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1. Introduction

The objective of .this . study is to analyze quantitatively the effects
of price support programs on farm-level productivity in postwar Japanese
agriculture.

Prices of almost 80 percent of agricultural products including both
crops and livestock have been supported by the Japanese Government directly
or indirectly. This ﬁas resulted in distortions in resource allocation
nof only in the agricultural sector but also‘in the overall Japanese
economy. In pafticuiar, the fact that the producer price of rice has been
fixed by the govermment at higher than the consumer price has led to some
basic structural problems. First; the amount of fundé necessary to £ill
the gap has been nearly one trillion yen ($6;7 bil.)g/per year on the
average. This impliés a tremendous amount of social welfare loss; as such
the rice price support program has often been_said to have functioned as
transferring income to fafmers. Furthermore, this large amount of deficit
has pressed the tofél agricultural budgef 80 as to substantially Iimit
the amount of budget allocated for other important policies such as
improving the structure of agricultural production.él

Another issue to be noted is that the rice price support program has
applied to all rice-producing farmers, such that even marginal farm-firms
have been able to continue rice farming. Tack of competition in production
may be considered to have caused a certain measure of ineffieciency where
market feedback is considerably distorted due to the price support program.

Price support programs for other products, crops or livestock, may be
considered to have had similar effects of limiting <¢ompetition améng farm-

ers. These markets may be affected to lesser extent, however, since the

prices of these products are not completely controlled by the government



as in the case of rice.

Studies of the effects of agricultural price support programs have
been accumulating in the literature. There have been roughly two direc~
tions to such research. One is to evaluate the effects of price support
programs on factor markets, especially labor and 1and; In this line of
research, primary attention has been focused on quantitative evaluation
of the effects of pirce support programs on labor migration fromlagricul—_
ture and on prices of labor and land (e;g.; Schuh 1962 Floyd 1965, Gisser
1967 and 1971, Kuroda 1984, Masuil 1984); Another direc%ion of research
has been in quantifying the effects of price support programs cn social
welfare through consumer's surplus analysis (e;g.;IHayami 1972; Barker and
Hayami 1976, Bale 1979, Bale and Greenshields 1978, Bale and Lutz 1981,
Hayami, Subbarao, and Otsuka 1982, Otsuka and Hayami 1985).

As of yet, few studies can be found in the literature which analyze
the impacts of price support prﬁgrams on agricultural productivity. More
specifically, aslfar as this author knows, there is almost no study which
investigates quantitatively the impact of price support programs on growth
of total factor productivity in agricultural production, which has a key
relationship to overall agricultural sector growth. Accordingly, this
study attempté to devise empirical methods toward understanding thisproblem.

It is hypothesized in this study that.price support programs have
caused "X-inefficiency" (Leibenstein 1976) in agricultural production and
hence have had a certain negative effect on productivity in postwar
Japanese agriculture, Let us elaborate on this hypothesis. Any price
support program can be considered to have both positive and negative
effects on production. If the price of an'agricultﬁral pro&uct is sup-

ported by the govermment, it follows that farmers are encouraged to produce



more of that product by increased and/or better use of resources, dis-
covery and adoption of new agricultural technologies, and so on. However,
if it turns out that the price support is maintained by the government for
a considerably long period, farm management may face 'slack" or ”ineft
area" (in Leibenstein's [1976] terminology?dueto lack of competition.
Farm~firms may thus fail to minimize the avefage cost and/or to maximize
profits due to such slackness. Such a failure in opimization of output is
very likely to have a negative effect on agricultural productivity.
Accordingly, the hypothesis in this study can be restated: the negative
effects of price support programs have more than offset the positive
effects on the growth in total factor productivity in postwar Japanese
agriculture.

Furthermore, one may think of part-time farming as another source of
X-inefficiency. Increased job opportunities in the nonagricultural sectors
during the postwar years have resulted in a tremendous amount of transfer
of labor out of agriculture. Even the heads of farm households and their
eldest sons (who traditionally inheritlthe farms) have sought off-farm jobs.
As a result, a great number of farms have become part~time farms — by the
early 1980s, almost 90 percent of farm households were part-time farmers.
This gseems to have resulted in poorer quality of management, with such
practices as weekend farming becoming prevélent especially in rice produc-
tion. |

The existence of this sort of easy-going or "slack" management can be
considered as being intimately associated with price support programs.
Because of the guarantee given by price support programs, part—time farms
find it possible to continue farming in spite of the inefficient nature of

their production. Such an indirect effect caused by price support programs



may also have played a significant role in suppressing overall agricul-
tural productivity.

In order to test our hypothesis, the growth rate of total factor
productivity (TFP) measured by the conventional Tornqvist approximations
to the Divisia indexes will be decomposed intc a number of effects. As
is well known, assumptions underlying the conventionally-measured TFP
growth rate are: (1) constant returns to scale;  (2) cost ﬁinimizing
behavior; and (3) marginal cost pricing of output, With these assumptions,
the TFP growth rate coincides with the rate of technological change.
Violations of these assumptions, therefore, discard this equality. In
such cases, the TFP growth rate may be decomposed into (1) scale effect,
(2) technological change effect; and (3) non-marginal cost pricing effect
(Denny, Fuss, and Waverman 1981). 1In this study; all are covered, but a
special focus is given to thé last efféct; A translog cost function
framework is employed. It should be noted however that livestock produc-
tion has grown very rapidly in postwar Japanese agriculture and become as
equally important as rice production. Such changes in the output mix may
have Ead significant impact on the elasticities of substitution, techno-
logical change, and scale economies.é/ Thus, in order to explicitly take
into consideration the effects due to changes in the output mix on the
technological structure of agricultural production, a multiple-product
translog cost function will be specified and estimated by making use of
aggregate farm-level data for the period 1958-84.

This study is organized as follows. In section two, the hypothesis
is elaborated in a more formal fashion and a multiple-output translog
cost function framwork is introduced in order to test the hypothesis. In

. section three, the statistical method and data for the estimation of the



translog cost function are briefly discussed. Section four evaluates the
empirical results by shedding special light on the effects of X-ineffi-
ciency on agricultural productivity. Finally, a policy implication based

on the empirical results is provided as conclusion.

2. Methodology

To begin with, let us elaborate on the hypothesié ekposed in the
previous section in a more formal manner:

It is assumed that the farm-firm attempts to ma#imize profits.
However, the process of profit ma%iﬁization is divided into two stages.

In the first stage, given the prices of factor inputs, the farm-firm
minimizes total costs at a certain level of output; The farm-firm is
therefore efficient in resource allocation at that level of output. Thus,
X-inefficiency may not come out in this stage.

In the second stage, the farm-firm is assumed to produce optimum
output in order to maximize profits, given the minimum cost and the output
price. However, the farm~firm may fail to do so due to "slack" in
management of agricultural production which is resulted from lack of com-
petition dﬁe mainly to price support programs. Failures in optimizing
output level imply non-maximization of profits and/or non-marginal cost
pricing of output.

Thus, this study assumes that X-inefficiency occurs only in this
stage of the optimizing behavior of the farm-firm. Futhermore, it is very
likely that "slack" in farm management will cause farmers to produce less
than optimal level of output. Double- or triple-croppings, and hence the

rate of land utilization, have declined drastically during the last two



decades, and may be signs of such ''slack'.

Of course, there are other sources such as uncertainty and random
errors by which the farm-firm may fail to maximize profits. TIf the farm-
firm faces uncertainty, the level of output may be of less than optimum
level. On the other hand, random errors might include factors which result
in less-than-optimum output level. In either case; we may overestimate the
effects of non-marginal cost pricing on agricultural productivity. However,
since it is extremely troublesome to measure such effects due to uncertainty

- and/or random errors, this study aésumes for simplicity that the effects of
non-marginal cost pricing due to X-inefficiency bvershadow those due to
uncertainty and/or réndom errors.

In order to grasp visually the above verbal formulation,let us try to
elucidate our hypothesis by help of a diagram:' In this interpretation, we
assume that all factor inputs are variable factor inputs, so that the
production function of the representative firm is defined as one in the
long rum.

In Figure l-a, isoquants QO, Ql, and Q2 touch the corresponding iso-
cost lines at EO, El, and E2, respectively: These. iso—cost lines thus
represent the long-run minimum total costs for given levels of output,

Qo, Ql, and Qz; respectively. The minimum total cost for each output
level can be measured by the intercept on the Xj axis, if it is evaluated
in terms of factor input Xj. Thus, the intercepts, CO, Cl, and 02
represent the minimum total costs for the corresponding outpuﬁ levels,
QO, Ql, and QZ, respectively. If these intercepts are measured in terms
of the price of Xj’ the relationship between the quantities of output
along the expansion path and the corresponding minimum costs may be

_expressed_bywthemtotal_gqgtuguryg,rLiC,_gg_in Figure l-c. Based on this



total cost curve, one can immediately derive the long-run average and
marginal cost curves, LAC and LMC, respectively, as in Figure l-c.

If the market of this product is perfectly competitive, the equi-
librium price will be given by qc which is tangent to the minimum of the
long-run average cost curve (LAC) of the representative firm. The
optimum level of output of this firm is then given by QO. Suppose now -
that the government has decided to support the price of this product by
setting 1t at qs. Given this-price level, if the firm attempts to
maximize profits by equating the marginal cost of this output to the
~ price, it will increase output level up to Q;. However, if the firm
finds that the output price will always be supported by the government,
it may take it easy and may not make enough efforts tomaximize profits,
In other words, "slack” or "inert area" in Leibenstein's terminology may
manifest itself in the management of the firm. Under such a situation,
two possible output 1evelé can theoretically be considered; more than Ql,
say, Q2 and less than Ql. In the latter case, furthermore, we can sub-
divide into two areas. The first case is that the level of output is
between QO and Ql where LAC is increasing. The second pessible output
level is less than the long-run optimum level QO where LAC is decreasing.
In other words, the firm faces decfeasing returns to scale in the former
case, while it enjoys increasing returns to scale in the latter. Since
there is empirical evidence for the existence of increasing returns to
scale (Kako 1979, Chino 1984, Kuroda 1987b), we might assume that the
actual level of output is given somewhere less than QO, say, QA, in
Figure l-c. As clearly seen, at this level of output, the marginal cost
is less than the price of output (qs), obviously they are not equivalent,

and the cost per unit of output is not minimized. This non-marginal cost



pricing (or non-profit-maximization) is hypothesized in this paper to have
had negative effects on the growth of total factor productivity in postwar
Japanese agriculture.

In order to investigate these effect quantitatively, .the following

muitiple—output cost function.is defined:

where C is the minimized cost; QG and QA are resﬁectively the quantities
of crop and livestock products; PL’ PM’ Pi’ PT, and P0 designate‘the Prices
of labor (XL); machinery (XM), intermediate inputs (XI), land (XT), and
other. inputs (XO), respectively; and t is an annual index of time which is
assumed to reflect technological change;

Totally differentiating the cost function (1) and the total cost
C=1 PiXi (i=L, M, I, T, 0) with respect to time and substituting the

i

latter into the former, we obtain

(2) —B=§ECQj Qj"'Fs =6, A,

where B = (1/C)3g/dt, the proportionate shift in the cost function (or the

rate of cost diminution); e,, = (Q/C)BC/BQj = the cost elasticity of the

cqQ
j-th output (j= G, A); and fj= E (PiXi/CD ii(i.= L, M, I, T, 0), the rate
of growth of total inputs. Equation (2) shows that, if the growth rates
of outputs and total input along with cost elasticities are given, one can
calculate the negative of the rate of cost diminution due to technological
change.,

This negative of the rate of cost diminution (~B) may be linked to

the conventional measure of the growth rate of total factor productivity

(TfP) as follows.



The rate of growth of total output ig defined by

.-44Q

-P 4=

&) g=) —=

J

where R = Eq Q » total revenue, and qj is the price of the j-th output
J

R J

(j = G, A). ~

In order to allow for the possibility that the farm—firm may fail to
equate the marginal costs to.the prices of outputs, it is convenient to
define the growth rate of total output by making use of cost elasticities,
rather than revenue shares, as weights, That is;

(4) c'zc— Ilegy /Tegg 105 = [Fegq 1 [ze

“aq;” § Soqy 3 ®cq, cq, Q1.

Substituting (4) into (2), we obtain

(5) -B

(Z Ecq ) Q

(Tegg, -1+ @ -0 + @ - B
J J

Using the conventionally-defined measure of the TFP growth rate, i.e.,
. oP .
TFP =Q -F, equation (5) can be rewritten as

)+ (@ -9, 3 =¢, A

(6) TFP. -B + (1 - J CQ

oP .
To see the economic meaning of (Q - QC), suppose the farm-firm

engages in marginal cost pricing. Then,

oY o o U4Y
CQ; c 3Qj C
Therefore
“Z[qJQJ /qu Q JQ J@[quj/R] éj - Q.
Hence under marginal cost pricing QP = QC. If the farm—firm does not

engage in marginal cost pricing, then éP - QC # 0. Thus, the term
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(QP-QC) in equation (6) measures the contribution of non-marginal cost
pricing to the rate of growth of total factor productivity (TFP).

Thus, equation (6) states that the conventionally measured TFP can be
decomposed into three effects: (1) a shift in the cost function (techno-
logical change), -B; (2) a movement along the cost function (scale

+C

economies), (1~ I )QC; and (3) non-marginal cost pricing, QP-Q .

£
J CQj

In the case of multiple-output cost functions, scale economies are
defined as increasing, constant, or decreasing returns to scale according

to whether (1 - Y€ ) is greater than, equal to, or less than zero (Fuss

i CQ

and Waverman 1981). Thus; if economies of scale are present, then TFP
overestimates the rate of technological change (—ﬁ).even if marginal cost
pricing rules are used; However, if X-inefficlency is present in manage-
ment of the farm~firm, we ekpect that the non-marginal cost pricing effect
will contribute negatively to TfP, as interpreted diagrammatically in
Figure 1.

In order to carry out decomposition analysis based on equation (6),
we need estimates of the cost elasticities chj (j=G, A). For this

purpose, we will estimate the multiple—output cost function specified as,

(7 in C = ay + ?cijj + Esi tn P, + Bt fnt
+Lirry fn0Q.%nQ +3556,, n P An P
7 R S M Rt A T Bt Ml

+ Lin Q, In P, + 2y, nQ, Int
?EinnQJni jUJthJn

1 2
+ JZ_\)itQ,n Pi int-+ 5 Btt(ﬁn )",

j=k=6G, A, i=8%=1L, M I, T, 0,

W&éﬁéﬁ?ﬁk,f”TkjFirfmk)”éndwéil % 621 (% f %) éue to the second-order
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approximation property of the cost function.

Using Shephard's lemma, the cost-share equations can be obtained as

fnt,

(8) S'=Bi+)g:,‘si§&2nP +Z%,2an+\)it

i 2 5731
i=84=1,M I, 7T, 0, j =G, A.
Since the cost shares must add up to unity, E:_Si = 1.. This implies the
constraint_s, EB]._= 1, 35i2= Q, ;L:pji= 0, and Evit =0 (i1=08=1L,M,
I, T, 0, j =G, A).

In the case of constant returns to scale and perfectly competitive
conditions in output markets,l Hall (1973) has suggested another set of
behavioral equations, obtained by noting that marginal cost is equal ‘to
price. That is, logarithmic differentiation of the tramslog cost funec-
t:%.on (7) with respect to the quantities of outputs yields the "revenue"
share equations of the form 9 n C/9 &n Qj = Rj (j = Gl, A) .. One could then
e;;timate a system of the equations composed of the translog cost function,
the cost share equations, and the revenue share equations. However, since
tﬂe assumption of marginal cost pricing may be untenable due to the pos-
sible existence of X-inefficiency and indeed; where the objective of this
study is in testing such an assumption, employing revenue share equations
in our empirical estimations will be avoided.

Furthermore, we explicitly test the underlying assumption of cost-
minimizing behavior in order to check its validity. This can be carried
out by testing the equality of parameters appearing across equations
(Christensen, Jorgenson, and Lau 1973). Results will have an important
economic implication, since this test could be regarded as examining for
the existence of X-inefficiency in resource allocation.

The cost elasticities ECQ (j = G, A) can be obtained once the
|
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parameters of the multiple-output translog cost function (7) are estimated.

They are given by

_0% C _
(9) ECQj = S Qj cxj + Eij.Q,an+ EpjiEnPi
+ujt2nt,

j=k=6G, A, i=L, M, I, T, O.
Using the estimates of ECQ R éc in equation (6) is obtaiﬁed through
h|

the conventional‘Tgrnquist approximation procedure as

c 1 .
(10) AfdnQ” = 5 :}%(cjt + cjt-—l) in (th/th-l)
where cjt = ECQ,/E€CO.'
J J
With the information on ECQ and QC together with the conventionally
|

measured TFP and QP, the rate of technological change (as defined as the
negative of the rate of cost diminution), -ﬁ, can be calculated residuélly

based on equation (6).

3. Statistical Method and the Data

For the statistical estimation of the system of the translog cost
function (7) and the cost share equa£ions given in equation (8), the
adding-up constraints are maintained. As is well known, these are
essentially identical to the constraints of linear homogeneity in the
prices of factor inputs on the cost function. We may then arbitrarily
exclude any one equation from the five cost share equations in (8). We
will thus omit the other-inputs cost share equation (SO). The estimates
of the coefficients of this equation can easily be obtained by making

use of the parameter relationships of the adding-up constraints.
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Rearranging the translog cost function and the four cosf share
equations by making use of the adding-up constraints yields a new system
of the five equations. This system is then estimated as a simultaneous-—
equations system through the Iterative Seemingly Unrelated Regression
(ISUR) method which is an improved version of Zellner's (1962) efficient
estimation method (Oberhofer and Kmenta 1974).

The data required for .the estimation of the model are the total cost
(C), the quantities of crop and livestock.products (QG and QA)’ and the
prices (Pi) and cost shares (Si) of the five factors of production, where
i denotes labor (L); machinery (M), intermediate inputs (I), land (T), and
other inputs (0). The major sources of data used to process these

variables are the Survey Repdrt on Farm Houseéhold Eéoénomy (FHE) and the

Survey Report on Pricéeés and Wages in Rural Villages (PWRV) published

annually by the Japanese Government Ministry of Agriculture, Forestry, and
Fisheries. For each year in the 1958-84 pe;iod one average farm was taken
from each of the four size classes, 0.5-1,0, 1.0-1.5; 1.5-2.0, and 2.0
hectares or over (these represent all Japan excluding the Hokkaido district
because of the different size classification). Thus, the sample size is
27 x4 = 108.

As for data processing, the Torngvist approximation procedure to the
Divisia indexes was applied wherever possible. Since the detail of the
variable processing is provided in Kuroda (1987a, 1987b), repetition is
avoided in order to save space.

Instead, a word might be mentioned about the procedure of estimating
the growth rates of total output (QP), total input (f), and total factor
productivity (TfP). In this case also, the Torngvist approkimation

procedure was extensively used, making use of the same data set as above.
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However, one point to be noted is that these indexes and the growth rates
are weighted averages; ratios of farm households in each of the above-
mentioned four size classes as percentage shares of total number of farm
households are used as weights. The estimated indexes of total output
(QP), total inputs (F), andltotal factor productivity (TFP) for the 1958-

84 period are presented in Appendix Table A-1,

e Yy
4, Empirical Results

To begin with; in order to check the goodness of fit of the model,
the ordinary least-squares method was first applied; The estimated §2
are 0,998 for the translog cost function, and 0.937, 0;721, 0.643, and
0.891 for the four cost share equations: labor, machinery, intermediate
inputs, land, and other inputs, respectively, indicating a fairly good
fit of the model,

Next, the across—equations equality test was carriled out in order
to examine the validity of assuming cost-minimizing behavior in the pro-
ceéss of the ISUR estimation. An F-test was conducted, and the computed
F was 2.12 with the degrees of freedom (32,472). Since the critical F
values with these degrees of freedom are 1.45 and 1.69 for the 1 and 5
percent significance 1evels? respectively, the hypothesis is rejected.
However, since the rejection is not that definite, the assumption of cost-
minimizing behavior could still be maintained as conceivable., Nevertheless,
this result suggests that X-inefficiency might have existed in resource
allocation in agricultural production. But, we will not investigate this

problem further in this paper. Instead, we should note that, by imposing
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estimating equations, estimates of the coefficients will be somewhat
biased.

The estimates of the multiple-output translog cost function are
reported in Appendik Table A-2., Monotonicity and concavity as regularity
conditions were checked for each observation and were satisfied for all
observations except for two. This indicates that the translog function
represented by the estimated parameters in Table A-2 is well-behaved
within the-:egion of sample observatioms,

Decomposition of the Conventicdnally Measured TfP

To begin with, let us briefly investigate changes in growth rates of
the conventionally measured total output, . total input, and total factor
productivity at the aggregate farm level during the 1958-84 period%gi
These growth rates can easily be otained by making use of the indexes of
total output, total imput, and total factor productivity provided in
- Appendix Table A-l. For thié computation, however, the twenty-seven year
overall period 1958-84 was subdivided into two periods, 1958-75 and 1975~
84. This subdivision was made by obsérving an apparent difference in the
patterns of growth in total output between the two periods before and
after 1975. Since the Japanese economy experienced the "oil crisis" in
1974, these two periods may be characterized as the before~ and after-oil-
crisis periods. Estimates of the annual average growth rates of total
output, total input, and total factor productivity for these two periods
and for the whole period are presented in Table ;.

According to Table 1, the annual average growth rate of total output

for the overall 1958-84 period was 2.6 percent, while that of total input

waw 1.2 percent. Thus, the rate of growth of total factor productivity
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for this period was 1.4 percent, These figures may indicate that the

 growth of agriculture was fairly moderate during the period under ques-—
tion. However, if a similar investigation is made over the two subperiods,
a substantially different picture emerges.

The growth rate of:total'output during the 1958-75 period was as high
as 4.2 percent per year which may be considered to be substantial for the
agricultural sector. .At the.same“time; total input and total factor
productivity grew fairly rapidly — the annual growth rates were 2.0 and
2,2 percent, respectively. This seems to have been intimately related
to the following facts: demand for agricultural prodﬁcts increased due to
increased per capita income thanks to the rapid ecoriomic growth during
this period. On the other hand, farmers introduced new production tech-
niques such as machinery and chemicals in order to meet the increased
demand for agricultural products.

During the 1975-84 period; however, the annual growth rate of total
output became negative. The growth rate of total input also substantially
declined compared with that in the previous period; and the growth rate
of total factor productivity even became negative; This stagnation of
agricultural production in the period after the oil crisis seems to have
been strongly related to the decline in demana for agricultural products
due to the decreased rate of increase in per capita income after the oil
crisis.,

At this point, let us look into the relative contribution of the
growth rate of TFP to that of total output. During.the overall 1958-84
period, the growth rate of total factor productivity.accounted for 53
percent of the growth rate in total output. Investigating separately

~ for the two subperiods, the contribution of the growth rate of TFP to
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the growth rate of total output during the 1958-75 period was 52 percent,
which is almost equal to that for the whole period. During the 1975-8%

. period, the (negative) growth rate of TFP also contributed substantially
to the (negative) growth rate of total output. Or, .we may say that
mainly because of the strongly negative growth in total factor produc—
tivity, the growth of total output became negative during this period.

In sum, we may conclude that the growth in total factor productivity
played an important role in the determination of growth in aggregate
agricultural production. Let us now look into the factors which deter-
mined growth rates in TFP during the pericd under questionm,

Making use of equation (6), the conventionally measured TFP was
decomposed Into the scale effect; non-marginal cost pricing effect, and
technological change effect for the two subperiods;-1958—75 and 1975-84,
as well as for the whole period 1958-84, In this computation, scale
economies were obtained through equation (9); the cost elasticity weighted
growth rate of total output (QC) was estimated by equation (10); and the
rate of technological change (—ﬁ) was obtained residually by subtracting
the scale and non-marginal cost pricing effects from TFP. Furthermore,
the percentage contributions of (1) the scale effect, (1 - ?ECQ.)éj’
(2) the non-marginal cost pricing effect, QP - éc, and (3) the tichno—
logical change effect, -ﬁ, to the conventionally measured growth rate of
total facter productivity, TfP, were computed. The results are provided
in Table 2. Several important findings emerge from this table.

First of all, as we expected, the non-marginal cost pricing effect
was found to be negative for the whole period as . well as for the two

subperiods. This substantially-negative effect, due to the departure from

marginal cost pricing, may.be considered to have been caused largely by
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X~inefficiency, although it may include some bias., This 1s due to the
cost minimization restrictions in estimation procedure for the translog
cost function (in spite of the.rejection of this maintained hypothesis).
The direction of the bias is unknownl The negative effect due to non-
marginal cost pricing found in this study is in contrast with the positive
effect obtained by Denny, Fuss and Waverman [1981, Table 9; p.20] for
Canadian telecommunicationsl This sharp contrast may suégest an interest-
ing research topic; in .the sense that the competitive nature of agriculture
may be often spoiled by government interventions: Denny et. al analyze
the behavior of a regulated industry which enjoys monopolistic power. Im
the former case, output prices are ofteﬁ supported by outside forces,
while, in the latter case, output prices can often be internally controlled,

Another finding to be noted is that there eﬁisted substantial scale
econcomies in agricultural production during the period under question.
This implies that the level of production of aggregate outputs was quite-
considerably less than optimal. Thus, efficiency gains resulting from
scale economies were considerably large during the 1958-75 period (1.0
pexcent) but drastically declined during the 1975-84 period (0.1 percent)
due to the drastic decrease in the growth rate of cost-elasticity weighted
total output. These efficiency gains due to scale economies were com—'
pletely (or more than completely) offset by the negative effects due to
non-marginal cost pricing, however.

Finally, the technological change effect due to.shifts in the cost
curve was substantially large during the 1958-75 period. This seems to
almost completely-eiplain.the growth rate of TFP, since the scale effect
and non-marginal cost pricing effect offset each othe;L This large

__technological progress séems to have resulted from a considerable number
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of imnovations in agriculture, in both crop and livestock production.
These might be characterized by rapid mechanization and increased use of
chemicals during this period. This technological change effect became
negative during the 1975-84 period, however. It was this negative tech-
nological change effect, together with the negative effect due to non-
marginal cost pricing, which brought about the fairly significant negative
growth rate in total factor productivity during this periodf

Recall however that the estimates of the techmological change effects
in Table 2 were residually obtained; and therefore they suffer from any
errors resulting from estimation of cost elasticities. However, we may
measurertechnological change parametrically by making use of the esti-
mated translog cost function. This allows us to quantify the rate of
shift of the cost function (or the rate of cost diminution)}.

The parametric estimate of the rate of cost diminution (ﬁ*) is given
°

~ X . ~
(8, + J;u. nQ + E9, fnP

(11) B -
jt i

8faC - -1
at t

i+ Btt n t),

j=6, A3 1=1L, M I, T, 0
where ~ designates the estimated values. This parametrically measured B*

will differ from the residually determined measure, B.

Thus, equation (6) may be rewritten as

(12) TFp = (1 - Je. )00 + @ - &9 + (3" + Residual.

CQs
J J
. .*
Using equations (6) and (12), the relationship between (~B) and (-B ) is
written as
. <%
{13) -B = =B + Residual.

%
Based on equation (11), -B was estimated by making use of parameter

estimates of the multiple-output translog cost function. A comparison
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of residually and parametrically determined technological change is made
in Table 3.

According to Table 3, for.the overall 1958-84 period, both measures
are almost equal, :But in the two .subperiods a differénﬁ picture emerges.
During the 1958-75 period, the .residually determined rate of technological
change was found to be slightly greater than the patrametrically deter-
mined rate of technological change. The 1975-84 period was in sharp
contrast, however; That is, the residual measure of the rate of techno-
logical change was -0.44 percent; whereas the parametric measure was 1.23
percent per year.

This difference may cause significant variation when drawiﬁg con-
clusions from the measured rate of technbloéical.chahgé. If we stick to
the residually determined rate of technoloéical change (-B), we may say
. that there occurred technological retrogression in Japanese agriculture
during the 1975-84 perlod. On the other hand, if we use the parametric
measure of the rate of technological change, we will be lead to state
that although the rate of technological change during the 1975-84 period
slowed down somewhat compared with that during the 1958-74 period, there
was still moderate technological progress even during the 1975-84 period,
where the Japanese economy as a whole entered upon a stage of "stagnant"
or low growth. Since the latter measure of the rate of technological
change does not suffer from errors in the estimation of the cost elas-

ticities (e.. ), we may regard it as a better estimate than the former

Cq.
]

measure. This finding of positive technological progress during the

1975-84 period seems to be supported by the fact.that mechanization with

larger-scale machinery (such as riding-type tractors, combines, and rice-

_.transplanters) and new innovations in livestock production were promoted
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during this period.
A possible alternative approach to analysis of the growth of total
factor productivity is to measure the efficiency gains directly from the

estimated translog. cost function. Define

. % dfnl  an  AC
(14) TFP = T ESiPi— Q.

Total differentiation of fn C with respect to time yields

o
+
T~
oy
rd»
+

(15)

CQ.Q‘ i 141 ot -

«
&}

Combining equation (14) and (15), we obtain

(16) TFP* = (1 - Zeg) &+ (8%
J 773

where ~B*= 3 2n C/dt.
Finally, combining equations (12) and (16), we obtain the following

relationship between TFP and TFP™,

7 o8 = TFP* + (@ - Q°) + Residual.
or

(18) 1p* = TEp - (& - §°) - Residual.

Hence, TfP* represents only estimated efficiency gains due to scale
economies and technological change. In the estimation of TfP*, the
effects due to non-marginal cost pricing and unexplained estimation error
on the growth rate of total factor productivity are excluded.

We are now able to make a comparison, illustrated in Table 4, based
on the relationship (17) between the conventionally and parametrically
determined rates of growth of total factor productivity, TFP and TFP¥,

respectively. In this table TFP* is found to be consistently greater
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.than TfP for the overall 1958-84 period. The difference, -0.90, can be
completely explained by the non-marginal cost pricing effect, -0.98. If
we Investigate the estimates in Table 4 separately for the two subperiods,
substantially different findings may be observed.

During the 1958-75.period, TFP was smaller than TFP* by 0.69 percent.
But this difference is more than completely explained by the negative non-
marginal cost pricing effect. During the 1975-84 period; however, the
rate of growth of parametrically measured total factor productivity
became positive (1.29 percent), though much lower compared with that for
the 1958-75 period. This seems to have been due to the positive techmno-
logical change as shown in Table 3 (1.23 percent)! On the other hand,
the conventionally measured TFP growth rate was -1.16 percent; As we
have shown, a large part of this.neéative growth rate is eﬁplained by the
negative non-marginal cost pricing effect. Thus, a large part of the big
difference between the two measures of TFP growth rates during this period
seems to be explained bj the difference in the residually and parametric—
ally measured rates of technological change during the period under
question. As argued earlier, it is very likely that there was positive
growth in total factor productivity due to the efficiency gains resulting
from technlogical progress.

Nevertheless, a special stress should be put on the consistently
negative effect of non-marginal cost pricing on the growth of total factor
productivity. That is this negative effect resulting from X-inefficiency
due largely to price support f:ograms by the government may be said to
have negatively affectéd the growth of total factor productivity in

postwar Japanese agriculture,
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5. Conclusion

The policy implication of the empirical results of this study is
clear. Agricultural price support programs should at least be modified
so as to stimulate competition among producers in order to raise produc-
tivity in Japanese agriculture. -‘Such modifications in price policies
are expected to reduce the X-inefficiency which results from "slackness"
in farm management due to farmer;indulging price support programs. It is
also expected that such modifications or abandonment of price policies
will stimulate the exploitation of economles of scale through competition
so that agricultural production will be carried out closer to the optimum
level. |

The limitation of this study is the assuﬁption of cost-minimizing
behavior. Indeed, this maintained hypothesis was statistically rejected
(though barely). The a priori restrictions of cost-minimization may have
caused some bias in our results. And, this failure in cost-minimization
might have been due partly to the existence of X-inefficiency in resource
allocation by farm-firms. For such a situwation, a different formulation
of the model may be necessary. One direction for such a formulation has
been suggestéd by Atkinson and Halvorsgn (1980) who introduced an opera-
tional assumption that the firm equate marginal cost of an output and/or
the marginal productivity of an input to a certain proportion of the

market price,
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Footnotes
Ef The proportions of agricultural products supported by government
price policies were 61 (1960), 59 (1965), 73 (1970), 84 (1975), and 81
(1980) percent, respectively;
2/ The current eﬁchaﬁge rate, roughly ¥150/$1, was used in this transla-
tion.
9 The proportions of budgets for price support programs to total
agricultural budget were 23 (1960), 37 (1965), 44 (1970}, 43 (1975),
25 (1980), aﬁd 24 (1984) percent, respectively!
é/ As the postwar effects of changes in output mi% on the technology of
agricultural preduction have been fully analyzed in Kuroda (1986),
repetition will not be made in this study.
5 There are a great number of studies in the literature which investi-
gated allocative efficiency and/or technical efficiency through, use of
the frontier production or cost function approach. TFor example, Gollop
and Karlson (1978), Forsund and Hjalmarsson (1979), Aigner, Lovell, and
Schmidt (1977), Farrell (1957), Bailey and Malone (1970), Pitt and Lee
(1981), Kopp and Diewert (1982), Schmidt and Lovell (1979), to name only
a few.
§j Note that the output price here is set by the government, and hence
is not an equilibrium price through perfect competition. However, even
under such a situation, we may think of profit-maximing behavior of the
farm-firm by assuming that it attempts to equate thé marginal cost of
output to the "effective' price (q°) which is set higher than the equili-
brium price (qc) by a certain proportion, say, k:
Z/ If the production technology is homothetic, the eipénsion path becomes

a straight line from the origin.
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8/ The following formulation draws heavily on Denny, Fuss, and Waverman
(1981).

2[ In order to avoid a simultaneous equations bias due to the possible
endogeneity of output. levels in the system, introduction of instrumental
variables may be useful (Antle and Crissman). Noting that input decisions
should depend not on actual, realized output levels but on ekpected or

planned levels of output, we estimated a supply function of the form

Q. = Fi(P P, P, P P, P, t), i=0G, 4,

it G* A L W PI’ T> "0°

specifying them with tﬁe translog form and using the same set of data
described in the previous section. The fitted wvalues (QE and QE) were
then used as estimates of eipected output levels in the translog cost
function. These measures of expected output levels are exogenous and
therefore the estimates of the translog cost function are free of simul-
taneous equations bias.

10, A more detailed investigation of these growth rates for each size

class is provided in Kuroda (1987b).
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Table 1. Annual Growth Rates of Conventionally Measured Total Output,

Total Input, and Total Factor Productivity, 1958-84

. (unit:%)

Period oF F TFP~
1958-75 4,23 2,04 2.19

(100.0) (48.2) (51.8)
1975-84 -0.34 0.82 -1.16

(100.0)  (-241.2) (341.2)
1958-84 . 2.62 1.23 1.39

(100.0) (46.9) (53.1)

Source: Table A-1,
Note: 1) The average annual growth rate was computed by fitting fny=
a + gt where y is the Tornqvist index of total output or total
input, t is an index of time; and a and g are parameters to be
estimated.
2) TFP was obtained residually by making use of the formula
TFP = Q© - F.
3) Figures in parentheses indicate the degrees of contribution to

the growth rate of total output.
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Table 3. Comparison of Residually and Parametrically

Determined Techriological Change (<B and <B¥); 1958-84

(unit: %)

(1 (2) (3)
: cx = (1) - (@
Period -B -B Residual
1958-75 2.18 1.88 0.30
1875-84 =0.44 1.23 =1.67
1958-84 1.76 1.68 0.08

Note: 1) [-ﬁ] is from Table 2.

2) [-ﬁ*] was computed through equation (11).



34

Table 4. Comparison of Conventiohally and Parametrically Determined
‘Rates of Growth of Total Factor Producétivity, 1958-84
(unit: %)
€. (2)" (3) (4) (5)
. < % Difference  Non-marginal Regidual
Period TFP TFP (1) - (2) coszfgziging (3) - (4)
& - & |
1958-75 2.19 2.88 -0.69 -0.99 0.30
1975-84 -1.16 1.29 ~2.45 -0.78 -1.67
195884 1.39 2.29 ~0.90 ~0.98 0.08

Notes: 1) TFP and QP - QC are from Table 2,

2) TFP* was computed by equation (16},
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Appendix Table A-1. Indexes of Total Output, Total Input, and
Total Factor Productivity, 1958-84

Total output Total input Total factor
Year QP F productivity
TFP
1958 1.000 1.000 1.000
1959 1.043 1.032 1.010
1960 1.079 1.039 1.039
1961 1.109 1.065 1.042
1962 1.176 1.040 1.131
1963 1.217 1.106 1.100
1964 1.347 1.186 1.135
1965 : 1.357 1.220 1.112
1966 1.439 1.271 | 1.132
.1967 1.487 1.303 1.141
1968 1.558 1.359 1.146
1969 1.567 1.379 1.135
- 1970 1.566 1.365 1.146
T 19871 1.653 1.311 1.260
1972 1.901 1.320 1,440
1973 1.921 1.316 1.460
1974 1.971 1.374 1.435
1975 2,020 1.368 1.476
1976 1.961 1.374 1.429
1977 1.917 1.322 1.452
1978 1.880 1.315 1.429
1979 1.848 1.330 1.387
1980 1.800 1.367 1.315
1981 1.860 1.426 1.302
1982 1.852 1.397 1.316
1983 1.923 1.430 1.336
1984 1.976 1.473 1.335

Note: Refer to text in section 3 for the sources of data and the

computation procedures for these indexes,
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Appendix  Table A-2, ‘Paraméter Estimates of the Translog Cost Function

0.0410°" 8 0.050" 043"
ay . 04 T ). Per 0.043
* o o
4 0.773 8o 0.007 0co 0.011
* %k
o, ~0.068 8\ -0.053 Opr -0.032
B 0.636" 5 0.009 0.018"
L y LI : Pay 0.
8 0.087" 5 _0.014"* 0.039"
M . LT : Pax :
* 20
B, 0.169" 5, 0.006 Our ~0.007
* T * o
By 0.031" 8,1 ~0.022 0 0.018
c *%
B, 0.077° - 0.003 Har -0.014
*k o *
Bt 0.053 5M0 -0,0002 My, 0.125
0.141" 8 0.027" 0.045"
Yoo =0, IT —0- Vit —9.
o *
' 0.087 510 ~0.0007 Vg, 0.027
¥ ~0.056 5 ~0.012° v 0.017"
GA . 0 . It '
* *
1 0.051 Per. ~0.043 Vo, 0.006
* % o
Suns 0.072 e 0.031 Vo, ~0.005
8 0.040" 0.019" 8 0.153"
II . Per -0. tt —0.153

Note: 1) * and ** indicate that the coefficients are statistically
gignificant at the 5> and 10 percent levels, respectively.
_ 2) Coefficients with o were obtained by‘making-use of the adding-up

parameter restrictions.



