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SaBuUro YAamAapA®

CHANGES IN OUTPUT AND IN
CONVENTIONAL AND NONCONVEN-
TIONAL INPUTS IN JAPANESE
AGRICULTURE SINCE 1880t

Recently much attention has been given to the problem of de-
vising efficient strategies of agricultural development as a crucial component of
overall economic growth. The experience of Japan since the Meiji Restoration of
1868 has been singled out as a particularly significant case study. Impressive in-
creases in agricultural output and productivity were clearly a necessary condi-
tion for the success of Japan’s efforts to modernize her economy (37). It has also
been emphasized that to a rather remarkable degree the increase in agricultural
output in Japan in the decades following the Meiji Restoration is to be attrib-
uted to “technical progress” rather than an increase in physical inputs. The gen-
eral argument has been advanced that this type of approach—empbhasis on in-
creasing the productivity of existing land and labor resources committed to the
agricultural sector—is of general relevance to underdeveloped countries, in part
because it permits the development of agriculture to contribute significantly to
overall economic growth (27).

The purpose of the present paper is twofold. In the first part of the paper the
long-term trends of output and in the use of conventional inputs in Japanese
agriculture are examined for the period 1880-1959. It is found that the rate of
increase in output was immensely greater than the increase in the use of con-
ventional inputs of land, labor, and capital. There is increasing recognition that
the “technical progress” implied by these disproportionate rates of increase in
output and resource use is to be attributed in large measure to shifts in produc-
tion functions associated with agricultural research and with increases in the
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level of technical knowledge, skill, and managerial competence of the farm pop-
ulation. In addition to the emphasis on this aspect of Japan’s agricultural devel-
opment in the work of Ohkawa and Rosovsky, Johnston, Tang, and Yamada,
the importance of “nonconventional inputs” in relation to technical progress has
been stressed by Schultz, Griliches, Heady, and others (3, 5, 9, 25, 26, 37, 41, 42,
46, and 55).

The second part of the paper is devoted to an analysis of government expen-
ditures for various nonconventional inputs such as agricultural research and ed-
ucation and extension-type activities. Studies of the Japanese experience have
emphasized that government programs concerned with developing improved
technology and with raising the level of technical knowledge and skills of Ja-
pan’s farmers made a strategic contribution to the impressive increases in factor
productivity evident in the large increases in farm output associated with only
moderate increases in farm inputs.

Fundamental difficulties bedevil any attempt to identify the causal factors re-
sponsible for changes in agricultural productivity and output and to evaluate
their importance. This is inevitable because of the way in which changes in out-
put and productivity depend upon complex interactions between the manage-
ment decisions and performance of individual farmers and the level, composi-
tion, and efficiency of government programs that condition the production pos-
sibilities available to farmers. Such interaction between factors at the farm level
and government programs of research and other conditioning factors was clearly
of great importance in Japan. Moreover, owing to the great importance of com-
plementarities among many of the conventional and nonconventional inputs, it
is not even possible conceptually to estimate the returns attributable to a partic-
ular nonconventional input. Observed changes in agricultural productivity may
also be influenced strongly by more general economic forces, notably factors in-
fluencing the rate of increase in demand for farm products and the availability
of nonfarm employment opportunities which is often the major determinant of
changes in the size of the farm labor force (25, 28). Also important is technical
progress in the manufacturing sector that leads to improvements in the quality
and variety of nonfarm inputs available and to a relative decline in their supply
price. Furthermore, technical advance in agriculture may be due to spontaneous
innovation and diffusion of improved practices among farmers which is influ-
enced little, if at all, by government programs. It will be argued below that this
last factor was probably of great importance during the early years of Meiji
whereas in later periods technical progress seems to have depended mainly on
organized research, formal education, and extension activities.

Decisions with respect to the priority to be given to various measures to pro-
mote increased agricultural output and productivity are at the heart of the prob-
lem of designing rational agricultural development plans and programs. This
historical analysis of the Japanese experience is presented in the belief that it
throws considerable light on the difficult problems involved in determining the
appropriate level and pattern of governmental expenditure to promote agricul-
tural development. Examination of the magnitude of government expenditures
for nonconventional inputs in relation to the value of the “unexplained output”
gives some indication of the returns that can be expected from such outlays.* In

1 See below for a definition of “unexplained output.”
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addition, the correlations between levels of expenditure for various types of non-
conventional inputs and the magnitude of the unexplained output associated
with such expenditures during different phases of Japan’s agricultural develop-
ment are scrutinized in considerable detail. Some of the correlations that emerge
seem to be very suggestive and give at least a rough indication of the returns to
_various types of developmental expenditure.

1. LONG-TERM TRENDS OF OUTPUT AND USE OF CONVENTIONAL INPUTS
IN JAPANESE AGRICULTURE

During the eight decades between 1880 and 1960 the output of Japanese agri-
culture increased tremendously. The value of farm output, which was 576 billion
yen at 1955 prices in 1880-84, increased to 1,591 billion yen in 1955-59, a rise of
176 per cent. The net value of farm output also rose considerably, from 499 bil-
lion yen to 1,073 billion yen, an increase of 115 per cent. The changes in gross
and net output by five-year averages are shown in Table 1 together with the asso-
ciated changes in various categories of conventional inputs.?

The number of gainfully occupied persons in agriculture was relatively stable:
14.9 million in 1880-84 and 14.2 million in 1955-59. Except for the extraordinary
increase immediately after World War II, the farm labor force showed a slight
declining trend.

Land area expanded very moderately from 4.75 million hectares in 1880-84
to 6.01 million hectares in 1955-59, a rise of 27 per cent. The area classed as paddy
fields increased from 2.75 to 3.20 million hectares, an increase of only 16 per cent
whereas land in upland fields showed a rise of 41 per cent from 2.00 to 2.81 mil-
lion hectares. Because of its small size and mountainous terrain Japan has found
it difficult to expand the area of farmland. The increase that was achieved was
mainly the result of agricultural settlement in Hokkaido, the northern island of
Japan.

Fixed capital registered a moderate increase from 1,157 billion yen to 1,659
billion yen over the entire period. The major component of fixed capital is farm
buildings and this item was relatively constant. Other components of fixed capi-
tal, such as trees and shrubs, livestock, and machinery and implements, increased
considerably from 274 billion yen to 717 billion yen, a rise of 162 per cent. This
percentage rise was close to that of gross output, but the increase in all types of
fixed capital was only 43 per cent because of the dominant weight of investment
in farm buildings in the total.

The most remarkable increase in physical inputs was in the category of work-
ing capital or variable inputs. The value of variable inputs was only 53 billion
yen at 1955 prices in 1880-84 but rose to 353 billion yen in 1955-59. Thus the in-

2 Since 1959 the writer has been engaged in a program of rescarch aimed at obtaining the best
possible historical estimates of changes in agricultural output and conventional inputs in Japan. This
is, of course, a never-ending task as there is always scope for further refincment of such estimates.
Subsequent to completing the analysis on which the present paper is based, the present author and
co-workers at Tokyo Mctropolitan University and the Hitotsubashi Institute of Economic Research
undertook a further study that resulted in the “LTES cstimates” that are presented in 52. These new
estimates arc not quitc 3 per cent higher than those presented here for the 1880-84 and 1890-94
quinquennia, and the five-ycar averages since the 1900-04 period are about 4 per cent higher (6.8
per cent higher as an average for 1930-34). A varicty of tests that have been applied to the LTES
estimates seem to confirm their rcasonableness (60). And in view of the close similarity between the
two series, they offer support to the reasonableness of the estimates used in the present monograph.
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TasLe 1.—CuaNGEs 1N OutruTr AND CONVENTIONAL INPUTS IN
JAPANESE AGRICULTURE, 1880-1959*
(Billion yen at 1955 prices, except as otherwise indicated)

_ Fixed capital Land
and area
Labor Inicrllgd- Exic;;d- Vari- (million hectares)
_ Output (million build- build- able Paddy Upland
Average Gross Net  persons) ing ing inputs Total fields fields
1880-84 576 499 1486 1,157 274 53 475 275 2.00
188589 669 574 1462 1,155 280 64 482 278 204
1890-94 706 599 1442 1,166 298 73 492 280 212
1895-99 742 629 1433 1,190 328 78 505 282 223
1900-04 809 683 1422 1,213 345 86 519 285 234
1905-09 872 723 14.04 1236 377 102 536 290 246
1910-14 960 774 1393 1298 435 127 563 297 2.66
1915-19 1,079 844 1380 1,331 469 160 583 3.03 280
1920-24 1,095 863 13.64 1,348 489 160 593 3.09 2.84
1925-29 1,160 891 1366 1,383 521 183 588 316 2.72
1930-34 1,204 934 1377 1434 561 184 598 321 277
1935-39 1,244 996 1357 1,458 591 196 6.07 321 2.86
1940-44 1,167 936 1380 1462 609 158 601 3.19 282
1945-49 1,020 854 1619 1402 514 114 581 310 271
1950-54 1,222 883 1565 1,510 580 231 589 313 276
1955-59 1,591 1,073 1417 1,659 717 353 6.01 320 281

* Gross output data from Saburo Yamada (57, p. 74). It was estimated using Laspeyres’ for-
mula, taking 1955 as the base. Price and quantity data from Japan, Department of Agriculture and
Forestry, 16 and 14 respectively. The official estimates of crop yields for the earlier years of the
Meiji period, which are generally considered to have been underestimated, have been revised to ad-
just for inconsistencies in the data. In the case of rice, the estimates of both yield and planted area
were revised on the basis of prefectural data. Quantities not found in 14 were estimated using sup-
plementary data mainly from 12, 13, 22, and 31.

Net output data, from Saburo Yamada (55, p. 50), were estimated by multiplying gross output
by the ratio of value added to the gross value of farm products. The ratios were estimated on the
basis of 16 and 36. Since the net output series was obtained by this indirect method of estimation
it is subject to a rather large margin of error.

Labor and fixed capital data are from Mataji Umemura and S. Yamada (51, pp. 133-36). The
labor input should be based on the total working hours on farms, but the gainfully occupied popu-
lation in agriculture has been used because of lack of data. For the prewar period, the gainfully occu-
pied population in agriculture per farm houschold and the number of farm households (56) in each
year during the period considered were estimated first as the basis for deriving the series for the
total gainfully occupied population in agriculture. The estimates for the postwar period were made
by the writer on the basis of census data.

Fixed capital is the real net capital stock employed on farms. It consists of machinery and im-
plements, trees and shrubs, livestock, and farm buildings. Land improvement facilities are not in-
cluded. Quantitative changes in component items of the respective categories were estimated first and
were then aggregated with the components weighted by the same base-year (1955) net value (based
on 16). Thus changes in productive efficiency of new varictics or new models are not reflected in the
real value of the item.

The value of variable inputs was estimated by subtracting the depreciation of fixed capital from
the difference between gross and net outputs.

Land area data for 1883-1944 are from Yujiro Hayami and Saburo Yamada (58). Estimates
for later years, also based on official statistics, include a few adjustments by the author. Only land
classed as paddy field or upland field is included. The definitions used in the official statistics were
not always the same; and the coverage was not complete in some years. An attempt has been made
to correct for such deficiencies by using prefectural data.

crease was almost sevenfold in the course of eight decades. The absolute value of
the outlays for variable inputs was small relative to the value of fixed capital in-
puts, but this rapid increase in use of variable inputs was a highly strategic factor
in Japan’s agricultural development. By far the most important item in the cate-
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gory of variable inputs was fertilizer, but chemicals for insect and disease con-
trol have become a major item in the years since World War 1II (8).

Methodology for Analyzing the Relationships Between Output and Total Inputs

The method for analyzing the relationship between farm output and indi-
vidual physical inputs is relatively simple. Complex methodological problems
arise, however, when an attempt is made to analyze the relationship between out-
put and the aggregate of conventional inputs in order, for example, to measure
to what extent the increase in farm output is “explained” by the increase in in-
puts (#4 and 45). Broadly speaking, there are two types of approach to this prob-
lem. One is based on comparing index numbers of farm output and of total in-
puts; the other is in terms of production functions. Both methods have their
respective problems.

The major problem involved in the first method is that it cannot avoid the
index number problems resulting from changes in relative prices within the
components of the indexes. The principal problem with the production function
approach is related to the instability of statistical estimates of the coefficients be-
cause of the problem of multicollinearity due to the high intercorrelation among
time series for the different variables. This has been one of the reasons for the
attention that has been given to production function analysis based on cross-
section data as a check and a supplement to analyses utilizing time series data.

The writer finally adopted the index number approach to the problem after
some tentative and unsuccessful attempts to compute Cobb-Douglas-type pro-
duction functions.?

The aggregate indexes of farm output and of conventional inputs employed
here were calculated by using the Laspeyres’ formula, taking 1955 as the original
base year. They are similar to those used in the works of T. W. Schultz (40),
J. W. Kendrick (29), R. A. Loomis and G. T. Barton of the U.S. Department
of Agriculture (30), and others. The conventional input index is composed of
indexes of labor, fixed capital, land, and variable inputs, weighted by 1955 factor
prices.* The last component, the cost of variable inputs, is also included in the
U.S. Department of Agriculture index whereas Kendrick excludes them. Two
kinds of output indexes were calculated: the index of gross output and that of
net output, both weighted by 1955 farm product prices. These are in fact simply

3 The results from the attempts to compute multiple-variable production functions gave results
which were not significant statistically and were also meaningless in an economic sense. Another
attempt was made to overcome the problem of multicollinearity by combining all variables into one
composite variable. The results of this approach were of some interest and are discussed at the end
of this section.

% The weights of the index of total inputs are based on averages derived from the Survey of
Farm Household Economy (16). The labor expenses were calculated on the basis of hourly farm
wages multiplied by the total farm labor hours, including that of farm family members. Land cost
is the sum of rental payments for rented land and the imputed rent for owned land. The latter is
assumed to be 6 per cent of land value, evaluated by the prices of arable land prevailing in 1955.
(These are estimates of the Japan Hypothec Bank in 11; the land prices in 16 are not used in this
study as they are underestimated.) The cost for fixed capital is the sum of interest estimated at 6 per
cent and of depreciation of farm assets. The cost of working capital is obtained by subtracting wages
for hired workers, depreciation, and rent from the total farm expenses.

The percentages of costs of each item defined above in total farm expenses in 1955 and which
were used as weights in computing the index of total inputs are as follows: labor cost, 44.9 per cent;
cost of fixed capital, 18.7 per cent; cost of working capital, 19.5 per cent; rent or imputed rents for
paddy fields and upland fields, 11.4 per cent and 5.5 per cent respectively.
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the index numbers that correspond to the gross and net output estimates valued
at 1955 prices which were shown in Table 1.

The conventional input index calculated here presumably expresses the lower
limit of the increase in the use of conventional inputs; labor which has become
relatively dear has declined in importance, while use of other inputs which have
become relatively cheap has expanded.” Owing to the absence of any major struc-
tural changes in Japanese agriculture during the period under consideration,
there is reason to believe that index number problems do not seriously distort
the analysis of the relative changes in output and inputs. The farm population
and the average size of farms remained remarkably constant, except for the up-
surge in farm population at the end of World War I1 that has already been men-
tioned. And throughout most of the period, the changes in the composition of
agricultural output were very limited. It will be seen from Appendix Table I that
rice, which accounted for 62 per cent of the gross value of agriculeural output in
1880, still accounted for over 54 per cent of the total in 1955. The increase in rela-
tive importance of dairy and livestock products was very slow until the past 15
years. As of 1940 these items accounted for only 6.4 per cent of the gross value of
output, but between 1955 and 1960 their share increased from 9 to 17 per cent.
The only other conspicuous change in the composition of output was the fairly
rapid increase in the absolute and relative importance of cocoon production until
the 1930’s and its subsequent decline during and since the war.

There are two different ways of comparing the indexes—the ratio of the out-
put index to the input index and the difference between the two. To simplify
the exposition, let us shift the base period to the starting year. The output and
input indexes are then:

— EPoQt
(1) Ot - Epr)Qo
— ZRUSt
(2 L SRS,

where O represents the output index, I the input index, P the prices of farm
products, O the volume of farm output, R represents input prices, S the volume
of inputs used, and the suffixes 0 and ¢ express the base year and the year of
comparison respectively. Then, the former method is:

ZPOQt EP!)QO
®) /=3RS, /ZRﬁo'

This represents the ratio of the productivity in the period compared to that of

the base year. The latter method—the difference between the two indexes—is:

2P,Q0;  2R.S,
2P0, 3RS,

0,-1,=

5T, W. Schultz (40), computcd two kinds of input indexes weighted by 1910-14 and 1946-48
input prices respectively. The increase in the United States index from 1910 to 1950 was 33 per cent
for the former, and 14 per cent for the latter index. The former was regarded as the upper limit of
the increase in the index whereas the latter was considered the lower limit.
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Multiplying this by 2P,0,, we get:

ZP(IQO
) SP,0,(0,~1) =3P,0,~ 555" SRS,
: o 2P,0, .
>P,0, is the gross output in period ¢ and SRS 2R,S, is the expected output

with the given increases in inputs but with the overall productivity remaining
the same as in the base year. So, 2P,0,(0, —1,) represents the output which
cannot be explained by the increase in conventional inputs. We call the former
measure the “conventional input productivity index” and the latter is referred to
as the “unexplained output” (see 46). Both measures have their respective eco-
nomic meaning, so we will refer to both in the first part of this paper; but in our
examination of the relationship between nonconventional inputs and “technical
progress” in the latter part of the paper we consider only the unexplained output.

Changes in Output and Total Inputs in Different Phases of
Japan’s Agricultural Development

The computed indexes of output, conventional inputs, and the input produc-
tivity index are shown in Table 2 and Chart 1. The indexes of input and output
were shifted from the original base year, 1955, to 1880-84, the earliest period
analyzed in the present paper. The unexplained output is also shown in Table 2.
During the 80-year period from 1880 to 1960 the gross output index rose from

Tasre 2.—Inpexes oF QurpuT, ConveNTIONAL INPUT, PRODUCTIVITY, AND
UnexpLAINED OQUTPUT IN JAPANESE AGRICULTURE, 1880-1959*

Output anven- Overall Qross output Unexplained
tional produc- index minus  output

Average Gross Net input tivity® input index (&illion yen)d
1880-84 100.0 100.0 100.0 100.0 .0 0
1885~-89 116.3 115.0 100.3 115.9 16.0 92
1890-94 122.7 120.0 100.8 121.7 21.9 126
1895-99 129.1 126.1 101.7 126.9 274 157
1900-04 140.6 136.9 102.7 137.0 379 219
1905-09 1515 144.9 104.0 145.6 475 274
1910-14 166.7 155.1 107.7 154.8 59.0 342
1915-19 187.4 169.1 111.2 168.5 76.2 439
1920-24 190.4 172.9 111.2 1713 79.2 457
1925-29 201.7 178.6 113.6 177.6 88.1 508
1930-34 209.4 187.2 1154 181.3 94.0 541
1935-39 222.9 199.6 116.2 191.8 106.7 615
1940-44 202.6 187.6 113.8 178.0 88.8 511
1945-49 177.1 171.1 118.0 150.1 59.1 340
1950-54 210.2 177.0 127.7 164.6 82.5 475
1955-59 276.2 215.0 134.8 204.9 141.4 814

* Based on data from the sources cited for Table 1 which give indexes weighted by 1955 prices
on 1953-57 base, here shifted to 1880-84 = 100.

¢ Gross output index divided by conventional input index.

b The unexplained output was obtained by multiplying 576 billion yen, value of gross output at
1955 prices in 1880-84, by the diffcrences between the output and input indexes.
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Cuarr 1.—Cuancrs IN INpexis or Farm Qureur,
ConvenrtioNaL INputr, ANn Propuctivrry*

(1880-84 = 100, 1955 prices)

300

250 |-

200 Gross oufput

-
P ~

——/’ “ .
Productivity
150 |-

Conventional input

100 -

FOOD RES, INST,
90 1 L I I 1 i 1

1880 90 1900 10 20 30 40 50 80

* Data from Tablc 2.

100 to 276, the net output index increased more slowly from 100 to 215. The
difference between them reflects the rather gradual decline in the ratio of net
to gross output, from 87 per cent in 1880-84 to 67 per cent in 1955-59.

The conventional input index rose from 100 to 135, showing a very moderate
increase relative to that of output. The difference in the rate of increase of out-
put and input indicates a significant increase in the conventional input produc-
tivity index from 100 to 205. In 1880-84, the unexplained output was zero ac-
cording to our definition. The unexplained output expressed in 1955 prices
amounted to 615 billion yen in 1935-39; and by 1955-59 it amounted to 814 bil-
lion yen, a little more than half of the gross value of farm products in that
period. As noted earlier, use of an input index weighted by input prices in an
earlier period would have undoubtedly shown a more moderate increase in in-
put productivity and in the unexplained output. But it scems certain that the
“true” increase in these measures of “technical progress” was considerable.

The rates of increasc in farm output, use of inputs, productivity, and in un-
explained output showed considerable variation over the 80-year period under
consideration. On the basis of the patterns of change summarized in Table 2
and Chart 1, we may identify four periods that were characterized by mark-
edly different rates of increase in farm output: Phase I from 1880-84 to 1915-19;
Phase I, from 1915-19 to 1935-39; Phase 111, from 1935-39 to 1945-49; and Phase
IV, from 1945-49 to 1955-59. These correspond approximately to the periods of
agricultural development as defined by Johnston (25) and Ohkawa and Rosov-
sky (35, 37, and 38). It must be emphasized that the four phases used in this
paper simply refer to periods that were characterized by distinctly different rates
of growth of farm output and productivity. They are not to be confused with
the concept of phases as used by Ohkawa and Rosovsky to delincate time periods
determined in accordance with a formal analytical framework. In a recent paper
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Ohkawa (35) presents a highly interesting description and analysis of phascs of
agricultural development in terms of phascs defined according to that type of
analytical framework. The phases that he identifies are very similar to the time
periods used here except that he treats the entire period 1919-53 as a single phase.

The gross output index rose from 100 to 187 in Phase I, from 187 to 223 in
Phase 11, declined from 223 to 177 in Phasc 111, and increased again from 177 to
276 in Phase IV. The average annual rates of growth were 1.78,° 0.80, —2.79,
and 4.51 per cent respectively. Thus the gross output increased considerably,
stagnated, decreased, and again increased dramatically in the four phases of
Japan’s agricultural development. These differences throw considerable light on
the situation within agriculture itself and clarify the nature of its contribution
to the rest of the economy in the respective phases.

The net output index increased from 100 to 169 in Phase I, from 169 to 200
in Phase 11, declined from 200 to 171 in Phase 111, and rose from 171 to 215 in
Phase IV. The average annual rates of growth were 1.37, 0.69, —1.78, and 2.14
per cent respectively. The widening difference between the growth rates of gross
and net output resulted from the decline in the net income ratio mentioned
above.

The conventional input index increased from 100 to 111 in Phase I, from 111
to 116 in Phase I1, from 116 to 118 in Phase 111, and from 118 to 135 in Phase IV.
The computed annual rates of growth were 0.28, 0.28, —0.03, and 1.41 per cent

0 There is a considerable amount of uncertainty with respect to the annual rate of increase in
output during the first period (1880-84 to 1915-19). The estimated annual growth rate as pub-
lished by Ohkawa and others (36) is 2.7 per ccnt, an estimatc which was basced entircly on the offi-
cial government statistics. There was, howcver, a certain amount of conccalment and undermecasure-
ment of arable land and underreporting of yicld in the Meiji period, The government tricd to check
and correct such crrors through cadastral surveys carried out in connection with the land tax revision.
The inconsistencies in the official data scem to have been most significant for the periods just before
and just after Chio-chosa, the survey of arable land carricd out early in the Mciji period. Thus the
figures Ohkawa uscd for the carly years of Mciji were very probably underestimated as Ohkawa him-
self has pointed out. The estimates in the present paper arc also based essentially on the official crop
data, but prefectural data have been used in order to make adjustments for the inconsistencics men-
tioned above. James Nakamura has attempted to demonstrate that the increasc in output in this
period was between .8 and 1.2 per cent, but the basis for this low figure seems wholly inadequate
(32). He has completely neglected the official data for the period before 1920 and has relied instead
on some scattered data from the pre-Mciji period and on a few government statements, for instance,
on a memorandum issucd by the Meiji government in July 1873, “Instruction Notes for Lacal Gov-
crnment” (Dajokan-fukoku 272 bessatsu: chihokan-kokoroesho),

This memorandum contained an example of the computation of the value of a paddy fickd which
assumed a paddy rice yield of 1.6 koku. It is this figure which Nakamura regards as an expected
average yicld. There is, howcever, an carlier statement in the instruction note to the cffect that the
“following procedures are merely instructions for computing the field valuc ... and do not rest upon
the real situation.” Following intensive surveys under the supervision of the central government car-
ricd out during the period 1874-81, The Summary Report of Prefectural Land Value Revision (21)
was issucd in February 1882, The average rice yicld shown in this publication was 1.3 koku per ton.
This figure would scem to be considerably more reliable than the assumed figure of 1.6 koku used
in the memorandum issued before the surveys., Even the 1.3 koku yield may have contained an up-
ward bias because it was an average for Actnen, ie., years which exclude those with abnormal ¢li-
matic conditions, Toshio Furushima has suggested that the average yicld of Aeinen may well have
been higher than the average of all years under consideration (2). Thus it seems difficult to justify
attaching higher reliability to the fragments of information on which Nakamura bases his cstimate
than to the official data, Further investigations aimed at clarifying the level of agricultural produc-
tivity in the carly Mciji periad, based on evidence relating to the level of food consumption and the
diffusion of improved rice varictics, was presented in a paper by the present author and Yujiro Ha-
yami (60).

Morcover, such a low figure is difficult to reconcile with the Fact that the Japanese agriculture was
able to meet the increasing demand for food resulting from population growth and rising incomes
with very little reliance on imports whereas the increase of output of .8 per cent in Phase 11 (1915-19
to 1935-39) was associated with substantial and increasing dependence on imported food supplics.
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respectively. These growth rate figures are very moderate as compared with the
rates of increase in farm output. It is to be noted that the rate of increase in use
of conventional inputs was the same in Phases I and II in spite of the fact that
the rate of increase in farm output was approximately twice as large during
Phase 1. This is an important point in clarifying the positive role that agricul-
ture played in the economy during the decades between 1880 and 1920. During
Phase III, the conventional input index declined until the end of the war, in-
creased after that, and had a slight declining trend for the whole period which
corresponded with a decline of farm output during the war and early postwar
years. The rate of growth in the use of conventional inputs in Phase IV was
more than five times as high as in Phase I or II. Thus the striking increase in
gross output in Phase IV was, contrary to the case of Phase I, heavily dependent
upon the increased use of conventional inputs. This is the reason, of course, why
the growth rate of net output was only about half of that of gross output in
Phase IV. The annual rates of change in gross output, net output, and in the use
of conventional inputs are summarized in Table 3.

The changing relationship from period to period between the rates of growth
of output and of conventional inputs are naturally reflected in different rates of
change in productivity and unexplained output. Thus the index of conventional
input productivity rose from 100 to 169 in Phase I, from 169 to 192 in Phase II,
decreased from 192 to 150 in Phase 111, and finally increased from 150 to 205 in
Phase IV. The annual growth rates were 1.49, 049, —2.77, and 3.05 per cent
respectively. (See Table 5 below.) The unexplained output measured in 1955
prices rose from zero to 439 billion yen in Phase I, from 439 to 615 billion yen
in Phase I, fell from 615 to 340 billion yen in Phase I1I, and increased from 340
to 814 billion yen in Phase IV. The computed annual growth rates were 2142
per cent from 1882 to 1897 and 5.12 per cent from 1897 to 1917 in Phase I, 1.38
per cent in Phase II, —6.50 per cent in Phase III, and 8.93 per cent in Phase IV.
(See Table 9.)

The rapid rates of increase in productivity and in unexplained output in
Phases I and IV indicate that the expansion of agricultural output in these
periods was influenced strongly by technical progress. The much smaller rates
of increase in Phase II suggest that technical progress was relatively stagnant
during this period. It is of interest that the rate of increase in conventional in-

TaBLE 3.—ANNUAL PErcENTAGE GrowTH RATEs oF QUTPUT AND
ConveNnTIONAL INPUT IN DIFrERENT PHAsEs*

Phase I Phase II Phase IIT Phase IV
Index 1882-1917 1917-1937 1937-1947 1947-1957
Gross output 1.78 .80 —2.79 4.51
Net output 1.37 .69 —1.78 2.14
Conventional input 28 28 - .03 1.41

* Computed from annual data for series shown in Tables 1 and 2. Computed by fitting x =«
(1 + 7))t to respective variable x, where @ is a constant, r is annual rate of growth, and ¢ is ycar. The
estimated rates arc statistically significant. Five-year moving averages of respective variables were
used in fitting the data.

The indicated years for each phase are the midpoints of the first and last five-ycar periods in-
cluded.
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puts was the same in Phase I and Phase II, but as a result of the more pro-
nounced increase in output per unit of input the rate of increase in agricultural
production was twice as high in Phase I as in Phase II. During the war-
dominated years of Phase III, there was virtually no change in the aggregate
index of conventional inputs, but wartime shortages of fertilizers and other
essential inputs disrupted agricultural efficiency and led to a considerable de-
crease in farm output. Finally, in Phase IV there was rapid increase both in
conventional inputs and in productivity. Gross output increased at the remark-
ably rapid rate of 4.5 per cent annually; but owing to the substantial increase in
the use of purchased inputs, the growth rate of net farm output was not quite
half as rapid as the expansion of gross output.

Changes in the Use of Various Types of Inputs in Different Phases of
Japan’s Agricultural Development

The rates of change in utilization of the various categories of conventional
inputs varied substantially from phase to phase as shown by Chart 2 and Table 4.

Cuart 2.—Cnances IN INpExEs oF RespeEcTivE INPUTS*
(1880-84 = 100, 1955 prices)
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* Data from Appendix Table II.
@ Excluding buildings.
b Including buildings.
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TaBLE 4.-—ANNUAL PercENTAGE GrowTH RATES oF CONVENTIONAL
InpuTs 1N DIFFERENT PrAsEs*

Phase I Phase I Phasc 11T Phase IV
Input 1882-1917 1917-1937 1937-1947  1947-1957
Labor — .20 — .01 1.83 —1.36
Fixed capital
Including building 43 52 — 46 1.70
Excluding building 1.66 1.24 —1.44 3.62
Variable inputs 2.93 1.15 —6.76 12.02
Land acreage total .60 15 — 54 35
Paddy field 27 34 — 43 31
Upland field 1.02 — .05 — .67 39

* Computed from annual data for scries shown in Table 1, according to the method described
in Table 3. The indicated years for each phase are the midpoints of the first and last five-year periods
included.

And the rates of change in productivity of individual factors, computed by
dividing the index of gross farm output by the index numbers of the various
factor inputs, also showed marked differences in the various phases as is shown
in Table 5. As noted earlier, the labor input remained at approximately the same
level throughout the entire period while gross farm output increased by three
times so that labor productivity also registered a threefold increase. During the
40 years of Phase I there was a slow and steady decrease in the labor input at a
rate of .20 per cent and its productivity doubled. Although this rate of decline
was very small, agriculture played a significant role in supplying labor to other
industries since virtually all of the natural increase in agriculture migrated to
other sectors (50). In Phase II the labor force remained at about the same level
but increased a little during the great Depression. During Phase III there was
an increase in the farm labor force, especially immediately after the end of
World War II as a result of the wartime bombing of cities, demobilization of
military personnel, and other abnormal conditions. It was impossible for this
sharply increased agricultural labor force to be employed very productively,
given the inelastic supply of land and scarcity of fertilizers and other current
inputs. Thus it is not surprising that the productivity of labor declined consid-
erably. In Phase IV, the farm labor force diminished at an unprecedented rate
of 1.3 per cent annually. This has been a result of the rural exodus associated
with rapid development of the Japanese economy. Also significant, of course,
is the fact that by this time the nonfarm sectors weighed more heavily in the
total economy so that the rapid expansion of nonfarm output meant that the
increase in the number of jobs available outside agriculture was large.

The scope for increasing the land input in Japan was strictly limited. The
total area of arable land increased by only 27 per cent in 80 years, and it reached
almost its present level by the end of Phase I. Thus, increase of land area con-
tributed to a certain degree to the increase of farm output in Phase I, but it
was of minor importance in the other phases. Expansion of upland fields ac-
counted for a major part of the increase in land area during Phase I, but there
was virtually no change in the area of upland fields between that time and the
1955-59 period. Paddy fields, however, showed a slight increase (Table 1).
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TaBLE 5.~—ANNUAL PERCENTAGE GRrOWTH RATES OF
PropucTivity IN DirrereNT PHAses*

Phase 1 Phase I Phase 11 Phase IV
Input 1882-1917 1917-1937 1937-1947 1947-1957

Conventional inputs 149 49 —2.77 3.05
Labor 1.86 81 —4.54 5.84
Fixed capital

Including building 1.34 27 —~2.35 2.76

Excluding building 11 —.A44 —1.37 85
Variable inputs —1.12 —.45 4.25 —6.71
Land 1.17 64 =227 4.14

* Computed by dividing the annual growth rate of gross output in Table 3 by those of con-
ventional inputs in Tables 3 and 4. The indicated years for each phase are the midpoints of the first
and last five-ycar periods included.

Technical progress in Japanese agriculture emphasized yield-increasing innova-
tions, and land productivity increased 2.2 times over the 80-year period. The in-
crease in crop yields was aided by an appreciable improvement in the quality of
Jand as a result of land improvement measures. Those changes are examined
later, but unfortunately it is not possible to express them quantitatively. The
annual growth rates of land productivity were 1.17 and 0.64 per cent during
Phases I and II and 4.14 per cent during Phase IV. Under the abnormal condi-
tions of Phase III, land productivity declined at an average rate of a little over
2 per cent annually.

Fixed capital, including farm buildings, increased moderately during Phases
I and II, declined in Phase III, and increased at an accelerated rate during Phase
IV. The annual rates of change during the four phases were 43 per cent, 52 per
cent, —.46 per cent, and 1.7 per cent. The increase in fixed capital exclusive of
farm buildings increased at about the same rate as farm output, the rate of
change in its productivity was fairly small. The rate of increase of farm output
was considerably more rapid, however, than the increase in fixed capital includ-
ing farm buildings in Phases I and IV so that there was an annual growth rate
of 1.34 per cent and 2.76 per cent in those two phases respectively in the produc-
tivity of total fixed capital (Table 5).

Variable inputs showed a really striking increase. During the entire period
the use of this category of inputs increased seven times. During Phase I variable
inputs increased at an annual rate of nearly 3 per cent; the level of use during
the years 1915-19 was three times as high as during the 1880-84 quinquennium.
During Phase II the rate of growth was only 1.15 per cent. Under the conditions
of Phase III the use of variable inputs declined at an annual rate of close to 7 per
cent, certainly a major factor in the wartime decline in agricultural output. Dur-
ing Phase IV the use of variable inputs increased at the phenomenal rate of 12
per cent annually (Table 4). This was associated in part with the rapid return
to prewar levels, but by 1955-59 the use of all variable inputs was nearly twice
as high as during the prewar peak. Throughout the entire period fertilizers were
the major item in the category of variable inputs, but in the years since World
War II there has been extremely rapid increase in the use of chemical pesticides,
vinyl sheeting for covered nursery beds, and other materials that had been of
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little or no importance in prewar years. Since the rate of increase in variable inputs
was much more rapid than the rate of growth of farm output, the computed
productivity of this category of inputs naturally shows a decline, especially in
Phase IV. This, together with the fairly rapid increase in inputs of fixed capi-
tal, accounts for the fact that the growth in net agricultural output in Phase IV
was substantially less than the increase of gross output.

Changes in Production Patterns of Japanese Agriculture—Interrelationships
Between Various Conventional Inputs

In the previous section changes in various categories of conventional inputs
have been examined in relation to the concurrent changes in farm output. In
order to clarify the factors responsible for the changes in output and produc-
tivity, it is also necessary to investigate the interrelationships among the various
categories of conventional inputs. For this purpose, several types of analysis are
undertaken.

The first approach is a correlation analysis. The correlation coefficients be-
tween various pairs of conventional inputs, which are shown in Table 6, give an
indication of the direction (complementary or substitutional) and the degree of
interrelationship between the various categories of conventional inputs. In gen-
eral, the correlation coeflicients between labor and the other inputs is negative
and close to one, indicating a strong substitutional relationship. On the other
hand, a high degree of complementarity among the other inputs is indicated
by positive correlation coeflicients which again are close to one for most periods.
It is of some interest that the correlation coefficients were highest in Phase IV,
next highest in Phase I, and lowest in Phase II. This order is exactly the same
as that of the growth rate of output. It is also to be noted that the coefficients
were high even in Phase III. During this abnormal period, however, all the in-
puts except labor were reduced and these negative changes in input levels were
associated with a significant decline of output.

The second approach is the conventional one of measuring changes in the
ratio of one factor input to another—capital per head, capital per unit of land
area, and the man /land ratio. The indexes of these ratios are easily obtained
by dividing one index by another. (The indexes for various inputs and of their

TaBLE 6.—CoRRELATION COEFFICIENTS BETWEEN SPECIFIED
ConvENTIONAL INPUTS 1IN DIFFERENT PHASES*

Phase I Phase 11 Phase I11 Phase IV
Coefficient between 1882-1917 1917-1937 1937-1947 1947-1957

Labor and fixed capital —.922 —.020 —.981 —.984
Labor and variable inputs —.931 —.118 —.844 —.965
Labor and land —.963 —.161 —.927 —.982
Land and fixed capital 992 813 946 997
Land and variable inputs 983 561 953 995
Fixed capital and variable inputs 981 910 853 995

* Five-year moving average of the specified variables were used for the calculation of the corre-
lation coeficients. For sources of basic data see preceding tables. The indicated years for each phase
are the midpoints of the first and last five-year periods included.
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productivity are given in Appendix Tables II and II1.) The index representing
the ratio of fixed capital per head rose from 100 to 124 in Phase I, from 124 to
138 in Phase II, declined from 138 to 111 in Phase III, and increased again from
111 to 150 in Phase IV. The annual growth rates were .63, .53, —2.29, and 3.06
per cent respectively. The rate of change in the indexes representing the ratio
between variable inputs and labor and between land and labor were computed
in similar fashion. The annual rates of change for variable inputs per head were
3.13, 1.16, —8.59, and 13.38 per cent for the four periods. The ratio of land to
labor changed at annual percentage rates of .80, .16, —2.37, and 1.71 respectively.
The change in the ratio of variable inputs to land area was 2.33, 1.00, —6.22, and
11.67 per cent. Thus, the increase in the ratio of capital to other inputs was an
important factor in raising their productivity.

It is commonly assumed that the increase in labor productivity in the course
of development will be associated with an increase in the value of capital per
unit of labor. This tendency is clearly evident in the development of Japanese
agriculture, although the predominant position of labor among the factor inputs
in Japanese agriculture was modified only slowly. (See Table 7 below.) In an
effort to further clarify these relationships between labor productivity and capi-
tal per head, estimates have been made of the relationship between labor pro-
ductivity (p) and total farm capital per head (%) in each of the four phases,
using the relation p = ak®. For this purpose total capital is defined to include
the value of fixed capital and variable inputs” and also the value of land which
was estimated by multiplying the area in paddy fields and upland fields by their
respective prices in 1955. The resulting estimates are as follows:

2.682

PhaseI (1882-1917):  p=00106 + 2%  R*=(.834

2.562

Phase IT (1917-1937):  p=0.0127 « k=2 R*=0.885

1.792

Phase III (1937-1947): p=0.0412 + R  R2=0970

2.532

Phase IV (1947-1957): p=00162 + k™  R2=0992

The standard errors of the regression coefficients are shown in parentheses and
the R*s are the coefficients of determination. If we neglect Phase III because of
the extraordinary wartime conditions, the estimates reveal some interesting char-
acteristics throughout the entire period. It is to be noted first that the constant
term increased during the period. This means that the efficiency level of % to p
has increased in the course of agricultural development. The second interesting
feature is that the regression coefficients were considerably larger than unity, in-
dicating the existence of increasing returns to capital inputs.® The slight decline
in the regression coefficients for the three phases suggests that the degree to which
increasing returns to capital prevailed declined slightly from Phase I to Phase IV.

71t is assumed that the recovery period for variable inputs was one year so that the value of
those inputs is simply added to the annual cost of fixed capital estimated by the procedure described
in Footnote 4.
8 'The capital defined here includes land as well as reproducible capital. In this type of produc-
tion function the capital input is a proxy variable and reflects the influence of technical progress.
That is, the production elasticity for capital is almost certainly overstated because of specification bias
that results from the intercorrelation between technical change and investment.
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Finally it is to be noted that the R*s were high and increased during the period.
(In this case Phase III was not an exception.)

The above analysis suggests that in the course of time capital became a more
important factor in explaining the changes in labor productivity. It was stated
earlier that a production function analysis was not being used in this paper.
These regression equations, however, are in a sense a kind of production func-
tion. And the increase in the constant term and the fact that the coefficient of
regression was much larger than unity indicate that considerable technological
progress must have been taking place.

The foregoing emphasis on the role of capital and increasing labor produc-
tivity in Japanese agriculture does not contradict the view put forward by John-
ston and others that the most striking implication of Japan’s experience is that it
is both possible and desirable to emphasize a relatively labor-intensive, capital-
saving approach to agriculture and to give a certain priority in the allocation of
capital funds and foreign exchange to strategic investments to improve the eco-
nomic infrastructure and to promote industrial expansion (24, 25, 26, and 27).
The reason is that, broadly speaking, the increase in fixed capital actually re-
quired relatively little in the way of scarce capital funds or foreign exchange,
at least in the prewar period. The increase in capital items such as trees, tea
bushes, and livestock was mainly achieved by an intensive input of labor which
was relatively abundant in the agricultural sector. And the increase in small tools
and implements was supplied mainly by small-scale enterprises in rural areas
and by part-time work in subsidiary occupations by farmers themselves. More-
over, the weight of fixed capital to total inputs remained at very nearly the same
level during the entire period so that the increase of capital intensity as repre-
sented by fixed capital was in fact very moderate (Table 7). There was a sub-
stantial increase in the relative importance of inputs of variable capital, espe-
cially fertilizers, and the supply of those items required considerable quantities

TABLE 7.~—SPEcIFIED INPUTS As PERCENTAGES oF ToTAL
ConventonaL INpuTs, AT 1955 Prices, 1880-1959*

Capital Land

Total

Fixed Variable Paddy Upland conventional
Average Labor Total capital inputs  Total ficlds  fields inputs
1880-84 59.1 22.5 18.1 44 18.4 13.2 5.2 100
1890-94 57.0 242 18.1 6.1 18.8 133 5.5 100
1900-04 55.2 255 18.5 7.0 19.3 133 6.0 100
1910-14 51.6 28.8 189 9.9 19.6 132 6.4 100

1915-19 495 308 18.8 12.0 19.6 13.0 6.6 100
1920-24 489 311 19.0 12.1 20.0 13.3 6.7 100

1930-34 476  32.8 195 13.4 19.6 13.4 6.2 100
1935-39 46.6 338 19.6 14.2 19.7 13.3 6.4 100
1940-44 484 31.8 20.1 11.7 19.8 13.4 6.4 100
194549 547 267 18.6 8.1 18.6 126 6.0 100
1950-54 489 337 185 152 17.4 11.8 5.6 100
1955-59 42.0 412 192 220 16.8 114 54 100

* Computed by dividing the weighted index of each of the specified inputs by the conventional
input index.
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of scarce resources; but the analysis in the following sections tends to confirm
earlier conclusions that very high returns accrued to these increased inputs of
variable capital. Thus, Japanese agriculture did not require large amounts of
scarce capital funds or foreign exchange and was able to supply capital to the
other sectors, in part through a heavy land tax (48, p. 375).

~ Finally, it is important to analyze the changes in the composition of factor
inputs. In Table 7, we can sce the relative weight of various conventional in-
puts and also observe the degree of factor substitution which took place in each
phase. Broadly speaking, Japanese agriculture in the prewar days had a labor-
using production pattern. In Phase I, however, the weight of labor in total con-
ventional inputs decreased from 59 to 50 per cent, an increased input of capital,
mainly variable inputs, being substituted for labor. There was a very slight in-
crease in the relative weight of land inputs. In Phase 11, the composition of farm
inputs scarcely changed at all, although there was a little substitution of capital
for labor. Phase III was characterized by a backward pattern of change in which
the labor input increased from 47 to 55 per cent, being substituted for land and
capital inputs, especially variable inputs. In Phase IV, the labor input decreased
from 55 to 42 per cent and the land input decreased from 20 to 17 per cent whereas
the capital input increased from 27 to 41 per cent. The increase in variable inputs
was especially marked; between 194549 and 1955-59 they increased from 8 to 22
per cent of total conventional inputs.

The production patterns in Japanese agriculture can be characterized on the
basis of the changes in the relative importance of the different conventional in-
puts and in the rate of technological progress in the four phases. Thus Phase I
was a phase of modernization. A considerable increase in farm output resulted
from significant technological progress with only a moderate increase in the use
of conventional inputs. Capital was substituted for labor to some extent. Land
area increased a little but much less than output so that land productivity rose
by 50 per cent. The doubling of the productivity of labor between 1880-84 and
1915-19 reflected the fact that the farm labor force declined almost 10 per cent
while gross farm output registered an increase of close to 90 per cent. Phase II
was the phase of relative stagnation. The retardation of farm output occurred
because of a slowing down of technological progress. Conventional inputs
increased moderately at about the same rate as in Phase I, but the increase
in capital and land inputs slowed down and the ratio of these inputs to labor
scarcely changed.” As a result of the effects of wartime and postwar dislocations,
Phase III was a phase of backwardness. Finally, Phase IV can be characterized
as the phase of increasing capital intensity. Technological progress was rapid
and conventional inputs increased considerably with the result that gross farm
output expanded rapidly. The capital input increased sharply and was substi-
tuted for labor and even land inputs with the result that the productivity of
labor and land rose sharply. Net output, however, did not increase nearly as
rapidly as gross output, mainly because variable inputs increased at the ex-
tremely rapid rate of 12 per cent annually.

9 The annual increase in variable inputs declined from nearly 3 per cent to just over 1 per cent,
and the farm labor force showed virtually no change as compared to an average decline of 2 per
cent per year during Phase I.
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1I. CHANGES IN NONCONVENTIONAL INPUTS AND THEIR INFLUENCE
ON AGRICULTURAL OUTPUT AND PRODUCTIVITY

In the first half of this paper it was demonstrated that there was a significant
increase in the productivity of conventional inputs, or in the magnitude of “un-
explained output” in the course of Japan’s agricultural development. Similar
studies of American agriculture have also shown a significant rise in factor pro-
ductivity (4, 9, 29, 30, and 40).

It has also been emphasized that the increase in agricultural output and pro-
ductivity is the result of complex interactions between the management deci-
sions and performance of individual farmers and factors external to the farm
that condition the production possibilities available to farmers, notably through
determining the level of technical knowledge and the technologies and nonfarm
inputs available to farmers. Descriptive studies of agricultural development in
Japan indicate that government programs relating to agricultural research, ex-
tension activities, and education have been crucially important in making pos-
sible the gains in output per unit of input that have accounted for such a sig-
nificant part of the increase in farm output in Japan (24, 25, 26, 27, 34, 37, 46,
and 48). It must be recognized that the interrelationships between the conven-
tional and nonconventional inputs are of crucial importance (28). After exam-
ining the changes in the various nonconventional inputs and their relationship
to changes in factor productivity, an attempt is made to evaluate the comple-
mentarities that exist between the conventional and nonconventional inputs.

Definition and Classification of Nonconventional Inputs

Study of the “nonconventional inputs” poses more difficult problems than the
study of changes in the conventional inputs of land, labor, and capital. For pres-
ent purposes the nonconventional inputs significant to agricultural development
will be studied in terms of the following categories:

(1) agricultural research

(2) diffusion of knowledge relating to agricultural technologies
(3) public services for agriculture

(4) agricultural infrastructure

(5) general administration associated with the agricultural sector
(6) rural education

Any attempt to define and classify nonconventional inputs must be some-
what arbitrary and unsatisfactory because of certain conceptual problems as well
as the difficulty of obtaining the desired statistical data. The results accruing
from agricultural research by government and private industry are, of course,
influenced significantly by the general level of knowledge of basic science and
research techniques. Similarly, the “diffusion” activities that foster the adoption
of new or improved techniques by farmers are not limited to agricultural exten-
sion activities and incentive payments by government. The efforts by individual
farmers or farm organizations to obtain new technologies are also important. The
rate and extent of diffusion will also be influenced by the quality of transport
and communications facilities and other factors influencing the movement of
people and information.
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As a result of the conceptual difficulties and because of the problems related
to the availability of data, the present study is limited to an analysis of expendi-
tures by the central and local governments for the six categories of nonconven-
tional inputs listed above. An attempt was made to estimate social overhead in-
vestment in transportation and communications, but the results were extremely
~ questionable and the effort was abandoned. The failure is not too surprising
considering the inherent difficulties involved in allocating this type of outlay for
general infrastructure to a particular sector. It would have been desirable to in-
clude estimates of agricultural research expenditures by private industry, but ad-
equate data for estimating private research activities are not available. Although
the approach adopted can be criticized on the grounds that it is not sufficiently
inclusive, it has an obvious advantage: the scope of the nonconventional inputs
to be considered can be clearly defined. Moreover, there is good reason to be-
lieve that the nonconventional inputs analyzed here were of strategic importance
in making possible the increases in factor productivity in Japanese agriculture.
It will be noted shortly, however, that during the early years of the Meiji period
informal diffusion activities were probably more important than government-
supported research or diffusion programs (59).

Estimation of Government Outlays for Nonconventional Inputs

Among the basic data for the estimation of the nonconventional inputs, the
most reliable and detailed data are those relating to expenditures for agriculture
by the central government (I15). Our estimation of the nonconventional inputs
started with a breakdown of those expenditures into the six categories listed
earlier and which are discussed in more detail in Appendix 1. There are certain
difficulties in arriving at satisfactory estimates. Expenditures were often over-
lapping so that it was necessary to decide, somewhat arbitrarily, into which cate-
gory an item of expenditure should be classified. Another difficulty is that ex-
penditures classified in the same budget category were actually intended for
different purposes in different time periods, and there is always a possibility of
missing such changes. The classification of expenditures was made as carefully
as possible, but some errors have undoubtedly been made in consolidating the
data for the present purpose.*’

Changes in the Various Nonconventional Inputs

During the eight decades from 1880 to 1959, the nonconventional inputs in
Japanese agriculture increased tremendously. Table 8 shows changes in the total
government outlays for nonconventional inputs and for the various categories
described in the preceding section. The total rose from an annual average of six
billion yen at 1955 prices during the years 188084 to 219 billion or about 37
times the initial leve] by 1955-59. The nonconventional inputs classified as “agri-
culture proper” rose from .6 billion to 134 billion whereas expenditures for “rural
education” increased from 5 to 85 billion yen. The most striking increase was in
the outlays for agricultural infrastructure which were still negligible at the turn
of the century but rose to 85 billion yen, or nearly 40 per cent of the total out-

A 10 The major items included in each category of the nonconventional inputs are described in
ppendix 1.
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(Millson yen ar 1955 prices)

Agriculture proper

Proximate support

Agricultural Public Infra- “Rural

Average research Diffusion service structure Total General Total education” Total

1880-84 98 159 117 — 117 190 564 5,333 5,897
1885-89 27 289 204 — 204 118 638 5,361 5,999
1890-94 269 99 216 1 217 66 652 5,636 6,287
1895-99 455 144 367 1 368 35 1,002 7,454 8,456
1900-04 786 836 454 179 633 37 2,292 10,898 13,011
1905-09 918 1,396 543 1,126 1,669 37 4,020 13,219 17,239
1910-14 951 1,592 1,156 5,400 6,556 41 9,140 16,033 25,173
1915-19 1,283 1,241 758 8,052 8,810 71 11,405 16,650 27,950
1920-24 1,748 2,791 1,135 13,078 14,213 131 18,883 26,036 44,919
1925-29 1,414 3,035 2,486 18,591 21,077 258 25,784 44,897 70,681
1930-34 1,943 3,856 3,109 21,080 24,189 1,599 31,581 45,896 77,477
1935-39 2,350 7,179 2,418 17,215 19,633 4,823 33,985 34,897 68,882
194044 1,601 54,873 1,745 26,072 27,817 3,620 87,911 22,793 110,704
194549 2,176 21,059 1,390 29,090 30,480 8,655 62,370 35,683 98,053
1950-54 4,783 24,396 2,592 67,636 70,228 16,880 116,287 75,484 191,771
1955-59 7,469 20,666 3,168 84,892 88,060 18,065 134,260 85,050 219,310

* See text for definitions and description.
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lays for nonconventional inputs by the end of the period. Agricultural research
and especially diffusion also increased greatly.

One approach to indicating the order of magnitude of these outlays for non-
conventional inputs is to compare the level of government expenditure for these
purposes with the net value of farm output in corresponding periods. Thus it
may be noted that during Phase I the total outlays for nonconventional inputs

" rose from 1.2 per cent of net farm output in 1880-84 to 3.3 per cent of the total
in 1915-19. The corresponding percentages for nonconventional inputs for agri-
culture proper, i.e., excluding outlays for rural education, were .1 per cent in
the initial five-year period and 1.4 per cent at the end of Phase I. During the
final five-year period of Phase 1V, the total expenditures for nonconventional
inputs amounted to 20 per cent of net farm output and the outlays for agricul-
ture proper alone were equal to 125 per cent of net farm output.

Since it is being argued that the government outlays for nonconventional
inputs were of strategic importance in making possible the increase in farm
productivity and unexplained output that were explained in the first part of
the paper, it is more meaningful to compare the outlays for nonconventional
inputs with the estimated magnitude of unexplained output in various periods.
During the years 1915-19 government expenditures for nonconventional inputs
represented only 6 per cent of the estimated unexplained output. During the
1935-39 period, the end of Phase II, the outlays for nonconventional inputs were
equal to 11 per cent of the unexplained output, and the 219 billion yen devoted
to nonconventional inputs in 1955-59 amounted to 27 per cent of unexplained
output for those years. Of greater interest than these comparisons of the magni-
tude of expenditures for nonconventional inputs and of unexplained output in
selected periods is a comparison between the rates of change in the two variables
in different phases of Japan’s agricultural development as discussed in the fol-
lowing paragraphs.

The changes in unexplained output are shown in Chart 3 together with the
changes in expenditures for the major categories of nonconventional inputs.
A vertical logarithmic scale is used to facilitate comparison of the rates of
change in these variables. The growth rates for expenditures for different types
of nonconventional inputs within the “agriculture proper” category are shown
in Chart 4. Outlays for public service and agricultural infrastructure are lumped
together for this purpose, as throughout much of this section, as a combined
category referred to as “proximate support.”

The annual rates of change in unexplained output and in outlays for various
categories of nonconventional inputs are shown in Table 9 for the four phases
into which Japan’s agricultural development has been divided. In this table,
however, Phase I is divided into two subphases—1882-97 and 1897-1917. There
were marked differences in the trends of unexplained output and in noncon-
ventional inputs in those two subphases which are considered later. The striking
feature of subphase 1882-97 is the remarkably rapid rate of increase in unex-
plained output—21 per cent per annum—associated with an annual growth rate
of only 1.4 per cent in expenditures for nonconventional inputs for the same sub-
period. Other factors, to be considered shortly, were almost certainly of primary
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CuART 3.—CHANGES IN UNEXPLAINED OUuTPUT AND INONCONVENTIONAL INPUTS*
(5-year average, 1955 prices)
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importance in accounting for the rapid rise in unexplained output in this initial
period.

Except for this first subperiod of Phase I, the annual rate of growth in out-
lays for nonconventional inputs was larger than the rate of increase in unex-
plained output. This implies declining marginal productivity of the noncon-
ventional inputs in aggregate. The rates of change for individual categories of
nonconventional inputs are examined in more detail later. During the second
subperiod of Phase I, 1897-1917, the rate of increase for the nonconventional
inputs of 6.3 per cent annually was only a little larger than the 5.1 per cent rate
of increase in unexplained output for the subperiod. During Phase II the annual
growth rate of expenditure for nonconventional inputs declined a little to 5.1
per cent whereas the rate of increase in unexplained output fell abruptly to 1.4
per cent per year. During the war and early postwar years of Phase III the
average annual rate of increase in nonconventional inputs was about the same
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as during Phase II but, as noted earlier, output declined while total physical
inputs were increased during this period so that the change in unexplained out-
put was negative. Phase IV was characterized by a rapid increase of over 9 per
cent per year in expenditures for nonconventional inputs while the rate of in-
crease of unexplained output was nearly 9 per cent.
It is also apparent from Chart 3 and Table 9 that the rates of change in out-
“lays for nonconventional inputs were quite different for the two major subcate-
gories—the so-called “agriculture proper” inputs and expenditures for “rural
education.” In particular, it is to be noted that the outlays for agriculture proper
increased at a rate of nearly 14 per cent during the last half of Phase I (1897-
1917) and then declined abruptly to an average rate of 6 per cent for the two
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TasBLE 9.—ANNUAL PErcENTAGE GrRoWTH RaTES oF UNEXPLAINED QUTPUT AND
NoNcoNVENTIONAL INPUTS IN DIFFERENT PHAsEs*

Phase 1 Phase II Phase I Phase IV

Output or input 1882-1897 1897-1917 1917-1937  1937-1947  1947-1957
Unexplained output 21.42 5.12 1.38 —6.50 8.93
Nonconventional inputs 1.37 6.26 5.06 5.09 9.24
Agriculture proper 2.33 13.98 6.04 8.18 9.79
Research 17.65 3.70 241 —4.23 13.71
Diffusion — 5.80 8.87 6.87 12.68 3.62
Proximate 6.01 21.49 553 6.62 12.01
Public service 6.01 6.65 9.23 —8.48 722
Infrastructure — 4923 4.95 7.97 12.23
General -12.14 241 23.46 5.23 9.23
Education 1.26 3.73 426 — 47 850

* Computed from annual data for series shown in Tables 2 and 8, according to the method
described in Table 3. The indicated years for each phase are the midpoints of the first and last five-
year periods included.

following decades. Conversely, expenditures for rural education increased more
rapidly during Phase II than in Phase 1. This suggests that the decline in ex-
penditures for inputs in the agriculture proper category may have had a par-
ticularly significant bearing on the slow rate of increase in unexplained output
in Phase II. Likewise there is a suggestion that the marginal returns to increased
education expenditure as a factor influencing agricultural development were
lower in Phase II than in Phase I. The major expenditures for education were
for elementary schools until the post~-World War II period. The percentage of
children of school age receiving schooling increased sharply from 41 per cent
in 1880 to 98 per cent in 1915. The rate of increase in coverage for children in
rural areas was undoubtedly even more rapid than is suggested by these nation-
wide figures. There is a suggestion here that the rapid achievement of universal
education leading to rapid increase in literacy and other basic skills may have
been a rather strategic factor contributing to the increase of agricultural pro-
ductivity in Phase L.

Within the category of “agriculture proper” inputs, the changes in outlays
for agricultural research show a particularly close correlation with the changes
in unexplained output. As shown in Table 9, the rate of change in government
expenditure for research was remarkably similar to the rate of change in unex-
plained output in all four phases. Thus the annual rate of increase in outlays
for research was very large in the first half of Phase I, moderate in the second
half, decreased in Phase II, was negative in Phase III, and increased again at
a rapid rate in Phase IV, corresponding closely to the increase in unexplained
output. It is in fact rather surprising that the correlation between changes in out-
lays for agricultural research and in unexplained output was so very close, espe-
cially in view of the fact that there must be some lag between research inputs
and their effect on factor productivity.

The close correlation between rates of change in outlays for agricultural re-
search and the rate of increase in unexplained output certainly lends support to
earlier qualitative studies of agricultural development in Japan that have empha-
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sized the key importance of the breeding and selection of improved plant vari-
eties and other types of research that contributed to significant increases in crop
yields.

In the case of the sericulture industry, to cite one interesting example, re-
search made major contributions at several levels to the phenomenal increase in
factor productivity in that industry. Varietal improvement and better cultural
practices, combined with higher rates of fertilization, raised the output of mul-
berry leaves, and the feeding value per acre of mulberry was further increased
by better methods of gathering and feeding leaves. Even more important, re-
search leading to the selection and breeding of superior races of silkworms made
possible an increase in output of raw silk that was more than twice as large as
the expansion in cocoon production. This last achievement was also associated
with improvements in the hatching of silkworm eggs and the rearing of silk-
worms, notably the introduction of an autumn crop of cocoons made possible
by the development of methods of hatching the eggs artificially. The net result
was that the output of raw silk increased seventeenfold between the 1880’s and
the 1930’s whereas there was less than a fourfold increase in the area planted to
mulberry (25, pp. 229-30). With respect to varietal improvement for rice, the
development of improved varieties by individual farmers during the Tokugawa
and early part of the Meiji periods was of great importance, but from shortly
after the turn of the century organized research was probably the major factor.

The effect of improved technologies on total farm output obviously depends
on the widespread diffusion of those technologies among individual farmers.
Thus the nonconventional inputs that promote the diffusion of new knowledge
and technologies are important complements to agricultural research.

In the early part of the Meiji period, diffusion activities appear to have played
a strategic role largely through facilitating the wide use of better plant varieties
and techniques that had been developed by progressive farmers, the so-called
rono, in various parts of the country. Thomas C. Smith has documented the
fact that significant improvements in farm techniques had been evolved by pro-
gressive farmers during the Tokugawa era (43). It can be safely inferred, how-
ever, that these improved techniques had not been widely diffused, in part be-
cause of the severe restraints of the feudal system on travel and communication.
Hence, “the actual shift in the production function was much slower than the
potential shift” (7, p. 51). The feudal restrictions were abolished following the
Meiji Restoration, and considerable emphasis was given to measures to spread
the improved farming techniques being practiced by leading farmers in different
parts of the country (59).

During the 1880’s, diffusion activities were the most important of the “agri-
culture proper” inputs during the years 1880-84 and 1885-89 respectively. Dur-
ing the 1890’s, however, outlays for diffusion declined not only in relative but
also in absolute importance so that this category shows a decline during the
first subperiod of Phase I. Throughout this period, however, the improvements
in transportation and communication undoubtedly facilitated the spread of im-
proved varieties and farm techniques, and their wide adoption was accelerated
by the removal of feudal restraints which had restricted the freedom of farmers
to choose what crops to grow and even the variety of seed to be planted. As
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shown in Table 9, outlays for diffusion increased during the second subperiod
of Phase I and also in Phases II, III, and IV.

The most rapid rate of increase in outlays for diffusion was, in fact, during
Phase III when total farm output and unexplained output were decreasing. The
explanation for this apparent anomaly lies in the fact that the diffusion category
includes incentive payments and certain kinds of subsidies for agricultural de-
velopment. Depending on the particular circumstances, incentive payments or
subsidies to farmers can be effective or ineffective in fostering increased produc-
tivity. As previously noted, the subsidy payments to farmers during and shortly
after World War II were associated with the government’s agricultural price
control program and represented an effort to maintain some sort of production
incentive for farmers while at the same time holding down the increase in re-
tail food prices. It is not possible to make a breakdown within the diffusion
category between subsidies and other types of expenditure, but it is clear from
the figures in Table 10, which show subsidies as a per cent of central govern-
ment expenditures for agriculture, that subsidy payments dominated govern-
ment outlays for agriculture during this period; the figure exceeded 75 per cent
in 1940 and was close to 80 per cent in 1945. Furthermore, as the wartime food
situation became critical, expenditures for agriculture were enlarged, rising from
4.2 per cent of the total budget in 1937 to 14.3 per cent in 1945 (39, p. 100). And
the increase in expenditures for agriculture was mainly in the diffusion cate-
gory. Between 1935-39 and 1940-44 the outlays for diffusion increased eight-
fold; expressed in 1955 prices the increase was from 7 billion to 55 billion yen
(Table 8).

Even the seven billion yen outlay in the late 1930’s was large in comparison
with the expenditures for diffusion activities in earlier periods. During the 1880’
and 1890’s diffusion outlays averaged less than 200 million yen. The average level
of expenditure did not reach three billion yen until the 1925-29 period (again
in 1955 prices); and in that period the diffusion expenditures amounted to a
mere .35 per cent of the net value of farm output and only .6 per cent of the
unexplained output.

A key to the fact that an effective extension program was carried out with
such a modest budgetary burden seems to have been the way in which efficient
use was made of a network of farm organizations associated with the existing

TasLE 10.—SuBsipits As PERCENTAGE oF ToTaL EXPENDITURES FOR AGRICULTURE
BY THE CENTRAL GOVERNMENT, SELECTED YEARs, 1895-1955%

Year Per cent Year Per cent
1895 0 1930 37.5
1900 3.8 1935 58.5
1905 5.0 1940 75.6
1910 12.2 1945 77.7
1915 83 1950 49.2
1920 153 1955 26.6
1925 114

* Data for 1895~1949 from Japan, the National Diet Library (23, pp. 34, 124); data for 1955
from Japan, Department of Agriculture and Forestry (17, p. 98).
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framework of local government. The first step was to give encouragement to
Jocal groups such as agricultural discussion societies or seed exchange societies
that emerged spontancously during the early years of Meiji. These groups were
then organized on a more systematic basis and the establishment of such groups
was promoted in the districts where they had not yet developed. At the turn of
the century (1899), “the agricultural association law was enacted with a view to
‘introducing and disseminating advanced farming techniques” (34, p. 248). Un-
der this legislation, agricultural associations were organized on three levels—
village or town, county, and prefecture. A few years earlier, in 1893, a national
agricultural experiment station was established and the Rules Governing Pre-
fectural Agricultural Experiment Stations were enacted. The latter rules trans-
ferred the task of agricultural extension from the hands of progressive farmers,
the 76n0, to the national and local agricultural experiment stations (33, 34).
With the passage of the Law of State Subsidy for Prefectural Agricultural Ex-
periment Stations and the agricultural association law, the system was completed
whereby agricultural guidance was carried out through the agricultural associ-
ations under the direction of the experiment stations (34, p. 303). The agricul-
tural association law stipulated that the governor of each prefecture was to be
the president of the prefectural association and the heads of counties or villages
were to be the presidents of their respective county or village associations; land-
owners held the position of vice president at all stages of the organization. Thus
“the Association on one hand became an official organization to carry out the
Government’s agricultural extension program while on the other hand it be-
came an organization through which landowners were able to voice their in-
terests” (34, p. 304).

The next category of agriculture proper inputs to be considered relates to
expenditures for proximate support—public services to agriculture and agricul-
tural infrastructure. The rate of increase in this type of expenditure was very
high during the last half of Phase I, declined to a little over 5 per cent in Phase
11, rose somewhat in Phase III, and increased considerably in Phase IV. The
rapid increase during the second half of Phase I reflected a remarkably rapid in-
crease in outlays for farm infrastructure which increased at an average annual rate
of almost 50 per cent between 1897 and 1917. The government started an active
program to promote land improvements in 1900 and considerable government
funds were devoted to that purpose. Outlays for this type of infrastructure proj-
ect increased much more slowly during Phase II whereas outlays for both cate-
gories of proximate support increased considerably during Phase IV.

The “general” category of agriculture proper inputs includes both general
administrative expenditures and outlays for items which cannot be classified
into other categories. It is therefore understandable that this category is rela-
tively large during the initial phase both because of the overhead expenditures
that were required to launch the Department of Agriculture, Forestry, and
Commerce following its creation in 1880 and the fact that, as administration
became more orderly, expenditures could be more easily classified according to
specific objectives. Thus the outlays for general administration and other items
in this category show a declining rate during the first subperiod of Phase T and
increased at only a very slow rate during the second subperiod. During Phase
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11, however, expenditures under this rubric show a rapid increase of over 23 per
cent annually. The principal explanation for this turn of events seems to be that
there was a considerable expansion in farm relief payments during the late
1920’s and the 1930’s. Initially, these outlays were intended to alleviate to some
extent the financial plight of Japanese farmers that were facing painful compe-
tition from rice imports from Korea and Taiwan. Later these programs were
expanded to counter to some extent the adverse effects on farm incomes of the
Depression of the 1930%s. Outlays in the general category were also fairly high
during Phase IV, but the objectives were quite different. Basically, these outlays
during Phase IV were aimed at the reorganization of farm production. In some
instances the emphasis was placed on encouraging a shift from overwhelming
reliance on staple food production to more diversified farming; elsewhere the
emphasis was on encouraging specialized farming enterprises, particularly for
dairy, livestock, and fruit production.

Interrelationships Among the Nonconventional Inputs

The varying rates of increase in expenditures for different types of noncon-
ventional inputs implies that the composition of the package of nonconventional
inputs in Japan changed considerably during the considered period. As noted
earlier, the agriculture proper inputs increased much more rapidly than the out-
lays for rural education. It will be seen in Table 11 that during the last two
decades of the 19th century outlays for agriculture proper inputs accounted for
only about 10 per cent of the total whereas expenditures for rural education
represented approximately 90 per cent of the total nonconventional inputs. By
the end of Phase I, however, the agriculture proper inputs had increased to 40
per cent of the total.

In view of the recent emphasis upon education in relation to economic de-
velopment, it is of interest that resources were concentrated so heavily on achiev-
ing universal primary education during the first subperiod of Phase I. During
the second subperiod of Phase I outlays for agriculture proper inputs rose rap-
idly and, as noted above, amounted to just over 40 per cent during the 1915-19
quinquennium. After a bulge during World War 1I, the share of agriculture
proper outlays in total nonconventional inputs leveled off at a little over 60 per

TasBLE 11.—AcricuLTURE ProPER AND EbucaTion aAs PEr CENT OF
Torar NonconvenTioNaL INpPUTS, 1880-1959%

Agriculture Educa- Agriculture Educa-
Average proper tion Average proper tion
1880-84 9.6 90.4 1920-24 42.0 58.0
1885-89 10.6 894 1925-29 36.5 63.5
1890-94 104 89.6 1930-34 40.8 59.2
1895-99 11.8 88.2 1935-39 49.3 50.7
1900-04 17.6 82.4 1940-44 794 20.6
1905~-09 233 76.7 1945-49 63.6 36.4
1910-14 36.3 63.7 1950-54 60.6 39.4
1915-19 40.8 59.2 1955-59 61.2 38.8

* Computed from Table 8.
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cent with rural education outlays amounting to a little less than 40 per cent of
the total.

The changing composition of outlays for various types of agriculture proper
inputs are summarized in Table 12. The dominant position of diffusion outlays
during the first decade of Phase I that has already been mentioned is a con-
spicuous feature. During the next two decades a marked increase in the relative
‘importance of agricultural research expenditures is evident. During the last dec-
ade of Phase I outlays for agricultural infrastructure were dominant, and that
situation continued through Phase II. The increased emphasis on outlays for
agricultural infrastructure that is evident following the turn of the century may
have been related to a slowing down in the expansion of agricultural output at
about that time. Perhaps the most conspicuous change during Phase II was the
decline in the relative importance of outlays for agricultural research and even
an absolute decline in this category during the five-year period 1925-29. Outlays
for diffusion and general inputs on the other hand increased in absolute and
relative importance. As already noted, however, this was associated with a con-
siderable increase in the percentage of subsidies in total government expendi-
ture for agriculture, and Japan’s experience during this period suggests that this
represented an inefficient way to promote increases in agricultural productivity
and output.

The inappropriateness of the package of nonconventional inputs which re-
sulted from the abnormal circumstances of the war years needs no further com-
ment. Expenditures for agricultural infrastructure have been the largest category
during Phase IV. Diffusion outlays were also large during Phase IV, but their
high level during the 194549 period was strongly influenced by subsidy pay-
ments to farmers associated with the government’s program of staple food price

TaBLE 12.—PERcENTAGE COMPOSITION OF THE AGRICULTURE PROPER
ComMPoNENT 0F NONCONVENTIONAL INPUTS, 1880-1959%

Proximate support

Agricul-
tural Diffu- Public Infra-
Average research siont service structure Total General Total
1880-84 174 28.2 20.7 — 20.7 337 100
1885-89 4.2 453 32.0 — 32.0 18.5 100
1890-94 413 15.2 333 — 333 10.1 100
1895-99 45.4 143 36.7 — 36.7 35 100
1900-04 343 365 19.8 7.8 27.6 1.6 100
1905-09 228 347 135 28.0 41.5 9 100
1910-14 104 174 12.6 59.1 71.7 4 100
1915-19 11.2 109 6.6 70.6 77.2 .6 100
1920-24 93 14.8 6.0 69.3 75.3 7 100
192529 55 11.7 9.6 72.1 81.7 1.0 100
1930-34 6.2 12.1 9.8 66.7 76.6 5.1 100
1935-39 6.9 21.1 7.1 50.7 57.8 14.2 100
194044 1.8 624 2.0 29.7 316 4.1 100
194549 34 338 2.2 46.6 48.8 13.9 100
1950-54 4.1 21.0 2.2 58.2 60.4 145 100
1955-59 5.6 154 24 63.2 65.6 134 100

* Computed from Table 8.
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controls. Outlays for research were relatively small during Phase IV, although
their share was increasing in the latter part of the period.

As in the case of the conventional inputs, it is of interest to consider the
complementarity among the various nonconventional inputs as indicated by cor-
relation coefficients. In Table 13 the correlation coefficients between various pairs
of nonconventional inputs are shown for each phase. It seems especially inter-
esting to note the combinations that were highly correlated during Phases I and
IV, when impressive increases in farm output and productivity were achieved,
and to identify the combinations for which the correlation coefficients were low
or negative during Phases II and IIL

During Phase I the highly correlated combinations were research and edu-
cation, diffusion and education, and research and diffusion. In Phase II, the com-
binations with low correlation coefficients were research and education, diffusion
and education, and research and proximate support activities. The abnormal con-
ditions of Phase III were associated with high but negative correlations between
a number of the inputs. The highest positive correlation in that period was be-
tween research and education, which reflected the fact that both were decreased
so their significant influence as complementary inputs was working in the wrong
direction. During Phase IV, proximate and education, research and proximate,
and research and education all were highly correlated. Thus it appears that the
key combinations among the nonconventional inputs changed in the different
phases of agricultural development. Only one combination of nonconventional
inputs appears to have been of key importance during the entire period consid-
ered, i.e., the combination of research and education. Thus we have still another
suggestive indicator of the strategic importance of those two nonconventional
inputs.

III. INTERRELATIONSHIPS BETWEEN THE CONVENTIONAL
AND NONCONVENTIONAL INPUTS

The procedure followed in the present paper has been to first analyze rela-
tionships between farm output and the conventional inputs, and then to ex-
amine the relationships between the “unexplained output” and the nonconven-

tional inputs. Attention has also been given to the interrelationships among the
conventional inputs and also among the nonconventional inputs.

TasLE 13.—CorrELATION COEFFICIENTS BETWEEN SPECIFIED
NonconveNTIONAL INPUTS, IN DIiFFeRENT PHASES*

Phase 1 Phase I1 Phase 111 Phase IV
Coeffcient between 1882-1917 1917-1937 1937-1947 1947-1957
Research and diffusion 857 .883 —.898 532
Research and proximate 757 606 —.820 975
Research and education 951 299 665 936
Diffusion and proximate 707 .680 648 657
Diffusion and education 938 419 —.843 641
Proximate and education 825 885 —.207 980

* Five-ycar moving averages of the specified variables were used for the calculation of the corre-
lation coefficients. The indicated years for each phase are the midpoints of the first and last five-year
periods included.
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In reality the increase in farm output has clearly been affected simultaneously
by changes in conventional and nonconventional inputs and by interactions be-
tween the two types of inputs. It would thus be desirable to analyze relationships
between changes in conventional and nonconventional inputs and in farm out-
put simultaneously. Some models that included both kinds of inputs simulta-
~ neously were constructed and various computations made on that basis. Unfor-
tunately, the results obtained do not appear to be meaningful, and an approach
along that line has been deferred to another occasion.

That important complementarities exist between the conventional and non-
conventional inputs is, however, beyond doubt. Consequently, an alternative
approach has been adopted to throw some light on the nature of these com-
plementarities. I have estimated correlation coefficients between the various com-
ponents of the conventional and nonconventional inputs as an indication of the
degree of the complementarity; it seems reasonable to infer that the higher the
correlation coefficient the greater the degree of complementarity. The correlation
coefficients (#’s) for various combinations of conventional and nonconventional
inputs are presented in Table 14.

An interesting finding is that, generally speaking, the degree of correlation
corresponds fairly well to the pace of agricultural development. As we have seen

TaBLE 14.—CorreLATION COEFFICIENTS BETWEEN CONVENTIONAL AND
NonconvenTIONAL INPUTs, IN DIFFERENT PHASES*

Coefficient between

Phase I Phase IT Phase III Phase IV

Nonconventional Conventional 1882-1947 1917-1937 1937-1947 1947-1957
Labor —.954 —.147 —.339 —.963
Land 959 950 .621 995
Research Fixed capital 933 884 374 993
Variable inputs 916 .684 729 .998
Average® : 7 941 666 513 987
Labor —.838 —421 .078 —.393
Land 872 .870 —.359 492
Diffusion Fixed capital 869 .865 —.056 490
Variable inputs .807 750 —516 528
Average® : 7 .847 727 —.252 476
Labor —-9a1 —.081 779 —.889
Proximate Land .893 A87 —.903 955
Fixed capital 931 858 ~.769 951
SUPPOTt Variableinputs 938 891 —903 975
Average® : 7 918 579 —.839 942
Labor —.911 —.142 343 —.829
Land 963 130 —.027 913
Education Fixed capital 963 611 —.332 912
Variable inputs 913 771 157 940
Average® : 7 938 414 —.136 900

_ *Five-year moving averages of the specified variables were used for the calculation of the corre-
lation coefficients. )
@ Simple average of individual coefficients with the sign for labor changed to the opposite sign.
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already, there is relatively rapid progress in agricultural development in Phase I
and Phase IV, and the absolute values of the #’s for those two phases are very
close to unity. On the other hand, Phase II was a period of stagnation, and the
#’s turn out to be considerably lower. In Phase III the farm output declined, and
the #’s either declined or became negative. A simple average of the s in each
phase, 7, indicates the average level of r for each nonconventional input with
respect to the various conventional inputs. Except for the # with respect to the
diffusion inputs in Phase IV, the differences in the #’s for each phase correspond
exactly to the pace of development.

So far as the various nonconventional inputs are concerned, research has the
highest correlations with the conventional inputs, proximate the second, educa-
tion the third, and diffusion the lowest. All #’s of the first three nonconventional
inputs for Phase I and Phase IV are very large—more than .9—whereas the #’s
of the diffusion category are relatively small. These results are consistent with
the earlier conclusions with regard to the particularly significant roles of the
first three in agricultural progress whereas the diffusion input appeared to be
relatively inefficient. It is remarkable that the #’s of research with respect to
land, fixed capital, and variable inputs for Phase IV are more than .99, and
those for proximate support are more than .95. Although causation cannot be
established by correlation analysis, it is nevertheless tempting to infer from these
highly complementary relationships that the interacting changes in these inputs
made a very significant contribution to the remarkable increase in output in
Phase IV.

With respect to the conventional inputs, the 7’s of labor were always negative
except in Phase III, implying of course that labor’s relationship to the noncon-
ventional inputs was one of substitution rather than complementarity. The #’s
of the other conventional inputs were positive and very high in Phase T and
Phase 1V. It is noteworthy that the correlation between variable inputs and the
various nonconventional inputs for Phase IV was the highest of all #’s during
that period, which points once again to the particularly important role of vari-
able inputs in that period.

1V. ESTIMATES OF THE RATES OF RETURN TO NONCONVENTIONAL INPUTS

It has already been pointed out that the outlays for nonconventional inputs
were small relative to the magnitude of the “unexplained output” with which
they were associated. It is tempting to estimate the rate of return to these non-
conventional inputs even though this is a hazardous operation because of the
serious difficulties that bedevil any such attempt. Nevertheless, a number of
attempts have been made to estimate the rate of return to nonconventional in-
puts, including Tang’s estimates for Japan based on a distributed lag model
(46).

Rough estimates are presented here that are based on a different approach
which yields separate estimates of the rates of return to the nonconventional
inputs for the different phases of agricultural development in Japan. The ap-
proach adopted is to assume that the effect of nonconventional inputs in a period

111n addition to Tang’s estimate for Japan, see C. R. Wharton (53) for the Brazilian case;
T. W. Schultz (40, 41), Zvi Griliches (3, 5), E. O. Heady (9), and L. G. Tweeten and F. H. Tyner
(49) for the American case.
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is expected to continue into subsequent periods and the amount of the “unex-
plained output”—the output which cannot be explained by the increase in con-
ventional inputs—at time T is attributed to the total value of nonconventional
inputs which have been invested from time 0 to time T'. In other words, the
nonconventional inputs are treated as a stock.

Like all attempts of this nature, the estimates must be treated with great
caution. Nevertheless the results appear to be of some interest as rough indica-
tions of the rate of return to the nonconventional inputs. The following assump-
tions underlie the present estimates of the rate of return.

(1) The scope of nonconventional inputs is restricted to the government ex-
penditures for nonconventional inputs as defined above. The influence of pos-
sible changes in nonconventional inputs other than these government services
is disregarded and the influence of general economic and institutional conditions
is also disregarded.

(2) It must be admitted that the effect of some nonconventional inputs in a
period cannot be expected to continue into subsequent periods, and to this ex-
tent the inputs have a flow aspect. To simplify the calculation of the rate of
return, however, this flow aspect is neglected.

(3) The rate of return to nonconventional inputs is measured in terms of
the ratio of the amount of the “unexplained output” at time T to the total value
of outlays for nonconventional inputs from time 0 to time T. That is, the rate
of return to nonconventional inputs at time T, R, is the ratio

T
yT/ pIES
t=0

where y, is “unexplained output” at time T and x, denotes the outlays for non-
conventional inputs at time ¢ .

In fact, there will be a lag between outlays for nonconventional inputs and
their effect on output or “unexplained output.” It proved impossible to deter-
mine an appropriate lag period, and in the present approach this lag problem
and also the “obsolescence” of nonconventional inputs has been ignored.'?

(4) The rate of return to nonconventional inputs as defined in paragraph
(3) represents only a direct return in terms of farm output. L. G. Tweeten and
F. H. Tyner have argued that allowance should also be made for the social re-
turn which results from the transfer of labor from the agricultural sector where
labor productivity is relatively low to the nonagricultural sector where it is rela-
tively high (49). No attempt is made to consider this type of indirect return in
the present estimates.

(5) The government outlays that are taken as a measure of the nonconven-
tional inputs consist of various categories such as expenditure for research, dif-
fusion activities, rural education, and so forth. In a strict sense, these are hetero-
geneous and cannot be aggregated (6). They each contribute to technical prog-
ress in different ways. Owing to the great importance of complementarities

12 One would expect, of course, that the lag between outlays for various types of nonconven-
tional inputs and the effect on productivity would vary considerably, An attempt to identify these
lags by comparing cycles in the increments of unexplained output and nonconventional inputs did
indicate that the lags for the various types of nonconventional inputs were different and that the
lag patterns varied in the course of time,
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among them, however, it is very difficult to estimate the returns attributable to
a particular nonconventional input. The rate of return has, therefore, been esti-
mated only in relation to the total of these expenditures, thus assuming that
they are homogeneous and only their aggregate effect on technical progress is
considered. It would be of considerable interest to estimate the rate of return to
individual categories of nonconventional inputs, but such an attempt would en-
counter the extremely difficult problem of allocating the increase in “unexplained
output” to particular categories of nonconventional inputs. It would also give a
somewhat misleading picture because of the importance of complementarities
among the nonconventional inputs, but nonetheless could be of considerable in-
terest as a rough indication of the relative efficiency of different types of non-
conventional inputs.

(6) Changes in conventional inputs were measured without regard to pos-
sible changes in their quality which might occur as a result of technological
progress in factor-supplying industries. This would cause an overestimation of
the rate of return to nonconventional inputs as defined here.

R, , the rate of return estimated on the basis mentioned above, decreased from
153.3 per cent in 1885-89 to 11.7 per cent in 1940-44, then increased to 16.4 per
cent in 1955-59. The average rate of return for each phase was 111.2 for Phase I,
43.2 for Phase 11, 16.5 for Phase III, and 144 for Phase IV. (See Table 15.)

These estimates of the rates of return to the nonconventional inputs are, of
course, subject to the important qualifications mentioned earlier. The extremely
high rates of returns shown for the early periods are undoubtedly overestimated
to some extent, mainly because of the oversimplifications involved in assump-
tions (1) and (6). In particular, the output increases during Phase T were influ-
enced considerably by the spontaneous diffusion of a backlog of improved tech-
nology in the favorable environment provided by the institutional reforms of the
Meiji period and by investments in irrigation and land improvement that are
not fully reflected either in the estimates of conventional inputs or the estimated
outlays for nonconventional inputs that are used in the present study. The gov-
ernment outlays for infrastructure, treated here as nonconventional inputs, in-
clude only central government expenditures for irrigation works or subsidies
for such work paid to farmers or local government units. Of equal or greater
importance, however, were the investments by farmers and landowners for irri-
gation facilities and land improvements that could not be included in the capital
category of conventional inputs because the data are not available. Nonetheless,
it is clear that such investment was of considerable importance (see 34, Chap. 12).
In spite of the fact that these estimates must be treated with considerable re-
serve, they would seem to be of interest as a rough indication of the order of
magnitude of the returns accruing to the nonconventional inputs. Thus they
seem to offer considerable support for the view that a suitable combination of
nonconventional inputs can yield exceedingly high returns through raising the
productivity of the conventional inputs.

V. CONCLUDING REMARKS

In this paper we have examined changes in output and in the use of conven-
tional and nonconventional inputs in the course of Japan’s agricultural develop-
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TasLe 15.—THE “RaTte oF RETURN”

. Rate of return
Nonconventional o

Unexplained inputs cumulated Rate of _ byphase
output from 1880 to date return Phase Per
Period (billion yen)e (billion yen)?® (per cent)© number centd
" 1885-89 92 60 153.3)
189094 126 91 138.5
1895-99 157 134 117.2
1900-04 219 199 110.1¢ I 111.2
1905-09 274 285 96.1
1910-14 342 411 83.2
1915-19 441 551 80.0]
1920-24 457 776 58.91
1925-29 508 1129 45.0 I 432
1930-34 541 1516 35.7
1935-39 615 1860 33.1]
194044 511 2414 21.2)
1945-49 340 2904 117 I 165
1950-54 475 3863 12.3)
1955-59 814 4960 164 v 14.4

¢ From Table 2 (yr).
b Computed from Table 8; average values of total nonconventional inputs times 5, cumulated

T
from 1880 <‘§a x¢> .

7
¢ Column 1 as per cent of Column 2 (Rr = yr +‘§a xt) .

¢ Arithmetic mean rates in Column 3.

ment. The analysis supports the view that “technical progress” which resulted
in an increase in output considerably greater than the associated increase in con-
ventional inputs has been a highly important feature of agricultural develop-
ment in Japan. The pace of “technical progress” has, however, showed consid-
erable variation during the 80-year period studied. It has been suggested that
agricultural development in Japan can be demarcated into four phases: Phase I,
a phase of modernization from 1880-85 to 1915-19; Phase II, a period of relative
stagnation from 1915-19 to 1935-39; Phase I1I, a period of backwardness from
1935-39 to 1945-49; and Phase IV, the phase of increasing capital intensity from
194549 to 1955-59.

The principal features that characterized those four phases are summarized
in the following paragraphs.

Phase 1 (1880-85 to 1915-19)—A considerable increase in farm output in
Phase I resulted from significant technical progress and was associated with
only a moderate increase in the conventional inputs. There appears to have
been considerable difference in the factors mainly responsible for the technical
progress in the early period (1882-97) and the later period of Phase I (1897-
1917). The major factor in the later period was the highly appropriate combi-
nation of nonconventional inputs; research and education, which dominated the



406 SABURO YAMADA

nonconventional inputs at that time, appear to have been especially significant.
For the earlier period, however, the major factor seems to have been a country-
wide process of diffusion of locally developed improvements in traditional farm
techniques which was facilitated by the abolition of feudal restraints following
the Meiji Restoration, by the improvement of transportation and communica-
tions, and by activities of 76no (progressive farmers) or landowners. Govern-
ment action, for example in employing some of the réno as itinerant instructors,
undoubtedly helped accelerate the diffusion of the backlog of improved tech-
niques that has been developed during the Tokugawa period.

With respect to the conventional inputs, there was a very moderate increase
in the cultivated area, a moderate increase in fixed capital inputs, and a fairly
rapid rate of increase in variable inputs. The available evidence suggests that
there was a slight decline in the farm labor force. Thus the increase in labor
productivity was considerable and justifies the characterization of the period as
the phase of modernization.

Phase II (1915-19 to 1935-39)—The rate of increase in conventional inputs
in Phase II was about the same as in Phase I, although the rate of expansion of
the variable input component was considerably slower. The much slower rate
of increase in farm output therefore implies a situation of relatively stagnant
technical progress. The rate of increase in outlays for nonconventional inputs
was about the same as in the second subperiod of Phase I, but it appears that
the “package” of nonconventional inputs provided was much less appropriate.
Statistical evidence which suggests a decline in the degree of complementarity
among the conventional and nonconventional inputs supports that interpreta-
tion. There was virtually no change in the farm labor force during Phase II,
and the rate of increase in labor productivity was slow.

Phase II1 (1935-39 to 1945-49).—The wartime conditions that dominated this
period resulted in a considerable decline of agricultural output and a general
condition of backwardness. The increase in the farm labor force over the period
was the result of the exodus of population from the major cities as a result of
bombing and the economic disorganization at the end of World War II and the
repatriation of Japanese nationals from overseas. All other conventional inputs
registered a decline, most striking in the case of variable inputs that declined at
a rate of nearly 7 per cent annually. The rate of increase in government out-
lays for nonconventional inputs was considerable, but they were mainly devoted
to programs to lessen the adverse effects of wartime conditions on agricultural
output. Factor productivity declined sharply because of the unfavorable condi-
tions, including the sharply reduced availability of fertilizer and other variable
inputs.

Phase IV (194549 to 1955-59)—The final phase examined in the present
paper was characterized by an unprecedented rate of increase in gross farm
output; but unlike Phase I and Phase II the rate of increase in net output was
much less rapid—2.1 per cent annually compared to the 45 per cent rate of
increase in gross farm output. Conventional inputs rose much more rapidly than
in those earlier periods in spite of the fact that for the first time the farm labor
force registered a significant decline in absolute size. The increase in fixed capi-
tal was considerably higher than in previous periods, but the rate of increase of
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variable inputs was a good deal more striking. The marked increase in variable
inputs and in fixed capital is, of course, the reason that the rate of increase in
net farm output was so much slower than the increase in gross farm output and
accounts for the characterization of Phase IV as the phase of increasing capital
intensity. The rate of increase in total factor productivity during this period is
_ impressive. As would be expected, the increase in labor productivity was very
much greater than during earlier periods because of the substantial substitution
of capital for labor as well as rapid technical progress.

For the entire period considered certain generalizations are suggested. Dur-
ing the periods of rapid expansion of farm output—Phase I and Phase IV—
there appears to have been a high degree of complementarity between the con-
ventional and nonconventional inputs. Among the conventional inputs the in-
creased use of fertilizer and other variable inputs was clearly of strategic im-
portance. Agricultural research, rural education, extension and other diffusion
activities, and outlays to strengthen the agricultural infrastructure were all im-
portant nonconventional inputs. Research seems to have been a crucial factor
in both Phase I and Phase IV. There is an indication that the rate of return
to education was particularly high during the early decades of Japan’s modern
economic growth whereas the investments in the agricultural infrastructure were
especially significant during Phase IV. Diffusion activities, many of them essen-
tially spontaneous in character, were of great importance in Phase I, but the
government outlays in that category during Phases II and III seem to have been
inefficient means of fostering technical progress.

There is an interesting contrast between the patterns of agricultural develop-
ment in Japan and in the United States. In the United States expansion of land
area and investments in farm machinery seem to have accounted for a major
part of the increase in agricultural output until the 1930’s. During the late 19th
and early 20th centuries the increase in output was only a little more rapid than
the increase in farm inputs. (Until about 1915 there was a considerable increase
in the farm labor force along with the increase in other inputs.) Since the mid-
1930’s, however, the growth of output has been much more rapid than the increase
in farm inputs (30). It is interesting to note that it is during this period of marked
increase in factor productivity that the use of fertilizers, insecticides, and other
biological-chemical forms of capital have greatly increased their importance in
American agriculture.

In Japan, on the other hand, there was a notable increase in factor produc-
tivity in the decades prior to 1920; and in contrast to the United States expanded
use of fertilizer and other variable inputs accounted for a major part of the
increase in conventional inputs. Presumably the small size of the farm units in
Japan, the result of a large farm labor force, and the very limited scope for ex-
panding the cultivated area, explain the fact that the “Meiji technology,” which
was influenced more by German than American experts, placed much greater
emphasis on yield-increasing innovations than on the introduction of farm ma-
chinery. Commercial fertilizers were highly important in Japanese agriculture
well before the discovery of a process for fixing atmospheric nitrogen and the
long series of developments in fertilizer technology that followed had wrought
their miracle in increasing the elasticity of supply and reducing the real cost of
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fertilizers. In fact, it was not until the mid-1930’s that ammonium sulfate became
a more important source of nitrogen than soybean cake, and both soybean cake
and fish meal continued to be highly important in Japanese agriculture until
World War II (34, pp. 371~74). Thus Japan had a “fertilizer-consuming agri-
culture” long before the fertilizer explosion began in the United States follow-
ing World War II, touched off in no small measure by substantial reductions in
the real cost of producing and applying fertilizers. This revolution in fertilizer
technology stands out as one highly important change that would seem to in-
crease the relevance for contemporary developing nations of the Japanese pat-
tern of agricultural development with its heavy reliance on increased use of
fertilizers and other variable inputs—and the associated nonconventional inputs
that enhanced and sustained the profitability of the variable inputs.
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APPENDIX 1
NOTES ON ESTIMATION OF GOVERNMENT OUTLAYS
FOR NONCONVENTIONAL INPUTS

The major items included in each of the categories are summarized in the
following paragraphs.

Research—This included expenditures for all types of experiment stations
and research institutes for agriculture. It includes outlays for research, for im-
provement of plant varieties, control of livestock disease, improvement of fer-
tilizers, and so on.

Diffusion—OQutlays for training of extension workers and farmers and the
financing of extension activities for agricultural improvement are the obvious
items in this category. In addition, subsidies to farm cooperative associations and
for prefectural activities such as agricultural fairs and prizes to promote im-
proved farming are also included as are incentive payments to encourage the
adoption of improved practices.
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Public service—This category includes expenditures for the support of ser-
vices responsible for plant inspection and inspection of livestock, silk, fertilizers,
and agricultural chemicals; outlays for controlling insect damage and animal
disease; and the cost of introducing foreign breeding stock and maintaining
government stud farms.
 Infrastructure—Outlays and subsidies for land improvement and reclamation,

land reform, flood control, reconstruction following natural disasters, and sub-
sidies for construction of cooperative warehouses for agricultural products and
other public farm facilities are included.

General —Expenditures for administrative offices, agricultural statistical ser-
vices, and farm relief payments.

Separate sources were used for the period 1880-1945 (I5), for 1946-52 (10),
for 1953-56 (18), and for 1957-59 (20). In instances in which detailed data were
not available for individual years, estimates were made by interpolation or simi-
lar procedures. To get real value of nonconventional inputs, the cost of living
index (57) was used as deflator.

The data available concerning agricultural expenditures by local governments
are rather unsatisfactory. In fact, it is necessary to make a fairly arbitrary break-
down of total yearly expenditures by prefectural and local governments for pro-
motion of all types of economic activity. Total expenditures for agriculture were
estimated by multiplying this total by the ratio of net farm income to total net
income, using five-year moving averages, on the assumption that local govern-
ment allocations for agriculture were roughly related to the share of farm in-
come in total income. As a second step, the various categories of expenditure
by local government were estimated on the assumption that the breakdown is
the same as for central government expenses except that the “general” category
was omitted. The basic statistical source for the whole period was 10. These
expedients are clearly unsatisfactory, but data were not available for more accu-
rate estimates concerning agricultural expenditures by local governments. The
assumption does not seem unreasonable in view of the central government’s
strong control over the policy of local government, but it would clearly be de-
sirable to revise these estimates when more appropriate data become available.

Rural education—Total expenditures for education by the central govern-
ment and also by the local governments are readily available. A compilation
published by the Ministry of Education (19) provided data for the 80-year period
1873-1952 and the Japan Statistical Yearbook (10) provides data for the subse-
quent years. There is, however, no really satisfactory way to estimate the “rural
education” component of the total outlay for education. The approach adopted
was to multiply the national total for educational expenditure by a ratio of
annual increments to the farm labor force to total increments to the labor force,
using five-year moving averages.*

Tang’s study of research and education in Japanese agricultural development
used a somewhat different approach, making the allocation of education expen-

* The ratio was computed as follows: the replacement requirement by the agricultural sector
was estimated on the basis of the national mortality rate and the share of the population in the farm
and nonfarm labor forces. This figure was then adjusted for the net change in the farm and total
labor forces and the ratio computed accordingly. Data for these calculations are from 1, 19, and 51.
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ditures to the agricultural sector on the basis of agriculture’s share in the total
labor force (46). Although any estimation procedure is somewhat arbitrary, the
present writer considers it preferable to base the allocation of educational expen-
ditures on the ratio of new entrants to the farm labor force compared to the an-
nual increment of the total labor force rather than on the total size of the two
components.

AprprENDIX TaBLE I.—CHANGES IN PERCENTAGE COMPOSITION

or OurpuT, 1880-1960*

Crops Dai
airy
Other  Pota- Vege- Industrial and live-
Year Rice cereals toes Beans tables crops Fruits Total Cocoons stock
1880 62.2 14.6 24 4.8 4.0 7.4 9 96.2 31 7
1890 62.4 13.7 25 4.7 4.6 7.2 1.2 96.4 25 1.1
1900 55.5 14.7 32 5.3 49 71 1.8 924 5.4 22
1910 55.0 13.1 34 47 5.8 6.1 25 90.5 6.8 2.7
1920 56.9 10.9 37 4.6 53 52 24 88.8 8.4 28
1930 54.8 8.3 2.7 35 53 4.8 31 82.7 128 45
1940 49.8 10.7 31 2.7 6.0 6.6 42 83.1 105 6.4
1945 63.8 9.9 45 2.8 55 4.5 33 94.2 36 22
1950 57.0 113 5.8 3.6 6.1 4.6 4.0 2R3 2.8 49
1955 544 9.7 5.0 37 55 5.9 37 87.8 30 9.2
1960 483 8.1 4.2 33 58 49 59 80.5 25 170
* Computed from data in Saburo Yamada (55, pp. 8-10).
Appenpix TasLe II.—Inpexes aT 1955 Prices or Speciriep
ConvenTioNAL InpUTS, 1880-1959%
Fixed capital Land area
Including Excluding Variable Paddy Upland
Average Labor  buildings buildings inputs Total field field
1880-84 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1885-89 98.4 99.8 102.2 120.8 101.5 101.1 102.1
1890-94 97.0 100.8 108.8 137.7 103.7 101.8 106.0
1895-99 96.4 102.9 117.9 1472 106.5 102.5 111.7
1900-04 95.7 104.8 125.9 162.3 109.5 103.6 117.3
1905-09 945 106.8 137.6 192.5 112.9 1055 123.1
1910-14 93.7 1122 158.8 239.6 118.5 108.0 133.0
1915-19 92.9 115.0 1712 301.9 123.0 110.2 140.5
1920-24 91.8 116.5 178.5 301.9 125.1 112.4 1424
1925-29 91.9 1195 190.1 3453 123.9 114.9 136.2
1930-34 92.7 123.9 204.7 3472 126.1 116.7 138.6
1935-39 91.3 126.0 215.7 369.8 128.1 116.7 143.4
1940-44 92.9 126.4 222.3 298.1 126.7 116.0 141.3
1945-49 109.0 1212 187.6 215.1 1225 112.7 135.8
1950-54 105.3 130.5 211.7 4358 124.2 113.8 138.3
1955-59 954 143.4 261.7 666.0 126.7 116.4 140.8

* Computed from Table 1.
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ArpENDIX TaBLE III~INDEXES OF PrODUCTIVITY OF SpECIFIED INPUTS, 1880-1959*

Fixed capital
Including Excluding Variable

Average Labor buildings buildings inputs Land

1880-84 100.0 100.0 100.0 100.0 100.0
1885-89 118.2 1165 113.8 96.2 114.6
1890-94 1264 121.7 112.8 89.1 1183
1895-99 133.9 1255 109.5 87.7 121.2
1900-04 146.9 134.1 111.7 86.6 128.4
1905-09 160.3 141.8 110.1 78.7 134.2
1910-14 177.9 1485 104.9 69.6 140.6
1915-19 201.7 162.9 109.5 62.1 1524
1920-24 207.4 1634 106.7 63.1 152.2
1925-29 2195 168.8 106.1 584 162.8
1930-34 2259 169.0 1023 60.3 166.0
1935-39 244.1 176.9 1033 60.3 174.0
1940-44 218.0 160.2 91.1 68.0 159.9
1945-49 162.4 146.1 944 82.3 1445
1950-54 199.6 161.1 99.3 48.2 169.2
1955-59 289.5 192.6 105.5 415 218.0

* Computed by dividing the gross output index in Table 2 by the specified conventional input
index in Appendix Table IL



