuken and Kita-Kyushu.

SAfter 1991, the MAFF changed the data collection procedures. But we did not introduce any consistent
way of modifications on the original data both for Tofuken and Kita-Kyushu.

6Note here that both in Tofuken and Kita-Kyushu, size class 4 (largest size class) farms increased the share
of livestock production relative to crop production consistently for the whole period 1957-97.
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Reflecting these movements in factor inputs and prices, Figures 7 (for Tofuken) and 10 (for
Kita-Kyushu) give interesting movements in factor cost shares. In Tofuken, labor decreased
its share consistently from around 62% in 1957 to around 37% in 1997. In Kita-Kyushu,
however, labor share had a decreasing trend for the whole period but with ups and downs after
1986. Machinery, on the other hand, increased its share consistently in Tofuken as well as
in Kita-Kyushu for the whole period 1957-97; from aroud 8-10% in 1957 to 20-22% in 1997.
For intermediate input, land, and other input, it appears to be difficult to observe clearcut
consistent movements in their cost shares in the two districts for the period 1957-97.

As such, the brief information on the actual situation of outputs and inputs of Tofuken
and Kita-Kyushu agriculture gives us certain intrinsic idea on the specification of the model.
For example, the movements of the shares of crop and livestock production on the output
side and the movements of factor cost shares on the input side offer a fairly clear hint on the
directions of biases of technological change. With these background information of Tofuken
and Kita-Kyushu agriculture, the analytical framework will be constructed in the next section.

The major empirical results of the present paper are as follows. (1) The null hypotheses of
input-output non-separability and input nonjointness were both strongly rejected, indicating
that a (crop-livestock) multiple-product total cost function may be more appropriate to specify
the production technology of the two agricultural districts. (2) Technical change was found to be
biased toward labor-saving and machinery-using, (3) the Allen partial elasticity of substitution
between machinery and intermediate inputs was decisively negative, indicating that the “me-
chanical” and “biochemical” technological innovations proceeded in an complementary manner,
(4) technological change in output space was biased toward livestock-augmenting, which is con-
sistent with the very rapid increase in livestock production compared to crop production during
the period under question. (5) No scale economies were found in joint production of crops and
livestock except for size classes 2, 3, and 4 in Tofuken and for size class 4 in Kita-Kyushu.
However, scale economies existed in size classes 1 in Tofuken and size classes 1, 2, and 3 in
Kita-Kyushu. However, there existed scale economies in single-output production of either
crops or livestock. In particular, scale economies in livestock production were very conspicu-
ous, which is consistent with the rapid increase in large-scale livestock farms during the study
period. (6) No scope economies existed in all size classes both in Tofuken and in Kita-Kyushu.
Instead, scope diseconomies existed in all size classes both in Tofuken and in Kita-Kyushu.
Accordingly, most of these findings support those obtained in Kuroda (2008a, 2008b).

The rest of this paper is organized as follows. Section two presents the analytical framework.
Section three explains the data and estimation procedure. Section four presents empirical

results. Finally, section five provides a brief summary and conclusion.
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2 Analytical Framework

Consider the following total cost function

C=G(Q,Pt,D), (1)

where @ is a vector of outputs and disaggregated into crop (Q¢) and livestock products (Q4);
P denotes a vector of input prices which consists of the prices of labor (P), machinery (Py),
intermediate input (Pr), land (Pp), and other input (FPp); ¢ is a time index as a proxy for
technological change; and D consists of dummy variables for period (D,), farm sizes (D,
s =2,3,4 for 0.5-1.0, 1.0-1.5, and 2.0 hectares and over, respectively), and weather condition
(Dy). The specifications of the variables in this cost function are based on the following reasons.

The major reason for introducing a multiple-product cost function is that we want to ex-
plicitly test our hypotheses on input-output separability and input nonjointness in the postwar
Japanese agricultural production. If these hypotheses are rejected, employing a single output
cost function may lead to a biased result.

Now, for econometric analysis the following translog total cost function is specified.

InC = aO+Zaithi+ZﬁkhlPk+ﬁtlnt
+UPDI: + Z osDs -&-kcerw
JF% ;Zj: 7 In Q; In Q; + % zk:zn: dpnIn P, In P,
+sz:¢ikanilnPk+Zﬂitanilnt+Zujtlnlent+%Vtt(lnt)Q, (2)
‘ v J

i?.j:G7A7 k’n:L7M7‘[7B7O7

where in indicates the natural logarithm. Applying the Shephard’s (1970) lemma to the translog
cost function (2) and assuming that farm-firms take factor prices as given, the following cost

share equations are derived:

¢ _ 9CB _omC
"7 0P C  omp;
= ﬂk+25knlnpn+Z¢ikani++thlnt7 (3)

i=j=G,A k=n=L,M1I,DB,O.

The translog cost function can be used along with the profit-maximizing condition to derive
additional equations representing the optimal choice of the endogenous outputs (Q¢ and Q4)
(Fuss and Waverman, 1981, pp. 288-89).
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R _ 86’@ ~ 0lnC
Y aQ;C ol
= ; + Z(j)ik InP, + Z“/ij InQ; + pInt, (4)
k J

ivj:G7A7 k7n:L,M,I,B,O.

Note here, however, that the prices of both crop and livestock products have been supported
by the government in one way or another, so that the prices of these products (Pg and Py)
are not the equilibrium prices in competitive markets. These prices are instead the sums of
subsidies and market-clearing prices. Let us call these prices as the “effective prices” of the two
products. Thus, we are assuming here that the farm-firm maximizes profits by equating the
marginal revenue of each product, i.e., the effective price, to its marginal cost.

Introduction of the revenue share (R;) equations into the estimation of the system of equa-
tions will in general lead to a more efficient estimation of the coefficients of the output-associated
variables due to the additional information provided by the revenue shares. ”

Any sensible cost function must be homogeneous of degree one in input prices. In the
translog cost function (2) this requires that >, 8 =1, 3, 0kn =0, Sp i = 0, and > vpe = 0
(t = G,A, k,n = L,M,I,B,0). The translog cost function (2) has a general form in the
sense that the restrictions of input-output separability and neutrality with respect to ¢ are not
imposed a priori. Instead, these restrictions will be explicitly tested statistically in the process

of estimation of this function.

2.1 Tests for the Structure of Production®

This section deals with important concepts representing the structure of production, namely,
input-output separability, input nonjointness, no technological change, neutral technological
change both in input space and in output space, Cobb-Douglas (C-D) production function, and
scale and scope economies.

However, Kuroda (2008) has already given a detailed exposition of the test procedures, only

the essences of the hypotheses will be presented here.

2.1.1  Input-Output Separability

First of all, since the major objective of the present study is to examine the production structure

of Kita-Kyushu agriculture compared with Tofuken agriculture, it is critical, in the beginning,

"For a detailed discussion on the inclusion of the revenue share equations in the system of regression equations,
see Ray (1982) and Capalbo (1988).
8Refer to Kuroda (2008a) for detailed expositions of testing the hypotheses.
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to investigate which is more appropriate for the specification of the production technology by
the cost function; a single-product cost function or a multiple-product cost function.

According to Hall (1973), technology is input-output separable if and only if the cost function
can be written as

c@, P t,D)=G(hQ),Pt, D).

This implies that it is possible to aggregate all outputs into a single-output index. The assump-
tion of input-output separability imposes strong restrictions on the form of the technology. That
is, it implies that the technology cannot be nonjoint in inputs (Hall, 1973).

In our translog form, in particular, input-output separability requires that the parameters

of the translog approximation satisfy the condition

Hy: ¢g,a4 = da,q, (5)

jointly for all k =L, M, I, B, O.

2.1.2  Input Nonjointness

A technology is nonjoint in inputs (or nonjoint in production) if and only if the cost function

can be written as

C(Q,P,t,D)=> G'Q;,P,t,D), i=G,A.

That is, the joint cost function can be represented as the sum of independent cost function for
each output. Using parameters of the translog cost function (2), it may be examined by testing
whether the following relation,

Hy g4 = —agoa, (6)

holds or not.

2.1.3 No Technological Change

Among all, it is critical to examine whether or not there exists technological change in Kita-
Kyushu agricultural production at all . This implies that the following parameters related with

technological change are all zeros in the translog total cost function (2).

Hy: By = py = Vit = 0. (7)

i=G,A, j=L M1I,B,O
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2.1.4  Neutral Technological Change in Input Space

Following Binswanger (1974) and Antle and Capalbo (1988, pp. 33-48), neutral technological

change in input space can be tested, using the parameters of the translog cost function (2).

Dk | Dka

th

Hy: B} = —+(=S+ 22
0Tk Sk +(Sk * Sk)
= B+ Bj,+ B, (8)
where
N dlnC/dInt _ 750t7 )
ch’)lnC/Oanl ZiECQi
where

- OlnC
“t T 9nt
= ﬂt+zyktlnPk+Zuizani+Vt1nt7 (10)
k i

i=G,A, k=1L,M1I,B,O.

If B = 0, then the technological change is said to be Hicks neutral in input space. If Bf # 0,
the technological change is said to be Hicks non-neutral, and biased towards factor k-saving if

B} < 0 or factor k-using if B}, > 0.

2.1.5 Neutral Technological Change in Output Space

Following Antle and Capalbo (1988, pp. 33-48), a measure of output bias in a two-output case,
crops (Q¢g) and livestock (Q4) in the present study, is defined by

oc , oC
BE, = 0ln(;~/+-)/0nt
GA n(aQG/aQA)/a n
aC aC
_ OmMCg  9lMC, )
N dlnt dlnt '

)/01nt

where MC; (i = G, A) denotes the marginal cost of the i-th product.
In equation (11), Bg 4 measures the rotation of the production possibility frontier, at a

given point in output space, due to technological change. Therefore, technological change in
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output space is defined as toward livestock products (toward crop products), if Bg 4 1s positive
(negative), ® and neutral if B, is zero.
By some appropriate manipulation, neutral technological change in output space can be

tested by testing the following hypothesis, using parameters of the translog cost function (2).

Mgy Ha
€CQg  ECQa

Hy: BgA = =0, (12)

If Bg 4 = 0, then technological change in output space is said to be Hicks neutral. As men-
tioned earlier, technological change in output space is defined as livestock products-augmenting

(or favoring) if BS, > 0. If BS, < 0, it is defined as crop products-augmenting (favoring).

2.1.6 Neutral Technological Change Both in Input Space and in Output Space

Neutral technological change both in input and output spaces can be examined by testing the
following joint hypothesis which simply combines the two hypotheses of Hicks neutrality in

input space and in output space, respectively.

Hy:Bf=0, B2, =0, k=L, M,I,B,O. (13)

If Bf, and Bg 4 are all jointly zeros, then there exist Hicks neutrality jointly both in input space
and in output space. Otherwise, there exists non-neutrality either in input space or in output

space or both.

2.1.7  Cobb-Douglas Production Function

The hypothesis whether or not the agricultural production technology is specified as a C-D

production function can be tested by examining the following.

Hy i %ij = Opn = Gin = it = Ve = 0, (14)
i,j=G, A kn=L MIBO.

That is, the coefficients of the quadratic terms of the translog cost function (2) are all jointly

Zeros.

90r, one can say that technological change in output space is defined as livestock products-augmenting or
favoring (crop products-augmenting or favoring), if Bg 4 Is positive (negative).
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2.1.8 Constant Returns to Scale in the Joint Production of Crops and Livestock

Measuring economies of scale as well as economies of scope are essential to identifying causes
of structural change, efficiency, and productivity changes. Panzar and Willig (1977, 1981)
and Baumol, Panzar, and Willig (1982) introduced the notion of multiproduct economies of
scale and scope to characterize the effects of size and output diversification, respectively, for a
multiple-product firm.

Following these studies, constant returns to scale (CRTS) can be tested in our multiple-
product translog total cost function framework. This can be carried out by testing the following

hypothesis, using the parameters of the translog total cost function (2),

) 1
"agtaa
If 1/(ag + aq) = 1, then there exist constant returns to scale (CRTS); if 1/(ag + aa) > 1,

=1 (15)

then there exist increasing returns to scale (IRTS); and if 1/(ag + aa) < 1, then there exist

decreasing returns to scale (DRTS).

2.1.9 Constant Returns to Scale with respect to Specific Single Product: Crops and Livestock

Product-specific CRTS can be tested by assuming that the farm-firm produces only one specific

product with another product holding zero.

Hy:— =1, i=G,A (16)

(&%}
If 1/a; =1, (i = G, A), then there exist CRTS in the i-th production. If 1/co; > 1, (i = G, A),
then there exist IRTS in the production of output ¢, and if 1/a; < 1, (i = G, A), then there
exist DRTS in the production of output i.

2.1.10 No Economies of Scope in the Joint Production of Crops and Livestock

Economies of scope imply that when a firm produces multiple products, the production costs of
producing multiple products jointly are smaller than the costs of producing each product inde-
pendently. That is, in our case, if C(Qg, Q) < Cg(Qg,0) + Ca(0,Q4), there exist economies
of scope. However, it is difficult to directly examine economies of scope. Here, we follow Bau-
mal, Panzar, and Willig (1982). According to them, the concept of cost complementarity as a

sufficient condition for the existence of economies of scope can be tested as follows.

8270 < 0
0Qa0Qa

Using the translog cost function (2), this condition can be rewritten at the approximation

(17)

points. Thus, economies of scope can be tested by examining the following hypothesis,
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Hy: ESCOPE = v + a5 = 0, 4,j = G, A. (18)

Where ESCOPE is a measure of scope economies. If ESCOPE < 0, we say that there exist
economies of scope in producing crop and livestock products jointly. If ESCOPE > 0, there
exist diseconomies of scope in the joint production of crops and livestock. If ESCOPE = 0,
then no economies of scope can be exploited by producing jointly crops and livestock. Thus,
the hypothesis of no scope economies in the crop-livestock multiple production can be tested

by exmining the following null hypothesis.

3 The Data and Estimation Procedure

The data required for the estimation of the total cost function model consist of the total cost
(C), two revenue shares (Rg and R4) and quantities of crop and livestock production (Qa
and Q4), five cost shares (S, k = L, M, I, B,0), prices and quantities of the five factors of
production which are composed of labor (P and X)), machinery (Py; and X)), intermediate
input (P; and Xj), land (Pp and Xpz), and other input (Pp and Xy), and the time trend
(t) as a proxy for technological change. Dummy variables for period (D,), farm sizes (D,
s = 2,3,4), and weather (Dy) are also introduced. Since details of the sources of data and
definitions of variables are provided in Appendix B of Kuroda (2008a), we will not repeat the
same presentation in the present paper.

Since the quantities of outputs (Qg and @ 4) on the right hand side of the total cost function
(1) are in general endogenously determined, a simultaneous procedure should be employed for
the estimation of the set of equations. This set of equations consists of the translog total cost
function given by equation (2), five of the cost share equations given by equation (3), and
two revenue share equations given by equation (4). Note here that the estimation model is
complete in the sense that it has as many (eight) equations as endogenous variables (eight).
Therefore, the full information likelihood (FIML) method is employed. In this method, the
restrictions due to symmetry and linear homogeneity in prices are imposed. Due to the linear-
homogeneity-in-prices property of the cost function, one cost share equation can be omitted
from the simultaneous equation system for the statistical estimation. In this study, the other
input share equation is omitted. The coefficients of the omitted other input cost share equation
can easily be obtained after the system is estimated using the imposed linear homogeneity

restrictions.
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4 Empirical Results

The estimated parameters of the system and the associated asymptotic t-values are reported in
Tables 1 and 2 for Tofuken and Kita-Kyushu, respectively. Out of fifty parameters, only nine
and twelve parameters are not statistically significant for Tofuken and Kita-Kyushu. Goodness-
of-fit statistics indicate a fairly good fit for the model both for Tofuken and for Kita-Kyushu.
10

In addition, both for Tofuken and for Kita-Kyushu, based on the parameter estimates in
Tables 1 and 2, the monotonicity and concavity conditions with respect to input prices were
checked at each observation, respectively. Since all the estimated cost shares for both outputs
and inputs are positive, the production technology satisfies the monotonicity condition. The
concavity conditions with respect to factor prices were also satisfied at the approximation points.
' These findings indicate that, both for Tofuken and for Kita-Kyushu, the estimated cost
function represents a second order approximation to the true data that satisfies the curvature
conditions. The estimated parameters given in Tables 1 and 2 are therefore reliable and are
utilized for further analyses in the following sections.

Accordingly, the eleven null hypotheses on the production structure discussed in Section
2.1 were tested using the Wald test procedure. The test statistics are given in Table 3 and the

findings are as follows.

4.1 Results of Tests of the Eleven Hypothses

First, according to Table 3, both for Tofuken and for Kita-Kyushu, the test for input-output
separability was strongly rejected both at the 1% and 5% levels of statistical significance. This
result implies that there could not exist a consistent aggregation of crop and livestock products
so as to make a single index of aggregate output. This implies that the technology cannot be
nonjoint in inputs (Hall, 1973).

Second, the null hypothesis of nonjointness in inputs was also strongly rejected both at
the 1% and 5% statistical significance levels both for Tofuken and for Kita-Kyushu as shown
in Table 3. This result means the absence of input nonjointness, implying that a separate
production function does not exist for each output.

The results of these two tests indicate that the multiple-product cost function is more ap-

propriate than the single-product cost function for the specification of the production structure

OFurthermore, we tested both for Tofuken and for Kita-Kyushu for the cointegration relationship for each of
the cost function, five cost share equations, and two revenue share equations. For the details of the test for panel
data as in the present study, see Banerjee (1999). The residuals from each regression are used in an augmented
Dicky-Fuller (1981) test. The result implies that there exists cointegration for each equation, indicating that
the long-run relationship is economically meaningful for each equation both for Tofuken and Kita-Kyushu.

A1l the eigenvalues of the Hessian matrix were negative.
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of the postwar agriculture both in Tofuken and in Kita-Kyushu. This further indicates that
if one uses a single-product cost function instead of a multiple-product cost function, the esti-
mated results may be biased. Therefore, it is wholly relevant to stick to the multiple-product
cost function framework in this paper.

In addition, estimation of a multiple-product translog total cost function enables us to test
intriguing hypotheses such as Hicks neutrality of technological change in output space as well
as in input space and scale and scope economies in joint production of crops and livestock.

Third, the estimated x? was 150.2 and 138.9 for Tofuken and Kita-Kyushu, respectively,
for the Wald test for no technological change as reported in Table 3. These numbers are much
greater than those of the critical values at the 1% and 5% significance levels, indicating a
strong rejection of the hypothesis of no technological change. This implies that there existed
technological change in the postwar agriculture both in Tofuken and in Kita-Kyushu in one
way or another.

Fourth, Table 3 shows that Hicks neutral technological change in input space was rejected
at the 5% significance level both in Tofuken and in Kita-Kyushu. This means that technological
change in the postwar agriculture in the two districts is biased toward or against specific factor
inputs.

The directions of biases are reported in Table 4. According to Table 4, it appears clear that
technological change in agriculture both in Tofuken and Kita-Kyushu has been biased toward
saving labor and using machinery. However, for Tofuken, the biases of intermediate input, land,
and other input seem to be unclear, since the estimated t-statistics are too small for them to
be statistically significant. This may have been mainly due to the insignificant coefficients vy,
Vg, and Vo, in the translog total cost function reported in Table 1.

As for Kita-Kyushu, although the land bias is not significant, Table 4 shows that technologi-
cal change was biased toward using intermediate input and other input. This may in turn imply
that “mechanical” and “bio-chemical” innovations proceeded simultaneously in Kita-Kyushu.
Furthermore, the finding of other input-using bias may indicate that an expansion of demand
for fruits and livestock products have induced an increased demand for othe input which is
composed of farm buildings and structures, large plnants and large animals.

Fifth, Table 3 also shows that Hicks neutral technological change in output space was re-
jected both at the 1% and 5% levels, indicating that technological change in the postwar Tofuken
and Kita-Kyushu agriculture has been biased in output space as in the case of input space. As
explained in equation (17) in Section 2, if Bg 4 1s positive (negative), then technological change
in output space is biased toward livestock- (crop-) augmenting. The estimated Bg 4 were 0.11
and 0.02 respetively for Tofuken and Kita-Kyushu, which indicate that technological change in
these two districts may be said to have been biased toward livestock-augmenting. This result

may be said to be consistent with the increasing trend until the early 1980s then a downward
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trend in the share of livestock production as already seen in Figures 3 and 4 in Section 1.

Sixth, it is natural from the results of the tests for the fourth and fifth hypotheses above
that for both Tofuken and Kita-Kyushu Hicks neutrality both in input space and in output
space was rejected both at the 1% and 5% levels of statistical significance as shown in Table 3.

Seventh, the null hypothesis of C-D production function was absolutely rejected as shown
in Table 3. This means that the strict assumption of unitary elasticity of substitution between
any pair of factor inputs is not realistic at all in specifying the production structure of the
postwar Tofuken and Kita-Kyushu agriculture. Furthermore, since C-D production function
assumes from the beginning Hicks neutrality of technological change, this result of rejection
of C-D production function is consistent with the above results of the tests of the fourth and
fifth hypotheses regarding Hicks neutrality of technological change in input space as well as in
output space.

Eighth, for Tofuken, constant reurns to scale (CRTS) in joint production of crops and live-
stock could not be rejected both at the 1% and 5% levels of stastistical significance, indicating
there existed CRTS on the average in Tofuken agriculture. In Kita-Kyushu, on the other hand,
constant returns to scale (CRTS) in joint production of crops and livestock could not be re-
jected at the 5% but rejected at the 1% level of statistical significance, indicating there existed
IRTS on the average in the postwar Kita-Kyushu agriculture. The computed degree of scale
economies in the district was 1.047 at the approximation point, which was greater than unity
at the 5% level. 2 According to Table 6, the estimated degrees of returns to scale for four
different classes and average size class in Tofuken were 1.045, 1.008, 0.958, 0.898, and 0.994.
It seems that size class 1 might have enjoyed IRTS, while the other three size classes faced
DRTS. On the other hand, for Kita-Kyushu in Table 7, the corresponding figures were 1.161,
1.063, 1.021, 0.975, and 1.054, indicating IRTS in size classes 1, 2, 3, but almost CRTS in
size class 4, and hence IRTS on the average. The findings in Tofuken do not fully support the
findings of increasing returns to scale (IRTS) in previous studies done by Chino (1984, 1985,
1990), Hayami and Kawagoe (1989), and Kako (1978, 1979) to name only a few. However, the
findings for Kita-Kyushu support the findings of IRTS found in the previous studies.

Furthermore, Kawamura, Higuchi, and Honma (1987) and Kusakari (1990) estimated multiple-
product cost functions and obtained scale and scope economies. In both studies, they found
scope economies in two-product joint production. Although the two products Kawamura et
al. (1987) introduced into their cost function are rice and other products including livestock,
the translog cost function they specified was too simple in the sense that they ignored totally
factor input prices. Kusakari (1990) specified a two-product cost function in an almost the same

fashion as Kawamura et al. (1987), though, in his case, rice and vegetables were distinguished

2Note that, as shown in Appendix B (Variable Definitions), crops consist of rice, vegetables, fruits and other
crops. Livestock consists of meat, dairy, and other livestock products.
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for the two products. Such specifications of the two-product cost functions might have caused
differences in the estimated results from our results of CRTS in crop-livestock joint production.

The point of departure of the present study from these two representative previous studies
which tried to attack the existence of scope economies in the postwar Japanese agriculture
is twofold: (1) crops and livestock are distinguished for the two products; and (2) the cost
function introduced is much more general than theirs in the sense that it specifies the production
technology not only as input-output nonseparable but also as Hicks non-neutral technological
change both in input space and in output space. Accordingly, it may be said that the present
study offers more comprehensive and reliable results than those obtained by Kawamura et al.
(1987) and Kusakari (1990).

Ninth, according to Table 3, CRTS in crop production was strongly rejected both in Tofuken
and in Kita-Kyushu. The values of returns to scale for average size class given in Tables 6 and 7
were 1.234 and 1.282, respectively. The estimated standard deviations were respectively 0.142
and 0.150, indicating clearly the existence of IRTS in crop production with holding livestock
production being zero. This result supports the findings by Chino (1984, 1985, 1990), Hayami
and Kawagoe (1989), Kako (1978, 1979) and others obtained from estimations of rice cost
functions.

Tenth, as in the case of crop-single production, the null hypothesis of CRTS in livestock-
single production was also strongly rejected both in Tofuken and in Kita-Kyushu. As shown in
Tables 6 and 7, the estimates of returns to scale in livestock-single production were 5.673 and
7.248 for average size class in the two districts which are much bigger than in the case of crop-
single production. The estimated standard deviations were respectively 2.381 and 5.158 which
are too large for the degrees to be statistically significant. However, we may still assert that very
strong IRTS have existed in livestock-single production in Tofuken and Kita-Kyushu agriculture.
This result shows that the degree of IRTS of livestock production was much greater than that
of crop production in both districts. This finding is consistent with the actual movement that,
both in Tofuken and in Kita-Kyushu, the number of large-scale livestock farms increased much
more rapidly than in the case of crop production during the period of this study, 1957-97.

Eleventh, as shown in Table 3, the null hypothesis of no scope economies was strongly
rejected both at the 1% and 5% levels of statistical significance both in Tofuken and in Kita-
Kyushu. The estimates of scope economies were 0.030 and 0.040, respectively for Tofuken and
Kita-Kyushu whose t-statistics were respectively 5.3 and 5.4. These results indicate that both
in Tofuken and Kita-Kyushu, diseconomies of scope existed, indicating that farms could not
find any advantages in reducing total costs by producing simultaneously crops and livestock.
This finding is confirmed by the positive estimates of scope economies in all size classes in both
districts as shown in Tables 6 and 7, although the standard deviations were relatively large in

many cases in both districts.
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This result may be said to be consistent with the actual movements of crop and livestock
production during the period under question, 1957-97 in the two agricultural districts. That is,
specialization of production in agriculture proceeded very rapidly during the last four decades
not only in Tofuken but also in Kita-Kyushu agriculture. In particular, this movement of

specialization has been extremely conspicuous in livestock production.

4.2 Comparisons of Some Results between Tohoku and Kinki

At this point, it may be intriguing to compare some results obtained for Tofuken and Kita-
Kyushu. However, the comparison is restricted to the following two aspects in order to save
space. 3 (1) Own-price factor demand elasticities and the Allen partial elasticities of substi-
tution (Table 8) and (2) factor input biases of technological change (Table 9).

To begin with, as shown in Table 8, the own-price factor demand elasticities for labor,
machinery, intermediate input, and other input are all inelastic in Tofuken. However, although
all the own-price factor demand elasticities turned out to be negative, only land input had
satisticallly significant elasticity in Kita-Kyushu. One point clear is that it seems that the land
price elasticity in Kita-Kyushu is smaller (in absolute term) than that in Tofuken. However,
the land price elasticity in Tofuken , -0.285, is fairly comparable with those in previous studies
such as, for example, -0.488 (Kako, 1978), -0.206 (Chino, 1984), and -0.285 (Kuroda, 2008a).

As for the Allen partial elasticities of substitution in Tofuken and Kita-Kyushu, the mag-
nitudes and signs of o, 011, OLO, OMI, OMB, OMO, 018, and oo are fairly similar between
the two districts, though fairly many of them are not statistically significant at least at the
10% level. On the other hand, o5 and oo are not statistically significant in the two districts.
From these results, we may say that (1) machinery, intermediate input, and other input are
substitutes for labor , (2) machinery is complement of intermediate input, substitute for land,
and other input, and (3) intermediate input is substitute of land but complement of other input.

At this point, let us evaluate just one intriguing point. The finding that machinery and
intermediate input are complements in both districts may indicate that so-called mechanical
and bio-chemical technological change have proceeded in parallel in the postwar Tofuken and
Kita-Kyushu agriculture. This result supports those by Chino (1984, 1985, 1990) and Kuroda
(2008a).

Next, Table 9 shows that the estimates of both Tofuken and Kita-Kyushu districts give
decisively the same directions of factor input biases for labor and machinery, i.e., sharply labor-
saving and machinery-using. However, for the other three factor inputs in Tofuken, it is difficult

to clearly identify the directions of biases because the estimated indicators are not statistically

13More detailed comparisons of the estimated indicators obtained from the estimation of the (crop-livestock)
multiple-product translog total cost function with those of previous studies will appear in different papers.
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significant. On the other hand, in Kita-Kyushu, technological change was intermediate input-
using and other input-using, although one could not judge the bias direction fo land.
In sum, results obtained for Tofuken and Kita-Kyushu were in gereral very similar but there

are some important differences.

5 Summary and Concluding Remarks

The major objective of this paper has been to evaluate and compare with the findings obtained
in the previous papers which were based on the data for Tofuken (2008a) and Tohoku and
Kinki districts (2008b). For this purpose, the present paper estimated the same multiple-
product translog total cost function for the 1957-97 period for the Tofuken and Kita-Kyushu
districts. The data sets for these two districts were constructed exactly in the same way as in
the case of Tofuken.

During this period, both Tofuken and Kita-Kyushu witnessed a drastic change in the output
composition. Especially, livestock production increased drastically compared to crop produc-
tion. On the other hand, corresponding to the rapid exodus of agricultural labor force to
nonagricultural sectors, mechanization of agricultural production proceeded with a tremendous
speed both in Tofuken and in Kita-Kyushu; from a smaller-scale mechanization occurred during
the period from the mid-1950s to the early 1970s to a larger-scale mechanization after the early
1970s up to now.

In the empirical investigations for Tohoku and Kinki (2008b), we tested the same eleven
hypotheses as in the previous paper (Kuroda, 2008a) related to the technology structure of
agricultural production in the two districts.

Above all, most intriguing results of hypothesis testing were the rejections of input-output
separability and input nonjointness. These results indicate that a multiple-product cost function
is more appropriate than a single-product cost function for the specification of the production
technology of agriculture in Tofuken and Kita-Kyushu during the period under question.

Next, no scale economies were found in the joint production of crops and livestock in Tofuken
except for size class one (0.5-1.0 ha) for which there existed scale economies. On the other
hand, scale economies in the joint production of crops and livestock were found in size classes
1, 2, and 3 in Kita-Kyushu but CRTS were found for class 4. For size classes 2, 3, and 4 in
Tofuken and size class 4 in Kita-Kyushu, either CRTS or DRTS were found. These results
indicate that as the output scales of both crops and livestock are increased proportionately,
farms will turn out not to be able to enjoy scale economies in the joint production of crops
and livestock. Furthermore, either no scope economies or diseconomies of scope were found at
the approximation points of the variables used in the translog cost function in Tofuken and

Kita-Kyushu. This result implies that crops-livestock joint production may not result in any
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advantages such as a reduction in total cost.

On the contrary, rather strong scale economies were found for single-output production
for both crops and livestock in Tofuken and Kita-Kyushu. In particular, scale economies of
livestock production were rather conspicuous, which is consistent with the rapid enlargement
of the scale of livestock production in Tofuken and Kita-Kyushu during the period of this study.

Third, technological change was not Hicks neutral both in output space and in input space,
indicating that there existed biases in technological change in both spaces of outputs and factor
inputs both in Tofuken and in Kita-Kyushu.

In the output space, the bias was toward livestock-augmenting although the augmentng
indicators was not statistically significant in Kita-Kyushu. This result is consistent with the
sharper increase in livestock production compared to crop production during the 1957-97 period
as mentioned above.

On the other hand, in Tofuken and Kita-Kyushu, the biases in the input space were toward
labor-saving and machinery-using. However, for Tofuken, for the other three factor inputs, i.e.,
intermediate input, land, and other input, the directions of the biases were not clear because
the estimated t-statistics for the degrees of biases were too small and thus not statistically
significant. On the other hand, Kita-Kyushu showed statisitically significant intermedeate
input-using and other input-using biases.

We may now conclude that, in general, the estimated results obtained for Kita-Kyushu
support the corresponding results obtained for Tofuken (Kuroda, 2008a) and Tohoku and Kinki
(Kuroda, 2008b). Indeed, the other two districts, Hokuriku and Tokai for which we can compile
data for the period 1957-97 gave basically very similar results as in Tofuken, Tohoku, Kinki,
and Kita-Kyushu.

However, the same important caveats mentioned in Kuroda (2008a, 2008b) apply to the
present study. They are as follows.

First of all, in specifying and estimating a multiple-product total cost function for Japanese
agriculture, one has to be very careful about how to define the price of land, since the land rent
before 1970 was regulated by the government. Even after The Land Law was revised in 1970,
the land rent has been quasi-regulated by the name of “standard rent”. This means that it is
more relevant to treat land as a fixed input. In doing so, it is possible to estimate the shadow
value of land price (rent) using the envelope theorem. This may be an attractive and intriguing
research topic.

Second, sticking to the specification and hence estimation of a multiple-product translog
total cost function may offer intriguing information on the production structure of the postwar
Japanese agriculture as shown in the present as well as previous papers. However, we also have
faced some critical shortcomings such as insignificant and unstable Allen partial elasticities

of substitution and factor input biases, in particular, for intermediate input, land, and other
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input. In order to obtain more rigorous results for these indicators, it is definitely necessary
to estimate the same multiple-product translog total cost function for different agricultural
districts where farms face more homogeneous environments and hence production technologies.

Third, there are other flexible functional forms such as quadratic, generalized Leontief,
generalized Cobb-Douglas, and possible others. Although the translog form has been most
popular not only on the international base but also in the arena of agricultural economics in
Japan due mainly to the easiness to handle and estimate the model, it is recommended to utilize
other flexible functional forms also in order to confirm the results obtained by applications of
the translog form.

Finally, in addition to the flexible functional forms mentioned above, the specifications
of the production, cost, or profit function should be much more careful. In particular, the
definitions of factor inputs must be causiously executed. If certain factor input, say, land, may
be considered as a fixed or quasi-fixed input, a variable (or short-run) cost function must be
specified. In addition, treatment of labor input as a variable input or as a quasi-fixed input
has been controvertial in the arena of agricultural economics at least in Japan. However, if
these factor inputs, labor and land, are treated as fixed or quasi-fixed inputs in a variable cost
or profit function, it is possible and intriguing to estimate the shadow values of these factor
inputs using the envelope theorem. This may offer an interesting research topic in agricultural

economics.
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Appendix A: Figures and Tables

Figure 1. Changes in the Production of Agricultural Commodities for 1957-97 in 1985 Prices: Tofuken (Av
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Figure 2. Changes in the Output Shares of Crops and Livestock for 1957-97 in 1985 Prices: Tofuken (Average Farm)

Figure 3. Changes in the Production of Crops and Livestock for 1957-97 in 1985 Prices: Kita-Kyushu (Average Farm)

3000

A

) M
el NN

1000




Yoshimi Kuroda

Figure

Changes in the Output Shares of Crops and

Livestock for 1957-97 in 1985 Prices: Kita-Kyushu (Average Farm)
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Figure 5. Changes in the Multilateral Indexes of Factor Inputs for 1957-97: Tofuken (Average Farm)

Fann

—— Labor
—8— \Machinery

—h— input
== Land
—¥— Other input

1984




An Econometric Analysis of the Production Structure of Kita-Kyushu Agriculture

during the Latter Half of the 20th Century: Compared with Tofuken Agriculture

Figure 6. Changes in the Multilateral Indexes of Factor Prices for 1957-97 Deflated by the Multilateral Price Index of Aggregate Agricultural
Output in 1985 Prices: Tofuken (Average Farm)
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Figure 8. Changes in the Multilateral Indexes of Facor Inputs for 1957-97: Kita-Kyushu (Average Farm)
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Figure 10. Changes in the Factor Cost Shares for 1957-97 Normalized by the Multilateral Price Index of Aggregate
Agricultural output in 1985 Prices: Kita-Kyushu (Average Farm)
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Table 1: Parameter Estimates of the Multiple-Output Translog Cost Function for All Japan
Excluding the Hokkaido District, 1957-97

Parameter Coefficient t-statistic Parameter Coefficient t-statistic

Q, 0.117 4.5 0ro -0.002 -0.2
ag 0.821 69.4 6]u] -0.072 -2.6
0r, 0.461 86.9 oo 0.052 4.0
O 0.149 41.8 drB -0.018 -2.4
Br 0.210 90.6 dro -0.053 -5.1
OB 0.095 55.6 0Bo -0.010 -2.3
Bo 0.085 60.8 oar -0.010 -0.7
Bt -0.190 -7.8 bam 0.022 2.2
op 0.016 0.8 oar -0.024 -3.5
P -0.059 -3.8 OGB 0.026 4.4
03 -0.126 -6.2 dco -0.016 -4.0
o4 -0.238 -7.3 DAL -0.042 -3.7
Ow 0.012 14 dam -0.019 -2.5
olele] 0.259 124 DAl 0.044 8.5
VoA -0.129 -14.2 OAB -0.002 -0.3
Yaa 0.162 24.8 dA0 0.019 6.1
OLL 0.063 1.8 Jen -0.040 -2.7
Onr 0.073 2.1 LAt -0.030 -3.8
Orr 0.108 4.0 Vi -0.043 -2.3
0B 0.059 7.6 Vit 0.047 2.3
doo 0.013 0.9 Vi 0.005 0.5
Orm -0.059 -2.3 VBt -0.003 -0.4
Orr 0.034 2.8 Vot -0.006 -0.8
6LB -0.036 -2.6 Uyt -0.042 -1.7

Estimating Equations R?> S.E.R.

Cost function 0.980 0.062

Labor share equation 0.822 0.025

Machinery share equation 0.746  0.017

Intermediate inputs share equation 0.655 0.013

Land share equation 0.832  0.009

Crop revenue share equation 0.784  0.060

Livestock revenue share equation 0.874  0.020

Notes:

(1) The symmetry and homogeneity-of-degree-one-in-input-prices restrictions are imposed in
the estimation.

(2) S.E.R. denotes standard error of regression.
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Table 2: Parameter Estimates of the Multiple-Output Translog Cost Function for the Kita-
Kyushu District, 1957-97

Parameter Coefficient ¢-statistic Parameter Coeflicient ¢-statistic

Qo 0.060 2.1 0ro -0.048 -3.8
ag 0.791 474 Onrr -0.045 -1.3
QA 0.165 34.0 5JVIB -0.009 -1.1
0L 0.447 56.7 oo 0.033 1.5
Bum 0.155 31.5 0rp -0.015 -1.9
Or 0.198 61.8 dro -0.026 -1.3
OB 0.122 64.9 0Bo -0.021 -2.7
Bo 0.078 29.1 darL -0.010 -0.6
B -0.123 -4.9 dam 0.014 1.5
op 0.028 1.2 olels -0.024 -2.9
09 -0.061 -2.7 oaB 0.021 3.7
03 -0.134 -5.2 dco -0.001 -0.1
04 -0.200 -5.3 DAL -0.018 -1.2
Ow 0.013 0.9 dam -0.024 -2.6
glele] 0.180 6.8 PAr 0.042 5.8
YGA -0.090 -10.2 ®AB -0.011 -2.8
YAA 0.111 14.6 da0 0.011 2.1
orL 0.202 6.8 Jen -0.056 -2.6
51\/1]\[ 0.103 2.8 HA -0.015 -1.4
Orr 0.114 3.4 v -0.149 -8.9
BB 0.091 18.6 Ui 0.089 6.4
oo 0.062 2.4 vr 0.040 3.0
Orm -0.081 -4.4 VBt -0.009 -0.9
o1 -0.027 -1.8 Vot 0.029 3.0
) -0.045 -3.6 Uy 0.119 3.7

Estimating Equations R?> S.E.R.

Cost function 0.980 0.074

Labor share equation 0.823  0.036

Machinery share equation 0.796  0.021

Intermediate inputs share equation 0.615 0.018

Land share equation 0.855 0.012

Crop revenue share equation 0.539  0.090

Livestock revenue share equation 0.800 0.025

Notes:

(1) The symmetry and homogeneity-of-degree-one-in-input-prices restrictions are imposed in
the estimation.

(2) S.E.R. denotes standard error of regression.
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Table 3: Tests of Hypotheses for the Production Structure: Tofuken and Kita-Kyushu

Hypothsis Wald test statistic D.F. Critical value
Tofuken Kita-Kyushu 0.06 0.01

(1) Input-output

separability 214.5 145.3 10 18.31 23.21

(2) Input

nonjointness 27.9 30.0 1 384 6.63

(3) No technologi-

cal change 150.2 138.9 8§ 15.51 20.09

(4) Hicks neutral

in input space 13.6 96.6 5 11.07 15.08

(5) Hicks neutral

in output space 32.1 10.2 1 384 6.63

(6) Hicks neutral
both in input and

in output spaces 67.0 115.6 6 12.59 16.81
(7) Cobb-Douglas

production

function 7026.0 3416.2 28 41.34 48.28

(8) Constant

returns to scale

in joint product-

ion of crops and

livestock 1.3 5.6 1 384 6.63
(9.1) Constant

returns to

scale in crop

production 226.8 158.0 1 384 6.63
(9.2) Constant

returns to

scale in

livestock

production 44729.1 29578.1 1 384 6.63
(10) No economies

of scope in joint

production of

crops and

livestock 27.9 29.7 1 384 6.63

Note: D.F. denotes the degrees of freedom.
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Table 4: Estimated Degrees of Factor Input Biases: Tofuken and Kita-Kyushu

Tofuken Kita-Kyushu
Factor input Degree t-statistic P-value Degree  t-statistic P-value
of bias of bias
Labor -0.095 -2.3 0.021  -0.335 -8.9 0.000
Machinery 0.320 2.3 0.022 0.574 6.4 0.000
Intermediate input  0.024 0.5 0.614 0.203 3.0 0.002
Land -0.034 -0.3 0.734  -0.070 -0.9 0.370
Other input -0.065 -0.8 0.452 0.375 3.0 0.003

Note: The degrees of input biases were estimated using equation (9).

Table 5: Estimated Scale and Scope Economies: Tofuken and Kita-Kyushu

Tofuken Kita-Kyushu
Degree Degrees
of scale of scale
and scope t-statistic P-value and scope t-statistic P-value
economies economies
Scale economies in joint
prod. of crops and livestock 0.985 1.1 0.252 1.047 2.4 0.018
Scale economies in crop prod. 1.015 15.1 0.000 1.265 12.6 0.000
Scale economies in Livestock
prod. 5.168 211.5 0.000 6.061 172.0 0.000
Scope economies in joint
prod. of crops and livestock 0.030 5.3 0.000 0.040 5.4 0.000

Note: The degrees of scale and scope economies were estimated using equations (20), (22), and

(25), respectively.
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Table 6: Degrees of Scale and Scope Economies for the Four Size Classes: Tofuken

Size Scale economies Scale Economies Scale economies Scope economies
class in joint prod. in joint prod.
of crops in crop prod. in livestock prod. of crops
and livestock and livestock
Class 1 1.045 1.406 5.591 0.006
(0.135) (0.101) (1.452) (0.031)
Class 2 1.008 1.244 5.597 0.023
(0.087) (0.081) (1.451) (0.032)
Class 3 0.958 1.162 5.683 0.027
(0.050) (0.078) (1.113) (0.024)
Class 4 0.898 1.123 5.824 0.058
(0.027) (0.108) (4.197) (0.048)
Average of 0.994 1.234 5.673 0.028
all classes (0.100) (0.142) (2.381) (0.039)

Note: Numbers in parentheses are standard deviations.

Table 7: Degrees of Scale and Scope Economies for the Four Size Classes: Kita-Kyushu

Size Scale economies Scale Economies Scale economies  Scope economies
class in joint prod. in joint prod.
of crops in crop prod. in livestock prod. of crops
and livestock and livestock
Class 1 1.161 1.403 9.343 0.014
(0.095) (0.152) (8.073) (0.036)
Class 2 1.063 1.307 6.321 0.040
(0.063) (0.128) (2.421) (0.024)
Class 3 1.021 1.247 6.157 0.047
(0.050) (0.120) (1.660) (0.021)
Class 4 0.975 1.172 7.171 0.052
(0.028) (0.094) (5.295)) (0.035)
Average of 1.054 1.282 7.248 0.038
all classes (0.094) (0.150) (5.158) (0.033)

Note: Numbers in parentheses are standard deviations.
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Table 8: Own-Price Factor Demand and the Allen Partial Factor Substitution Elasticities:
Tofuken and Kita-Kyushu

Elasticity Tofuken Kita-Kyushu

Factor Demand

Labor (err) -0.403 -0.102
(-5.4) (-1.5)

Machinery (E]\/[]u) -0.357 -0.179
(-1.5) (-0.7)

Intermediate

inputs (g4) -0.275 -0.227
(-2.2) (-1.3)

Land (epg) -0.285 -0.134
(-3.5) (-3.3)

Other inputs (e00) -0.765 -0.128
(-4.7) (-0.4)

Allen Elasticity
of Substitution

LM 0.144 -0.175
(0.4) (-0.7)
oLr 1.352 0.693
(10.7) (4.0))
OLB 0.172 0.168
(0.5) (0.7)
orLo 0.948 -0.367
(3.0) (-1.0)
OMI -1.293 -0.476
(-1.5) (-0.4)
OMB 1.352 0.508
(1.8) (1.1)
oMo 5.118 3.695
(5.0) (2.1)
oIB 0.108 0.367
(0.3) (1.1)
010 -1.960 -0.687
(-3.3) (-0.5)
JBO -0.204 -1.185
(-0.4) (-1.5)

Note: Numbers in parentheses are estimated approximate t-statistics. First, the own-price
elasticities of demand for factor inputs can be computed through (Berndt and Christensen,
1973), €4 = Sioy, © = L,M,I,B,0 where o;; and o;; are the Allen partial elasticities of
substitution and can be obtained by o;; = (6 + SZ — S;)/S? and o5 = (8;; + S:5;)/S:S;, i =
L,M,I,B,0.
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Table 9: Factor Input Biases: Tofuken and Kita-Kyushu

Factor input Tofuken Kita-Kyushu
Labor -0.095 -0.335
(-2.3) (-8.9)
Machinery 0.320 0.574
(2.3) (6.4)
Intermediate input  0.024 0.203
(0.5) (3.0)
Land -0.034 -0.070
(-0.3) (-0.9)
Other input -0.065 0.375
(-0.8) (3.0)

Notes: (1) Factor input biases were estimated using equation (9). (2) Numbers in parentheses
are t-statistics.
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