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Sources of Agricultural Growth in Japan, 1880 - 1965%
Masakatsu Akino and Yujiro Hayami

Throughout the process of modern economic growth in Japan, espe~-
cially in its early phase, agriculture supported the development of the
nonagriculture sector by meeting the food and raw materials requirements
of a rapidly expanding economy and sometimes transferring labor and
capital to the nonagricultural sector. This experience of Japan has
frequently been identified as a typical example of the role of agri-
culture in economic development.l) Failure to achieve rapid growth in
agricultural output and productivity would have seriously impeded the
growth in industrial production, as in many presently developing coun-
tries. It is thus critical for the understanding of the overall econo-
mic development process to identify the causes of agricultural growth.
Yet, as measured by the total productivity of the Kendrick type, more
than half of the long=-term growth in agricultural output in Japan since
the early Meiji period (1880-1965) is left unexplained by the conven-
tional inputs including labor, land, capital, and current inputs such
as fertilizer.

In this study we attempt to reduce our ignorance on the sources
of agricultural growth by narrowing the gap between the growth in
real output and in the aggregate of real factor inputs in agriculture.
For this purpose we employ the technique of growth accounting devel-
oped by Zvi Griliches2)z (a) to identify the education of farmers and
the activities of agricultural research and extension as factors of
agricultural production, and (b) to use as the weights of aggregating

inputs the production elasticities obtained from the cross-sectional



estimates of the aggregate agricultural production function. Although the
Griliches approach has now been accepted as a standard technique of

growth accounting, our study represents the first attempt to apply the
technique to the accounting of long-term growth, encompassing the period-
of nearly a century.

Our analysis indicates that our attempt is successful in reducing
the unexplained portion of secular growth in agricultural output. It
also indicates that significant residuals remain for the different
phases of agricultural development in a way consistent with the previ-
ously postulated hypothesis on the time lag between the accumulation and
the diffusion of scientific knowledge and technology.3)

I. OUTPUT, INPUT, AND PRODUCTIVITY4)

Before proceeding to the growth accounting analysis we will review
the trends in agricultural output, inputs, and productivity in Japan for
1880-1965. Those trends are represented by the indices show in Figure I.

The total output (Y) used here for the measurement of growth rates
in agricultural output is the aggregate of all individual agricultural
products valued in 1934-36 average prices, after deducting the inter-
mediate products for agricultural production, such as seeds and feed.
Labor (L) is measured in terms of the number of gainful workers in ag-
riculture; female workers are converted into male equivalents by the
male/female wage ratio. Land (A) is in terms of arable land area; up-
land fields are converted into paddy field equivalents by the land price
ration. Fixed capital (K) is the aggregate in 1934-36 prices, which is

gross of depreciation. Nonfarm current inputs (C) are the current



Figure I

TRENDS IN THE INDICES OF OUTPUT, INPUTS, AND PRODUCTIVITY IN
AGRICULTURE (1878-82=100), FIVE YEARS' AVERAGES, SEMI-LOG SCALE,
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inputs in agriculture supplied from the nonfarm sector, such as ferti-
lizers and agricultural chemicals, aggregated by the 1934-36 prices.
The indices of those four input categories are aggregated into
the total input index (X) by factor share weights, based on the Divisia
index formula. The total output index divided by the total input index
(Y/X) produces the total productivity index.
The rates of growth in total output and the relative contributions
of changes in inputs and productivity to the output growth rates are
calculated in Table I.

Long=-term trends

For the period 1880-1965 total output, input, and productivity in
Japanese agriculture show secular growth trends, except for the period
of devastation due to World War II. Over the whole period the total
output more than tripled. Inputs of the two primary factors, labor
and land, changed relatively slowly; labor declined by less than 20 per
cent throughout the prewar period and by another 20 percent within a
decade from 1955 to 1965 under extremely rapid economic growth; and
land increased only by 30 percent in the whole period. To a large
extent the changes in labor and land have cancelled each other in the
growth in total input. Capital grew relatively slowly during the prewar
years, but rose rapidly during the postwar period. The rates of growth
in current nonfarm inputs, particularly fertilizers, have been much
faster than in other inputs. |

Overall, total input grew for the whole period (excluding the

years of war devastation) at the annual compound growth rate of 0.5
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per cent, while the total output grew at 1.9 per cent. Consequently,
the total productivity more than doubled at the growth rate of nearly
1.4 per cent per year. This implies that about three~-quarters of the
growth in agricultural output is left unexplained by the growth in in-
puts. More or less the same conclusion is derived when we limit our
analysis to the prewar period.

Phases of growth

In terms of total output and productivity three major phases are
distinguished: (a) relatively fast growth up to the late 1910's,

(b) relative stagnation in the interwar period, and (c) renewal of
rapid growth in the post World War II period (Table I). It appears
that during the initial growth phase (Phase 1) the growth rates of
both output and productivity accelerated at the beginning of this cen-
tury. Subsequently, Phase 1 is divided into two sub-periods: I (1880-
1900) and II (1900-1920).

There are large variations among phases in the rate of growth in
total productivity as well as in its relative contribution to the out-
put growth rate. The increase in the rate of output growth from sub-
period I to sub-period II in Phase 1 is associated in both with the rise
in the input growth rate and in the acceleration in productivity growth.
Throughout Phase 1 the productivity growth is the dominant factor in
determining the growth rate of agricultural output. More conspicuous
is the fact that the stagnation in the output rate in Phase 2 is sole-
ly explained by the deceleration in the rate of growth in productivity.

From the prewar to the postwar periods the growth rates of total

output and input increased significantly. However, the acceleration
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in the former outpaced the latter, resulting in the decline in the rel-
ative contribution of factor inputs to the growth in output for the
postwar period.

From the above observations it should be clear that the aggregate
of four conventional inputs—— labor, land, capital, and current inputs—
based on factor share weights, are grossly insufficient not only for
explaining the long-term secular growth in agricultural output but also
for explaining changes in the output growth rate among the different
phases of agricultural development in Japan.

The apparent failure in accounting for agricultural output growth
by the conventional total input index led us to explore the approach
reported in the subsequent sections,

II. METHOD AND DATA

The approach used in this study involved the estimation of the
aggregate agricultural production function on the basis of 46 cross-
prefectural data. Using the production elasticities from the estimates
of the production function as weights for aggregation, the growth in
agricultural output is accounted for by changes in four conventional
inputs—-land, labor, capital, and current inputs-——and in two non-
conventional inputs——farmers' education and agricultural research and
extension.

Production functions were estimated for two pre-World War II
periods, 1930 (1928-32 averages) and 1935 (1933-37 averages); and for
two postwar periods, 1960 (1958-62 averages) and 1965 (1963-67 averages).

Growth accounting was conducted for pre and postwar periods separately,



using the different estimates of the production elasticities.

Specification of production function

In the growth accounting approach it has been customary to employ
the production function of the Cobb-Douglas or log-linear form, primarily
for its ease in manipulation. It has been argued that the constant
production elasticities implied in the Cobb-Douglas production func=-
tion is not a critical limitation for the short to the medium range
analysis.s) In thié study, also, we have adopted the Cobb-=Douglas
production function for the growth accounting of the postwar period,
1955 to 1965.

However, the constancy of production elasticities is clearly not
a sufficient approximation for the analysis of long-term growth in the
prewar period, which extends over a half century involving major tech=
nical changes. The constant elasticities cause no problem if we can
estimate them for different technical epochs, but sufficient cross-
prefectural data for the estimation of the aggregate agricultural
production function are unavailable before the 1930 time point.

It is especially difficult to assume the constancy of the elas-
ticities of land and current inputs (of which fertilizer was the domi-
nant factor). In agriculture in prewar Japan, because land was rela-
tively scarce and labor was relatively abundant, efforts for technical
improvements were concentrated on saving land or increasing the output
per unit of limited land area, primarily through the development of
fertilizer-responsive high-yielding varieties and related cultural

practices. This implies innovations facilitating the substitution



of fertilizer and other current inputs, such as pesticides, for arable
land.é) Such bias in technical change is also reflected in the decrease
in the share of land and the corresponding increase in the share of
current inputs in the total cost of agricultural production, especially
before 1920.7)

Another critical aspect should be the constancy of the production
elasticity for research and extension. T.W. Schultz has argued that
agricultural research is characterized by scale economies.a) The

Schultz hypothesis has been supported empirically by Robert Evenson.g)

Between 1880 and 1930 Japan established a modern system of agricultural
research and extension. Public expenditure for research and extension
rose more than 20 times during this period.lo) Given the scale economies
of the technology-producing sector, especially in its infant stage, it
it highly unlikely that the production elasticity of research and ex~
tension remained constant for the prewar 60 years.

For those considerations we estimated not only the ordinary Cobb-
Douglas production function but also its modified form, in that the co~
efficients of land, fertilizer, and research and extension vary in corre-
spondence with changes in their levels. While the ordinary Cobb-Douglas ‘
function in logarithmic transformation is specified as
(1) 1og(Y/A), = ug 4 oplog(L/A); + aylog(K/A), + aglog (F/A)

5
+ %glogEy + %plogR, + j:odjnj + Uy

the modified form is



~10~-

(2) 1og(Y/A)i = oy + o log(L/A), + o log(K/A), + 8F¢2F735i

5

+ aglogE, + BR/§I + jioajuj + U,

Where
Y = output E = education
A = land R = research and extension
L = labor Dj = regional dummy (§=0...5)
K = capital U = error temm
F = fertilizer

and the subscript-i's denote prefectures.

In both equations (1) and (2) output and conventional inputs are
expressed in per-unit-of-land terms, and the production elasticity of
land (aA) is obtained as one minus the sum of production elasticities

of labor (O‘L)’ of capital (y,.), and of fertilizer (ap), assuming

K

linear homogeneity GxL+-a toag ta, = 1). While the coefficients of

K
equation (1) are themselves the production elasticities, in equation
(2) the production elasticities of fertilizer and of research and ex~
tension are derived as
ap = 2 6, and ap = 5 B /K

In other words, the production elasticities of F and R in equation (2)
are specified as the increasing functions (at decreasing rates) of
(F/A) and R, respectively, for the positive values of B and Bp.

For the positive estimate of Br the production elasticity of fer-
tilizer (ap) increases, and the implicit coefficient of land (aL),

which can be obtained from the linear homogeneity assumption, de=-

creases in correspondence with the rise in the inputs of fertilizer per
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unit of arable land area. This specification is consistent with the
pattern of land-saving and fertilizer-using technical progress in pre-
war Japan. Also, the production elasticity of research and extension
in equation (2) increases at a declining rate, consistent with the
pattern expected in the period of rapid evolution from an infant stage
to a mature stage of the national system of research and extension in
agriculture.

The problem is whether such bias in technical progress in agri=-
culture and scale economies in research investment over time were re-
flected in the cross-prefectural data in the 1930's. Of course, valid-
ity of the extrapolation of cross-sectional estimates into a time=-series
dimension is always open to question. However, it seems reasonable
to expect that the cross-prefectural variations in the effects of scale
economies of research and extension on agricultural production in Japan
in the 1930's were sufficient to estimate the scale economies. Evenson
successfully estimated scale economies for research and extension in
the United States using inter-state cross-sectional data for the 1950‘5}1)

It appears even more reasonable to assume wide inter-regional
variations in agricultural technology with respect to factor-saving
bias. In this period northeastern districts (particularly Tohoku)
were still agriculturally backward relative to southwestern districts
(particularly Kinki and Northern Kyushu), though the inter-regional
technology gap had been reduced since the early Meiji period.l2) In
1930-35 the average fertilizer input per hectare of arable land in

paddy field units in the Kinki district was about 100 per cent higher

than in the Tohoku district. 1In the same period it is estimated that
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the difference in the price of fertilizer between Kinki and Tohoku was
only 20 per cent at a maximum. Since the long-run price elasticity of

13) only 20 per

demand for fertilizer was estimated as about unity,

cent of the difference in the input of fertilizer per hectare can be

explained by the difference in prices. The remaining 80 per cent should

be explained by the difference in the level of fertilizer-using techno-

logy. This evidence seems to support a presumption that the cross-pre-

fectural data in the 1930's reflect, to a significant extent, differences

in the fertilizer-using and land=saving technical progress over time.
Both equations (1) and (2), because the variables are expressed

in per-land-unit terms, have a limitation in that it is not possible

to test the economies of scale with respect to conventional inputs.

This is to avoid the strong multi-collinearity between land and labor.

This limitation does not seem critical for the prewar analysis, since

micro production function estimates using farm survey data invariably

indicate that constant returns prevailed before World War II and even

until 1955.14) However, there is some sign that the scale economies

have emerged in Japanese agriculture since the late 1950's with the

development of mechanical technology, although the evidence is not

15) We do not deny a possibility that the specification

conclusive.
of linear homogeneous production functions might have caused some bias
in our growth accounting, especially for the postwar period.

A number of other specifications of the production function, in-

cluding the CES type, were tried and the results are reported else-

16)
where. They do not seem to imply different conclusions from those
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presented here regarding the growth accounting analysis.
Data
Here we will explain briefly the cross-prefectural data for the

17) In principle

variables included in the specified production function.
the data are five years' averages centering 1930, 1935, 1960, and 1965,
respectively.

The output variable (Y) is in terms of gross agricultural output,
measured in 1934-36 constant prices for the prewar period and in 1960
constant prices for the postwar period. The unusually bad crop years of
1929 and 1934, were excluded from averaging as they do not seem to
reflect the "normal" production capacity.

Land (A) is measured in paddy field units which are equivalent to
a cho (0.9917 hectare) of lowland paddy field; upland field areas are
converted into areas in paddy field units by applying the ratio of the
price of upland field to the price of lowland paddy field.

Labor (L) is in terms of number of male worker units: the sum of
the numbers of gainful male workers and of female workers converted
into male units by applying the ratio of male wage rate to female wage
rate.

Fertilizer (F) for the prewar period represents the purchased
current inputs in agriculture measured in terms of 1934-36 constant
prices. For the postwar period the aggregates of farm expenditures
for current inputs, including fertilizer, pesticides, insecticides, and

others are adopted as the series for F.
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As the capital variable (K), we adopted for the prewar period the
stock of livestock capital as representing the total capital stock in
agriculture. For the postwar period we took the stock of farm machin-
ery and implements as representing farm capital in the 1960's.

The education variable (E) is measured in terms of average
schooling years of farm workers.

The variable for research and extension (R) is the accumulation
of annual expenditures for agricultural research and extension activ-
ities both by central and local governments for the past 15 years end-
ing in the year of analysis divided by the number of farms in each
prefecture. The annual expenditures are accumulated after being de=-
flated by the consumer price index. For the prewar period the re-
search and extension expenditures are measured independently for each
prefecture. For the postwar period those expenditures are pooled and
averaged among prefectures within each of 11 ecological regions. The
data prepared in this way brought about better results for the postwar
analysis.ls). This appears to imply that the spill-over effects of
research among prefectures in the same ecological region became domi-
nant in the 1960's with the progress of communication systems.

Five regional dummy variables (Qj's) are adopted in order to ad-
just for the effects of differences in climate and other environmental
conditions on agricultural production.

III. CROSS-PREFECTURAL PRODUCTION FUNCTION
The main results of estimation of the cross-prefectural agricultural pro-

duction function, based on data for 46 prefectures, are summarized in
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Table II

ESTIMATES OF AGRICULTURAL PRODUCTION FUNCTION ON CROSS~-PREFECTURAL DATA,
1930 (1928-32 AVERAGES) AND 1935 (1933-37 AVERAGES)

Regression number 1 Z 3 4 5 [ Vi
Year 1930 1950 1935 1935 1930-35 1930-35 1930-35
Sample Size 46 46 46 46 92 92 92
Labor {(logL/A) .465 457 344 . 337 . 404 .396 .423
(.108) (.104) (.098) (.095) (.071) (.067) (.064)
LLivestock (logk/A) .145 .187 .119 .176 .136 .188 .165
capital (.058) (.055) (.054) (.054) (.038) (.037) (.036)
Fertilizer (logF/A) .241 . 249 . 323 . 323 .280 - .284

(.059) (.053) (.058) (.052) (.039) (.035)

(7R .0357
(.0042)

Education (1ogE) .169 144 .156 .140
(.138) (.102) (.078) (.077)
Res. and ext. (1ogR) .210 .138 167
(.069) (.054) (.040)
(]R ) L0692
(.0183)
Regional dummies :
D -.038 -.052 -046 -.048 -,042 -.049 -.057
(Hokkaldo, Tohoku, (.031) (.028) (.029) (.027) (.020) (.018) (.018)
Northern Kanto)
D 017 -.005 .029 .024 . 023 .011 007
(SOuthgrn Kanto, (.036) (.034) (.034) (.031) (.024) (.022) (.022)
Hokuriku)
Dy -.007 -.049 ~-,021 -.039 -,014 -.042 -.052
(Tozan), Tokai) (.036) (.035) (.034) (.032) (.024) (.022) (.022)
D .067 .049 .050 . 041 ,058 .045 .041
(Kinki’ (.033) (.031) (.031) (.029) (.022) (.020) (.020)
D -.010 -.003 -,010 -.0002 -,011 -,002 -,008
(Chugoiu, Shikoku) (.027) {.025) (.026) (.024) (,018) (.016) (.016)
Time Dummy : Tq¢ ,014 -.034 -.029
(.011) (.014) (.014)
Constant term 1.489 1.231 1.589 1,308 1,531 1.282 1.480
Coefl. of det. (adj.) L8179 g 1) 528 855 B35 867 889
S.E. of est. .083 .048 .052 .047 .051 .045 . 045
Implxéit Coel. of land . 149 . 107 214 . 104 . 180 132 112

Equations are estimated by the least squares. The standard errors of coefficients
are in parentheses.
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Table III

ESTIMATES OF AGRICULTURAL PRODUCTION FUNCTION ON CROSS-PREFECTURAL
DATA, 1960 (1958-62 AVERAGES) AND 1965 (1963-67 AVERAGES)

Regression number B 9 10 11 12 13
Year 1960 1960 1965 1965 1960-65 1960-65
Sample Size 46 46 46 46 92 92
Labor (logL/A) 287 .292 . 250 . 294 .277 . 285
(.108) (.106) (.069) (.059) (.059) (.060)
Machinery (IogK/A) . 284 .199 . 357 .303 . 305 . 259
capital (.113) (.116) (.079) (.066) (.064) (.061)
Current Inputs (1ogF/A) .243 224 274 .218 . 260 .226
(.074) (.078) (.043) (.040) (.039) (.038)
Education (logg) .236 731 .508
(.921) (.552) (.581)
Res. and ext. (1ogR) 046 .063 . 055
(.041) (.050) (.031)
Rogional Dummies :

D 044 . 040 .035 .033 .040 .038
(uokkaidb, Tohoku, (.025) (.024) (.016) (.014) (.014) (.013)
Northern Kanto)

D .025§ 032 .036 040 .030 .034
(Southerﬁ Kanto (.030) (.030) (.017) (.015) (.016) (.01S)
Hokuriku)

D .026 038 .007 .013 .017 .019
(Tozan, ?okai) (.027) (.028) (.019) (.016) (.016) (.01Q)

Dy .019 032 .009 +016 015 ,021
(Kinki) (.031) (.031) (.021) (.018) (.018) (.017)

D¢ -,003 +020 -.013 .008 -.008 012
(Chugoku; Shikoku) (.0258) (.026) (.016) (.014) (.014) (.01%)

Time Dummy : T, -.037 -.032

(.022) (.020)
Constant term 1.486 1,401 1.234 1.203 1,371 1.323
Coet. of det.(ad].) T AL . 899 901 570 . 58Y
S,E, of est, 044 . 044 ,031 .030 .037 037
ImpIicIt Coel. of Iand . 188 285 119 1835 9 11 N

Equations are estimated by the least squares. The standard errors of coefficients
are in parentheses,
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Tables II and III for the prewar and the postwar periods. Each
column reports the results of a least squares regression of gross
agricultural output per hectare of paddy~field-equivalent land area
(in logarithm) on a different set of variables specified, including
estimates of the production coefficients and their standard errors
(in parentheses), the standard error of estimate (S.E.), and the co-
efficient of determination adjusted for the degree of freedom. Except
Regression (7), which is the estimate of equation (2), they represent
the estimates of the ordinary Cobb-Douglas production function.
Considering the crudeness of data, the levels of statistical sig-
nificance of the estimated coefficients seem satisfactory in most
cases, except for the coefficients of education in the postwar regres-
sions. The coefficients stay fairly stable when nonconventional var-
iables are added or subtracted. Comparisons of the estimates from the
data of different time points and of the pooled data indicate the
stability of the production function over time both within the prewar
period and within the postwar period.lg)
In terms of the goodness of fit to data, as measured by the co-
efficient of determination, Regression (7) is slightly better than
Regression (6). This may be taken as an evidence to support the spec-

ification of equation (2) for the prewar analysis.

Comparison with factor shares

Here we will examine the estimates of production elasticities in

20)

Tables II and III in comparison with the factor share estimates.
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Modal values of the estimates of production elasticities and the

estimates of factor shares in the comparable periods are roughly as

follows:
Production elasticities Factor Shares
Prewar (1930-35):
Labor 0.4 0.5
Capital 0.15 0.1
Fertilizer 0.3 0.1
Land 0.15 0.3
Postwar (1960-65):
Labor 0.3 0.5
Capital 0.3 0.1
Fertilizer 0.2 0.2
Land 0.2 0.2

A clear contrast exists between the 1930-35 and the 1960-65 periods in
the way that the production elasticities differ from the factor shares.
For the 1930-35 period the production elasticity of fertilizer is es-
timated to be much larger than the fertilizer's distributive share, and
the production elasticity of land to be much smaller than the land's
share. In contrast, for the 1960-65 period the production elasticities
of capital and labor diverge significantly from their factor shares;
production elasticities are larger for capital and smaller for labor,
respectively, relative to their factor shares.

Differences between the 1930-35 and the 1960-65 periods, in the
way that production elasticities diverge from the factor shares,

seem to reflect the differences in the patternof technical progress
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in agriculture in Japan between the prewar and the postwar periods.

As previously explained, in the prewar period technical innovations
were primarily motivated to overcome the constraint of land endowment
on agricultural production, by developing such technologies as ferti~
lizer-responsive high~yielding varieties, which facilitate the substi-
tution of fertilizer and other current inputs for land. Those land-
saving and fertilizer-using innovations were, to a large extent, in=-
duced by the rapid decline in the price of fertilizer relative to the
price of land.2l)

It appears reasonable to hypothesize that there had emerged dis-
equilibria in the levels of inputs of fertilizer and land due to a lag
in the adjustment of farmers to rapidly changing equilibrium levels
corresponding to a rapid decline in the relative prices of fertilizer
and land, and to the rapid progress in land-saving and fertilizer-

2)

using technology.2 This is consistent with Griliches' finding in
his cross-regional analysis of the agricultural production function
that the disequilibrium in the form of a gap between a production
elasticity and a factor share existed also in the United States
during a period that was also characterized by a rapid decline in
the price of fertilizer.-

In the postwar period the situation began to change drastically
with the dramatic spurt in industrial development since the mid-1950's.
The labor force in agriculture began to decline and the wage rates to

rise rapidly, especially since 1960. Also, industry in Japan has in-

creased its capacity to supply sophisticated farm machinery and imple=-
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ments to the agricultural sector. In response to rapid rises in the wage
rates relative to the machinery prices the substitution of power and
machinery for labor has become a major concern of farm producers. The
primary motivation for innovations in agriculture began to shift from
saving land to saving labor.

In such a situation it is reasonable to expect that disequilibria,
as reflected in a gap between production elasticities and factor shares,
have emerged with respect to labor and machinery capital due to a lag
of farmers' adjustment to changes in technology and relative prices.

It is entirely consistent to have disequilibria in the levels of in-
puts closely related with rapid technical changes — land and fertilizer
in the prewar period, and labor and machinery capital in the postwar
period.

Comparison with previous estimates

The results of our estimation may be checked with the earlier
studies of the agricultural production function.

A classical study by Kazushi Ohkawa, based on production cost
survey data for 1937-39 in the eastern part of Japan, resulted in the
estimates of the elasticities of rice production as 0.2 to 0.3 for
labor; 0.4 to 0.5 for land; and 0.3 for current inputs (which Ohkawa

24)

called "working capital"). Ohkawa found those estimates consistent
with the factor shares in rice production. Keizo Tsuchiya estimated
the same model as Ohkawa, using production cost survey data from the

Shizuoka prefecture, for 1951 when the prewar pattern of land scarcity
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and labor abundance still prevailed. His estimates of rice pro-
duction elasticities are not significantly different from Ohkawa's.
Their estimates of rice production elasticities are smaller for labor
and larger for land than our estimates of aggregate production elasticities.
We do not consider these estimates by Ohkawa and Tsuchiya incon-
sistent with ours. Their estimates are of rice production, while ours
are of aggregate agricultural production, including livestock and seri-
culture which are less dependent on land.26) Also, their estimates are
for relatively homogeneous regions. As explained previously, inter-
regional variations in the level of agricultural technology, especially
between the West and the East, were significant. The estimates by both
Ohkawa and Tsuchiya for relatively more homogeneous regions, based on
farm survey data, can be considered as estimates of the micro produc-
| tion function of the neoclassical tradition. In contrast, our estimates
for the whole nation including technically heterogeneous regions,
based on prefectural aggregates, should be of the envelope of the micro
production functions ——the meta-production function of the Hayami-
Ruttan sense.27) It seems reasonable to infer that disequilibria in
the factor inputs, as reflected in the gap between production elas-
ticities and factor shares, are more likely to appear along the sur-
face of a meta-production function involving technical changes.
Recently Masahiko Shintani has attempted to estimate an aggre=-
gate agricultural production function in value added terms, based on

the farm household economy survey data for 1925-36.28) His estimates
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of production elasticities are: 0.3 to 0.5 for labor and 0.1 to 0.2
for capital, which are consistent with ours; but 0.3 to 0.5 for land,
is much larger than our estimate. It appears that the large value of
the elasticity estimate for land was a result of the specification of
the production function in value added terms, subtracting current
inputs from gross output. This specification is based on the assump=-
tion that the current inputs, such as fertilizer, are paid in the
market equal to their marginal value products. It appears possible
that, when this equilibrium assumption does not hold, a specification
bias emerges in the coefficient of land, which is a close substitute
of current inputs.

There have been a number of attempts to estimate aggregate ag-
ricultural production functions for the postwar period. A study by
Yasuhiko Torii in gross output terms, based on farm economy survey
data for 1957-60, is characterized by unstable and somewhat implausi-
ble results probably due to excess disaggregation of inputs.

However, his estimates of the production elasticity of labor in the
range of 0.2 to 0.3 is consistent with our estimate.

Yasuhiko Yuize's estimates of aggregate production elasticities
in value added terms, based on the farm economy survey data for 1960
and 1962, are in the ranges of 0.4 to 0.6 for labor, of 0.2 to 0.4 for
land, and of 0.2 to 0.5 for capital.30) Those estimates are, on the
whole, consistent with ours, considering that the ratio of value added

to gross output in agriculture is about 0.7 in this period.
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Ryoshin Minami and Shigeru Ishiwata have estimated the aggregate
production function in value added terms by pooling the time=-series
and the cross-section data from the 1953~65 farm economy surveys, re-
sulting in the estimates of production elasticities— 0.7 for labor,
0.3 for capital, and nearly zero for land.dl) Their estimate of the
labor elasticity appears too high. More implausible is their zero
estimate of the land elasticity, considering the fact that the "black
market" rent of 50 per cent of produce has often been reported.sz)

Finally, we will examine the production elasticities of rural edu=-
cation and of agricultural research and extension for which no previous
estimates are available for Japanese agriculture. Both the U.S. cross=-
regional estimates of the aggregate agricultural production function by
Griliches and the cross-country study by Hayami and Ruttan have found
that the production elasticity of education is equivalent to that of
labor, implying a given percentage increase in education which im=
proves the quality of labor, has the same output effect as an equal
percentage increase in labor itself.33 The present estimates for
postwar Japan do not reject the same hypothesis, although they repre-
sent very weak evidence because of relatively large standard variations
in the coefficients of education. However, the estimates of the pro-
duction elasticity of education for the prewar period are clearly
smaller than those of labor.

A significant increase in the production elasticity of education

from the 1930-35 to the 1960«65 periods appears reasonable. Since the

late 1950's agricultural producers in Japan have been experiencing dra-
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matic technical and economic changes. As wage rates have risen, they
have shifted from a traditional land-saving technology to a new labor-
saving technology. At the same time they have adjusted their product
mix in favor of commodities characterized by high income elasticities,
such as livestock products, vegetables, and fruits, in response to
rapid rises in per-capita income. In this situation there is a higher
premium on capacity for efficient resource reallocation in response

to changes in prices and technology. As a result it seems reasonable
that the effects of schooling on agricultural output should have risen
significantly.34)

In contrast, the inter-war period was characterized by relative
stagnation in agricultural technology. Moreover, technical progress,
if any, was of a traditional land-saving.nature,to which farmers had
been accustomed for several generations. Under these conditions, it
seems reasonable to expect to find significantly lower estimates of the
production elasticity for education for 1930-35 than for 1960-65. It
also seems reasonable that the 1930-35 elasticities for Japan are
lower than the elasticities estimated by Griliches for the United States
in the 1940's and the 1950's, because of the dramatic changes in agri-
cultural technology in the United States during this period.

It is interesting to observe that our estimates of the production
elasticity of research and extension for 1930-35 are similar to the
Hayami-Ruttan estimates based on the cross-country data and those for
1960-65 similar to the Griliches estimates based on the U.S. cross«

regional data. This may be due to a lag in the output effect of agri-
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cultural research investment. The real growth in public expenditure
for agricultural research has been accelerated in the postwar period,
an annual rate of more than 10 per cent as compared with the prewar
(1900-35) rate of 5 per cent. Investment in research is, by nature,
characterized by a substantial lag in the realization of its output
effect as it generally involves a long gestation period. It appears
possible that the return on research investment may be characterized
by short-run decreasing returns during a period of rapid accumulation
of research capital even if research activities are characterized by in~
creasing returns in the long run. In terms of this hypothesis the de~
cline in the coefficient of research and extension from the prewar to
the postwar period may not be unreasonable. It might also be that the
Griliches estimates for the United States reflect a similar situation.
IV. ACCOUNTING FOR GROWTH

On the basis of the estimates of the aggregate agricultural produc-
tion function in the previous section we will attempt to account for
growth in agricultural output in Japan. Since our production function
is assumed to be linear homogeneous the rate of growth in output can be
expressed as the sum of growth rates in inputs weighted by the rele-
vant production elasticities. A set of production elasticities pri-
marily based on Regression (7) for the prewar period and on Regression
(13) for the postwar period was adopted as shown in Table IV; the
choice of the elasticity for education for the postwar period was made
on the basis of the previous discussion of the equivalence of labor and

education.
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Results of the growth accounting, utilizing the production elas-
ticities estimates from Table IV, are summarized in Table V. Each row
compares for each period the growth rate in total output in agriculture
with the rates of growth in inputs weighted by the production elastici-
ties specified in Table IV. Inside of parentheses is shown the index
with the output growth rate set equal to 100.

As a long-term analysis we are successful in reducing the residual
in the growth in agricultural output unexplained by the growth in in-
puts. For the whole period of analysis from 1880 to 1965 excluding
the period of war devastation and recovery, as well as for the entire
prewar period 1880-1935, the rate of output growth is almost complete-
ly explained by changes in four conventional inputs and in education,
and in research and extension. As summarized in Table VI, for the
whole period, the three major sources: (a) changes in weights for
input aggrqgation from factor shares to production elasticities,

(b) contribution of rural education, and (c) contribution of agri-
cultural research and extension are of roughly equal importance in
accounting for the growth in the total productivity index, the resi=-
dual in the growth in output unexplained by the growth in conventional
inputs weighted by factor shares. For the prewar period the contri-
bution of education is slightly larger, and the effect of changes in
weights smaller.

However, our approach proves inadequate in explaining the varia-
tions in the rate of growth in agricultural output and productivity

among different phases or "technical epochs." Significant residuals,
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either positive or negative, remain for the sub-periods. Phase 1 (1880-
1920), which was characterized by rapid growth in output and the total
productivity index, has a positive residual; and Phase 2 (1920-1935),
which was characterized by a relative stagnation in agricultural
growth, has a large negative residual. Again, the postwar period of
rapid growth is marked by a positive residual.

These sequences in which either a positive or negative residual
appears seem explainable in terms of sequences in the accumulation and
exhaustion of the potential in agricultural technology as analyzed by
Hayami and Yamada.35) According to the Hayami-Yamada hypothesis rapid
growth in Phase 1 was supported by a backlog of technological poten=-
tial accumulated during the feudal Tokugawa period, a process of
nation-wide diffusion of superior methods and advanced knowledge embod-
ijed in veteran farmers (Rono) in various localities, which had hither-
to been dammed by feudal constraints until they were removed by the
Meiji reforms. Exploitation and diffusion of the backleg of indige-
nous technology were also facilitated by the government's agricultural
research and extension activities and by the introducticn of modern
communication and transportation systems including postal service and
railway.

Stagnation in Phase 2 resulted from the exhaustion of this
technological potential as the result of its diffusion before the mod-
ern agricultural research system began to supply new potential in suf-
ficient amounts. The postwar spurt was based, at least in part, on
realization of the technological potential which was accumulated

during the war period as the result of massive research investments,
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domestic and foreign, for military purposes. Most of the researches
conducted during the war were not for agricultural purpcses, but they
formed a backlog for the advancements in agricultural techniques.

When a backlog of potential technology has been accumulated,
agricultural research tends to have a higher pay-off by exploiting the
existing potential. When the potential is exhausted, research invest-
ment is likely to yield lower returns, at least in the short run, until
it produces major breakthroughs. Also, returns to formal education would
be higher during a period of rapid technical progress, as discussed
previously.

It seems reasonable to hypothesize that the positive residuals
for Phase 1 and the postwar spurt period, in contrast to the negative
residual for Phase 2, have resulted from the neglect in our model of
those effects of accumulation and exhaustion of technological poten-
tial over time. It is also hypothesized that the large residual for
Phase 2 is partly attributable to the influence of depressed agricul=-
tural prices due to the large scale import of colonial rice and to the
contraction of demand in the inter-war recession, which dampened farm-
ers 1incentives to introduce new technology.37

V. CONCLUSION

In this study, by estimating the aggregate agricultural production
function using cross=prefectural data, factors have been identified that
could influence the level of agricultural output. With the estimates
of production elasticities, the major portion of the growth in agri-

cultural output and productivity for 1880-1965 has been explained by



the four conventional factors—land, labor, capital, and fertilizer—
and the two categories of nonconventional inputs— rural education, and
agricultural research and extension.

Overall, about half of the long-term rate of growth in agri-
cultural output has been accounted for by changes in the four conven-
tional inputs; one-quarter by an increase in the level of education;
and another one-quarter by an increase in the public expenditure for
agricultural research and extension. A large gap between the growth
in output and the growth in conventional inputs, as measured by the
total productivity index, has been closed and accounted for in roughly
equal magnitudes by: (a) adoption of the estimates of production
elasticities for input aggregation; (b) the contribution of education;
and (c) the contribution of research and extension. The divergence
between the production elasticities and the factor shares has been
intefpréted as arising from a lag in the adjustment of farmers to biased
technical progress corresponding to changes in relative factor prices.

Our approach has proved insufficient for explaining the emergence
of distinct phases or technical epochs in the modern agricultural de-
velopment of Japan. Significant residuals in the growth accounting
have remained for sub-periods. The sequences in which positive and
negative residuals appear for different phases have been found con-
sistent with the Hayami-Yamada hypothesis concerning the sequences of
accumulation and exhaustion of technological potential over time.

It must be emphasized that our approach is a very rough first ap-
proximatiaon, and that we should be cautious in deriving any theory and

policy implications from the results of this study. In addition to
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the problems involved in data and estimation procedurgs, the present
approach has an intrinsic weakness in that interactions among factors
can not be properly analyzed. Improvements in land-saving technology
(for example, the development of high-yielding seed varieties) may not
be effective unless accompanied by increases in the application of fer-
tilizer and other agricultural chemicals. The effect$ of labor-saving
innovations may not be realized without investment in|new machinery.
The pay-off to investment in education is not independent of the speed
of technical progress. The growth accounting analysi$ based on aggre-
gative data as in this study, is most useful for the {nderstanding of
the agricultural development process when complemented by micro case
studies which analyze the intrinsic interactions among conventional

and nonconventional factors.

The National Research Institute of Agriculture and Tokyo Metropolitan University.
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