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Abstract

This paper investigates the magnitude and the Hicksian output and input biases of
technological change brought about by investments in public agricultural research and
extension activities in Japan. For this objective, it estimates a translog multiproduct
cost function for 1957-97. Empirical results show that the cost reduction effects were
fairly large. The Hicksian (1932) biases were found to be livestock-augmenting, labor-
and other-input-saving, and machinery- and intermediate-input-using. Except for other
input, the directions of the biases are consistent with the Hicksian (1932) induced innova-
tion hypothesis, which supports the public-sector-induced-innovation model proposed by
Hayami and Ruttan (1985) and Ohtsuka (1982).
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1 Introduction

Technological change ! has long been considered as a main source of productivity change. As
a major driving force of technological change, research and development (R&D) activities have
been emphasized in the literature (e.g., Evenson and Kislev, 1991; Romer, 1990; and Griliches,
1994). Along this line, early studies of productivity analysis in the agricultural sector have
paid much attention on estimating the rate of return to agricultural R&D and extension (R&E
in short hereafter) activities (e.g., Ruttan, 1982; Evenson and Pray, 1991; and Ito, 1994).
Several studies have analyzed the rate and factor biases of technological change where time
trend variables are used to represent the state of technology (e.g., Binswanger, 1974; Kako,
1978; Lee, 1983; and Kuroda, 1988 and 1989).

Since technological knowledge as an outcome of R&E activities has a public good nature,
especially in the agricultural sector, researchers have advocated the role of government or public
institutions in investing in R&E. Indeed, the endeavor to enhance the current level of technology
has been initiated and conducted substantially by the government or public institutions in
many countries, apart from Japan. R&E activities will bring about technological changes, will
affect the farmers’ production decisions and the income distribution between them, and will
furthermore influence the rest of an economy (especially a growing economy). In spite of its
importance, there are few studies that analyze explicitly the impacts of R&E activities on the
directions of biases and the magnitude of technological change 2.

Kuroda (1988), using time trend as the technology measure, investigates the output bias of
technological change between crop and livestock products and explains the rapid drop of the
price of livestock products relative to that of crop products in postwar Japan by the livestock-
favoring bias of technological change. Huffman and Evenson (1989) estimate bias effects of
technological change in U.S. crop products by utilizing direct measures of public and private
research and extension services instead of a time trend variable. Ito (1992) constructs R&E
stock data in Japan by accumulating the expenditures for investment in R&E activities and
estimates the effect of R&E stock on the magnitude of technological change. Furthermore,
Kuroda (1997) investigates the effects of R&E activities on the extent and directions of the
factor input biases of technological change in the Japanese agricultural sector for the period
1960-90 3.

This study will therefore investigate in detail the impacts of R&E activities both on the

output bias and on the input bias as well as the magnitude of technological change brought

1The terms, technological change and technical change, are used interchangeably in this paper.

2For the importance of studying technological change biases in the agricultural sector, Lee’s (1983) summary
will be very useful.

31to(1992) uses a restricted cost function, Huffman and Evenson (1989) employ a quadratic profit function,
Kuroda (1988) uses a multiproduct total cost function, and Kuroda (1997) introduces a single product total
cost function.
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about by these R&E activities in Japanese agriculture for the period 1957-97. In particular,
in an attempt to explain the rapid decrease in the relative price between livestock and crop
products from the supply side, we calculate the incremental (or marginal) cost elasticity of
producing each product to test the Hicksian (1932) output bias.

In order to accomplish these objectives, we employ the framework of a restricted translog
cost function which consists of two outputs and four-variable inputs and two exogenous vari-
ables. The two exogenous variables are land as a fixed input and a stock of knowledge based
on R&E investments. The major reason for treating land as a fixed input unlike in Kuroda
(1988 and 1997) is that the price of land (rent) during the postwar years was set at a certain
low level by the government and therefore not a market price until at latest 1975. If one uses
such a land price in order to estimate a total cost function, he may suffer from biases in the
estimated results since this covers almost a half of the whole samples for the study period.

In addition, to examine whether or not the multiproduct framework is preferable to the single
product framework, input-output separability and input nonjointness are tested. Moreover, the
multiproduct function approach will enable us to examine the impacts of changes in output
composition on the factor biases.

The rest of this paper is organized as follows. Section two presents some background sta-
tistical observations. Section three outlines the analytical framework. Sections four and five
explain the data and estimation procedure, respectively. Section six presents empirical results.

Finally, section seven provides a brief conclusion.

2 Some Statistical Observations

Let us look into the movements of outputs, factor inputs, and public agricultural R&D and
extension investments for the period 1957-97 by looking at several figures.

First, Figure 1 shows movements of the real output indexes of total output, total crops
consisting of rice, vegetables, fruits, other crops, and livestock for 1960-2004. * This figure
offers an important information on which products increased or decreased and how fast they
changed over the 1960-2004 period. According to Figure 1, livestock production increased very
sharply from 1960 to 1985 but since then it has been stagnant or even decreasing after 1993.
Furthermore, vegetables and fruits also increased rapidly until around 1985, but, again, stag-
nant after that. On the other hand, production of rice and other crops decreased consistently

over the period under question. The major reason for these movements of agricultural produc-

4The source of data is Nogyo Shokuryo Kanrensangyo no Keizai Keisan, Heisei 19 Nendo (Social Accounts
for Agriculture and Food-Related Industries, 2007).

75



Yoshimi Kuroda

tion was changes in the consumption patterns of consumers who have started enjoying higher
income thanks to the rapid growth of Japanese economy since the mid-1950s. Correspond-
ing to such changes in the demand for agricultural commodities, the Ministry of Agriculture,
Forestry, and Fisheries (MAFF) introduced the so-called “Selective Expansion” policy which
promoted strongly high demand commodities such as livestock products, vegetables, and fruits.
® Reflecting an especially sharp increase in livestock production, it is shown in Figure 2 that
the share of livestock production in the total agricultural production increased from around
13% in 1960 to almost 30% in the early 2000s. On the contrary, crop production decreased
consistently its share from around 85% in 1960 to around 77% in 2004.

Second, as for the input side, Figure 3 show the sharpest increase in machinery input 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, but after 1975, the
movement of this input was stagnant. On the other hand, labor and land inputs consistently
decreased over time, while the other input showed almost constant movements over time. On
the contrary, movement of factor prices given in Figure 4 show almost the opposite movements
against those of real factor inputs in Figure 3. 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 1988 but price of labor shows unstable
movements after 1986. The price of other input was almost constant over the period under
question as in the case of the real input of this category shown in Figure 3. Reflecting these
movements in factor inputs and prices, Figure 5 gives interesting movements in factor cost
shares. Labor decreased its share consistently from around 58% in 1957 to around 49% in 1997.
Machinery, on the other hand, increased its share consistently from 10% in 1957 to 20% in 1997.
Intermediate input increased its share until around the mid-1970s, but started decreasing after
that. As for land, the factor share steadily increased until around 1978, it started decreasing
after that. Finally, the factor cost share of other input was almost constant until 1988, but
started increasing slightly. In sum, the movements of the factor cost shares of intermediate
input, land, and other input were not that clear compared to those for labor and machinery
inputs.

Third, Figure 6 presents public agricultural R&D and extension expenditures for the period

1950-96 in 1985 prices. Accoding to this figure, public R&D expenditures increased rapidly

5Needless to say, the Agricultural Basic Law was established in 1961. The “Selective Expansion” policy was
one of the most important policies under this law.

8For factor inputs, 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. In addition, size class I (0.5-1.0 ha) is chosen
as representative, since the average size of farm land for all Japan excluding the Hokkaido district is fairly close
to this class.
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from 1955 (around 18 billion yen) to 1975 (80 billion yen), became stagnant for the 1975-89
period except for 1987, and had an increasing trend since 1990. On the other hand, extension
expenditures increased slowly from 1955 (around 18 billion yen) to 1978 (around 39 billion yen),
but since 1979 became stagnant with a slow decreasing trend.

Finally, based on public R&D and extension expenditures, the stock of technological knowl-
edge was estimated for the period 1957-97, and is presented in Figure 7. This figure shows that
the stock of technological knowledge was rather stagnant during the period 1957-66 (around
220 billion yen), increased very rapidly for the period 1967-90 (from around 230 billion yen in
1967 to around 820 billion yen in 1990), and again has become stagnant since 1991.

Keeping these statistical observations in mind, we will investigate the magnitude and the

output and input biases which resulted from investments in public agricultural R&E activities

in Japan.

3 Analytical Framework

Consider the following restricted (or variable) cost function

C=G(Q,PZ), (1)

where @ is a vector of outputs, P denotes a vector of input prices, and Z is a vector of ex0genous
variables. In this model, @ is disaggregated into crop product (Q¢) and livestock product (Qa);
Z is a vector that consists of a fixed input (land, Zg) and a stock of technological knowledge
(Zr) which can be regarded as a productivity parameter external to all of the farms; and

dummy variables are distinguished for period (D,), farm sizes (D,), and a weather condition
(D).

For econometric analysis the following translog cost function is utilized.

InC = o+ o;lnQi+> BlnP+> Blnz
1 k l

+UPD10 + Z Ust + Uwa
1
3 DD %nQinQ; + % 3 bknIn P ln P,
i L n

+% 22 0w ZiInZ, + 373" ¢ InQ;In Py
I h ik
+ZZ il InQ;In Z; + ZZ 2vIn Py In Z, (2)
i1 kol
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where i, j are outputs (G, A); k,n denote variable inputs each as labor (L), machinery (M),
intermediate input (/), and other input (O); [, h are for land (B) and stock of technological
knowledge (R) ; s denotes farm size dummies (D,, D3, and D, for 1.0-1.5, 1.5-2.0, and 2.0
hectares and over, respectively); and In indicates the natural logarithm. Applying the Shep-
hard’s lemma to the translog cost function (2), we obtain factor demand functions. Assuming

that farm firms take factor prices as given, the following cost share equations are derived:

o _ 9CH _omC
T 9P, C  omP;
= B+ OB+ dulnQi+ ) vinZ, (3)
n i 3

4,j=G,A, kyn=L,M,I1,0, |=B,R.

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).

h _ 0CQi_omC
Y 8Q;C @
= ai+z¢iklnPk+Z%janj+Z,u,-lanl, (4)
k 7 l

i,j=G,A, kyn=1L,M,1,0, l=B,R.

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 P,)
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 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, in particular, the
output-associated variables due to the additional information provided by the revenue shares.
7

Any sensible cost function must be homogeneous of degree one in input prices. In the
translog cost function (1) this requires that >, B =1, >, 0kn = 0, X ik = 0, and >, v =0
(i=G,A; k,kn=L,M,1,0; | = B,R). The translog cost function (2) has a general form in

the sense that the restrictions of input-output separability and neutrality with respect to Zg

"For a detailed discussion on the inclusion of the revenue share equations in the system of regression equations,
see Ray (1982) and Capalbo (1988).
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are not imposed a priori. Instead, these restrictions will be statistically tested in the process of

estimation of this function.

3.1 Cost Reduction Effect

Based on the estimated results of the restricted translog cost function, we can estimate the mag-
nitude of technological progress due to an increase in the stock of technological knowledge, Zg.
Modifying slightly the procedure developed by Caves, Christensen, and Swanson (CCS)(1982),
8 we will estimate three indicators of technological progress in terms of elasticities. They are
(1) the elasticity of variable cost with respect to Zgp (CRE), (2) the elasticity of inputs-saving
technological progress with respect to Zg with outputs held fixed (PGX), and (3) the elasticity
of outputs-augmenting technological progress with respect to Zx with inputs held fixed (PGY).
According to CCS, PGY = RTS - PGX where RTS denotes returns to scale.

First, using the parameters of the variable translog cost function (2), the CRE is given by

OlnC
CRE = —8anR=_5C’R
= ~(ﬂR+ZVlenPk+ZuiRan,~+Zt9thnZh). (5)
k i h

Second, the PGX is given by

O0lnC/0In Zp ECR

PGX = — _
1-90InC/dInZy 1—eczp’ (6)
where
. _ dIlnC
©Zs = 8anB
= B+ uisn P+ Y pipln@; + > 0prln Z,. (7)
k i h
Finally, the PGY is given by
1
poy = - 9mC/OmZr __ ecr  _ prg. PGX, (8)

- 3,0lnC/dlnQ; Yeco,

where

80hta (1998) develops in much more comprehensive manner rates and biases of technological progress and
returns to scale in the multi-product multi-input production.

79



Yoshimi Kuroda

olnC
ah’le

= o+ duln P+ > v;ilnQ;+ > palnZ, 9)
P 7 ]

which is defined as the cost-output elasticity (equivalent to the revenue share). And,

1—81nC/81nZB 1—¢eczp
RTS = = .
Ei Jln C/c’)ln Qi Ei ECQi (10)
As defined earlier, i,j = G, A, k,n=L,M,I,O, and h,l = B,R, in equations (5) through

(10).

3.2 Bias Effects

In a multi-product and multi-input context, technological change can affect factor utilization
and/or output composition differently. The neutrality of technological change can be defined
in two ways along the lines of the Hicksian definition. One is the case of unchanging expansion
path in the input space and the other is the case of unchanging expansion path in the output

space.

Following Antle and Capalbo (1988), we define the output and input biases.

3.3 Output Bias

In a two-output case, a measure of output bias is defined by

oC ,oC

BE, = a111(8@—6'/5@)/61:1ZR
oC oC
= 8ln(%(—;)/81nZR—8ln(@)/aanR
_ O0lnMCgq _ Ooln MCy4 (11)
B 6anR 61nZR )

Bg 4, measures the rotation of the production possibility frontier, at a given point in the output
space, due to technological change. Therefore, technological change in the output space is
defined as toward livestock products (toward crop products), or livestock-products augmenting
or favoring (crop-products augmenting or favoring), if BS, is positive (negative) and neutral if

Bg 4 18 zero.
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In order to derive the elasticity of marginal cost of each output with respect to R&E stock,
we undertake the following procedure.
First, the cost-output elasticity ecq, represents incremental or marginal cost of each output
in percentage terms. Noting that
o0 = g = (50 /() = MC/(S),

we differentiate the logarithm of ec¢, with respect to the log of Zg, holding outputs and factor

prices constant. That is,

Olnecq, 3111(M0i/(%)) _0lnMC; 5111(%)
OlmZp Oln Zg - 0lnZgp OlnZg’
Combining the above relation with

Olnecg, _ MR
GanR ECQi,

from equation (9) yields

8111MC¢ _ HiR 611’1(%)

= . 12
811’IZR ECQi aanR ( )
Thus, equation (11) can be rewritten as
dln M Oln M
BS, = nMCq OInMCa _ pcr  par (13)

OlnZyp OlnZp €cQg  €coa
Note here that 0InQ;/d1In Zg = 0, since both Q; and Zg are treated as exogenous variables in
the cost function (1).
As mentioned earlier, technological change in the output space is defined as livestock-
products augmenting (or favoring) if Bg 4 1s positive, crop-products augmenting (favoring)

if Bg 4 1s negative, and neutral if Bg A s zero.

3.4 Input Biases

Binswanger (1974) proposed a single relative measure of bias in factor inputs using changes in
cost shares of factors of production. Antle and Capalbo (1988) extended Binswanger’s (1974)
definition of the bias measure to nonhomothetic and input-output nonseparable production
technologies. According to their definition, the dual measure of input bias (By) contains two
distinct effects: a scale effect owing to the movement along the nonlinear expansion path (B}),

and a (pure) bias effect owing to the shift in the expansion path (Bg). If the technology is
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input-output separable, the scale effects are zero. In the multi-product case, a measure of

(pure) bias effect, i.e., a measure of the shift in the expansion path, can be defined as

B = 0lnSy(Q,P,Z2)/dIn ZRldC———O

— B,— [Z (810 8¢/81nQ;) (8InC/dIn Qi)—l} (

i

oinC
aanR

); (14)

where By = 0In Sp(Q, P, Z)/0In Zg (k = L, M, I,O) which is the pure bias effect. The second
term of equation is the scale effect.

If B > 0 (< 0), then technological change caused by changes in the R&E stock is said to be
biased toward using (saving) the k-th factor. If B¢ = 0, then technological change is said to be
i-th factor neutral. Based on the estimated results of the Bf and the movements of the relative
factor prices, one can examine whether or not the direction of the measured factor biases is
consistent with the Hicksian (1932) induced innovation hypothesis.

Using the parameters of the translog cost function in the present study, equation (14) can

be expressed as

= By + B+ B;,, (15)
where

O0InC/0InZr  —ecr

A - ﬂz,alnC’/ﬁanz o Zi‘gCQi’

(16)

i =G, A.

3.5 Tests for the Structure of Production

This section deals with important concepts for representing the structure of production, namely,
no technological change due to a change in R&E investments, input-output separability, and

input nonjointness.
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No Technological Change

Since the major objective of the present study is to investigate the magnitude and biases of tech-
nological change due to an increase in R&E investments, it is critical to test the null hypothesis
whether or not R&E activities result in technological change in agricultural production. For
this purpose, we set up the following null hypothesis of no technological change due to a change
in the stock of technological knowledge Zg, using the parameters of the translog cost function

given in (2).
Ho:Br=>)_6r=> pir=» vkr=0, (17)
] 5 %

t=G,A k=L /M I10, l=B,R.

Input-Output Separability

According to Hall (1973), a technology is input-output separable if and only if the cost function

can be written as

C@, P, 2) = G(MQ), P, 2).

For our study, the separable restricted cost function is approximated by a Taylor series expan-

sion of

InC(Q, P,Z) = n G(h(InQ),1n P,1n Z),

around the point Q; =1, P, =1foralli=G,A, k= L,M,I,O. Then the approximate cost

function can be shown to have the following relationship

8?InC olnC ?InC OlnC
OlnPoOnQs 0lnQs JIlnPOInQs dlnQs’
foral k=L, M,I,0O.

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

of the translog approximation satisfy the condition

PrGoa = ¢raog, (18)

simultaneously for all k = L, M, I, O.
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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,Z) = ZGZ(QhPa Z):

that is, the joint cost function can be represented as the sum of independent cost function for

each output. Then the approximate translog cost function becomes

nC(Q,P,2) =Y Gi(In Qi In P, 1n Z),

Since the input nonjointness requires that the marginal cost of one output be independent
of the level of the other output, the hypothesis of nonjointness may be examined by testing

whether the following relation

Yoa = —QGO4, (19)

holds or not.

4 The Data and Estimation Procedure

The data required for the estimation of the variable cost function model consist of the variable
cost (C'), the revenue shares (Rg and R,) and quantities of crop and livestock production (Qg
and Q4), the prices and quantities of the four variable factors of production, labor (P, and X),
machinery (Pp and Xj/), intermediate input (P; and X;), and other input (Pp and Xp), and
the quantities of land (Zg) and R&E stock (Zg) as fixed and exogenous inputs. Additionally,
dummy variables for period, farm sizes, and weather are introduced. The details of the sources
of data and the variable definitions are described in Appendix B.

For statistical estimation, since the quantities of outputs (Qg and Q4) on the right hand
side of the restricted cost function (2) are in general endogenously determined, a simultaneous
procedure should be employed for the estimation of the set of equations. This set of equations
consist of the restricted translog cost function (2), three of the cost share equations (3), ° and

two revenue share equations (4). Note here that the estimation model is complete in a sense that

9Due 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 inputs
share equation is omitted.
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it has as many (six) equations as endogenous variables (six). Therefore, the full information
likelihood (FIML) method is selected. In this process, the restrictions due to symmetry and
linear homogeneity in prices are imposed. The coefficients of the omitted (in our case, other
inputs) cost share equation can easily be obtained after the system is estimated using the

imposed linear homogeneity restrictions.

5 Empirical Results

The estimated parameters of the system and the associated asymptotic t-values are reported
in Table 1. Goodness-of-fit statistics are given in Table 2.

We first test the production structure to examine whether our model specification is valid
or not. The test statistics for hypotheses on the production structure are given in Table 3.
First of all, the test for no technological change due to a change in the stock of technological
knowledge Zg is strongly rejected both at the 1 % and at the 5 % levels of statistical significance.
This implies that farm-firms’ decision in production is influenced by changes in public R&E
activities.

Second, the test for input-output separability is rejected both at the 1 % and at the 5
% levels ofstatistical significance. This result implies that there could not exist a consistent
aggregation of crop products and livestock products so as to make a single index of aggregate
output.

Third, the null hypothesis of nonjointness in inputs is rejected both at the 1 % and at
the 5 % significance levels. The result indicates that there does not exist input nonjointness,
implying that a separate production function does not exist for each output.

Fourth, based on the parameter estimates in Table 1, the monotonicity and concavity con-
ditions were checked at each observation. Since all the estimated cost shares for both outputs
and inputs were positive, the production technology satisfied the monotonicity condition. The
concavity condition with respect to factor prices was satisfied at each observation °. Thus,
we may say that the estimated cost function represents a second order approximation to the
true data generating cost function which satisfies the curvature conditions. The estimated

parameters given in Table 1 are utilized for further analysis. !

10All the eigenvalues of the Hessian matrix were negative.

1 This implies that here we are assuming no structural change over the 1957-97 period with regard to the
estimated elasticities. We understand that this assumtion may not be realistic and testing the hypothesis of
structural change is intriguing and challenging. Therefore, we employed the following two procedures in order
to take into account structural change in agricultural technology. One procedure is to introduce Stevenson
(1980)-Greene (1983) method where all the parameters can change over time, for example, o = a; + &t
However, the estimation of the system of equations of this study with this specification has not been successful.
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Next, Table 4 summarizes the indicators of cost reduction effects due to an increase in the
stock of technological knowledge Zr. They are the cost elasticity with respect to Zr (CRE),
the elasticity of the inputs-saving effect (PGX) with outputs held constant, the elasticity of the
outputs-augmenting effect (PGY) with inputs held constant, and returns to scale (RTS). The
estimates of CRE and PGX demonstrate that the larger the farm size is, the greater the effects
of cost reduction: CRE ranges from 0.306 to 0.350 and PGX from 0.150 to 0.196. On the other
hand, the estimates of PGY show that the smaller the farm size is, the greater the effect of cost
reduction: it ranges from 0.299 to 0.267. This is because the smaller the farm size is, the larger
the returns to scale '2. Accordingly, we could not conclude which sizes of farms have enjoyed
more rapid technological progress due to increases in the stock of technological knowledge
through investments in R&E activities. However, we may at least say that investments in R&E
activities carried out by the government or public institutions have enhanced the productivity
of farms in all size classes to a considerable degree.

In addition, Table 5 presents the estimates of the elasticity of marginal cost of each output
with respect to the stock of technological knowledge Zg and the Hicksian (1932) output bias of
technological change attributed to an increase in Zg. As in Table 4, they are presented in the
form of averages for each farm size class. According to the table, the output bias effects, Bg A
are positive in all size classes. This indicates that technological change in the output space is
livestock-products favoring in all farm size classes.

This result supports the hypothesis suggested by Kuroda (1988) that the rapid decrease
in relative price of livestock products is due partly to the bias of technological change which
has favored livestock production. Furthermore, this result appears to be consistent with the
agricultural production policies carried out by the MAFF which put stronger stresses on ex-
pansion of and improvements in livestock production than crop production during the study
period, 1957-97. '3 Finally, Table 6 reports the Hicksian (1932) bias measures of factor inputs
and their decompositions into each contributor. The results demonstrate that R&E activities
during the study period had bias effects against labor and other input, and toward machinery
and intermediate input. As seen in Table 6, large part of these Hicksian biases is explained by
shifts in the expansion path.

The scale effect due to crop production indicates a fairly strong bias toward machinery,

The other method is to estimate the system for two different sub-periods, before and after the oil crisis, say,
1957-74 and 1975-97. Unfortunately, however, the estimation for the latter period has not been successful. As
such, we regard the present estimates for the whole 1957-97 period as most reliable where the intercept time
dummy is statistically significant.

12Kako (1979) and Chino (1984) obtained similar results. By estimating non-homothetic translog cost func-
tions, they reported that smaller size farms enjoyed greater economies of scale than larger size farms in Japanese
rice production for the 1960s and 1970s.

13Refer to Nogyo Hakusho (Agricultural White Book). It reports annually the directions for and promotions

of R&D and extension activities in agriculture which correspond to important policy issues to be executed by
the MAFF.
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a strong bias against intermediate input, and a fairly strong bias against other input. The
intermediate-input-saving effect has been consistent with the recent trend of reducing the usage
of chemical fertilizers and agrichemicals in crop production. The scale effect due to livestock
production exhibits fairly strong biases against labor and other input, and very strong bias
toward intermediate input which includes feed as an important item.

These results, except for the case of other input, agree with Kuroda’s (1988) findings where
the time trend variable instead of the stock of technological knowledge was used to represent
the state of production technology. That is, the directions of the biases of factor inputs, in
particular, labor, machinery, and intermediate input, are against the movements of the relative
factor prices, indicating the existence of induced innovations in factor usages. This in turn
implies that the public sector R&D and extension institutions as suppliers of technological
knowledge and new factor inputs do respond to new economic opportunities and incentives in
postwar Japan. Accordingly, this finding supports the public-sector-induced-innovation model
proposed by Hayami and Ruttan (1985, Ch. 4, pp. 73-116) and Ohtsuka (1982).

6 Conclusion

This study has explicitly investigated the rate and the directions of output and input biases of
technological change which is considered to have been caused by public research and extension
activities in Japanese agriculture. A restricted translog cost function with multiple outputs
was specified and estimated for the period 1957-97. Public R&E stock data and aggregate data
from four size classes of farm households for all Japan excluding Hokkaido district were utilized
in the estimation procedure.

The major findings of the study are as follows. First, the rejection of both hypotheses
of weak separability of outputs and input nonjointness implies that the multiproduct function
approach is preferable when it comes to analyzing the agricultural technology of postwar Japan.

Second, public R&E activities have caused reductions in the variable costs in all size classes.
In other words, not only larger scale but also smaller scale farms have enjoyed a considerable
extent of technological progress due to increases in investments in R&E activities.

Third, public R&E activities have brought about output bias toward livestock production
in all farm size classes during the 1957-97 period. The degree of the livestock-production
augmenting bias was greater for larger scale farms than smaller scale farms. This finding is
consistent with the rapid growth in livestock production based on larger scale managements for
the study period.

Finally, public R&E activities have had a considerable influence on the decision of allocating
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Japanese farm factor resources. Such activities have caused bias effects against labor and other
inputs, but toward machinery and intermediate input. The directions of the biases in factor
inputs have been consistent with the induced innovation hypothesis.

We may conclude from these findings that the public sector has behaved so as to respond to
economic opportunities and incentives in postwar Japanese agriculture. This finding supports
the public-sector-induced-innovation model proposed by Hayami and Ruttan (1985) and Oht-
suka (1982). This implies that the growth and development of Japanese agriculture will have
to be carried out by effective interactions among farmers and public research and extension
institutions.

One important caveat of this study is that we have not included research activities executed
by agricultural colleges and private agricultural supply firms of seeds and infant trees, machin-
ery, agri-chemicals, and fertilizers. Our results therefore may have over-estimated the effects of
public R&E investments. This caveat should therefore be taken into consideration in the future
research in order to shed more insights on the effects of R&E activities in public experiment

and extension institutions.
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Appendix A: Figures

Figure 1. Changes in the Output Indexes of Total Crops, Rice, Vegetables, Fruits,
Other Crops, Livestocks and Total Output for 1960-2004 in 2000 Prices: All
Japan
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Source: Norin Suisan-Sho (Ministry of Agriculture, Forestry, and Fisheries), Nogyo  Shokuryo Kanrensangyo
no Keizai-Keisan (Sosial Accounts for Agriculture- and Food-Related Industries), 2004.
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Figure 2. Changes in the Shares of Total Crops, Rice, Vegetables, Fruits, Other Crops,
and Livestock for 1960-2004 in 2000 Prices: All Japan
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Source: Norin Suisan-Sho (Ministry of Agriculture, Forestry, and Fisheries), Nogyo * Shokuryo Kanrensangyo
no Keizai-Keisan (Sotial Accounts for Agriculture- and Food-Related Industries), 2004.

Figure 3. Changes in the Multilateral Indexes of Factor Inputs for 1957-97: Class 1

(Tofuken)
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Note: The procedure of estimating the multilateral indexes of factor inputs is explained in detail in Appendix
C.
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Figure 4. Multilateral Indexes of Factor Prices for 1957-97 Normalized by the Multi-
lateral Price Index of Aggregate Agricultural Output in 1985 Prices: Class 1
(Tofuken)
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Note: The procedure of estimating the multilateral factor price indexes is explained in detail in Appendix C.

Figure 5. Changes in the Factor Cost Shares for 1957-97: Class 1 (Tofuken)
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Note: Details of the estimation of the factor cost Shares are given in Appendix C.
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Figure 6. Public R&D and Extension (E&E) Expenditures for 1950-97 (in 1985

Prices) : All Japan
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Figure 7. Stock of Public Technological Knowledge for 1957-97 (in 1985 Prices) : All

Japan
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Appendix B: Tables

Table 1: Parameter Estimates of the Translog Cost Function for Tofuken (All Japan Excluding
the Hokkaido District), 1957-97

Parameter Coefficient t-statistic Parameter Coefficient #-statistic

Qo -0.449 -1.3 dmo 0.097 6.3
ag 0.912 84.6 dr0 -0.078 -7.5
Qs 0.214 52.8 OB -0.028 -0.1
BL 0.507 94.6 fsr 0.042 1.0
Bum 0.166 43.8 Orr 0.546 3.2
By 0.233 86.6 der 0.000 0.0
Bo 0.094 89.0 bem 0.054 2.1
Bg -0.871 2.3 ber -0.032 15
Br -0.330 -8.3 bco -0.022 2.3
op -0.152 -3.0 dar -0.068 -6.4
09 0.358 1.3 bam -0.010 -1.2
o3 0.548 1.3 Par 0.057 8.9
o4 0.752 1.5 P40 0.021 6.1
Ow -0.009 -1.0 UeB 0.220 2.9
Yaa 0.132 1.7 HGR -0.050 1.4
Yca -0.162 -7.7 HAB 0.033 1.6
YaA 0.176 21.8 UAR -0.031 -24
5LL 0.050 1.9 VLB 0.020 0.6
Orr 0.114 6.1 vrp 0.005 0.2
doo 0.002 0.2 VoB 0.008 0.8
drm -0.055 -3.0 VLR -0.067 -2.4
orr 0.026 2.1 UMR 0.062 3.3
dro -0.021 -2.8 VIR 0.004 0.3
Smr -0.062 -3.0 VOR 0.002 0.3

Note: The symmetry and homogeneity-of-degree-one-in-input-prices restrictions are imposed
in the estimation.
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Table 2: Goodness-of-fit Measures

Estimating Equations R? S.E.R.
Cost function 0.978 0.062
Labor share equation 0.764 0.028
Machinery share equation 0.693 0.021
Intermediate inputs share equation 0.687 0.015
Crop revenue share equation 0.829 0.061
Livestock revenue share equation 0.890 0.021
Note: S.E.R. denotes standard error of regression.
Table 3: Tests of the Production Structure
Hypothesis Wald Test Degrees of Critical Value
Statistic Freedom 0.05 0.01

No technological

change 87.54 8 15.51 20.09

Input-output

separability 96.21 3 7.81 11.34

Input

nonjointness 16.86 1 3.84 6.63
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Table 4: Three Elasticities of Cost Reduction and Economies of Scale

Size Class CRE PGX PGY RTS

I 0.306 0.150 0.299 2.099
(0.243) (0.117) (0.227) (0.133)

11 0.327 0.170 0.289 1.754
(0.239) (0.122) (0.200) (0.084)

I11 0.336 0.180 0.278 1.573
(0.231) (0.120) (0.181) (0.051)

v 0.350 0.196 0.267 1.351
(0.218) (0.115) (0.159) (0.025)

Average 0.330 0.174 0.283 1.694
(0.231) (0.119) (0.192) (0.287)

Notes:

1. 1{0.5-1.0), II(1.0-1.5), III(1.5-2.0), and IV(2.0-hectares).

2. In order to express the three indicators of cost reduction effects in positive terms, they are
all multiplied by minus one. That is, CRE = (—1)-(—ecr), PGX = (=1)-(—ecr)/(1—cczB),
PGY = (—1) . (—ECR)/(I - Ei ECQi), and RT'S = (1 - ECZB)/(Zi SCQz')v where ¢ = G,A

3. Figures in parentheses are standard deviations.

Table 5: The Output Bias Measure

Size Class HBer/Ecog HAR/ECQ BgA
1 -0.065 -0.164 0.099
(0.004) (0.031) (0.032)

11 -0.057 -0.161 0.104
(0.004) (0.046) (0.047)

111 -0.052 -0.161 0.109
(0.004) (0.040) (0.042)

v -0.048 -0.164 0.115
(0.005) (0.144) (0.148)

Average -0.056 -0.163 0.107
(0.007) (0.080) (0.083)

Notes:

1. 1(0.5-1.0), II(1.0-1.5), III(1.5-2.0), and IV(2.0-hectares).

2. Equation (13) was used to estimate the magnitudes of output bias.
3. Figures in parentheses are standard deviations.

95



Yoshimi Kuroda

Table 6: Factor Biases and Their Decompositions: Averages for the 1957-97 Period

Input B; e A Bt
Labor -0.133 -0.000 -0.037 -0.170
(78.2) (0.0) (21.8) (100.0)
Machinery 0.386 0.106 -0.020 0.472
(81.8) (22.5) (-4.2) (100.0)
Intermediate 0.015 -0.039 0.069 0.045
input (33.3) (-86.7) (153.3) (100.0)
Other input -0.442 -0.070 0.069 -0.443
(99.8) (15.8) (-15.6) (100.0)

Notes: B; is the total cost share change due to technical change; Bi; andB;, are the scale
effects, and Bf(= B; + Bj; + B{,) is the Hicksian factor input bias. Figures in parentheses
indicate percentage contributions.
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Appendix C: Variable Definitions

The major sources of data used to process the variables of the model 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) pub-
lished annually by the Ministry of Agriculture, Forestry, and Fisheries (MAFF).

In each year of the 1957-97 period, one average farm was taken from each of the four
size classes, 0.5-1.0, 1.0-1.5, 1.5-2.0, and 2.0 hectares (ha in short) and above, from all Japan
excluding Hokkaido district because of the different size classification. Thus, the sample size is
41 x 4 = 164. Unfortunately, we could not directly obtain the data for the average farm in the
smallest size class, 0.5 ha or less, because of changes in the size classification during the sample
period. It should be noted that exclusion of farms in this size class may cause some bias in
the estimated parameters since the share of the number of farms of this size class in the total
number of farms has been fairly high.

The Tornqvist (1936) indexes of the quantity and price indexes of crop products (Q¢ and Pg)
were computed by the Caves-Christensen-Diewert’s(CCD) (1982) multilateral index method.
The CCD method is most relevant for the estimation of the Térnqvist index for a pooled cross-
section of time-series data set. In the following paragraphs, wherever possible all indexes were
obtained based on this method.

For the quantity and price indexes of crop products (Q¢ and Q A), ten categories of crop
products were distinguished with price indexes for these categories taken from the FHE and
PWRV. The quantity index of livestock products (Qa) was obtained by dividing the market
sales of livestock products by the price index of livestock products (P4) taken from PWRYV. It
is noted here that the base year for the price indexes is 1985.

The quantity of labor (X ) was the total number of male-equivalent labor hours of operator,
family, and hired workers. The male-equivalent labor hours of female workers was estimated by
multiplying the number of female labor hours by the ratio of female daily wage rate to the male
wage rate. The price of labor (Pp) was obtained by dividing the wage bill for temporary hired
labor by the number of male-equivalent labor hours of temporary hired labor. The labor cost
(PLX 1) was obtained as the sum of the labor cost for operator and family workers imputed by
Pp, and the wage bill for hired labor. Finally, the quantity and price of labor were divided by
the respective 1985 values and expressed in index terms.

The quantity and price indexes of machinery (X3 and Py), intermediate input (X; and
Pr), and other input (Xo and Po) were also constructed by the CCD method. The cost of
machinery (PyXp) was defined as the sum of the expenditures on machinery, energy, and
rentals; the cost of intermediate input (P;X 7) is the sum of the expenditures on fertilizer, feed,

agrichemicals, materials, clothes, and others; and the cost of other input (PoXo) is the sum of

97



Yoshimi Kuroda

the expenditures on animals, plants, and farm buildings and structures.

The variable cost (C') was defined as the sum of the expenditures on these four categories of
factor inputs, i.e., C =Y ; PX;(i = L, M,I,0). The cost share (S;) was obtained by dividing
the expenditure on each category of factor inputs (P, X;) by the variable cost (C).

The period dummy (D,) is defined as 1 for 1957-74, i.e., before the “oil crisis”, and 0 for
1975-97, i.e., after the “oil crisis”. The size dummies (D;) are for size II (1.0-1.5), 111(1.5-2.0),
and IV(2.0 hectares or over). Weather dummy (D,,) is defined as 1 for bad harvest years
and O for normal harvest years. The data was obtained from MAFF Sakumotsu Tokei (Crop
Statistics).

The quantities of land (Zg) and the stock of technological knowledge (Zz) were obtained
as follows.

The quantity of land (Zg) was defined as the total area of arable land. This was divided
by the 1985 value to express it in index term.

This study estimated the stock of technological knowledge (Zz) by the perpetual inventory
method. The data used for this estimation was public research and extension expenditures.
The source of data is the Norinsuisan Kankei Shiken Kenkyu Yoran (Abstract Yearbook of
Ezperiment and Research on Agriculture, Forestry, and Fisheries )(AYER) published annually
by the MAFF. The estimation procedures are basically the same as in Ito (1992).

It is assumed that the stock of technological knowledge is determined by the annual invest-
ments on research activities and appropriate weights. The weights are determined by the lag
structure and the speed (or rate) of obsolescence of the stock of technological knowledge.

The Norinsuisan Shiken-Kenkyu Nenpo ( Yearbook of Research and Ezperiments of Agricul-
ture, Forestry, and Fisheries) by MAFF reports researches on agriculture, forestry, and fisheries
in Japan by various national research institutions. It documents the beginning year, the ending
year, and the number of years (i.e., the research period) of each research topic. Ito (1992)
regarded this research period as the development lag of each research topic, and obtained the
number of research topics for each development lag for 1967, 1977, and 1987. He then computed
the weighted average year of research lag period with the numbers of research topics as weights
for each of these three years and obtained roughly 6 years for these three years. As for the rate
of obsolescence of the stock of technological knowledge, we assumed 10 % per year following
Goto et al. (1986).

The stock of technological knowledge was estimated by the perpetual inventory method as
follows. Suppose that R; is the stock of technological knowledge at the end of year t. Then,

the following equation can be obtained.

R¢ = Gt—G + (1 - 5R)Rt—1, (Cl)

where dp is the rate of obsolescence of the stock of technological knowledge and G is the research
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expenditure (investment) in year ¢ which is added to the stock of technological knowledge with
a 6-year lag. Assume at this point that the annual rate of change in this stock is g. Then, (C.1)

can be written as

Rt = Gt-—G + (1 - 6R)Rt_1 = (1 + g)Rt—l-

Thus, the stock at the bench mark year (in this study 1957) R, can be expressed as

Ry =Gs_5/(6r + 9). (C.2)

Note that one cannot obtain the value of g before obtaining the stock of technological
knowledge. We approximated this rate by 10 % of investment in research for the 1955-59
period when the stock of technological knowledge was still small. Using (C.1) and (C.2), we
estimated the stock of technological knowledge for the period 1957-97.

Next, Ito (1992) did not introduce any lag structure for extension activities. That is, he
added the flow amount of expenditures on extension activities to the stock of technological
knowledge each year.

However, it appears to be more realistic to assume a certain lag structure for the case of
extension activities, since it often takes several years for a new technology to be adopted and
materialized in real agricultural production. This study assumes 5 years as the maximum for
extension activities for a particular innovation. This assumption is based on personal discussions
with extension people. Using a procedure similar to that used for the stock of technological
knowledge, i.e. the benchmark year method, the capital stock of extension activities was
estimated for a 5-year lag. In this case, 10% was assumed for the rate of growth of the capital
stocks based on the growth rate of extension expenditures (investment) for the 1955-59 period
which was very close to 10%. However, since there is no reliable information for the rate of
obsolescence of the capital stock of extension activities, this study assumes simply 10% as in
the case of the stock of technological knowledge.

This study, like Ito (1992), assumes that the two different stocks of technological knowledge
based on R&E and extension activities together yield the stock of technological knowledge
which is materialized on actual farms. Thus, the two capital stocks were added together for
each year for the period 1957-97.

For a sensitivity analysis, this study assumes 5, 10, and 15 percent for the rate of obso-
lescence both for the stock of technological knowledge and for the capital stock of extension
investments; 5, 6, 7, 8, 9, 10, and 11 years for research development lag; and 3, 4, and 5 years
for extension lag. Thus, there are altogether (3 x 7) x (3 x 3) = 189 different combinations.
These 189 combinations of the R&E capital stocks were used for the sensitivity analysis based

on the estimating equation system composed of Equations (2), (3), and (4).
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As a result, the combination of 15% for the rate of obsolescence both for the stock of
technological knowledge and for the capital stock of extension investments, a 7-year lag of
research development, and a 3-year lag for extension activities gave the best results in terms of
the R2s and the asymptotic t-statistics of the coefficients as well as monotonicity and concavity

conditions. Thus, this option was used for the variable Zg in the present study 4.

14We also obtained the stock-of-technological-knowledge variables that are weighted sums of deflated past
research and extension expenditures, G;_; and H;_;, respectively, given by

m
R, = E wi—iGe_s,
i=1

and

n
E, = E wy—;Hyj,
=1

where weights are normalized to sum to one as, for example, for m = 7, wy,_; = ws_7 = 0.05, wy_g = we—e = 0.1,
Wy—3 = w5 = 0.2, and w;_4 = 0.3. For a sensitivity analysis, we assumed again 5, 6, 7, 8, 9, 10, and 11
years for research lag years and 3, 4, and 5 years for extension lag years as in the case of the benchmark year
method. Thus, we tried 6 x 3 = 18 different combinations of the stocks of technological knowledge for the
sensitivity analysis of the estimation of the system of the variable translog cost function and the factor share

and revenue share equations. However, none of them satisfied the concavity condition with respect to the stock
of technological knowledge.
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