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1. Introduction

The objective of the present study is to empirically examine whether
there existed differencéds in the production behavior of the Japanese farm
household between the mid-1950s and the mid-1960s. This 6bjective is
pﬁrsued by testing whether or not the farm household followed marginal
principles and faced constant returns toscélg in the production during
the two time periods. Furthermore, the estimated production elastic-
ities are looked into in order to gain a bette; understanding of hpw
the production technologies differed in the mid-1950s and the‘mid—lQGOS.

The mid-1950s may be characterized as the starting point of the so~
called "postwar spurt’ -in agricultural growth following the chaos of the
post Wofld War II era. Agricultural production technology in the mid-1950s
may be characterized és'relatively bio-chemical (BC technology in short)
in the sense that emphasis was placed on developing new varieties and
new ways of utilizing chemicals; mechanization of the prodﬁction
processes had just begun. On the other hand, agricultre in the mid-19605
experienced a rapid growth in production as part of the dramatic growtﬁ
of thé iapanese economy as a whole. The production technology in this
period may be characterized as relatively mechanical (M technology in
short). As is well known, mechanization of agricultural production
occurred very rapidly in the 1960s corresponding to the rapid migration
of agricultural laborers to mon—agricultural sectors.

Furthermore, according to Minami [1970,1971], the Japanese economy

‘passed the "turning point" in Lewis' [1954] term in the late 1950s and

early 1960s. Assuming his statement is correct, the present study is



=

therefore in a position to analyze empirically the production behavior
of the farm household before and after the "turning point" of the Japanese
economy.

The present study is organized as follows. The methodology is
presented in section 2, The statistical procedures and the data of
empirical estimations are explained in sections 3 and 4, respectively.
Tﬁese are followed b& the empirical results in section 5. Finally,

empirical findings are summarized in section 5.

2. The Methodology

Two approaches are employed in this study in order to test the hypothe-
a%s desceribed in section 1. They consist of first estimating the pro-
duction function and then estimating the profit and factor demand functioms
of the farm household. The details are presented in the fbllowing sub-

sections.

2.1 The Production Function Approach

The production function of the farm household is assumed as the

following Cobb-Douglas type,

, 4 a; 4 B, m
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where Y dis the quantity of total output: Xl, X X3, and X& are the

2’

quantities of the variable inputs, i.e., labor, fertilizer, feed, and



agri~chemicals, respectively; Kl’ KZ’ K3, and K4 are the amounts of the

fixed inputs, i.e., machinery, plants, animals, and farm land, respectively;

"A is the technical efficiency parameter; and ai's and Bj's "are the

production elasticities with respect to the variable inputs and the fixed
inputs, respectively. Regional dummy variables D2 -and the coefficients
dz (8=1, 2, ..., mfj are introduced in order to capture possible differences
in the technical efficiency of and differences in climatic effectz on
farm households in different regions. |

It should be noted that Kl’ KZ’ K3, and K4 are assumed to be
fixed in equation (2-1). This implies a short run production Ffunction
in which the farm household can only control the quantities of the variable
inputs Xi (i=1, 2, 3, 4.

The first hypothesis tested is whether or not the farm household
followed marginal principles in the production during the mid-1950s
and mid-1960s. This test may be conducted by comparing the computéd
values of the marginal productivities of the variable inputs with the
respective market prices within the framework of estimating the production

function given in (2-1). That is, the null hypothesis to be tested can

Y . ' - .
er H_ pABY/qi BXi =1 (i=1, 2, 3, 4).

s - —_ = T
be wrltten‘as H pA axi qi 0

0
Depending on whether or not the null hypothesis is rejected for a variable
input, one may say that the farm household followed or did not follow

the marginal principle with regard to the level of utilization of that

1) TFor the mid-1950s and the mid-1960s, 10 and 12 regions are classified
- respectively, excluding Hokkaido. Thus, the number of the regional
dummy variables(m) introduced in the present study are 9 and 11, for
the mid-1950s and the mid-1960s, respectively.



input in the agricultural preduction.
Next, testing constant returns to scale in the agricultural production
of the farm household, within the framework of the Cobb-Douglas preduction

function given in (2-1), can be simply conducted by testing the null

4 4
hypothesis HO : I o + I Bj = 1, 1If the sum of the elasticities is
i=1 i=1

greatei-than unity, there are inereasing returns to scale. If it is equal
to unity, there are constant returns to scale; if it is less than unity,
there are decreasing returns te scale.

Finally, differences in the production technologies of the farm
household between the two different periods in question may be examined by

simply looking at the magnitudes of the estimated production elasticities.

2,2 The Profit Function Approach

At the outset, both conceptual and empirical limitations of the
production function appreoach should be noted. The concept of the marginal

product, which is computed under the assumption of ceteris paribus, can

be inapplicabie since, if the quantity of a variable input changes, the

other variable inputs would be expected to change in order to restore

the marginal productivity condition. This defect arises from the fact

that the quantities of even variable inputs are considered as the exogenous

variables in the production function. Furthermore, as is well knowm, fhe pro-

duction function approach entails defect of simultaneous equations bias due to

an inpliecit assumption of profit-maximizing behavior of the farm household.
These problems may be solved by introducing a more realistic inter-

pretation of the process of production through the profit function. In



this approach, the prices of output and variable inputs, and the quantities
of the fixed inputs, are considered as exogenously determined. With these
restrictions, the farm household is assumed to be maximizing its profits
by setting both output and quantities of wvariable inputs at their optimum
levels.

Moreovexr, tests of the hypotheses of marginal principles, constant
returns to scale, and production technologies can easily be formulated
within a framework of the profit function.

As in the case of the production function approach, the household
is assumed to possess the production function given in (2-1). Next, the
sum of the elasticities with respect to the variable inputs is: assumed
to be less than unity, indicating decreasing returns to scale in the

variable inputs, i.e.,
(2-2) BET o <L

If the farm household is assumed to maximize its profits, a profit

function corresponds as a dual to the production function given in (2-1).

& o,* 4 B,% m
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(2-5) ok - @w <o, i-1, 2,3, 4,
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(2-6) Bj* Bj(l—u) >0, 3=1, 2, 3, 4.

Furthermore, 4 is the money price of each variable input, qi', deflated
by the output price, Py> i.e., q = qi'/pA (i=1, 2, 3, 4), and II is
the money profit (defined as the total revenue less the total current
costs) deflated by the output price, Pye

By making use of Shephard's [1953] Lemma, the derived demand

functions for the wvariable inputs are given by,

(2-7) X, = -3, isl, 2, 3, 4.

(2-8) - == ok, dsl, 2, 3, 4

The profit function given in (2-4) and the demand functions for
the four variable inputs given in (2-8) are the estimating equations for
the present study. These five equations are functions only of the
deflated prices of the variable inputs and the quantities of the fixed
inputs. These variables are normally considered to be determined
independently of the farm househeold"s behavior, Econometrically, this
implies that they are exogenous wvariables, and by estimating these
functions simultaneously one may avoid the problem of simultaneous
equations bias to the extent that it is commonly present in production
analysis.

Within the framework of the profit function, the assumption of

profit maximization is a maintained hypothesis which is statistically



testable. Testing this maintained hypothesis of profit maximization by
the farm household is equivalent to testing 1if the farm household follows
the marginal principles with regard to the levels of utilization of

the variable inputs, i.e., labor, fertilizers, feeds, and agri-chemicals
in its production. This test can be conducted by examining whether or
not the &i*'s in the profit function given in (2-3) are equal to the
di*'s in the derived demand functions given in (2-8) for all i (=1, 2,
3, 4.0

It should be noted that the introduction of the concept of profits
of the farm household, defined as the total revenue less the total
current costs in the present model, is possible only if there is a

3) Although approximately

competitive labor market in agriculture.
ninety—~five percent of labor was family labor in postwar Japanese

" agriculture, the author assumed that a competitive labor market existed
in agrienlture and computed the labor costs as.part of the total current

4)

costs by 1lmputing a market wage rate for family labor. Therefore, as
far as labor input is concerned in the present model, testing the profit

maximization hypothesis is tantamount to testing whether or not the

2) TFor the details of the derivation of the profit and factor demand
functions and of the test procedure of profit maximization, refer

to Law and Yotopoulos [1972].

3) This is based on the theory of decomposability of farm households'
behavior between the production and consumption sides under the
assumption of a competitive agricultural labor market formulated
in Sasaki and Maruyama [1966] and applied in empirical studies
by Kureda and Yotopoulos [1978] and Kureda [1979].

4) The procedure of the imputation is described in more detail in
the next section.



imputation of the market wage rete for family labor is valid.
Next, in the present framework, a test of the null hypothesis of
constant returns to scale for all inpuits in the Cobb-Douglas production

function given in (2-1) amounts to testing the null hypothesis,

4
HO: L B.* =1, where B,*'s are the elasticities of the profit function
j=1 3 3
‘ 4
given in (2-3) with respect to the fixed imputs, If I 8,% > 1, there
j=1 -
4

are increasing returns to scale, if I B.* =1, there are constant returns

j=1

4 5)
to scale, and if I Bj* < 1, there are decreasing returns to scale.
i=1

Finally, the profit aﬁd factor demand functions will be re-estimated
with restrictions, if any, based on the results of the abovementioned
tests. From this final specification of the profit and factor demand
" functions, one can immediately compute the production elasticities by
making use of the identity equations given in (2-5) and (2-6). These
indirectly computed production elasticities will be compared between the
mid-1950s and the mid-1960s in order to examine differences in production

technologies of the farm household between the two time periods.

3. Procedures for Empirical Estimations

First, in order to estimate the production function given in (2-1)

the single equation ordinary least squares method is applied by assuming

5) Refer to Law and Yotopoulos [1972] for the details of the test procedure.



additive errors with a zero expection and a finite variance for the
estimating equation.

Next, for estimating the profit function given in {(2-3) and the Ffour
factor demand functions given in (2-8), additive erros with a zero
expectation and a finite variance for each of the five equations are
assumed. The covariances of the errors of the five equations for the
same farm household may not be zero, but the covariances of the errors of
either equation corresponding to different farm households are assumed
to be zero. With these assumptions, an asymtotically efficient method
of estimation propesed by Zellner [1962] is used to jointly estimate the
five equations. According to this method, the efficiency of estimation
can be increased through the imposition of restrictions on the coefficiente,

if this is required.6)

4. The Data and Specifications of the Variables

The main source of data used in the present study is Noka Keizai

Chosa Hokoku (Report on the Economic Survey of Farm Housecholds, NKCH

hereafter) for 1954, 1955, and 1956 for the mid-1950s and 1965, 1966,
and 1967 for the mid-1960s. For the computation of the prices of the
variable inputs other than labor, the necessary data was taken from

Noka Butsuzai Tokei (Statistical Survey on Commodities of Farm Household,

NBT hereafter) for the same years as above. As for the output price,

6) TFor a more detailed discussion about the stochastie specification
of the profit function model, refer to Kuroda and Yotopoulos [1978].
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Torris's [1971] estimate was utilized, again for the same years as above.

The numbers of‘sample observations used for empirical estimations are
50 and 70 for the mid-1950s and the mid-1960s, respectively. The difference
in the sample sizes are due to the differences in the classifications of
regions and size classes between the two time periods. Ten regious
and five size clagsses are classified for each year in the mid-1950s
and twelve regions and six size classes for each year in the mid-1960s,
with Hokkaido being excluded in both cases because of its different size
classification.

It should be noted that although the production function given in
(2-1) is expressed in quantity terms, mainly for the convenience of the
derivation of the profit function given in (2-3), the standard method of
estimating gross output production functions in value terms are made use
" of in the present study.‘ The dependent variable is the value of gross
agricultural output. As for the independent wvariables, the expenditures
on fertilizers, feeds, and agri-chemicals are used for XZ’ X3, and X4,
respectively. For the fixed variables Kj's, the flows of these capital
services in value terms, defined in Kuroda [1979], are employed. These
variables are all expressed in 1,000 yen per year. As for labor, the

7

man-equivalent family labor days are used. The detail of the specifi-

cation of this variable will be presented in the following paragraphs.

7) To summarize, the follwoing gross output production function is
used for the actual estimation.
o, & oy 4 Bj m
PY=4ax." [ O (q.'x.) "1[ I K, lexp [ T 4,01
A 1 qmp b 3=1 i 0=1 ')
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The specifications of the variables in the profit and factor demand
functions are mostly the same as in the previous studies [Kuroda and
Yotopoulos, 1978 and Kuroda, 1979]. They are therefore not repeated
here except for the quantity and price of farm labor for which some
corrections are made for the present study.

The amount of labor expended on the farm is defined as the sum of
familf labor, exchange labor, and hired labor. Hired labor consists of
both temporary and annual-contract hired labor. Tt should be noted that
there are two kinds of quality differences between these categories of
labor. One is between male and female labor, and the other is between
temporary and annual-contract hired labor. The following methods of
conversions are applied to yield the man-equivalent family labor days.

First, in each category of labor, the ratio of the wage rate of
female temporary hire& labor to that of male temporary hired labor, 0.8

8)

on the average for the years in question, was used to convert female
labor days to man-equivalent days. Next, the quality of family labor and
annual-contract hired labor was assumed to be the same, while the quality
of exchange labor and temporary hired labor was assumed to be the same.
Assuming that the difference between the wage rates of temporary and
annual-contract hired labor reflects the difference in the quality of

labor in the two categories of hired labor, the ratio of the wage rate of

the latter was computed for the relevant years in question. The average

8) The data was from Noson Bukka Chingin Chosa Hokoku-Sho (Survey
Report on Prices and Wage Rates in Farm Villages) for the periods
1954 - 1956 and 1963 - 1967 to obtain the conversion rate, 0.8.
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ratio for 1954, 1955, 1956, 1965, and 1966 was around 1.4.9) This wvalue
was employed to comvert exchange and temporary hired labor to family-
equivalent man-days.

Wext, the farm household-specific price of man-equivalent family
labor (ql‘) and the total labor cost were obtained as follows.lo)
First, the family labor cost was obtained by imputing the wage rate of
annual-contract hired labor, while the exchange labor cost was computed

by dmputing the wage rate of temporary hired 1abor.ll)

The family labor
cost and exchange labor cost were then added to the wage bills for
temporary and annual-contract hired labor repevied in NKCH in order to
ontain the total labor cost. This total labor cost was used to compute
money profits.

For the price of labor, a geometrically weighted average wage rate

" was computed for each farm household. The procedure was as follows.

The share of the cost of exchange and temporary hired labor and that of

9) For this computation, the data was taken from Appendix Table 3 in
Minami [1977]. Although this table does not present the wage rates
for 1967, assumption of the same conversion coefficient 1,4 for
1967 may not be far from the reality.

10) Wage rates are expressed in 1,000 yen per day and labor costs in
1,000 yen per year.

11) The wage rate of temporary hired labor was obtained by dividing
the wage bill for temporary hired labor by the man-equivalent
temporary hired labor days. For farm households which employ annual-
contract labor, the wage rate was computed by dividing the wage bill
for annual-contract labor by the man-equivalent annual-contract
labor days. However, for farm households which do not employ annual-
contract hired labor, the wage rate of temporary hired labor was
multiplied by the conversion coefficient 0.7 to yield the wage rate
of annual-contract hired labor. The constant 0.7 was simply the
reciprocal of the conversion rate 1.4 in note 9).
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the cost of family and amnnual-contract hired labor in the total labor
cost were obtained. These shares were then used as weights to compute
the geometric average of the wage rates of temporary and annual-contract
hired labor. Since, in postwar Japanese agriculture, on an average,
more than ninety-five percent of labor is family labor, the farm
household-specific wage rate so obtained is very close to the wage rate
of annual contract hired labor. Finally, this price of labor, denoted
by ql', was deflated by the output price, pA, to obtaip qq which was

used in the estimation of the profit and factor demand functions.

5. Empirical Results

5.1 Estimates of the Production Elasticities and Tests of Hypotheses

The estimated production elasticities are reported in Table 4~l.12)

Most of the estimated elasticities are statistically significant and
stable for the respective periods of time. Furthermore, the R2 is
large enough for each year.

Fifét of all, by comparing the corresponding production elasticities

between the mid-1950s and the mid-1960s, one may find that the production

elasteities of labor and working capital inthe 1950s are systematically

12) Fertilizers, feeds, and agri-chemicals were aggregated as working
capital in order to avoid either negative coefficients ininsignif-
icant coefficients for individual variables. TFor the same reason,
plants and and animals were aggregated as one variable.
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13) However, the production elasticity

larger than those in the 1960s.
of land in the 1950s is smaller than that in the 1960s. As for the
production elasticites of machinery and plants and animals, one does

not see any clear differences between the two periods.

From these findings it may concluded that the farm household
employed production technology in the 1950s which contributed to a
relative increase in values of the production elasticites of labor and
working capital. On the other hand, production technology emploved in
the 1960s was such that there was a relative increase in the production
elasticity of land.

In other words, it may be said that farmers employed BC technologies

in the 1950s in order to increase the contribution of labor and working

capital to agricultual production. On the other hand, rapid farm

" mechanization during the 1960s worked in such a way that the contribution

of land to agricultural production increased compared with that of 1950s.

Next, in order to investigate whether or not the farm household
followed marginal principles in its production with regard to the
variable inputs, the marginal productivities of labor and working capital
were computed for each year in question and éompared with the respective
market prices. The results are reported in Tables 4-2 and 4-3.

The marginal productivety of labor was compared with two kinds of

13) The production elasticity of labor for 1966 turns out to be much
larger than those for 1965 and 1967. However, accerding to the
author's estimation of the same production function for each year
of the 1963 - 70 period, the elasticity ranges from 0.20 to 0.31.
Thus, the elasticity for 1966 seems to be exceptional.



Table h-1 15
Estimates of the Production Elasticities for the
Two Periods,1954-1955 and 1965-1967
x Variable 1954 1955 1956 1965 1.966 1967
Constant 1,228% 1.k10% 2.716%# 1.63h# 1.137% 1.512%
Labor 0.431% 0.352% 0.102 0.200% 0. Lok 0.206%
Yorking capital 0.5hE% 0.626% 0.558% 0.367% 0.352% 0.309*%
Machinery 0.11h% ~0.041 0.113% 0.169% 0.128% 0.1ho%
Plants and Animals | ~0.012 0.033 0.09L# 0.030 0.0hT#% 0.003
Land ~-0.0kL9 0.078% 0.087% 0.25h% 0.1h0** 0.386%
_ R? 0.99k 0.996 0.99% 0.99Y 0.992 0.996
) Sum of Blasticities|1.030 1.048 ¢.95k 1.020 1,07L 1.053

Notes: 1. The specified production function is a Cobb-Douglas type.

2. The coefficienis of the regicrnal dummy varisbles and the computed

t-ratics are excluded in order to save space.

3. Working capital are composed of fertilizers, feeds, and agri-

chemicals.

4. Coefficients with ¥ and *¥ are statistically significant at the 5

and 10 percent levels, respectively.
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market wage rates, market wage rates I and II. Market wage rate I is a
geonmetrically weighted average of the market wage rates of annual-contract
and temporary hired labor. As mentioned im Section 4, this is almost equal
to the market wage rate of annual-contract hired labor. On the other
hand, market wage rate II is that of temporary hired labor.

For comparisons a t-test was applied. As a result, it is found that
the farm household behaved so as to equate the marginal productivity of
labor to market wage rate I instead of market wage rate II both in the
mid-1950s and in the mid-1960s. The latter is paid mainly during the
peak seasons. On the other hand, the former may be considered as an
annually averaged wage rate. Thus, market wage rate T is considered
to be more appropriate than market wage rate I1 for comparison with the
marginal productivity of labor, which is also an annual average.

In this sense, the author concludes that an average farm household
followed the matginal principle with regard to the level of utilization
of labor in its production both in the mid-1950s and in the mid-1960s.

Since the dependent variable (i.e., the gross output) and working
capital are expressed in value terms, the test of the marginal principle
with respect to working capital amounts to testing whether or not the
marginal productivity of working capital is eqﬁal to unity.

The results in Table 4-3 show a clear distinction between the
mid-1950s and the mid-1960s. That is, the marginal productivity of
working capital in the mid-1950s is consistent1§ larger than unity
while that in the mid-1960s is equal to unity. This implies that the

farm household did mnot follow the marginal principle with respect to



Table b-2
17

Marginal Productivity of Labor and the Market Wage Rates

{unit: yen/man-day, in current prices

Marginal Market Market . .
Year productivity wage rate I  wage rate II Ratlo I Ratio II
of labor
(1) (2) (3) (2)/(1} (3)/{1)
195k 278 270 350 0.97 1.26
(60) (35) (61)
1955 318 277 356 0.87 1.12
(71) (3k) (55}
1956 31k 294 383 0.94 1.22
(66) - {30) (50)
1965 sho 61k 903 1.13 1.67
(12k) (103) (151}
1966 630 678 997 1.07 1.58
(152) , (120) (177)
1967 Th1 gok 1,182 1.08 1.60
(168) (192) (282)

Notes: 1. For the computation of the marginael productivity of labor,
simple averages of the labor production elasticities of 1954 and
1955 and of 1965, 1966, and 1967 reported in Table 4-1 were
respectively used for the years in the 1950s and in the 1960s.

2. Market wage rate I is a geometrically weighted average of the
market wage rates of annual coniract and temporary hired labor.
See text for details of computation.

3. Market wage rate IT is the market wage rate of temporary hired
labor. See text for the details of computation.

k., Figures in parentheses are computed standard deviations. The

sample sizes are 50 and 72 for the years in the 1950s and in %he
1960s, respectively.
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Table L-3

Marginal Productivity of Working capital

(uvnit: yen/yen)

|
¥ 195k 1855 1956 | 1965 1966 1967
: I
I
. Marginal vrod.
of L.h1 b.71 ks 1 0.95 0.97 1.0k
- Working capital  (0.88) (0.86) (0.75) : (0.33) (0.37) (0.43)
1
Wotes: 1. For the computation of marginal productivity of working capital

the simple averages of the production elasticities of working
capital of 1954, 1955, and 1956 and of 1965, 1966, and 1967
reported in Table bl were respectively used for the years in
question,

2. Figures in parentheses are computed standard deviations. The
sample sizes are 50 and 72 for 1954, 1955, and 1956 and for 1965,
1966, and 1967, respectively.

-y
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working capital in the mid-1960s, but it did ip the mid-1960s.

This may be interpreted as follows. As mentioned earlier, the
agricultural production technolegy during the mid-1950s was characterized
by an increased utilization of chemical fertilizers and agri-chemicals,
and a rapid introduction of new varieties. Under such a situation,
farmers might not have adjusted themselves fully teo the new production
technology. As time passed, however, they were now abte to adjust
themselves to the new technology and became excnomicaily rational in the
utilization of working capital during the mid-1960s.

Finally, the null hypothesic of constant returns to scale was tested
for each year in the two periods in question. A t-test was applied for
each year. The results are presented in Table 4-4. For all the years
in the mid-1950s and 1964, the null hypothesis could not be rejected.
However, in 1966 and 1967 the null hypothesis was rejected at either
the one percent level or the five percent level. Since the computed
sum of the production elasticities for these years are respectively 1.07
and 1.05, this result indicates that increasing returns to scale existed
in the agricultura].production.during‘the mid-1960s.

This clear difference between the two periods (i.e., constant returns
to scale inthe mid-1950s and increasing returns to scale in the mid-1960s)
is considgred to be strongly related to the differences in the agricultural
production technologies of the two periods. That is to say, preduction
technology in the wmid-1950s, which was characterized by a BC technology
did not allow farmers to enjoy economies of scale. On the other hand,

an M technology made it possible for farmers to enjoy economies of
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Taﬁle h-ly

Results of Teést for Congtant Returns to Scale

195k 1955 1956 1965 1966 1967
Computed % 0.4} 0.99 -1.46 0.76 2.61 2.56
Result Accept Accept Accept Accept Reject Reject

Notes: 1. The degrees of freedom for 1954, 1955, and 1956 and for 1965, 1966,
and 1967 are 33 and 59, respectively.

. iti at
2 The critical t0_05(33) an

and the critical t0.01(33)

ively +2.0 +1.6
0.05(59) are respectively + 3 and _} T

+2, 74 +2.3¢
and t0.0l(SQ) are _2 4 and _2 39,

respectively.
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scale in the mid-1960s. A casual examination of statistical data on the
numbers of farm households in different size classes supports the above
result. There was no significant and consistent change in the numbers

of farm household in different size classes in the 1950s. However,

in the 1960s the number of relatively large scale farm households increased

while that of relatively small scale farm households declined.

5.2 Tests of Hypotheses through the Estimation of the Profit Function

The profit and factor demand functions were first estimated for 1954,

1955 and 1956 and for 1965, 1966 and 1967 with no restriction on ‘coefficients

of the price variables. The results are reported in Tables 4—5 and 4-6,
respectively. Based on the estimated results, the null hypotheses of
profit maximization and constant returns to scale were statistically
tested. The results are given in Table 4-7. Finally, by making use of
the results of the tests of the null hypotheses, the profit and factor
demand functions were reestimated, this time with restrictions,

Although one may derive many findings from the estimates of the
cofficiénts of the profit and factor demand functions presented in Tables

4-5 and 4—6,14)

the author only points out differences between the two
periods in the coefficients of machinery and land and in the coefficients

of demand functions for labor, fertilizers, and feeds. However, these

14) For example, one may discuss differences in the elasticities of
factor demands and output supply between the two periods.
However, that is not the major purpose in the present study.
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differences will be discussed in a more economically meaningful manner
later in this subsection where the production elasticities are computed
indirectly by making use of the results of restricted estimations.

It may be more interesting at this point to look into the results
of the tests of the null hypotheses in Table 4-7. First, the null hypothe-~
ses of profit maximization, which is a joint hypothesis, was tested for
each year in the two periods. An F-test was applied to this test and
the results are given in the sixth line in the table. According to the
results, the null hypothesis was rejected for 1954 and 1956 at either
the one or five percent level of statistical significance. However,
it could not be rejected for 1955 at either level of statistical signif-
icance. On the other hand, this null hypothesis could not be rejected
for any of the years in the mid-1960s at the one percent level. 1In
summary, the farm household failed to naximize its profits with regard
to the levels of utilization of the variable inputs in the mid-1950s,
while it maximized its profits in the mid-1960s.

One should note that the theory of profit and factor demand functions
requires that the null hypothesis of profit maximization b% tested jointly
as equalities between the coefficients of the price variables and the
corresponding coefficients of the factor demand functions. However, the
author proceeded to test the equality for each pair of the coefficients
with respect to the variable inputs (i.e., labor, fertilizers, feeds
and agri-chemicals). TFor example, for labor the test was conducted to
examine the equality between the coefficient of the profit function with

respct to the wage rate {(i.e,, %. %) and the coefficient of the labor

1
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demand function (i.e., al*). The same method was applied to the other
variable inputs. This procedure will help offer ideas on which variable
input farmers failed to follow the marginal principle. The results of
these equality tests are shown in lines one through four in Table 4-7.
The null hypothesis 6f equality for labor could not be rejected for

1954 and 1955 at either the one or five percent level of statistical sig-

nificance. However, it was rejected for 1956 ai either level. In the case of

fertilizers, the null hypothesis was rejected for 1954 and 1956 at the
five percent level of statistical significance, but it could not be
rejected at either level for 1955. As for feeds and agri-chemicals, the
null hypotheses of equalities could not be rejected for any of the years
in the mid-1950s at either the one or five percent level. On the other

hand, none of the null hypotheses could be rejected for any of the years

+in the 1960s, again at either level of statistical significance.

These results may be interpreted as follows. The farm household
followed, on the whole, the marginal principle in the mid-1950s with
regard to the utilization of labor, feeds and agri-chemicals. However,
it failed to follow the marginal principle in the case of chemical ferti-
lizers during the mid-1950s. Mainly because of this, the farm household

failed, on the whole, té maximize ita-profits.durihg the mid?l9505,151

15) However, this statment needs a qualification since the null hypothesis
of equality for fertilizers could not be rejected for 1955 at either
level of statistical significance and for 1956 at the one percent
level. Moreover, the equality for labor was rejected in 1956. Thus,
in order to confirm the above statement it would be necessary to
estimate the same profit and factor demand functions at least for,
say, 1953 and 1957.
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On the other hand, the farm household followed fully the marginal
principles in the production of agricultural commodities.
It should be noted at this point that the wage rate used in the

' (or market wage rate I) which

profit and factor demand functions is 9
is a geometrically weighted average of the wage rates of annual-contract
and temporary hired labor. As mentioned earlier, this wage rate is almost
equal to the wage rate of annual-contract hired labor. Thus, the above
result of the test of equality for labor implies that the farm house-
hold behaved in its production so as to equate the marginal productivity
of labor to the wage rate of annual-contract hired labor both in the
mid-1950s and in the mid-1960s. This result supportsthe finding by
the production function approach that the farm household followed
the marginal principlewith regard to labor both im the mid-1950s and
in the mid-~-1960s.

Next, the null hypothesis of comstant returns to scale was: tested
for each year of the two periocds. This test was executed with and
without the condition of profit maximizatiom. Actually, only the former
method is appropriate by the theory of profit function where profit
maximization is assumed and hence it is a maintained hypothesis., Yet, the
latter method is also employed for reference.

The test results are presentedin lines 5 and 7 in Table 4-7,
The null hypothesis of constant returns to scale could not be rejected
for any of the years in the wmid-1950s, at either the one or five percent
level of statistical significance, using either of the test methods.,

On the other hand, the null hypothesis was rejected for all the years in
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the mid-1960s at either level of significance using either method of
statistical test. These results imply that economies of scale did not
exist in the mid-1950s, whereas they did exist in the mid—19605.16)
This supports the finding obtained through the production function
approach discussed earilier in this éection.
Finally, the profit and factor demand functions were reestimated
with restrictions based on the results of tests of the null hypotheses
of profit maximization and constant returns to scale, For the year
1954, 1955 and 1956, the restriction of constant returns to scale was
introduced for the reestimation. TFor 1965, 1966, and 1967, the equality
restriction was used. Moreover, another estimation was carrieéed out for
1954, 1955, and 1956 with the restrictions both of equalities and
constant returns to scale in order to gain an uﬁderstanding of how the
" farm household would have behaved if it had maximized its profits during
the mid-1950s. The results of the restricted estimations are presented
in Tables 4-5 and 4-6 respectively for the mid-1950s and for the mid-1960s.
As mentioned earlier, it may be more interesting to examine the
indirectly estimated production elasticites compared with their direct
estimates. By making use of equations (2-5) and (2~6), the production
elasticities were computed. For this computation, estimates of the profit
and facor demand functions, with the restrictions of equalities and

constant returns to scale, were used for 1954, 1955, and 1956. OCn the

16) Refer to Kuroda [1979] for details of the test result of increasing
returns to scale in the mid-1960s.
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other hand, the estimates with the equality restrictions were used for
1965, 1966, and 1967. The indirectly computed production elasticities
are given in Table 4-8.

As was expected, the indirectly estimated production elasticities
in the mid-1960s are very similar to the corresponding elasticities
directly estimated which are reported in Table 4-1. This similarity may
be considered to naturally derive from the results that the farm house-
hold was found to behave so as to maximize its profits with regard to
the levels of utilization of the variable inputs during the mid-1960s
either by the production function approach or by the profit function
approach.

On the other hand, the production elasticities in the mid-1950s
estimated indirectly under the assumption of profit maximization are
« fairly different from those directly estimated (given in Table 4-~1).

In particular, under the assumption of profit maximization, the working
capital production elasticity became much smaller than that directly
estimated. Furthermore, the machinery production élasticity under the
profit maximization assumption turned out to be larger than that directly
estimated. These results might have been because farmers in the mid-1950s
could not adjust themselves fully to the new production technologies
which were characterized by a rapid introduction of chemical fertilizers

and the early state of mechanization of production processes.
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6. Summary

The findings in the present study are summarized as follows.

(1) From the production function approach, the farm household followed

the marginal principle in its production with regard to the level of utiliza-

tion of labor both in the mid-1950s and in the mid-1960s. This finding
was supported on the whole by the estimation of the profit and factor
demand functions. It should be noted that the farm household eguated
the marginal productivity of labor to a geometrically weighted average of
the wage rates of annual-contract and temporary hired labor, which was
almost equal to the wage rate of annual-contract hired labor.

(2) The farm household did not, however, utilize working capital,
especially fertilizers, to the extent that the marginal productivity of

fertilizers is equated to the mavket price during the mid-1950s.

' Because of this, the farm household failed to maximize its profits with

regard to the levels of utilization of the variable inputs during this
period. On the other hand, the farm household behaved so as to equate
the marginal productivity of each component of working capital to its
market price in the mid-1960s.

(3) Constant returns to scale existed in the agricultural production
during the mid-1950s. However, farmenrs faced increasing returns to
scale in the mid-1960s.

(4) The production technology during the mid-1950s worked to increase
the production elasticities of labor and working capital. On the other -
hand, farmers employed a production technology during the mid-1960s

which increased the production elasticity of land.
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