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Impacts of Set-Aside and R&E Policies on Agricultural 
Productivity in Japan, 1965-97 

Yoshimi Kuroda* and Naziruddin Abdullah t 

This paper estimates "input-saving" and "output-augmenting" productivity (PGX and 
PGY) with respect to the stock of technological knowledge resulting from public R&E in
vestments as well as returns to scale (RTS) at farm level in Japanese agriculture for the 
period 1965-97. It also investigates the impacts of set-aside and public R&E policies on 
PGX, PGY, and RTS. In attaining objectives, a multi-product translog variable cost func
tion is estimated using farm management data for Japanese agriculture excluding the 
Hokkaido district. Empirical results show that both PGX and PGY have experienced de
creasing trends, while returns to scale have shown increasing trends since 1972. Addition
ally, the set-aside programs seemed to have the effect of discouraging larger-scale farm
ing. Meanwhile, public R&E activities have encouraged larger-scale farming but have had 
negative effects on PGX and PGY. The negative effects may have been caused mainly by 
declining effciency in the utilization of research outputs on the part of farmers probably 
because of dampened incentives due partly to the set-aside programs. 

Key words: set-aside programs, R&E investments, "input-saving" and "output
augmenting" productivities, returns to scale, multi-product translog variable cost func
tion. 

1. Introduction 

Total factor productivity (TFP) has been 
considered as a main source of growth of pro
duction in agriculture. Figure 1 shows changes 
in TFP of different farm size classes for the pe
riod 1957-97 in Japan excluding Hokkaido.0 

At least two important observations can be 
gathered from Fig. 1. First, farms in all size 
classes experienced fairly rapid increases in 
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TFP from 1957 to 1975, in particular, for the pe
riod 1971-75 during which a "larger-scale 
mechanization" became popular, but after 1975 
until recently, they faced rather stagnant TFP. 
However, we can observe some slight differ
ences among different size classes in the move
ments of TFP. Second, it seems that the larger 
the size classes, the greater the TFP index for 
the entire observation period.') 

What are the causes for this stagnation in 
the TFP growth since the mid-1970s? Kuroda 
[35] examined the impacts of public R&D and 
extension (R&E in short hereafter) invest
ments on changes in TFP based on the esti
mates of the translog cost function using the 
aggregate agricultural sectoral data for 1960-
90. He found that a major reason for the de
cline in the growth rates of TFP may have 
been the decline in the cost reduction effect of 
R&E. 

Similar to Kuroda [35], this study will inves
tigate the impacts of public R&E activities on 
agricultural productivity. Unlike Kuroda [35], 
however, the investigation will be carried out 
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for farms with different size classes based on 
farm management data. This method will 
therefore enable us to evaluate the impacts of 
public R&E activities on agricultural produc
tivity among different size classes. 

In addition, this study will examine the im
pacts of set-aside programs on agricultural 
productivity. A set-aside program for rice pro
duction was introduced for the first time, in 
the history of Japanese agriculture, in 1969 be
cause of surplus rice which manifested itself 
since 1965. Since then, the set-aside area has an 
increasing trend, though there were fluctua
tions over time as shown in Fig. 2. It is there
fore not only in economic sense meaningful 
but also academically intriguing to find out 
what effects the set-aside programs have on 
productivity of farms with different land 
scales. 

Several studies have been conducted to ex
amine the impacts of set-aside programs in 
Japanese agriculture. Hasebe [16] investigated 
the impacts of set-aside programs on land 
movements. Kusakari [36] found that the 
"given-up income" due to set-aside programs 
was greater on larger farms than on smaller 
farms. Ito [19] examined the impacts of rice 
set-aside programs on rice income and demand 
for rented land. Kondo [31, 32] investigated 
the impacts of set-aside programs on rice in
come and land rent. In fact, there are many pa
pers in this field written on foreign agriculture 
like Arnade [2], Gisser [13], Fraser [10, 11], 
Bourg eon, J a yet, and Picard [ 4], Rygnestad 
and Fraser [ 40], to name only a few. But, none 
of them attempted to examine the impacts of 
set-aside programs on agricultural productiv
ity. In this sense, this is a first ever study at
tempting to examine quantitatively the im
pacts of set-aside programs on agricultural 
productivity. 

Furthermore, this paper will estimate re
turns to scale,3J which will offer very impor
tant policy information when it comes to 
transforming the present structure of small
scale farming to larger-scale farming. In addi
tion, as in the case of agricultural productivity, 
we will estimate the impacts of set-aside and 
public R&E policies on returns to scale. Again, 
this study can be considered as pioneering in 
evaluating quantitatively the impacts of set
aside programs on returns to scale. 

In order to achieve these objectives, this 

study employs the framework of a multi
product variable (or restricted) translog cost 
function which consists of two outputs (crop 
and livestock products), three variable inputs 
(machinery, intermediate input, and other 
input), and three exogenous variables (labor 
and land as fixed inputs and the stock of tech
nological knowledge based on public R&E in
vestments). Note that this study employs ex
plicitly a stock of technological knowledge as 
a proxy for technological change instead of the 
usual time trend. Thus, the productivity to be 
estimated in this study will be the productiv
ity with respect to the stock of technological 
knowledge at the farm level. 

The rest of this paper is organized as follows. 
Section two presents the analytical frame
work. Sections three and four explain the data 
and estimation procedure, respectively. Sec
tion five presents the empirical results. Fi
nally, section six provides a brief summary 
and conclusion. 

2. Analytical Framework 

Consider the following variable cost func
tion 

C=G(Q, P,Z) (1) 

where Q is a vector of outputs, P denotes avec
tor of variable input prices, and Z is a vector of 
exogenous variables. In this model, Q is dis
aggregated into crop (Qc) and livestock prod
ucts (QA); P consists of the prices of machinery 
(PM), intermediate input (~). and other input 
(P0 ); Z consists of labor (ZL) and land (Z8 ) as 
fixed inputs and a stock of technological 
knowledge (ZR) which can be regarded as a 
productivity parameter external to all of the 
farms. Dummy variables are distinguished for 
period (Dp), farm sizes (D.), and weather con
ditions (Dw). Several comments may be neces
sary here for the specification of the variables 
in this cost function. 

First, the major reason for introducing a 
multi-product cost function is that we want to 
explicitly test whether or not Japanese agricul
tural production is characterized by weak 
separability in outputs and input nonjointness. 
If these hypotheses are rejected, employing a 
single output cost function may lead to a bi
ased result. In addition, when it comes to 
evaluating the effects of set-aside programs on 
agricultural productivity and returns to scale, 
we have to note that the set-aside programs 
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are a part of production adjustment measures 
which have encouraged farmers to switch rice 
to other crops. In this sense, it is expected that 
we can capture in a more comprehensive man· 
ner the impacts of set-aside programs on agri
cultural productivity and returns to scale than 
in the case of focusing only on rice production. 

Second, to make it not only possible but also 
convenient to estimate the impacts of changes 
in planted area on various indicators such as 
productivity and scale economies, we treat 
land as a fixed input in this paper. In this man
ner, we may evaluate the impacts of the set
aside programs, at least indirectly, on produc
tivity and scale economies. In addition, the 
price of land (or rent) during the postwar 
years was set at a certain low level by the gov
ernment and therefore did not reflect the mar
ket price until at the latest 1975. Using these 
land prices may result in biases in the esti
mated results since this covers almost one 
third of all samples in the study period, 1965-
97. Judging from this, it may be more realistic 
to treat land as a fixed input rather than a 
variable input. Instead, it may be interesting 
and informative to estimate the shadow price 
of land based on the parameter estimates of 
the variable cost function.') 

Third, it seems to be conceptually natural to 
treat labor as a variable input since farmers 
can vary their labor input during the period of 
production, i.e., one year. On the other hand, 
however, it may be more realistic and appro
priate to regard agricultural labor market as 
imperfect considering the fact that almost 97% 
of labor input is family labor. Although it is 
still possible to utilize farm wage rate of 
temporary-hired labor to evaluate family 
labor,5J such method may cause biases in the 
estimated results. Instead, by treating labor as 
a fixed input, one may estimate the shadow 
price of family labor using the estimated pa
rameters of the variable cost function, which 
may give an intriguing picture of the implicit 
price of family labor for different size classes. 
We thus treat labor as a fixed input in the pre
sent study.'l 

Fourth, machinery, intermediate input, and 
other input are defined as variable inputs. 
There would not be any objections to treat in
termediate input as a variable input. What 
about machinery? Conceptually, this is usually 
treated as a fixed input. However, mechanical 

custom jobs have been getting more and more 
popular among farms in Japan. This may indi
cate that adjustments for machinery stock 
have become much easier, suggesting that we 
may treat machinery input as a variable rather 
than fixed input. Next, other input consists of 
animals, plants, and farm buildings and struc
tures. Although this input appears to be more 
like a fixed input than machinery, this study 
simply assumed that it is a variable input.'l 

Finally, since a stock of technological 
knowledge has the characteristics of a public 
good, all farms can, through non-excludability 
of utilization, have access to all technological 
information. Therefore, we define in the cost 
function the total stock of technological 
knowledge at the national aggregate level 
rather than at the per-farm basis. Note here 
that this study employs explicitly the stock of 
technological knowledge as a proxy for tech
nological change instead of a time trend.') 

The productivity to be estimated in this 
study will therefore be the productivity with 
respect to the stock of technological knowl
edge at farm level. 

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

2 3 3 
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(2) 
where i, j are outputs (G, A); k, n denote vari
able inputs for machinery (M), intermediate 
input(!), and other input (0); l, hare for labor 
(L), land (B), and the stock of technological 
knowledge (R); s denotes farm size dummies 
(2, 3, and 4 for 0.5-1.0, 1.0-1.5, and 2.0 hectares 
and over, respectively); p and w denote period 
and weather dummies, respectively, and In in
dicates the natural logarithm. Applying 
Shephard's [41] lemma to the translog cost 
function (2), we obtain factor demand func
tions. Assuming that farm firms take factor 
prices as given, the following cost share equa
tions are derived: 
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Sk=ac Pk=aln c 
apk C a In Pk 

3 2 3 

={3k + L: o"" In Pn + L: cpik In Q;+ L: vklln Z1 
n-1 i-1 1-1 

i=j=G, A 
k=n=M, L 0 

l=L, B, R. 

(3) 

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 (Qc and QA) 
(Fuss and Waverman [12, pp. 288-289]). 

R-=acQ;=ainC 
' aQ; C a In Q; 

3 2 3 

=a;+ k~1 «P;k In Pk +i~/ii In Qi+1r;.p-illn Z1 (4) 

i=j=G, A 
k=n=M, I, 0 

l=L, B, R. 
Note here, however, that the prices of both 
crop and livestock products have been sup
ported by the government in one way or an
other, so that the prices of these products (Pc 
and PA) are not the equilibrium prices in com
petitive 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 equat
ing the marginal revenue of each product, i.e., 
the effective price, to its marginal cost. 

Introducing the revenue share (R;) equa
tions into the estimation of the system of equa
tions will in general lead to a more efficient es
timation of the coefficients of, in particular, 
the output-associated variables due to the ad
ditional information provided by the revenue 
shares.'l 

Any sensible cost function must be homoge
neous of degree one in input prices. In the 
translog cost function (2) this requires that 
L:~-1{3k=1, L:!-1okn=O, L:!-1«Pik=O, and L:~-1llkl 
=0 (i=G, A; k=n=M, L 0; l=L, B, R). The 
translog cost function (2) has a general form 
in the sense that the restrictions of input
output separability and neutrality with re
spect to ZR are not imposed a priori. Instead, 
these restrictions will be statistically tested 
via the estimation process of this function. 

1) Technological progress due to R&E 
Based on the estimated results of the 

variable translog cost function, we can com
pute the magnitude of technological progress 
due to an increase in the stock of technological 
knowledge, ZR, and the degree of economies of 
scale. Modifying slightly the procedure devel
oped by Caves, Christensen, and Swanson 
(CCS) [6]/0J we will compute two indicators of 
technological progress in terms of elasticities. 
They are (1) the elasticity of "input-saving" 
technological progress with respect to ZR with 
outputs held fixed (PGX); and (2) the elastic
ity of "output-augmenting" technological 
progress with respect to ZR 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 PGX is given by 

PGX a In C/ a In ZR - EcZR (5) 
1-alnC/alnZ8 1-EczB 

Second, the PG Y is given by 

PGY= a InC/a In ZR EczR 
L:~- 1a ln C/ a ln Q; L:i-1ecQ, 

=RTS·PGX (6) 
where 
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3 2 3 

(7) 
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EcQ,= a In Q; 

3 2 3 

(8) 

=a1+ k~1 «P1k In Pk+iy;.17ii In Qi+ 1y;.1p.illn Z1 

and 

1-a InC/a In Z8 
RTS 

L:i-1a InC/a In Q1 

(9) 

As defined earlier, i=j=G, A, k=n=M, L 0, 
and h=l=L, B, R, in equations (5) through 
(10). 

2) Impacts on PGX, PGY, and RTS 
Needless to say, one can compute the im

pacts of all the exogenous variables (Q, P, Z) 
on PGX, PGY, and RTS. However, in order to 
evaluate the effects of the set-aside programs 
and public R&E programs on productivity and 
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scale economies, this paper will concentrate on 
evaluating the impacts of land (Z8 ) and the 
stock of technological knowledge (ZR) on 
PGX, PGY, andRTS. Furthermore, the impacts 
are expressed in terms of elasticities in order 
to easily capture the relative importance of the 
effects. 

First, using the parameters of the translog 
cost function, the impacts of Z8 and ZR on PGX 
are given by the following equations: 

ainPGX aPGX~_-[eBR -~] 
a in ZB azB PGX- EczR 1-EczB 

(11) 

a in PGX aPGX ~-_[eRR-~] 
a in ZR azR PGX- EczR 1-EczB 

(12) 
Second, the impacts of Z8 and ZR on PGY are 

given by the following equations: 

ainPGY aPGY ~--[eBR +f.lcB+IlAB] 
a in ZB azB PGY EczR EcQG +EcQA 

(13) 

aPGY ~--[eRR +f.lcR+IlAR] 
azR PGY- EczR EcQG +EcQA 

a in PGY 

(14) 
Finally, the impacts of Z8 and ZR on RTS are 

given by the following equations: 

ainRTS aRTS~=-[~+f.lcB+IlAB] 
a in ZB azB RTS 1-EczB EcQG +EcQA 

(15) 

ainRTS aRTS ZR =-[~+f.lcR+IlAR] 
a in ZR azR RTS 1-EczB EcQG +EcQA 

(16) 
3) Tests for the structure of production 
This section deals with the important con

cepts for representing the structure of produc
tion, namely, no technological change due to a 
change in R&E investments, weak separability 
of outputs, input nonjointness, and constant 
returns to scale. 

(1) No technological change 
Since the major objective of the present 

study is to investigate the magnitude of tech
nological change due to an increase in the 
stock of technological knowledge and the im
pacts of the set-aside and R&E programs, it is 
most critical to test the null hypothesis 
whether or not public R&E investments bring 

about technological change in agricultural 
production. For this purpose, we set the follow
ing null hypothesis of no technological change 
due to a change in the stock of technological 
knowledge ZR, using the parameters of the 
translog cost function given in (2). 

Ho: /3R=elR=f.1;R=vkR=O (17) 
i=G, A, k=M, L 0, l=L, B, R 

(2) Weak separability of outputs 
According to Hall [15], a technology is 

weakly separable in outputs if and only if the 
cost function can be written as 

C(Q, P, Z) =G(h(Q), P, Z) 
For our study, the separable variable cost 
function is approximated by a Taylor series 
expansion of 

lnC(Q, P, Z)=inG(h(inQ), inP, inZ) 
around the point Q;=1, Pk=1 for all i=G, A, 
k=M, L 0. Then the approximate cost function 
can be shown to have the following relation
ship 

a2 In C a in C a2 In C a in C 
~~~~~·----- ·-----
a In Pka in QG a in QA a in pka in QA a in QG 

for k=M, L 0. 
In our translog form, in particular, weak 

separability requires that the parameters of 
the translog approximation satisfy the condi
tion 

r/JckaA =rpAkac (18) 
simultaneously for k=M, L 0. 

(3) 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)=L:.G;(Q;, P, Z) 
i 

that is, the joint cost function can be repre
sented as the sum of independent cost function 
for each output. Then the approximate 
translog cost function becomes 

InC( Q, P, Z) =In "E.G; (in Q;, In P, in Z) 
i 

Since the input nonjointness requires that 
the marginal cost of one output be indepen
dent of the level of the other output, the hy
pothesis of nonjointness may be examined by 
testing whether the following relation 

(19) 
holds or not. 

(4) Constant returns to scale 
Constant returns to scale (CRTS) can be 

tested in the variable cost function framework. 
The test of the CRTS hypothesis can be exe-



Impacts of Set-Aside and R&E Policies on Agricultural Productivity in Japan, 1965-97 17 

cuted by testing RTS=1 in eqyation (10). This 
implies testing the following joint null hy
pothesis using parameters of the translog vari
able cost function (2). 

ae+aA +{3L +{3B= 1 
Tee+TeA +fleL +fleB=O 
TeA +rAA +11AL +11AB=O 

if>eM+if>AM+JJML +JJMB=O 
if>er+ if> Ar+ lJrL + JJJB=O 

f1eR+f1AR+8LR+8BR=0 (20) 

3. 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 (Re and 
RA) and quantities of crop and livestock pro
duction (Qe and QA), the prices and quantities 
of the three variable factors of production, ma
chinery (PM and XM), intermediate input (Pr 
and Xr). and other input (P0 and X 0 ), the quan
tities of labor (ZL) and land (ZB) as fixed in
puts, and the stock of technological knowledge 
as an exogenous input (Z8 ). In addition, 
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 quanti
ties of outputs (Qe and QA) on the right hand 
side of the variable cost function (1) are in 
general endogenously determined, a simulta
neous procedure should be employed for the 
estimation of the system of equations. This 
system of equations consists of the variable 
trans log 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 the sense that it has as 
many (six) equations as endogenous variables 
(six). Therefore, the full information likeli
hood (FIML) method is chosen. In this process, 
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 sys
tem. In this study the other input share equa
tion 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. 

4. Empirical Results 

The estimated parameters of the system and 
the associated asymptotic t-values are re
ported in Table 1.") Goodness-of-fit statistics 
are given in Table 2 which indicate a fairly 
good fit for the model. 

First, production structure is tested using 
the W aid test procedure in order to examine 
whether our model specification is valid or not. 
The test statistics for hypotheses on the pro
duction structure are given in Table 3. First of 
all, the test for no technological change due to 
a change in the stock of technological knowl
edge Z8 is strongly rejected both at the 1% and 
at the 5% levels of statistical significance. This 
implies that farm-firms' decisions in produc
tion are influenced by changes in public R&E 
activities. 

Second, the test for weak separability of out
puts is rejected both at the 1% and at the 5% 
levels of statistical significance. This result im
plies that there does not exist a consistent ag
gregation of crop products and livestock prod
ucts 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, imply
ing that a separate production function does 
not exist for each output. 

Finally, the null hypothesis of constant re
turns to scale is rejected both at the 1% and at 
the 5% significance levels. This implies that 
there exist increasing returns to scale judging 
from the estimated magnitude of returns to 
scale at the means of the variables, 1.188. 

In addition, based on the parameter esti
mates in Table 1, the monotonicity and con
cavity and convexity conditions with respect 
to variable input prices and fixed input quanti
ties, respectively, are checked at each observa
tion. Since all the estimated cost shares for 
both outputs and inputs are positive, the pro
duction technology satisfies the monotonicity 
condition. The concavity and convexity condi
tions with respect to factor prices and fixed 
input quantities, respectively, are satisfied at 
each observation.12l Thus, we may say that the 
estimated cost function represents a second 
order approximation to the trne data generat
ing cost function which satisfies the curvature 
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conditions. The estimated parameters given in 
Table 1 are utilized for further analysis. 

1) PGX and PGY with respect to R&E stock 
and returns to scale 

Using equations (5) and (6), PGX and PGY 
were estimated for all observations of the four 
size classes for the entire study period 1965-97. 
As explained earlier, PGX gives the elasticity 
of input-saving technological progress with re
spect to ZR with outputs held fixed and PGY 
the elasticity of output-augmenting techno
logical progress with respect to ZR with inputs 
held fixed. They are shown in Figs. 3 and 4, re
spectively. 

First, both PGX and PGY show clear differ
ences of magnitude in technological progress 
resulted from public R&E investments among 
the four size classes. That is, the larger the size 
of the farm, the greater the speed of the tech
nological progress. Furthermore, the differ
ences of the speed of technological progress in
creased among the different size classes as 
time went on, in particular, since 1972.13) The 
speeds themselves however decreased in all 
the four size classes. 

Second, the movements of PGX and PC Yare 
very similar in all four size classes, although 
the magnitudes of elasticities of PGX were 
consistently smaller than those of PGY by 
around 0.05. Both PGX and PGY increased 
from 1965 to 1968, then decreased slightly until 
1971. However, they again increased slightly in 
1972, but since then consistently decreased 
until1997. While the movements are very simi
lar among the smaller size classes 1, 2, and 3, 
the largest size class 4 showed movement a lit
tle different from that of the other three size 
classes, in particular, after 1981. In this class 
both PGX and PGY were almost constant for 
the 1982-94 period with 1993 being the excep
tion where they registered around 0.22 and 
0.25, respectively. Although both PGX and 
PGY dropped a little in 1995, they seem to have 
shown an increasing trend since then. 

The decreases in the magnitudes of the tech
nological progress due to the stock of techno
logical knowledge may have been a major 
cause for the stagnant or slower increases in 
TFP since 1975 as observed in Fig. 1. In other 
words, farmers in all size classes may be said 
to have become less responsive to technologi
cal opportunities resulting from public R&E 
activities. 

Next, as shown earlier, PGY=RTS- PGX. 
That is, the magnitude of PGY is different 
from that of PGX by the degree of returns to 
scale. The movements of returns to scale of the 
four different size classes over the 1965-97 pe
riod which were estimated using equation (10) 
are presented in Fig. 5. 

As shown in the figure, the returns to scale 
ranged from around 1.14 (for size class 4) to 
1.26 (for size class 1) for the study period. This 
implies that a 10% increase in aggregate out
put will reduce the variable cost by 1.4 to 2.6% 
at the margin. Furthermore, we may observe 
two distinct features about the movements of 
the magnitude of scale economies. 

First, scale economies decreased from 1965 
to 1972 and then had increasing trends until 
1993 in the smaller three size classes. But, after 
1993, although the smaller three classes 
showed some different movements, they all ex
perienced decreases in scale economies in 1997. 
On the other hand, the largest size class 
showed a little different movement in the scale 
economies. Scale economies in this class de
creased from 1965 to 1975, then increased until 
1981, slightly decreased in 1982, became stag
nant from 1982 to 1993, and started decreasing 
after that. 

The decreases in scale economies from 1965 
to the early 1970s in all the size classes may 
imply that scale economies caused by smaller
scale mechanization during the 1950s and 
1960s decreased as farms in all the size classes 
extensively utilized the production technology 
based on this type of mechanization. In con
trast, the increase in scale economies since the 
early 1970s must have been strongly related to 
the stronger indivisibility of machinery inputs 
caused by the rapid expansion of larger-scale 
mechanization such as rice transplanters, har
vesters, and so on. 

Second, it is very clear from Fig. 5 that the 
smaller the farm size, the greater the degrees 
of scale economies especially after the early 
1970s. This finding supports similar findings 
by Kako [30] and Chino [8]. This may imply 
that larger size farms took an initiative in in
troducing larger-scale machinery and exploit
ing the improved technology based on larger
scale machinery much faster than smaller
scale farms. This finding further implies that 
while smaller-scale farms are operating at a 
point along the average cost curve which is 
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closer to the vertical axis (less output), larger
scale farms are operating at a point along the 
same average cost curve which is farther from 
the vertical axis (more output). 

2) Impacts of changes in planted area on 
PGX, PGY, and RTS 

Next, in order to investigate the impacts of 
set-aside programs, the effects of changes in 
planted area on PGX, PGY, and RTS were esti
mated using equations (11), (13), and (15), re
spectively. The estimates expressed in terms 
of elasticity are exhibited in Figs. 6, 7, and 8, re
spectively. Several features are summarized in 
the following paragraphs. 

First, the impacts of changes in planted area 
both on PGX and on PGY were negative in all 
the four size classes for the entire 1965-97 pe
riod. Furthermore, the negative effects consis
tently became stronger over time in all the 
four size classes; the elasticity ranged from 
-0.18 to -0.36 for PGX and -0.16 to -0.32 for 
PGY In addition, as can be clearly observed 
from the figure, the smaller the farm size, the 
stronger the negative effects. 

These findings imply that an increase in 
planted area reduces the productivity due to 
the stock of technological knowledge. Con
versely, this may imply that decreases in 
planted area due to the set-aside programs had 
an effect of raising the productivity caused by 
public R&E investments and such effects in
creased in all the four size classes over time.14l 

This may in turn be interpreted as follows. In 
order to meet the requirements of the set-aside 
programs, farmers may have utilized more in
tensively higher yielding varieties and/or bet
ter quality lands by giving up lower quality 
lands. As such, smaller size farms have shown 
stronger responses in this process.") 

Second, it is found in Fig. 8 that changes in 
planted area had a positive effect on returns to 
scale in all the size classes: the elasticity 
ranged from 0.026 to 0.054. The impacts had in
creasing trends in all the size classes until1974. 
Since then, however, different size classes 
showed different movements in the impacts 
over time. Size classes 1 and 2 roughly had de
creasing trends for the whole 1974-1997 period 
though there were fluctuations. Size class 3 
showed a very similar trend to these two 
smaller size classes until 1993. But it experi
enced a sharp increase and then decrease for 
the 1994-96 period. The largest size class had 

different movements from the smaller three 
size classes especially after 1981. The impacts 
increased in 1982, became stagnant until 1988, 
and started increasing again though with 
some drops in 1991 and 1993. 

The finding that increases in planted area 
have positive impacts on returns to scale con
versely implies that decreases in planted area 
will reduce the degree of returns to scale. This 
in turn may imply that the set-aside programs 
introduced since 1969 had negative effects on 
economies of scale in all the size classes. In the 
largest size class, in particular, the negative ef
fect was the strongest. This finding corre
sponds fairly well to the movements of returns 
to scale of size class 4 in Fig. 5. We may con
clude here that the land set-aside programs 
have had negative effects on larger-scale farm
ing since such programs had the effect of re
ducing the degree of economies of scale, in par
ticular, of larger scale farms. 

3) Impacts of changes in the stock of tech
nological knowledge on PGX, PGY, and 
RTS 

The impacts of changes in ZR on PGX, PGY, 
and RTS were estimated in terms of elasticity 
using equations (12), (14), and (16), respec
tively. To allow for convenient evaluation, the 
order of the graphical presentations of equa
tions (12), (14), and (16) have been reversed. 
Thus, the impacts of changes in ZR on RTS, 
PGX, and PGY are reported in Figs. 9, 10, and 
11, respectively. Several findings are evaluated 
in the following paragraphs. 

According to Fig. 9, increases in the stock of 
technological knowledge had a positive effect 
on returns to scale in all the size classes for the 
entire 1965-97 period: the elasticity ranged 
from 0.079 to 0.132. The smallest size class had 
the largest impact almost for the entire period 
except for the last three years; the elasticity in
creased sharply from 1965 to 1974 but since 
1975 the rate of increase dropped substantially. 
The other three classes increased the 
elasticities sharply from 1965 to around 1977 
and then the rates of increase became much 
smaller for the 1978-97 period. These move
ments appear to be consistent with changes in 
the patterns of mechanization in postwar Japa
nese agriculture; from small-scale mechaniza
tion for the period the late-1950s through the 
early-1970s to larger-scale mechanization since 
the early-1970s. This in turn may indicate that 
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public R&E activities have had effects of en
couraging larger-scale farming by changing 
the attitude toward farm mechanization from 
smaller- to larger-scale mechanization during 
the last four decades. 

Next, it is obvious in Figs. 10 and 11 that the 
effects of changes in R2 on agricultural produc
tivity growth, PGX and PGY, were negative 
over the entire 1965-97 period; the elasticity of 
PGX with respect to ZR ranged from -0.24 to 
-0.65 while the elasticity of PGY with respect 
to ZR ranged from - 0.17 to - 0.53. Further
more, it can be observed in Figs. 10 and 11 that, 
in absolute terms, the smaller the size classes, 
the greater the elasticities. 

These findings may imply that an additional 
increase in the stock of technological knowl
edge will have a fairly strong negative effect 
on the growth of agricultural productivity re
sulting from increases in the stock of techno
logical knowledge, and that the negative ef
fects have become stronger over time in all the 
four size classes. In particular, the smallest size 
class has experienced the strongest negative 
effect for the entire 1965-97 period. 

What then was the mechanism behind the 
negative effects of the stock of technological 
knowledge on PGX and PGY? To answer this 
question, it may be convenient to go back to 
equations (12) and (14). To begin with, the 
first term of equation (12) can be termed the 
"technological progress effect" and the second 
term the "fixed input effect" of ZR on PGX. 16J 
We found that the technological progress ef
fect was negative and the fixed input effect 
was positive for all the size classes.17l This find
ing indicates that the negative technological 
progress effect surpassed the positive fixed 
input effect so that the total effect of ZR on 
PGX became negative in all four size classes. 

Next, the first term of equation (14) can be 
said to represent the "technological progress 
effect" and the second term the "scale effect" of 
ZR on PGY.'"J We found that both effects were 
negative for all four size classes."l In short, we 
may say that the negative technological 
progress effects played an important role in 
causing the negative effects of the stock of 
technological knowledge on PGX and PGY. 

The "technological progress effect" can fur
ther be decomposed into three effects. Rewrite 
the negative of the cost-R&E elasticity given 
in equation (7) as -EczR =-a ln C/ a ln ZR = 

( -aC/aZR)(ZR/C) = ( -aC/a¢)(a¢/ azR) (ZR/ 
C). The last expression has been derived based 
on the cost function (1). That is, the cost re
ducing effect of the stock of technological 
knowledge can be decomposed into (a) the 
shadow value or the efficiency of utilization of 
research "outputs" in agricultural production 
( -aC/a¢), (b) the shadow value or the effi
ciency of the stock of technological knowledge 
in the "research production function" ( TK = ¢ 
(ZR)),'fll and (c) the ratio of the stock of tech
nological knowledge to the variable cost of ag
ricultural production (ZR I C). Let us then 
evaluate these factors one at a time. 

Although the ZR/C ratio decreased consis
tently over the whole 1965-97 period as shown 
in Fig. 12, the ratio itself was positive. 

Next, what about the efficiency of research 
output production (a¢/aZR)? According to An
derson [1], the research production function 
can be written as TK1 = ¢ (ZR1 ) where ZRt = 

L:.J~oW1-;E1 -;, TK1 is the stock of technological 
knowledge in period t, E1 is R&E investments 
in period t, and w is the weight. As is clear in 
the latter equation, an increase in current and 
past investments in public R&E activities will 
increase research achievements TK. Figures 13 
and 14 present the annual expenditures on and 
the accumulated capital stock of R&E invest
ments, respectively. They are deflated by the 
research expenditure deflater and expressed in 
1985 prices. According to Fig. 14, the stock of 
R&E increased fairly sharply from the early-
1970s through the late-1980s, and then the rate 
of increase started declining. These move
ments reflect the rather sharp increase in re
search expenditures in the 1960s and the stag
nation in both research and extension expendi
tures since the early 1970s up to the late-1980s. 
It may be inferred from this observation that 
the efficiency of research output production 
was high during the early-1970s through the 
late-1980s and then started declining. It is very 
likely that this efficiency would be very small 
and would reach zero or even negative levels 
in the late-1990s and early-2000s if the trend in 
investments on R&E activities continues to 
stagnate. At any rate, however, the efficiency 
of research output production can be consid
ered to have been positive for the whole 1965-
97 period."J 

These observations indicate that the de
crease in the efficiency of utilization of 
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research outputs ( -aC/8€/1) more than offset 
the positive effects due to the positive ZR/ C 
ratio and the positive efficiency of research 
production function (8ifJ/8ZR) during the 1965-
97 period. 

It is very likely that the decline in the effi
ciency of utilization of research outputs may 
have been caused by dampened incentives for 
farmers to utilize newly developed technolo
gies due to the set-aside programs for rice pro
duction since 1969.22' 

4) Impacts of changes in the other exoge
nous variables on PGX, PGY, and RTS 

Let us here briefly evaluate the impacts of 
the other exogenous variables (QG, QA, PM,~. 
P0 , and ZL) on PGX, PGY, and RTS. This may 
enable us to interpret the trends of PGX. PGY, 
and RTS over time as observed in Figs. 3, 4, 
and 5, respectively. To do this, we will evaluate 
the estimated elasticities of PGX, PGY, and 
RTS with respect to the other exogenous vari
ables in accordance with the actual move
ments of these variables. In reality, for the en
tire 1965-97 period, both crop and livestock 
products (QG and QA) increased, the prices of 
machinery and intermediate inputs relative to 
the aggregate output price (PM and ~) de
creased steadily, the price of other input rela
tive to the aggregate output price (P0 ) in
creased slightly, and the quantity of labor 
input (ZL) decreased consistently. Tables or 
figures of the estimated elasticities are not 
shown here to save space.28' 

First, let us take a look at the effects of the 
other exogenous variables on PGX and PG Y. 
Increases both in crop and livestock outputs 
( QG and QA) had positive impacts on both PGX 
and PGY in all four size classes for the entire 
1965-97 period: on the average, the elasticities 
were 0.374 and 0.046 for PGX and 0.279 and 
0.008 for PGY, respectively. By the same token, 
decreases in the prices of machinery and inter
mediate input (PM, ~). and increase in other 
input (P0 ) relative to the aggregate output 
price had respectively negative, positive, and 
positive effects on PGX and PGY in all the size 
classes for the same period: on the average, the 
elasticities were -0.04, 0.127, and 0.087 for PGX 
and -0.059, 0.150, and 0.092 for PGY, respec
tively. A decrease in the quantity of labor 
input (ZL) had negative effect on PGX and 
PGY in all the size classes for the same period: 
on the average, the elasticities were -0.135 for 

PGX and -0.254 for PGY, respectively. 
Based on these results together with the 

above results with respect to Z8 and ZR, we 
may interpret the decreasing trends of PGX 
and PGY as observed in Figs. 3 and 4 as fol
lows. The negative effects on PGX and PG Y 
caused by (1) decreases in the relative price of 
machinery (PM), (2) decreases in the quantity 
of labor input (ZL), and (3) increases in the 
stock of technological knowledge (ZR) over
shadowed the positive effects due to (1) in
creases in the quantities of both crop and live
stock outputs (QG and QA), (2) decreases in the 
relative price of intermediate input (~). (3) in
creases in the relative price of other input (P0 ), 

and (4) decreases in planted area (Z8 ). This 
was true in all four size classes, in particular, 
during the 1972-97 period. Of course, we are 
aware of the fact that the relative magnitudes 
of the effects were different among the differ
ent size classes, and as a result the movements 
of PGX and PGY were different among the dif
ferent size classes as seen in Figs. 3 and 4. 

Next, increases in both crop and livestock 
production (QG and QA), decreases in the rela
tive prices of machinery (PM), and decreases in 
the quantity of labor input (ZL) had negative 
effects on RTS in all four size classes for the 
1965-97 period: on the average, the elasticities 
were respectively -0.095, -0.054, -0.019, and 
- 0.120. On the other hand, decreases in the 
relative price of intermediate input(~) and in
creases in the relative price of other input (P0 ) 

had positive effects on returns to scale in all 
four size classes for the same period: on the av
erage, the elasticities were 0.022 and 0.005, re
spectively. 

Now, let us put all the effects together with 
the effects with respect to changes in Z 8 and 
ZR in order to interpret the trends of RTS as 
observed in Fig. 5. The negative effects on RTS 
due to (1) increases in crop and livestock out
puts (QG and QA), (2) decreases in the relative 
price of machinery (PM), and (3) decreases in 
planted area (Z8 ) overshadowed the positive 
effects due to (1) decreases in the relative 
price of intermediate input (~). (2) increases 
in the relative price of other input (P0 ), and 
(3) increases in the stock of technological 
knowledge (ZR) from 1965 to the early 1970s. 
Then, the positive effects surpassed the nega
tive effects roughly until1993, and, again, the 
negative effects seem to have become stronger 
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than the positive effects since then. Again, we 
have to note here that the relative magnitudes 
of the effects were different among the differ
ent size classes, and as a result the movements 
of the degrees of scale economies were differ
ent among the different size classes as seen in 
Fig. 5. 

5. Summary and Concluding Remarks 

This study has estimated the "input-saving" 
and "output-augmenting" technological prog
ress (PGX and PGY) with respect to the stock 
of technological knowledge resulted from pub
lic R&E investments as well as economies of 
scale (RTS) for the period 1965-97 based on 
the parameter estimates of the multiple-output 
variable cost function. It then investigated 
quantitatively the impacts of the set-aside pro
grams and R&E activities on these indicators. 
These estimations were carried out for four 
different size classes of Japanese agriculture 
except for the Hokkaido district. 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, although there were fluctuations in 
the movements of PGX and PGY until 1972, 
they consistently decreased after that until 
1997. It was found that, in spite of the decreas
ing trends, the larger the size class, the greater 
the magnitudes of PGX and PGY. The decrease 
in the magnitudes of PGX and PGY with re
spect to the stock of technological knowledge 
may have been a major cause for the stagnant 
or slower increases in TFP since 1975 observed 
in Fig. 1. In other words, farmers in all the size 
classes may have become less responsive to 
technological opportunities resulting from 
public R&E activities. 

Third, scale economies were found in all the 
size classes for the whole 1965-97 period. How
ever, the magnitude of scale economies de
creased from 1965 to around 1972, and since 
then increased in all the size classes but with a 
little different pattern in the largest class. The 
increase in scale economies since 1972 must 
have been related to the stronger indivisibility 
due to larger-scale mechanization occurring 
since the early 1970s. 

Fourth, changes in planted area had nega
tive impacts on PGX and PC Y in all the size 
classes, indicating that the set-aside programs 
introduced since 1969 had positive effects on 
productivity resulting from public R&E activi
ties. This may in turn imply that, in order to 
meet the requirements of the set-aside pro
grams, farmers may have utilized more inten
sively higher yielding varieties and/or higher 
quality land by giving up lower quality land. 
Furthermore, changes in planted area had a 
positive effect on returns to scale in all the size 
classes. In particular, this effect was the great
est on the largest size class. This may indicate 
that the set-aside programs had negative ef
fects on scale economies, implying that the set
aside programs have had an effect of discour
aging larger-scale farming, especially on 
larger-scale farms, during the last three de
cades. 

Fifth, increases in the stock of technological 
knowledge had a positive impact on scale 
economies in all four size classes for the entire 
study period 1965-97, indicating that public 
R&E activities have encouraged larger-scale 
farming based on larger-scale mechanization. 
In addition, it was found that increases in the 
stock of technological knowledge had a fairly 
strong negative effect on the growth of agri
cultural productivity and the negative effect 
became stronger over time. The major reason 
for this negative effect may have been rapid 
decreases in the efficiency of utilization of re
search outputs on the side of farmers. It is very 
likely that the decreases in the efficiency of 
utilization of research outputs may have been 
caused by dampened incentives for farmers to 
utilize newly developed technologies due to 
the set-aside programs for rice production 
since 1969. Another reason for this is that sub
stitutions of domestic farm products for im
ported farm products, either crop products or 
livestock products, may have limited the 
chances of realization of newly developed 
technologies. 

We may conclude from these findings that, 
in order to drastically change the existing 
structure of small-scale farming to that of 
much larger-scale farming, the set-aside pro
grams have to be remodeled so as to give 
stronger incentives to larger-scale farms. Such 
changes in the set-aside programs would in 
turn increase the efficiency of utilization of 



Impacts of Set-Aside and R&E Policies on Agricultural Productivity in Japan, 1965-97 23 

research outputs on those farms. In addition, in 
order to increase research outputs through the 
public research production function, the gov
ernment has to increase R&E investment. 

One important caveat of this study is that re
search activities executed by agricultural col
leges and private agricultural supply firms of 
seeds and infant trees, machinery, agri
chemicals, and fertilizers are not included. Our 

. results therefore may have over-estimated the 
effects of public R&E investment. This caveat 
should therefore be taken into consideration in 
the future research in order to shed more light 
on the effects of R&E activities in public ex
periment and extension institutions. 

Appendix A: Tables for Empirical Results 

Table 1. Parameter estimates of the multiple-output translog cost function 
for the Japanese agricultural sector, 1965-97 

Parameter Coefficient t-statistic Parameter Coefficient t-statistic 

ao 0.036 0.3 (}LB 0.071 0.1 
ao 1.730 63.5 (}LR -0.399 -0.7 

a A 0.442 42.0 (}BR 0.029 1.6 
{JM 0.343 53.9 (}RR 0.117 1.8 

13[ 0.467 70.5 tPGM 0.227 2.5 
f3o 0.190 107.2 tPGl -0.239 -3.0 

{JL -1.272 -6.1 tPGo 0.011 0.3 
{JB -0.308 -1.4 tPAM -0.090 -5.6 
{JR -0.528 -4.7 rp Al 0.067 4.4 
Up -0.059 -1.7 tPAo 0.022 3.0 
a2 -0.022 -0.3 f.lGL 0.522 1.4 
a a -0.030 1.3 f.lGB 0.395 2.6 
a, -0.037 -0.2 f.lGR -0.010 -0.8 
aw 0.029 2.2 f.lAL 0.567 5.3 

TGG 0.063 0.2 f.lAB -0.019 -3.5 

TGA -0.628 -10.9 f.lAR 0.088 1.9 

TAA 0.284 12.0 IJML -0.237 -1.9 

OMM 0.018 0.2 liMB 0.026 0.5 
0[[ 0.158 2.9 IJMR -0.064 -1.0 

Ooo 0.037 1.2 !IlL 0.297 2.6 
OM[ -0.069 -1.1 !JIB -0.033 -0.7 

OMo 0.051 1.2 lllR 0.121 2.0 
010 -0.089 -3.6 VoL -0.056 -2.8 
(}LL -1.673 -1.3 lloB 0.008 0.3 
(JBB -0.609 -3.1 JJoR -0.056 -2.8 

Note: The symmetry and homogeneity of degree-one-in·input-price restrictions are impased in 
the estimation. 

Table 2. Goodness-of-fit measures 

Estimating equations R-squared S.E.R. 

Cost function 0.950 0.111 
Machinery share equation 0.644 0.032 
Intermediate inputs share equation 0.696 0.034 
Crop revenue share equation 0.803 0.132 
Livestock revenue share equation 0.824 0.052 

Note: S.E.R. denotes standard error of regression. 



24 

Table 3. Tests of the production structure 

Hypothesis 

No technological change 
Weak separability 
Input nonjointness 
Constant returns to scale 

Appendix B: Figures 

Wald test statistic 

59.1 
46.3 
22.1 
38.6 

Degrees of freedom 

8 
2 
1 
6 

Critical value 

0.05 0.01 

15.51 20.09 
5.99 9.21 
3.84 6.63 

12.59 16.81 

First of all, the procedure of estimating the 
TFP indexes for the four size classes in Fig. 1 
is explained in Appendix C. In addition, the es
timating procedure for the elasticities in Figs. 

3 to 11 are explained in texts. Finally, the data 
sources for Figs. 2 and 13 are given in the re
spective figures. The data sources for Figs. 12 
and 14 are the same as for Fig. 12 and the esti
mation procedures are presented in Appendix 
C. 
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Nenpo (Yearbook of Experiment and Reseearch on Agriculture. Forestry, and Fisheries) and 
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Appendix C: Variable Definitions 

The major sources of data used to process 
these variables are the Nokn Keizai Chosa 
Hokoku (Survey Report on Farm Household 
Economy) (FHE) and the Nason Bukka Chingin 
Chosa Hokoku (Survey Report on Prices and 
Wages in Rural Villages) (PWRV) published 
annually by the Ministry of Agriculture, For
estry, and Fisheries (MAFF). 

In each year of the 1965-97 period, one aver
age 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) or over, from all Japan excluding 
Hokkaido district because of the different size 
classification. Thus, the sample size is 33 X 4= 
132. Unfortunately, we could not directly ob
tain the data for the average farm in the small
est size class, 0.5 ha or less, because of changes 
in the size classification during the sample pe
riod. It should be noted that exclusion of farms 
in this size class may cause some bias in the es
timated parameters since the share of the num
ber of farms of this size class in the total num
ber of farms has been fairly high. 

The Tornqvist indexes of the quantity and 
price indexes of crop products (Qc and Pc) 
were computed by the Caves-Christensen
Diewert's (CCD) [6] multilateral index 
method. The CCD method is most relevant for 
the estimation of the Tornqvist 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 CQc and QA), ten categories of crop 
products were distinguished with price in
dexes 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 (PA) taken from 
PWRV. It is noted here that the base year for 
the price indexes is 1985. 

The quantity and price indexes of machin
ery (XM and PM), intermediate input (X1 and 
P;), and other input (X0 and P0 ) were also con
structed by the CCD method. The cost of ma
chinery (PMXM) was defined as the sum of the 
expenditures on machinery, energy, and rent
als; the cost of intermediate input (P;X1) is the 
sum of the expenditures on fertilizer, feed, 

agrichemicals, materials, clothes, and others; 
and the cost of other input (P0 X 0 ) is the sum 
of 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 catego
ries of factor inputs, i.e., C= :E;= 1PrX;(i=M. L 
0). The cost share (S;) was obtained by divid
ing the expenditure on each category of factor 
inputs (P;X;) by the variable cost (C). 

The period dummy (DP) is defined as 1 for 
1965-74, i.e., before the "oil crisis", and 0 for 
1975-97, i.e., after the "oil crisis". The size dum
mies (Ds) are for size II (1.0-1.5), III(1.5-2.0), 
and IV(2.0 ha or over). Weather dummy (Dw) 
is defined as 1 for bad harvest years and 0 for 
normal harvest years. The data was obtained 
from MAFF Sakumotsu Tokei (Crop Statis
tics). 

The quantity of labor (ZL) was the total 
number of male-equivalent labor hours of op
erator, family, hired, and exchange 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. 
Finally, the quantity of labor was divided by 
the 1985 value and expressed in index terms. 

The quantities of land (Z8 ) and the stock of 
technological knowledge (ZR) were obtained 
as follows. 

The quantity of land (Z8 ) was defined as the 
total area of planted land. This was divided by 
the 1985 value to express it in index terms. 

The stock of technological knowledge (ZR) 
was estimated 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 Re
search and Experiment on Agriculture, Forestry, 
and Fisheries) (A YRE) published annually by 
the MAFF. The estimation procedures are ba
sically the same as in Ito [18]. 

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 obso
lescence of the stock of technological knowl
edge. 

The Norinsuisan Shiken-Kenkyu Nenpo 
(Yearbook of Research and Experiments of 
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Agriculture, Forestry, and Fisheries) (YRE) by 
MAFF reports research on agriculture, for
estry, and fisheries in Japan by various na
tional research institutions. It documents the 
beginning year, the ending year, and the num
ber of years (i.e., the research period) of each 
research topic. Ito [18] 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 av
erage 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 follow
ing Go to et al. [14]. 

Now, the stock of technological knowledge 
was estimated as follows. Suppose that R1 is 
the stock of technological knowledge at the 
end of year t. Then, the following equation can 
be obtained: 

Rt=Gt-6+(1-oR)Rt-1 (A.1) 
where oR is the rate of obsolescence of the 
stock of technological knowledge and G1 is the 
research expenditure (investment) in year t 

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, (A. 1) can be written as 

Rt=Gt-6+ (1-oR)Rt-1 = (1 +g)Rt-1 
Thus, the stock at the benchmark year (in 

this study 1957) Rs can be expressed as 
Rs=Gs-5/(oR+g) (A. 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 pe
riod when the stock of technological knowl
edge was still small. Using (A. 1) and (A. 2), 
we estimated the stock of technological knowl
edge for the period 1957-97. 

Next, Ito [18] did not introduce any lag 
structure for extension activities. That is, he 
added the flow amount of expenditures on ex
tension 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 
realized in real agricultural production. This 

study assumes 5 years as the maximum for ex
tension activities for a particular innovation. 
This assumption is based on personal discus
sions with workers who are engaged in exten
sion programs. Using a procedure similar to 
that used for the stock of technological knowl
edge, i.e. the benchmark year method, the capi
tal 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 expendi
tures (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 knowl
edge. 

This study assumes that the two different 
stocks of technological knowledge based on 
R&E and extension activities combined to
gether yield the stock of technological knowl
edge which is materialized on actual farms. 
Thus, the two capital stocks were added to
gether for each year for the 1957-97 period. 

For a sensitivity analysis, this study as
sumes 5, 10, and 15 percent for the rate of obso
lescence both for the stock of technological 
knowledge and for the capital stock of exten
sion 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 alto
gether (3 X 7) X (3 X 3) = 189 different combina
tions. These 189 combinations of the R&E capi
tal stocks were used for the sensitivity analy
sis based on the estimating equation system 
composed of equations (2), (3), and (4). 

As a result, the combination of 15% for the 
rate of obsolescence both for the stock of tech
nological knowledge and for the capital stock 
of extension investments, a 7-year lag of re
search 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 ZR in the present 
study.Z•J 

Total Output (TO), Total Input (TI), and 
Total Factor Productivity (TFP) 

In order to estimate TFP, we need to first es
timate TO and TI. To begin with, we estimated 
TO using the CCD [6] multilateral index by 
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aggregating ten categories of crop products 
and one category of livestock products as clas
sified in the FHE for the period 1957-97. 

Next, for the estimation of the index of TI, 
we need the total costs on machinery, interme
diate, and other inputs as well as labor and 
land inputs. That is, we have to treat the fixed 
inputs (land and labor) in the variable cost 
function framework in the present paper as 
variable inputs. We have already estimated 
CM, cb and Co for the former three variable in
puts, respectively. 

As for labor and land costs (CL and C8 ), we 
estimated them as follows. First, the price of 
labor (PL) was obtained by dividing the wage 
bill for temporary hired labor by the number 
of male-equivalent labor hours of temporary 
hired labor. The labor cost (CL =PLZL) was 
then obtained as the sum of the labor cost for 
operator, family, and exchange workers im
puted by PL and the wage bill for hired labor. 

Next, in order to estimate land cost, the land 
price P8 was first obtained by dividing land 
rent by the rented land area (1,000 yen per 10 
ares). This price was then used to impute the 
land cost of owned arable land area. Finally, 
the land cost (P8 Z8 ) was defined as the sum of 
total rent for owned and rented arable land 
and expenditures on land improvements and 
water use. 

Now, the total cost was defined as TC=CM+ 
C1+C0 +CL +C8 • Based on the dataset of the 
prices, quantities, and costs for factor inputs, 
the CCD [6] multilateral index was estimated 
forTI for the 1957-97 period. 

Finally, we estimated TFP by dividing TO 
by TI. In order to systematically see the differ
ences in the TFP index among the different 
size classes, the 1957 value of size class four 
was set at unity. 

1) The procedure employed to estimate TFP is 
multilateral index method as proposed by Caves, 
Christensen, and Diewert (CCD) [6], which is ex
plained in detail in Appendix B. The four size 
classes are I (0.5-1.0), II (1.0-1.5), III (1.5-2.0), and 
IV (2.0 hectares and over). In order to ease the 
comparison of the magnitudes of the TFP indexes 
among different size classes, the value of the mul
tilateral TFP index of size class four in 1957 was 
set at 1.0. 

2) This finding is totally opposite to those obtained 
by Kuroda [34] and Hu [17] where the conven
tional Tornqvist approximation method instead of 

the multilateral CCD [6] method was used to esti
mate the indexes of total output, total input, and 
total factor productivity for each size class sepa
rately. Since the multilateral index satisfies the 
circularity condition, it has more desirable charac
teristic as an index than the Tornqvist approxima
tion index especially in the case of pooled time
series of cross section data as used in the present 
paper. Therefore, we may claim that our finding 
here is pointing towards a better direction. 

3) The terms returns to scale, economies of scale, 
and scale economies are used interchangeably in 
this paper. 

4) We have estimated the shadow prices of land as 
well as labor. However, they are not presented in 
this paper. The estimation and evaluation of the 
shadow prices of land and labor will be treated 
elsewhere in a different paper. 

5) This procedure has been used by many research
ers in estimating cost and profit functions. For ex
ample, Kako [29], Chino [8], Kuroda [33], Ito [18, 
19] to name only a few. 

6) One troublesome problem occurring from the as
sumption that the agricultural labor market is not 
perfect is that the optimal solutions of the produc
tion decision (profit maximization) and the con
sumption decision (utility maximization) of the 
agricultural household have to be made simulta
neously rather than recursively (Maruyama [37], 
Jorgenson and Lau [28] among others). This im
plies that we could not treat the profit maximiza
tion of the agricultural household as a producer 
independently from the consumption side behav
ior. This in turn indicates that the estimation of 
the cost function itself and hence the shadow 
prices of labor and land may be influenced by fac
tors related basically to the consumption decision 
of the agricultural household. But, we ignore this 
problem in the present paper simply because the 
model implementation will be too much compli
cated. Kusakari [36] takes the same stand. 

7) Needless to say, the cost functions where other 
input is treated as a fixed input have been esti
mated. But, the results were not satisfactory at all. 
Treating it as a variable input has given much 
more satisfactory results. 

8) We specified the variable cost function by add
ing a time trend in order to capture the effects of 
autonomous technological change which occurs 
independently from public R&E activities. How
ever, the estimation was not satisfactory because 
of the multicolinearity between the time trend 
variable and the stock of technological knowledge 
ZR. 

9) For a detailed discussion on the inclusion of the 
revenue share equations in the system of regres
sion equations, see Ray [39] and Capalbo [5]. 

10) Ohta [38] develops in much more comprehen-
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sive manner the rates and bi~ses of technological 
progress and returns to scale in a multi-product 
multi-input production. 

11) We tested for the cointegration relationship for 
each of the cost function, three cost share equa
tions, and two revenue share equations. For the 
details of the test for panel data as in the present 
study, see Banerjee [3]. The residuals from each 
regression are used in an augmented Dicky-Fuller 
[9] test. The result implies that there exists 
cointegration for each equation, indicating that 
the long-run relationship is economically mean
ingful for each equation. 

12) All the eigenvalues of the Hessian matrix were 
negative for the former condition and positive for 
the latter. 

13) Ito [20, p. 182] obtained a similar result based on 
the estimated result of the translog cost function 
for the 1960-87 period. 

14) Here, we are implicitly assuming that the reduc
tion in planted area has been mainly caused by the 
set-aside programs, although the farmland area 
abandoned for planting has been increasing. In 
this sense, some qualification is needed for the in
terpretation of the quantitative findings. In order 
to obtain more direct effects of the set-aside pro
grams, one may have to devise a model where the 
set-aside land area is explicitly introduced. 

15) It should be noted here that the government has 
paid bonuses in order to encourage farmers to 
transfer the set-aside rice fields to other crops 
based on the production adjustment programs. 
Such bonuses may have negative effects on farm
ers to increase production efficiency. Thus, in 
order to analyze more explicitly farmers' incen
tives related to the production adjustment pro
grams, it is strongly recommended that a model 
which can treat farmers' effort level and gains in
cluding bonuses be introduced. Ito [19] has shown 
intriguing and promising research in this direc
tion. 

16) It may be easier to understand these effects by 
looking at equation (5). The numerator corre
sponds to the "technological progress effect" and 
the denominator to the "fixed input effect". 

17) Both technological progress and fixed input ef
fects were estimated separately before adding 
them up to yield the total effect of Z9 on PGX and 
PGY. However, they are not reported here to save 
space. 

18) Again, it may be easier to understand these ef
fects by looking at equation (6). The nominator 
corresponds to the "technological progress effect" 
and the denominator to the "scale effect". 

19) Again, both effects were estimated separately, 
but they are not reported here to save space. How
ever, it should be noted here that the scale effect 
defined here is different from the effect of Z9 on 

scale economies given in equation (16). 
20) We implicitly assume the production function as 

Q=F(XM,XbX0 ;ZvZ8 , TK) where TK=c/J(Z9 ) be
fore deriving the cost function given in equation 
(1). 

21) The causes for the decreased efficiency of re
search output production should be examined 
very carefully. However, it is our conjecture that 
the stagnant investment on R&E activities from 
the early 1970s up to the late-1980s may have re
sulted in unfavorable effects on research and ex
tension activities of agricultural researchers and 
extension people, causing less active research pro
duction. 

22) In order to show the mechanism of how the set
aside programs cause the decline in farmers' pro
duction incentives, Ito [19] showed rigorously 
that set-aside programs in rice production have ef
fects which distract farmers from choosing the op
timum technology. 

23) The complete results will be offered to readers 
who are interested in them on request. 

24) We also obtained the stock-of-technological
knowledge variables that are weighted sums of de
flated past research and extension expenditures, 
G,_; and H1_;, respectively, given by 

and 

.. 
R,= L;w,_;G,_; 

i=l 

" E, =_I:; We-;H.-; 
J=l 

where weights are normalized to sum to one as, for 
example, for m=7, w,_, = w,_1 =0.05, w,_, = w,_6 

=0.1, w,_ 3 =w,_5 =0.2, and w,_ 4 =0.3. For a sensitiv
ity 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 bench
mark year method. Thus, we tried 6X3=18 differ
ent combinations of the stocks of technological 
knowledge for the sensitivity analysis of the esti
mation of the system of the variable translog cost 
function and the factor share and revenue share 
equations. However, for none of them was the con
cavity condition with respect to the stock of tech
nological knowledge satisfied. 
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