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Effects of Aggregate Shocks on the Productivity of

Farm Households in Prewar Japan

Takeshi Fujie"” and Tetsuji Senda’

An economic crisis can be considered as a man-made disaster with the characteristics as an aggregate
shock, thus complicating and hindering mutual insurance or help in local communities. This paper
investigates the dynamics of productivity in prewar rural Japan and examines which farm households
were more vulnerable to the Great Depression, as a representative example of aggregate shocks that have
a serious impact on rural sectors. First, using panel data from farm households collected by the Imperial
Agricultural Association (Teikoku Nokai), we measured the Malmquist productivity index (MPI) and
decomposed it into technical change and efficiency change for the period of 1924-1933. Second, with this
panel data, we investigated which farm households were more vulnerable to aggregate shocks. Our main
findings are as follows. First, although the MPI declined rapidly after the Great Depression due to the
technical and efficiency change, this rapid decline in productivity was temporary. Second, the vulnerabili-
ty of farm households to aggregate shocks differed by region, and large-scale farmers were relatively
robust to them. These differences in vulnerability across farm size may have triggered the structural
changes in Japan’s prewar agriculture after the Great Depression. Our findings shed light on the dynamics

of farm household behavior in prewar Japan from the micro and quantitative perspectives.
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1. Introduction

Man-made and natural disasters such as global eco-
nomic crises and heavy earthquakes have the charac-
teristics of aggregate shocks, which makes mutual in-
surance and insurance in the local area difficult. Such
aggregate shocks have more serious consequences in
developing economies, where various markets, includ-
ing insurance markets, are incomplete. During the de-
velopment stage of prewar Japan, the global depression
triggered by the plunge in stock prices in the United
States in October 1929, led to the lifting of the gold
ban and a decline in silk thread prices due to weak silk
thread exports. Subsequently, in October 1930, the
price of rice collapsed. This was partly due to a bumper
harvest. These events had huge impacts on the rural
economy of Japan, and are known as the Showa de-
pression (Hayashi, 2003). Inomata (1934) recorded

the situation of rural areas during this depression. The
reportage states that many farmers had large debts, and
the circumstances were such that they had to cease the
use of fertilizers and recurrent goods.

There is an extensive literature on farm households
during the Showa depression, mainly in the fields of
agricultural and economic history (for example, Ou-
chi, 1960; Kurihara, 1974). They note the robustness
and stability of middle-scale farmers. In addition, the
Showa depression is considered to be the trigger for the
decomposition of farmer classes in the inter-war peri-
od. However, most of these studies are qualitative anal-
yses based on historical materials. In recent years,
some studies have been published that use econometric
analysis of the inter-war period microdata before and
after the Showa depression. Examples of such research
include: Saito (2009), who examined the relationship
between the members in farm households and labor
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supply using the micro data from the Survey of Farm
Household Economy (SFHE); Arimoto (2012), who
evaluated the impacts of the economic rehabilitation
movement; Arimoto and Sakane (2008), who investi-
gated the causes of tenancy disputes; and Arimoto et
al. (2013), who constructed farmer microdata on
farmers’ debt after the Showa depression.l)

In addition, Fujie and Senda (2011) examined the
coping behaviors of farm households against aggregate
shocks due to the Showa depression by using farm
panel data from the decade around the depression,
1924 to 1933. They suggested that farm households
coped with the depression using strategies such as ad-
justment of employment labor, arable land area, and
fertilizer inputs. Also, Ozeki and Sato (2008) investi-
gated the characteristics of the SFHE in the prewar
period and described the significance of a comparative
study of farm households in prewar Japan and modern
developing countries. Thus, previous literature on farm
households in prewar Japan can provide insights for a
comparative study of farm households in developing
countries’ economies.

Yamada (1963) and Hayami (1973) are representa-
tive of the literature that uses aggregate data from the
inter-war period. They used the Long-term Economic
Statistics (LTES) edited by Ohkawa et al. (1966).
According to Hayami (1973), the overall productivity,
labor productivity, and land productivity (annual)
growth rates from 1900-1920 in the agricultural sector
were 2.0%, 2.6%, and 1.3%, respectively, while from
1920-1935, they were 0.9%, 1.1%, and 0.8%, respec-
tively. He evaluated the inter-war period in which the
Showa depression occurred, to be a period of stagnant
agricultural growth. Hayami (1973) found that the
exhausted potential of conventional technology, such
as Meiji farming methods, and the deterioration in
market conditions for agricultural products caused this
stagnation. Minami (2002) also found that the slowing
of agricultural growth during the period caused the
regional changes in rice cultivation.

Furthermore, in the field of development economics,
some literature published in recent years investigate
the coping behaviors of households against aggregate
shocks like natural and man-made disasters such as
tsunami and financial crises. For example, there are
several studies that addressed the financial crisis in

Argentina and the currency crisis in Indonesia. These
studies have shown that households adjusted their la-
bor supply, reduced education and medical expendi-
tures, and relocated income as ex-post-facto coping
behavior to cope with the currency crisis (Fallon and
Lucas, 2002; Kang and Sawada, 2009; McKenzie,
2003, 2004; Ravallion and Lokshin, 2007; Smith ef al.,
2002). Several studies also clarified farm households’
coping strategies when faced with aggregate shocks
due to natural disasters and their vulnerability or ro-
bustness to these shocks (Kurosaki, 2009, 2011; Sa-
kurai, 2006; Sakurai et al., 2011; Sawada, 2007; Sawa-
da and Shimizutani, 2008; Sawada et al., 2011; Shoji,
2008) .2 Nonetheless, Barrett et al. (2006) is one of
the few studies that examined the effects of aggregate
shocks on farm-level production behavior. Using plot-
level data, Barrett et al. (2006) found that the techni-
cal efficiency of rice farming temporarily declined
due to the shock caused by the devaluation of Cote
d’Ivoire’s currency.

Despite the accumulation of the above literature,
what is missing is a study at the micro level on the
effects of the Showa depression on the productivity of
farm households. Arimoto ef al. (2013) indicated that
many of the owner-cum-tenant farmers in the 1930s
after the Showa depression may have been subject to
credit constraints. These constraints may have led to a
decline or stagnation in the productivity of farm house-
holds after the depression through a reduction in agri-
cultural investment or factor inputs. Additionally, as
Fujie and Senda (2011) suggested, if farm households
coped using strategies such as reducing the recurrent
goods, adjusting hired labor or their arable land area
and fertilizer inputs, did the productivity of farm
households decline due to this adjustment of factor
inputs? Furthermore, how was a farm household vul-
nerable to the depression in terms of its productivity?
Some literature on agricultural productivity and agri-
cultural growth in the prewar and inter-war periods
consist mainly of macro-perspective studies using ag-
gregate data, such as LTES. To the authors’ knowl-
edge, no existing research has examined the effects of
the depression on production behavior or productivity
using the household-level micro data.

Therefore, this paper measures the productivity of
farm households in prewar Japan using the micro panel

1) In addition to this literature, Kusadokoro e al. (2012) investigated the asset accumulation behavior of farm households and
Kusadokoro (2012) examined the existence of scope economy through the estimation of the output distance function using

panel data from the SFHE.

2) Inaddition to these studies, for example, Dercon (2005) is a representative work on household coping behaviors to cope with
shocks in developing countries, and Sawada (2010) is a survey article on household coping behaviors when faced with

aggregate shocks such as man-made and natural disasters.
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data from the Survey on Farm Management (SFM)
conducted by the Imperial Agricultural Association
(Teikoku Nokai) from 1924 to 1933. We also investi-
gate the vulnerability and robustness of farm house-
holds against the Showa depression as an aggregate
shock. Although farm income and land productivity
are representative indicators of productivity, if produc-
tivity indicators such as farm income are used in panel
data, the trend in these indicators represents a mixture
of the effects of both technological progress and in-
come improvement, and it is difficult to grasp these
effects separately. Thus, this paper adopts the Malm-
quist productivity index (MPI). Malmquist productivi-
ty can handle the multiple input/output relationships
and separate the effects of technological progress and
changes in technology efficiency over time in panel
data.

The rest of this paper is organized as follows. The
next section describes the summary and the character-
istics of the data used for analysis. Section 3 reviews
the trends in agricultural product prices and farm in-
come before and after the Showa depression. In section
4, we describe the method for measuring the Malm-
quist productivity of farm households and how the data
can be used for measurement. It also shows the dynam-
ics of Malmquist productivity. In section 5, we conduct
a panel data analysis using the Malmquist productivity
obtained in the previous section. We also investigate
the determinants of household productivity and the
vulnerability and robustness of farm households
against aggregate shock in the inter-war period using
Malmquist productivity. The results and interpretation
are discussed. Finally, a summary and conclusion are
provided.

2. Data”

This paper uses the SFM implemented by the Impe-

rial Agricultural Association (The Imperial Agricultur-
al Association Survey; TAAS) . The IAAS was a follow-
up survey of farmers that was conducted by the Imperi-
al Agricultural Association and prefectural agricultural
associations from 1924 to 1933. The aim of the JAAS
was as follows. “... First of all, with regard to many
cases of farm management, we observe changes in the
conditions of farm management from various perspec-
tives over a prolonged period of time, and we need to
clarify how such changes affect farm management.”
Thus the IAAS was carried out to clarify the dynamics
of farm management and behavior during a specific
time period.4>

The IAAS comprises the “Survey on the Dynamics of
Farm Management (Farm Management Results Sur-
vey Report: 2nd Report)” (published in 1936, herein-
after SDFM), the “Survey on the Dynamics of Farm
Management during a Recent Ten-Year Period” (pub-
lished in 1934, hereinafter Ten-Year Survey), and an
errata table. We revised the original data from the Ten-
Year Survey to incorporate the information on the erra-
ta table and combined this with the Ten-Year Survey
and SDFM data. We use this combined survey data
because the Ten-Year Survey has rich information on
agricultural production, such as cropping areas and
yields at the item level, and the SDFM includes 40
items that it shares with Ten-Year Survey. Therefore,
the two surveys can be used in a mutually complemen-
tary manner.”

Major survey items in the /AAS include the cultivat-
ed area, agricultural working days, the cultivated area
by each crop, farm income and expenditure. The pri-
mary crops of the farm households covered by the
IAAS vary, including items such as rice cultivation,
sericulture and fruit trees. In the /AAS, farm house-
holds are classified into three categories according to
the size of their arable land: large (more than 10 hec-

3) The description of this section is based on Fujie and Senda (2011).
4) There is also the SFHE carried out by the Ministry of Agriculture and Forestry in the same period. However, as shown in

Inaba (1953) and Ozeki and Sato (2008), the SFHE is divided into four periods: the first (1921-1923), second (1924-1930),
third (1931-1941), and fourth (1942-1948). The survey method and criteria for selecting samples is different in each period.
In the second and third periods, which are the period of analysis for this paper, the bookkeeping structure of the survey forms
and the surveyed farm households are different. For this reason, the SFHE cannot be used as panel data before and after the
Showa depression. Meanwhile, the JAAS has secured the same survey items and sampled farm households over 10 years, and
TAAS can therefore be used as panel data covering the period of the depression. For this reason, we decided to use JAAS in this
paper.

The data in the SDFM differs from the Ten-Year Survey used by Fujie and Senda (2011) in terms of the farm households
surveyed and the summary items in the interim tabulation. First, concerning the surveyed farm households, Ten-Year Survey
only has data on the 40 farm households who continued the survey for the 10 years from 1924 to 1933. The SDFM has an
intermediate tabulation of the 107 farm households continuing for more than five years. The number of tabulated items in each
survey varies, from 103 in SDFM to 487 in Ten-Year Survey. The difference in the number of items is due to the fact that many
items, including the detailed cropping areas and yields at the item level, are included in Ten-Year Survey. Homing in on items
that are related to major expense items and management balances, there are 40 items in common.
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tares), medium (more than 2 hectares but less than 10
hectares), and small (less than 2 hectares). The farm
households surveyed in each prefecture were set to be
one medium and two small farm households or one
large farm household. The follow-up surveys were
generally conducted on the farm households surveyed,
but sample attrition and category changes in the course
of the follow-up surveys were permitted. Depending
on the survey year of the JAAS, the number of surveyed
farm households varies. From 1924 to 1933, 43 farm
households are available with balanced panel data. Of
these 43 farm households, this paper uses the balanced
panel data of 39 farm households, excluding 4 that do
not contain information on the farm gate price, which
is required for analysis.(’> The geographical distribution
of the farm households are as follows; Tohoku: 8,
Kanto: 6, Hokuriku: 3, Tokai: 5, Kinki: 7, Chugoku: 4,
Shikoku: 4, and Kyushu: 2. As noted by Senda and
Kusadokoro (2009), the households in the JAAS tend
to be biased toward highly skilled middle- and large-
scale farmers. In addition, because the JAAS was origi-
nally designed to be a survey that also serves as book-
keeping guidance, the data from the households may
also reflect the effects of improvements in manage-
ment through bookkeeping guidance.

Although it is necessary to heed the above points,
the /AAS has high material value for clarifying the
production behavior and productivity of farm house-
holds during the Great Depression. In addition, this
survey provides panel data of farm households during
the prewar period, including the Showa depression.
The survey period of JAAS is assumed to be from Feb-
ruary 1 to the end of January the following year. We
conducted the analysis that follows based on this divi-
sion of years.

3. The Showa Depression and Farm Households

Table 1 shows the trends of farm gate prices (nomi-
nal prices) of brown rice and spring cocoons during
1924-33, using the balanced panel data of IAAS. The
table shows that the price of rice fell greatly, from 27.8
yen/koku in 1929 to 17.9 yen/koku in 1930. This indi-
cates that farm households faced a rapid drop in the
price of rice due to the Showa depression.7> This table
also shows that the price of cocoons fell dramatically

Table 1. Trends in farm gate prices of brown rice and
spring cocoons

Year  Brown rice (yen/koku) Spring cocoons (yen/kan)

1924 39.7 7.6
1925 38.0 11.4
1926 34.4 9.3
1927 31.2 72
1928 27.9 7.0
1929 27.8 7.7
1930 17.9 4.1
1931 18.4 33
1932 20.7 2.8
1933 21.1 6.1

Source: Teikoku Nokai. The Survey on the Dynamics of Farm Man-
agement.

Notes: 1) Farm gate prices represent the sample mean.
2) 1 kan = 3.75 kg, 1 koku = approx. 150 kg.

Table 2. Trends in the number of working days of
hired labor

(unit: day)
Year Paddy rice Sericulture Total
1924 34.8 73 42.1
1925 41.0 9.5 50.5
1926 41.8 18.1 59.9
1927 43.4 15.2 58.5
1928 49.5 14.5 64.1
1929 50.1 12.7 62.8
1930 47.6 13.8 61.4
1931 49.4 8.8 58.2
1932 53.7 72 60.9
1933 573 10.9 68.2

Source: Teikoku Nokai. The Survey on the Dynamics of Farm Man-

agement during a Recent Ten-Year Period.

with the depression. Until 1932, the cocoon price con-
tinued to decline by about 64% from 7.7 yen/kan in
1929 to 2.8 yen/kan in 1932," while the rice price
increased after 1931. Table 2 represents the trend in the
number of working days of hired labor. This table
shows that the total number of working days decreased
only slightly; it did not exhibit a major change, al-
though the number of working days in sericulture de-

6) The number of farm households surveyed in each year is as follows; 1924: 107, 1925: 107, 1926: 107, 1927: 106, 1928: 107,
1929: 95, 1930: 79, 1931: 71, 1932: 58, and 1933: 44. Appendix 1 shows the location of the surveyed farm households used in
this paper, and Appendix 2 shows the comparison between the excluded sample (the dropped sample) for construction of a
balanced panel data and the sample used in this paper. Appendix 2 indicates that there are not clear differences between the
dropped sample and the sample used for the rice income ratio, sericulture income ratio, or location. However, for any year, the
ratio of owner-cultivators in the dropped sample is about 10% lower than the sample used, and the arable land area is about 10
tan larger. This indicates that sample attrition may have occurred mainly among relatively large owner-cum-tenants.
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creased after the depression.

The trend in the ratio between the price of fertilizer
and that of rice is shown in Figure 1. The figure shows
that this relative price ratio sharply declined from 1929
to 1930 after the depression. This indicates that the fall
in rice prices was relatively greater than that in the
fertilizer prices during the depression, and the situation
surrounding agricultural production deteriorated due to
the expansion of the Schere (a scissors-form difference
in prices). It is expected that this expansion of the
input/output price difference would lead farm house-
holds to forgo fertilizer purchases and increase self-
provided fertilizer. Hayami (1963) showed that the
amount of fertilizer input decreased by 2.70% per an-
num from 1929 to 1933 during the agricultural depres-
sion, while the amount of self-provided fertilizer input
increased by 3.89% per annum during the same period.
The rate of increase of self-provided fertilizer input
during the agricultural depression reached its highest
value during the prewar measurement period
(1883-1939). In addition, Fujie and Senda (2011)
suggested that the shock caused by the depression led
to a reduction in the value of fertilizer input, which
may have caused the stagnation of productivity in the
prewar period.

As described above, the sharp decline in agricultural
product prices caused by the aggregate shock of the
Showa depression and the expansion of the input/out-
put price ratio may have led to reduce fertilizer inputs
due to the farm households forgoing investments in
purchased fertilizer and the substitution of self-
provided fertilizer for purchased fertilizer. This may
have caused a decline in productivity through changes
in the composition of the fertilizer and a deterioration
in the quality of the fertilizer. In addition, sharp falls in
silk thread prices resulted in the shrinkage of and exits
from sericulture, and this led to allocation of surplus

100 4
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50 4
40 4
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20
10 4

0 T T T T T T T T ]
1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 (year)

Figure 1. Trend of relative ratio of fertilizer price and
rice price (1924 = 100)
Source: See Table 1.
Note: Fertilizer price is the mean of the gate price of ammonium

sulfate, potassium sulfate and caustic lime.

labor in households to rice farming, which could have
led to a decline in productivity. In addition, the rapid
changes in the economic environment produced coping
behaviors in farm households involving adjustments in
land use, non-farm labor, hired labor and the use of
fertilizer input (Fujie and Senda, 2011). Thus farm
households reduced productivity temporarily if they
could not cope smoothly with the aggregate shocks and
it took time for them to adjust to an optimal use of
input factors and their efficient allocation.

Table 3 shows farm income, farm income per work-
ing day, and farm income per arable land area during
1924-33. From 1929 to 1930, farm income sharply
declined by about 60% from 1,491 yen to 890 yen due
to the rapid fall in the rice price caused by the 1930
depression. In addition, the coefficient of variance of
farm income dramatically increased from 39% in 1929
to 61% in 1930. This suggests that the disparity in farm

7) The SDFM does not include the monthly farm gate price. However, the JAAS was a survey conducted as part of the

Agricultural Management Improvement Project, which was a survey designed for bookkeeping records and improvement of
management through their use (Tama, 1986). Therefore, if bookkeeping was carried out properly, transactions of rice and silk
threads would have been recorded every day, and it is presumed that an annual weighted average price based on trade volume
was adopted as the farm gate price of farm households. For example, for the farm gate price of rice in 1930, the shipment of rice
was mainly from October to November, so the farm gate price was likely to mostly reflect the current prices at that time.
Therefore, we infer that the rice price for each year strongly reflected the price immediately after the harvest. According to Kayo
(1977), the official Tokyo Fukagawa rice price from September to November 1930 was 28.7 yen (Sept.), 19.1 yen (Oct.) and
18.1 yen (Nov.); therefore, the October/November price level was close to the JAAS’s 1930 farm gate price (brown rice) of
17.9 yen. Likewise, because the price of spring cocoons reflected the 1930 trading price, the price reflected the effects of the
decline in silk prices due to the Great Depression in October 1929. These indicate that the 1930 farm gate price shown in this
paper roughly reflects the price level after the depression. In addition, it has been noted that a bumper rice harvest in 1930
accelerated the collapse of the rice prices. Regarding this bumper harvest, the yield of paddy rice increased by about 10% from
2.78 koku/tan in 1929 to 3.07 koku/tan in 1930. This indicates that 1930 was a bumper harvest. Furthermore, according to
Sakane (2010), using Umemura ef al. (1966), the average annual yield was 1.88 koku/tan from 1926-1935. These facts also
indicate that the productivity and technical level of the surveyed farm households in this paper were high on average.



Table 3. Trends in farm income and related items

Farm income
Year

Farm income/Working days

Farm income/Arable land area

(yen) (yen/person*day) (yen/tan)
1924 1,651 (47) 1.75 (52) 86.6 (44)
1925 1,897 (37) 2.03 (41) 99.4 (34)
1926 1,694 (46) 1.82 (47) 82.7 (41)
1927 1,511 (40) 1.71 (46) 75.9 (42)
1928 1,555 (39) 1.68 (45) 71.5 (38)
1929 1,491 (39) 1.59 (43) 74.0 (40)
1930 890 (61) 0.94 (57) 434 (56)
1931 911 (45) 0.96 (45) 45.0 (47)
1932 1,072 (42) 1.16 (47) 52.5 (43)
1933 1,276 (34) 1.35 (42) 62.5 (41)

Source: See Table 1.

Notes: 1) Figures in parentheses represent the coefficient of variance.

2) 1 tan = approx. 0.1 hectare.

income expanded among farm households after the
depression.

Furthermore, farm income per working day and
farm income per arable land area declined greatly in
1930 after the depression.9) However, it is important to
note that the figures in the table are the aggregate result
of the various main crops of farm households, and if
farm income per working day and farm income per
arable land area are considered to be proxy indicators
of labor productivity and land productivity, respective-
ly, labor and land productivity greatly declined after
the Showa depression. From 1929 to 1930, the coeffi-
cient of variance of labor productivity increased from
43% to 57%, and land productivity increased from
40% to 56%, showing a rapid increase not observed
prior to 1929. The increase in the coefficient of var-
iance suggests that disparities in labor productivity and
land productivity among farm households expanded
after aggregate shocks due to the depression. These

results indicate that some vulnerable farm households
faced a rapid reduction in productivity due to aggregate
shocks caused by the Showa depression, while other
robust households did not face such a large drop. What
farm households were vulnerable to aggregate shocks
and fell in productivity?

However, in considering the effects of aggregate
shocks on the agricultural production of farm house-
holds, most of the surveyed farm households worked in
both rice farming and sericulture.'” Therefore, a meth-
od of measurement that can address multiple outputs is
required to measure productivity. In addition, there are
productivity indices that show labor productivity and
land productivity, such as farm income per working
days or the arable land area, which were examined in
Table 3. However, the trends of these indicators in-
clude both technological progress and technological
efficiency changes, and we cannot distinguish between
them.

8) Regarding the different price dynamics in each region, we examined the rice price in eastern Japan and western Japan

separately. As a result, although not shown in the figure, the rice price for western Japan exceeds prices in eastern Japan with
differences from 0.6 yen/koku to 2.0 yen/koku and this shifts almost in parallel. This relationship does not change before or after
the depression. Regarding the cocoon price, although the price in western Japan exceeds that in eastern Japan for many years,
the price difference is 0.63 yen/kan at the most (in 1930), and the price difference moves in parallel. This relationship did not
change before and after the depression. Furthermore, the coefficient of variance of the farm gate price of rice and cocoons was
calculated to examine the differences among the farm households regarding the farm gate price. Although the table has been
omitted, the coefficient of variance of the rice price was stable, except in 1930. On the one hand, the coefficient of variance in
1930 was 19.2%, which was particularly high. This indicates that the difference in the farm gate price among farm households
expanded during the depression. On the other hand, the coefficient of variance for spring cocoons remained at a high level of
11.2% on average from 1924 to 1933, and, although it showed a downward trend from 1924 to 1929, there was a rapid increase
in 1930, and this upward trend continued from 1931 onward. This shows that differences in the cocoon price among farm
households expanded, and this divergence continued after the depression.

As noted in footnote 7, most farm revenue used for calculating farm income consists of the rice and cocoon price in October
1930, after the decline. For this reason, farm income in 1930 is considered to represent the level after the depression.
10) In addition to rice farming, all the farm households surveyed were producing other crops, such as sericulture.
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Therefore, we measure Malmquist productivity to
clarify the productivity of farm households. Malmquist
productivity can measure the productivity of objects
producing some farm products using multiple inputs,
and separate technological progress and technical effi-
ciency change (Caves et al., 1982). In recent years,
Malmquist productivity has been used in much of the
previous literature, including for measurements of rice
productivity (e.g., Umetsu et al., 2003; Zhengfei and
Lansink, 2006; Yamamoto er al., 2007). It has the
advantage of not depending on the form of the cost or
production function. In addition, Malmquist productiv-
ity can be decomposed into technological change,
which shows shifts in the production frontier, and effi-
ciency change, which approaches the production fron-
tier. Therefore, by using Malmquist productivity, we
can clarify that the aggregate shock affected which of
the factors that form productivity. In the next section,
we measure the trend in Malmquist productivity, tech-
nological change, and efficiency change in farm house-
holds in prewar Japan. We also investigate the determi-
nants of Malmquist productivity and the vulnerability
of farm households against aggregate shocks caused by
the depression using Malmquist productivity.

4. Productivity of Farm Households in Prewar Japan

1) Measuring the productivity of farm house-

holds using Malmquist productivity“)

The Malmquist productivity index (MPI) is an in-
dex proposed by Malmquist (1953) which Caves et al.
(1982) extended that represents the change in produc-
tivity between two periods, —1 and 7. We call this
“Malmquist productivity” or “productivity change.”
Fire et al. (1994) showed that Malmquist productivity
can be decomposed into technological change (TC)
and efficiency change (EC). We describe the concept
of Malmquist productivity below and present the de-
composition of TC and EC in Malmquist productivity
in Figure 2.

Consider a farm household with an A, input/output
relationship in the #-1 period. The line OBC represents
the constant returns to scale of the production
frontier.'” Here, based on the input amount, the pro-
ductivity of the farm household is represented by Y B/

Y (output)
()
(-1)
Y2 E C Az(t)
Y, D ) A1)
o X (input)

Figure 2. Malmquist productivity and technological/
efficiency change

Y A In this figure, since Y B/Y A, is less than 1, it
shows a loss of productivity compared to the most
productive farm household.” If A, is on the frontier,
the productivity of the farm households is the maxi-
mum and equal to 1.

Next, from the period 71 to #, the production of the
farm household moves from A, to A, and the produc-
tion frontier also shifts to ODE. Changes in the produc-
tivity of farm households can be measured as the ratio
of the data development analysis (DEA) score in the
period -1 to the DEA in period ¢ calculated by DEA
assuming constant returns to scale, while the frontier is
also shifting. Thus, the MPI of farm households from
the period #-1 to ¢ is defined by the geometric mean of
the ratio of the two production frontiers in the same
period (Equation (1)).

Y2CIY2A, YZE/Y2A2>£ W

MPI[l—l,l]:<YlB/y1Al Y\D/Y\ A,

Here, if MPI > 1, Equation (1) shows that produc-
tivity has increased between 7—1 and r. If MPI = 1,
there is no change in productivity, and if MPI < 1,
productivity has declined. Additionally, as shown in
Equation (2), MPI can be decomposed into efficiency
change (EC) and technological change (TC) (Fdre et
al., 1994).

11) This section was written with reference to Coelli ez al. (1998), Fire ef al. (1994), Umetsu ef al. (2003) and Yamamoto ef

al. (2007).

12) In this paper, we assume constant returns to scale for the agricultural production of farm households and estimate the
production frontier. This assumption is strongly constrained. Nevertheless, Tsuchiya (1967) has shown that Japan’s agriculture
in the prewar periods before 1955 exhibited constant returns to scale in rice farming.

13)  The constant returns to scale of the production function is measured by data development analysis (DEA), thus such a loss
is generally referred to as the DEA inefficient. See Charnes et al. (1978) for the measurement method for efficiency using

input-oriented DEA.
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The first term of Equation (2) is EC, and the second
term is TC. If EC > 1, this means that from -1 to ¢,
farm households approached the production frontier.
Conversely, if EC = 1 or EC < 1, this means that the
distance to the production frontier is unchanged or
greater. In other words, EC means to what degree there
has been catch-up on the intertemporal production
frontier. In addition, if TC > 1, this means that the
production frontier expanded from -1 to 7. That is, it
represents a change to an input/output relationship that
can produce more products with less inputs. Addition-
ally, if TC = 1 or TC < 1, there is no change in the
production frontier, or the production frontier has
shrunk. Thus, TC represents the shift in the production
frontier. Note that temporary fluctuations of the pro-
duction frontier can also be interpreted as a spurious
technical deterioration due to the temporary deviation
of farm households located on the frontier.
2) Malmquist productivity of farm households
in prewar Japan
Table 4 shows the input and output variables used
for calculating Malmquist productivity. The outputs
are rice and silk thread, and the inputs are arable land
area, labor, fertilizer, horses, and cows.'” The bal-
anced panel data of 39 farm households from the JAAS
is used, and the period covered is 1924 to 1933. Since

there was no data concerning the weight of fertilizer
input in the JAAS, the input weight was calculated by
dividing the total fertilizer cost (including self-
supplied fertilizer) by the farm gate price of ammoni-
um sulfate per 10 kan." We then estimated the amount
of fertilizer used for rice farming and sericulture by
proportionally dividing the input weight by the area of
rice and mulberry fields occupying the total area of
arable land. In addition, we estimated the working days
of horses and cows by proportionally dividing the area
of rice and mulberry fields that occupied the total ara-
ble land.'” In Table 4, for the values in 1930 and 1931,
which represents the input amount just before and after
the depression respectively, there is no major change in
the arable land area, while the area of mulberry fields
decreases and that of rice fields increases. Nonetheless,
there is no major change in the number of working
days. This suggests that the surplus labor in farm
households, resulting from the reduction of the mulber-
ry fields due to a sharp fall in the cocoon price and the
reduction of silk thread production, was allocated to
rice production.

Nevertheless, the amount of fertilizer input in-
creased before and after the depression. While the in-
put amount of purchased fertilizer decreased, the input
amount of self-supplied fertilizer increased.'” This
suggests a qualitative change in input fertilizer due to
reductions in purchased fertilizer after the depression
and substitution with self-supplied fertilizer. The
measurement results of Malmquist productivity, TC,
and EC, calculated using the above input/output varia-
bles, are shown in Figures 3, 4 and 5. Each productivi-
ty index shows the cumulative value based on 1924.
The cumulative value is the productivity index of the

14) The reasons for using rice and silk thread as the output are threefold. First, many of the surveyed farm households were
engaged in rice farming and sericulture. Second, the kinds of crops produced apart from sericulture were diverse. Third, the
farm gate price of farm products other than rice and silk thread is unknown, and the amount of production cannot be estimated
based on weight.

15) Regarding the farm gate price, some samples were unknown. For these samples, we used the predicted value obtained
through linear interpolation.

16)  Even if the silk thread production in a specific year was zero, if the mulberry area was positive in the data the mulberry field
area was included in the arable land area. This is because we cannot distinguish from the data whether the silk thread production
was interrupted in the production process or that the mulberry field was not cultivated. However, if an unused mulberry field is
included in the arable land area, we note that the estimates may entail biases because productivity is measured assuming the use
of fertilizers and livestock in the mulberry field.

17) This increase in self-supplied fertilizer input might be due to a decrease in purchased fertilizer input due to the expansion of
the Schere. According to Hayami (1963), the rate of increase in fertilizer input during the agricultural depression (1929-1933)
is =2.74% and 3.89% per year for commercial fertilizer and self-supplied fertilizer, respectively. Additionally, commercial
fertilizer was substituted by self-supplied fertilizer. From 1883 to 1958, the rate of increase in commercial fertilizer is negative
only during the agricultural depression, and this is a remarkable trend that is not observed in other periods. Furthermore, as
shown in Table 4, the number of sheets of sericulture egg paper decreased rapidly from 1930 to 1931. This is because the
number of the sampled sericulture farm households after the depression declined from 64% (1930) to 51% (1932), which was
likely due to exits from sericulture and a decline in silk thread production.
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Table 4. Input and output variables used for calculating Malmquist productivity

Input

Output

Horse and cow for

Year Arable land (tan) Labor (day) Fertilizer (kan) farming (day) Rice (koku) Silk (sheet)

1924 149 402.6 510.0 30.4 34.4 7.4
(13.0, 1.9) (360.5, 42.1) (284.9, 225.1)

1925 155 387.7 575.6 30.1 37.9 8.0
(13.3,2.2) (337.2, 50.5) (336.2, 239.4)

1926 162 405.8 640.2 29.6 38.6 9.2
(13.8, 2.5) (345.9, 59.9) (368.8, 271.4)

1927 16.3 3822 680.1 26.6 403 9.4
(13.7, 2.6) (323.7, 58.5) (381.5, 298.5)

1928 16.3 370.8 760.6 28.1 404 9.8
(13.6, 2.7) (306.7, 64.1) (412.4, 348.2)

1929 16.6 387.6 7724 26.6 404 9.1
(13.9, 2.7) (324.8, 62.8) (443.5, 329.0)

1930 16.5 371.8 8322 274 43.8 8.3
(13.9,2.7) (3104, 61.4) (495.7, 336.5)

1931 16.4 3522 871.7 275 39.1 6.4
(14.1,2.3) (293.9, 58.2) (459.6, 412.1)

1932 163 3482 895.9 25.6 41.6 6.8
(14.2,2.1) (287.3, 60.9) (479.0, 416.9)

1933 16.1 355.4 818.8 254 445 7.8
(14.1, 2.1) (287.2, 68.2) (433.8, 385.0)

Notes: 1) Arable land represents the sum of paddy rice area and mulberry area. Labor represents the sum of working days of family and hired

labor for paddy rice and sericulture. Fertilizer represents the weight of fertilizer, calculated by dividing the total fertilizer cost (including

self-supplied fertilizer) by the farm gate price of ammonium sulfate per 10 kan. The fertilizer input weight was then multiplied by the

proportion of the area of the paddy rice fields and mulberry fields occupying the total cultivated land area. Horses and cows for farming

represent the days of use, estimated by using the ratio between the area of paddy rice or mulberry and the total cultivated area.
2) 1 kan = 3.75 kg, 1 koku = approx. 150 kg.

3) Figures in parentheses for arable land represent the area of paddy rice and mulberry respectively. Figures in parentheses for labor

represent the number of days of family labor and hired labor respectively. Figures in parentheses for fertilizer represent the weight of

purchased fertilizer and self-supplied fertilizer respectively.

current year multiplied by the productivity index of the
previous year.

Figure 3 shows the trend in Malmquist productivity,
demonstrating that productivity was on an upward
trend throughout the survey period. However, after the
depression, productivity declined temporarily in
1931."Y The reasons for this are as follows: 1) the
qualitative deterioration of input factors after the
Schere; 2) the surplus labor in farm households due to
the reduction in sericulture production; and 3) farm

households could not respond to aggregate shocks rap-
idly or adjust resource allocation smoothly. Addition-
ally, as mentioned in section 2, the farm households
surveyed in the JAAS are somewhat biased toward me-
dium and large-scale farm households with relatively
high levels of agricultural technology. Nevertheless,
the fact that these results were obtained suggests that
even the middle and large-scale farm households could
not avoid declines in productivity after the depression.
However, we cannot identify determinants of the de-

18) The decline in Malmquist productivity can also be expressed as a deviation from the trend of the survey period. We
examined the degree of deviation from the trend in Malmquist productivity after the depression by regressing Malmquist
productivity (cumulative value) on the trend term and the 1931 year dummy. The estimation result was M = 0.968 (24.89) +
0.042(6.43) *trend —0.203(—3.25)*D_1931 + ¢ and the coefficient was statistically significant at the 1% or 5% levels. Note
that M is Malmquist productivity (cumulative value), trend is the trend term, D_1931 is a dummy variable that sets 1931 to 1,
¢ 1is the error term, and the value in parentheses indicates the 7 value. This result indicates that Malmquist productivity was on
an upward trend throughout the survey period, and that in the year 1931 after the depression, a rapid decline in productivity

occurred, which deviates by about 0.20 from the trend.
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cline only from the trend in Malmquist productivity.

Thus, we investigate the dynamics of TC and EC,
which decomposed Malmquist productivity. For the
trends of TC in Figure 4, we can find that the trend has
been around 1, except for the good harvest in 1925, and
TC was likely to stagnate in the latter half of the 1920s.
This suggests that the production frontier did not shift
rapidly during this period and supports the stagnation
of agricultural technological progress during the inter-
war period. Additionally, Malmquist productivity fell
more than 10% from 1930 to 1931. However, it recov-
ered after 1932. This indicates that the production fron-
tier temporarily retreated due to aggregate shocks
caused by the depression.

Although the EC shown in Figure 5 was on an up-
ward trend throughout the survey period, EC stagnated
temporarily in the latter half of the 1920s and it did not
change much immediately after the depression. This
indicates that the main factor behind the increase in
Malmquist productivity in the latter half of the 1920s
was the growth in EC, that is, unskilled farm house-
holds located far from the production frontier im-
proved their allocative efficiency and approached the
frontier. Nevertheless, it is suggested that the main
cause of the Malmquist productivity decline after the
depression was a decrease in TC, that is, a temporary
shrinkage of the production frontier.

5. Productivity of Farm Households
and Aggregate Shocks

Our measurement of Malmquist productivity in the
previous section, demonstrated that it decreased tem-
porarily due to technological change after the Showa
depression. However, we cannot identify the determi-
nants of Malmquist productivity only through the trend
in Malmgquist productivity. Therefore, what were the
determinants of Malmquist productivity at the farm
household level? Also, how farm households were vul-
nerable to aggregate shocks from the depression and
faced a more rapid decline in productivity? In this
section, we address these questions through economet-
ric analysis using farm household panel data. First we
analyze panel data using the Malmquist productivity
indices, TC, and EC, which were measured in the pre-
vious section as dependent variables. We then investi-
gate the determinants of these dependent variables.
Finally, we examine how aggregate shocks affected the
productivity indices.

1) Determinants of the productivity indices of

farm households in prewar

Table 5 shows the descriptive statistics of the inde-
pendent variables used in the analysis.lg) First, we esti-
mated the fixed effect model of panel data using only
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Table 5. Descriptive statistics of the independent variables

Variable Sample Mean Standard deviation Minimum Maximum
Owner-cultivator dummy 390 0.513 0.500 0.000 1.000
Ratio of rice income 390 0.375 0.171 0.033 0.804
Ratio of sericulture income 390 0.096 0.110 0.000 0.456
Crop diversity 390 0.697 0.105 0.270 0.851
Ratio of leased land (%) 390 14.999 22.597 0.000 81.768
Land/Labor ratio 390 0.023 0.010 0.009 0.153
Ratio of hired labor (%) 390 12.907 16.028 0.000 71.026
Arable land (tan) 390 21.521 8.280 9.620 47.901
Area dummy (Tohoku region) 390 0.205 0.404 0.000 1.000
Area dummy (Kinki region) 390 0.179 0.384 0.000 1.000

11

Note: Figures are summary statistics of the pooled data (1924-1933). The Herfindahl index was used for crop

diversity following Kurosaki (2003). (Crop diversity = 1—3s;?, si: ratio of the area of crop i at year t.)

household characteristics and 1930 and 1931 year
dummies as independent variables, and the logarithmic
values of Malmquist productivity, TC, and EC, as the
dependent variables,”” because Malmgquist productivi-
ty sharply declined from 1930 to 1931. Note that
Malmquist productivity at period ¢ represents the
change in productivity between 7-1 and #, so we used
-1 period variables as independent variables to ad-
dress the potential endogeneity.

Table 6 shows the panel estimation results of the
determinants of the productivity indices. The estima-
tion result of Malmquist productivity shows that the
coefficients of the rice revenue ratio and the sericulture
revenue ratio are negative and statistically significant.
This suggests that the productivity of rice farm house-
holds and sericulture farm households declined
throughout the survey period compared to farm house-
holds mainly cultivating other crops such as vegetables
and fruit trees. In particular, the absolute value of the
coefficient of the sericulture revenue ratio is higher
than that of the rice revenue ratio, indicating that the
productivity of sericulture farm households was lower
than the productivity of rice farm households.

Conversely, regarding the estimation results of TC
and EC, the sericulture revenue ratio is negative for TC
and the rice revenue ratio is negative for EC, and both
are statistically significant. These results indicate that
the determinants of productivity change differ between

rice production and sericulture production. For farm
households that worked mainly in sericulture, Malm-
quist productivity decreased due to the decline in tech-
nical level via shrinkage of the production frontier. For
farm households that worked mainly on rice farming,
Malmquist productivity fell due to the decline in the
number of farm households that could efficiently allo-
cate inputs in the given production frontier.

Next, for crop diversification, we used the Herfin-
dahl index for the crop diversity index (Kurosaki,
2003). If we consider crop diversification as a means
to reduce production risk even at the expense of pro-
ductivity, how would this coping behavior affect
Malmquist productivity during the survey period? Our
estimation results reveal that the coefficients of crop
diversity are negative and statistically significant for
Malmquist productivity and EC, while the coefficient
for TC is insignificant. This suggests that the decline in
productivity due to the adoption of measures to reduce
production risk is due to the decline in the allocative
efficiency of inputs.m In addition, the coefficient of
the land-labor ratio is negative and statistically signifi-
cant only for TC. This indicates that the decline in
productivity during the survey period is due to the
decline in the technical level as a result of the deterio-
ration of land-intensive farm households from the pro-
duction frontier.

Furthermore, regarding the year dummy to clarify

19) Regarding the owner-cultivator dummy variable presented in Table 5, the ratios of owner-cultivator dummies, owner-cum-
tenant dummies, and tenant-cum-owner dummies are 51.3%, 37.4%, and 11.3%, respectively. Additionally, five farm house-
holds changed their status during the survey period; two farm households changed from owner-cultivator to owner-cum-tenant,
one farm household changed from owner-cum-tenant to owner-cultivator, and two farm households changed from owner-cum-

tenant to tenant-cum-owner.

20) According to Simar and Wilson (2007), the productivity index measured by DEA exhibits serial correlation. Therefore, for
the panel data analysis, we used the robust standard error clustered by year to address the serial correlation of the error term.
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Table 6. Panel estimation results of determinants of productivity indices

Dependent variable In (Malmquist productivity) In (technological change) In (efficiency change)
Independent variable Coefticient Standard error Coefficient Standard error Coefficient Standard error
Owner-cultivator dummy -0.039 0.103 -0.013 0.035 -0.026 0.102
Ratio of rice income —0.795 *** 0.228 -0.070 0.229 -0.725 * 0.358
Ratio of sericulture income -1.106 ** 0.442 -1.070 * 0.468 -0.036 0.409
Crop diversity -0.905 ** 0.368 0.418 0.228 —1.323 ik 0.335
Land/Labor ratio -2.427 1.639 —1.593 *** 0.400 -0.834 1.601
Ratio of hired labor 0.001 0.001 0.001 0.001 0.000 0.001
Ratio of leased land -0.002 0.001 -0.001 0.002 -0.001 0.002
Arable land -0.002 0.009 0.005 0.006 -0.006 0.012
1930 year dummy —0.248 *** 0.023 —0.184 #*** 0.038 -0.064 ** 0.027
1931 year dummy 0.016 0.023 0.014 0.036 0.001 0.025
Constant 1.199 ik 0.246 -0.186 0.185 1.386 *** 0.263
Observations 351 351 351
R? 0.124 0.227 0.053
Model Fixed effect Fixed effect Fixed effect

Notes: 1) * Significant at 10%. ** Significant at 5%. *** Significant at 1%.

2) Robust standard errors are clustered by year.

the effects of the depression, the coefficient of the
1930 year dummy is negative and statistically signifi-
cant for Malmquist productivity, TC, and EC.”” How-
ever, the 1931 year dummy was insignificant for the
three productivity indices. Therefore, the aggregate
shock of 1930 caused by the depression led to produc-
tivity declines from 1930 to 1931. We found that the
productivity decline resulted from temporary declines
in both the allocative efficiency of inputs and the level
of agricultural technology due to shrinkage of the pro-
duction frontier. In addition, the owner-cultivator dum-
my and the size of the area of arable land had an
insignificant effect on Malmquist productivity. In other
words, there is no productivity gap among owner-
cultivator, owner-cum-tenant and tenant-cum-owner,
and there is no difference across farm size. Kajii
(1986) analyzed The Rice Production Cost Survey
(Teikoku Nokai), and clarified that from the late
Taisho period to the depression, the owner-cultivator
did not necessarily have an advantage in rice yields and
labor productivity. He concluded that productivity dis-
parities between the owner-cultivator and tenant farm-

ers were exhausted and the productivity gap due to
farm size had not yet been established. Our findings
are consistent with these points.

The above findings suggest that the main crop, land
allocation, and relative factor endowments of land and
labor within farm households were determinants of
productivity of farm households during the inter-war
period. In addition, the effect of aggregate shocks from
the depression, which cannot be explained by house-
hold characteristics, was observed in 1930. Aggregate
shock caused a decline in productivity which consisted
of TC and EC. This raises the questions of how farm
households were vulnerable to aggregate shock caused
by the depression and how they faced the decline in
productivity. In the next section, we examine the fac-
tors via aggregate shock on the productivity indices of
farm households such as Malmquist productivity.

2) Productivity of farm households and aggre-

gate shocks

To clarify what factors affected the productivity in-
dices via aggregate shock, we examine the causal path
of aggregate shock on the productivity indices by in-

21)  For example, according to the article “Challenges facing the complication of farm management” (dated June 21, 1931) in
the Chugai Commercial Newspaper, as farm management practices became more diversified after 1931, four reasons for this
behavior were offered: natural conditions, market relations, agricultural organization, and the individual circumstances of the
farm households. The author added, “Although diversification is one way of improving farm management, it is not everything,
so even in areas where diversification is advantageous, excessive diversification will have adverse effects.” The harmful effects

of crop diversification were thus pointed out.

22) We also estimated including all of the year dummy variables. The estimation result showed that only the 1930 year dummy
was statistically significant, and that it was similar to the result in Table 6.
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cluding independent variables as the product terms of
the 1930 and 1931 year dummies and household char-
acteristics. We estimated the fixed effect model includ-
ing the product terms of the year dummies and inde-
pendent variables in Table 6. In addition, to investigate
region-specific shock, we included area dummy varia-
bles (Tohoku and Kinki regions), which are represen-
tative zone classifications of prewar Japanese agri-
culture.””’ Estimation results are shown in Table 7.

Table 7 shows two estimation results for Malmquist
productivity. One estimation result includes all the
product terms and the other removes the insignificant
product terms. We also show the estimation results for
TC and EC, which Malmquist productivity is decom-
posed into. The coefficient estimate of Malmquist pro-
ductivity has been decomposed into the coefficient es-
timates of TC and EC, and the sum of these two coeffi-
cient estimates is equal to the coefficient estimate of
Malmgquist productivity. We discuss below the inter-
pretation based on the estimation result with the statis-
tically insignificant variables removed. Regarding the
variables of household characteristics, we obtained
qualitatively similar results in Table 6 with respect to
their significance and signs. Thus we only discuss the
estimation results for the product terms to focus on the
relationship between aggregate shocks and productivi-
ty indices.

For the region-specific shock shown in Table 7, both
the coefficients of 1930 Tohoku (1930 year dum-
my*Tohoku region) and 1930 Kinki (1930 year dum-
my*Kinki region) were negative and statistically sig-
nificant, and the coefficient of the 1931 Tohoku dum-
my (1931 year dummy*Tohoku region) was also neg-
ative and statistically significant. In addition, the coef-
ficient is —0.246 in 1930 Tohoku and -0.101 in Kinki,
indicating that the effect of aggregate shocks on pro-
ductivity was heavier and more sustained in Tohoku
than Kinki. Regarding EC, the Tohoku 1930 dummy is
negative and statistically significant, while the coeffi-
cient is insignificant for TC. This suggests that the
shock specific to Tohoku in 1930 was due to the de-
cline in allocative efficiency. In addition, while the
coefficient of 1930 Tohoku was -0.229 for EC, it was
-0.417 in 1931. This suggests that the decline in allo-
cative efficiency grew to contribute greatly to the pro-
ductivity decline due to aggregate shocks. In Tohoku,
where the development of commercialized farming
was delayed compared to Kinki, the rural labor market,

such as rural manufacturing, was underdeveloped (Na-
kamura, 1979). This may have led to the inefficiency
of labor allocation in farm households in Tohoku re-
gion. Thus aggregate shocks in the Tohoku region may
have reduced allocative efficiency compared to the
Kinki region.

Next, for the crop-specific shocks, the coefficient of
the rice revenue ratio is negative and statistically sig-
nificant, indicating that the aggregate shocks due to the
depression led to a decline in the productivity of farm
households, especially for rice farming. For 1930, the
coefficient of the rice revenue ratio is —1.298 (=
-0.852+ (-0.446) ), which is smaller than the coeffi-
cient of the sericulture revenue ratio (=1.115). This
suggests that rice farming was more vulnerable to ag-
gregate shocks than sericulture farming. Regarding the
crop-specific shock of rice farming on TC and EC, the
coefficient for EC (-0.336) is smaller than the coeffi-
cient for TC (-0.111), and the coefficient for EC ac-
counts for three-quarters of the coefficient for Malm-
quist productivity (-0.446). This suggests that much
of the decline in productivity in rice farming due to
aggregate shocks resulted from a decline in allocative
efficiency. Conversely, in 1931, the coefficient of the
rice revenue ratio for Malmquist productivity is posi-
tive and statistically significant, and the decline in pro-
ductivity in rice farming could slow and recover from
the aggregate shocks. For this recovery, the coefficient
for EC is only positive and statistically significant.
This suggests that the recovery from the aggregate
shocks in rice farming in 1931 can be attributed to the
improvement in allocative efficiency.

Furthermore, the coefficient of the sericulture reve-
nue ratio in 1931 for Malmquist productivity is posi-
tive and statistically significant. The coefficient related
to sericulture revenue ratio is -0.167 (= -1.155 +
0.988), and this indicates that the decline in sericulture
productivity slowed after the depression. However, this
does not mean that sericulture farming recovered from
the aggregate shocks. In fact, the cocoon price declined
before the depression and also fell dramatically as a
result of the depression. Therefore, households whose
productivity was relatively low exited sericulture, and
those that remained in sericulture had relatively high
productivity. Thus the decline in the productivity of
sericulture farming might have been alleviated.”” For
the estimation results of TC and EC, the coefficient
related to the mitigation of the deterioration in produc-

23) Yamada (1934) is one of representative studies on the zone classification of prewar Japanese agriculture in the field of
economic history. He proposed “Tohoku region type” and “Kinki region type”. Nakamura (1979) added a “sericulture type” to
this classification, and examined farmer class decomposition and landowner/tenancy relationships. Note that we did not include
a “sericulture type” in the estimation, because the sample size of the sericulture type was small.
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Table 7. Aggregate shocks and productivity indices

Dependent variable lgr(()xlzlt[lr\ll?tu;;l lgr(()ls/l[liltrlr‘lj?tu;)st In (t:lci:;l;(;glcal In (cfficiency change)
Coeffi- Standard ~ Coeffi- Standard  Coeffi- Standard ~ Coeffi- Standard
Independent variable cient error cient error cient error cient error
Household characteristics
Owner-cultivator dummy -0.026 0.117 -0.018 0.107 0.002 0.032 -0.020 0.103
Ratio of rice income —0.831 ** 0.275 —0.852 ik 0.244 -0.131 0.221 -0.721 * 0.359
Ratio of sericulture income -1.169 ** 0.446 -1.155 ** 0.453 -1.119 ** 0.448 -0.036 0.446
Crop diversity -1.062 ** 0.340 —1.136 *** 0.314 0.479 0.278 -1.615 #** 0.292
Land/Labor ratio -2.247 1.672 -2.257 1.645 —1.547 #** 0.407 -0.710 1.549
Ratio of hired labor 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.001
Ratio of leased land -0.002 0.002 -0.002 0.002 -0.001 0.002 -0.001 0.002
Arable land -0.003 0.008 -0.004 0.008 0.005 0.007 -0.008 0.012
Region-specific shocks
1930 3 Tohoku —0.229 #*#* 0.064 -0.246 *#* 0.071 -0.017 0.032 —0.229 ##* 0.068
1931 3 Tohoku —0.299 *#* 0.056 —0.308 *** 0.058 0.108 * 0.053 —0.417 *** 0.083
1930 * Kinki -0.097 ** 0.042 -0.101 ** 0.036 0.072 #** 0.016 —0.173 #** 0.036
1931 * Kinki 0.072 0.043
Crop-specific shocks
1930 * Ratio of rice income —0.494 ##* 0.123 —0.446 *#* 0.127 -0.111 ** 0.037 —0.336 *** 0.111
1931 3 Ratio of rice income 0.392 sk 0.109 0.396 *##* 0.111 -0.100 0.078 0.496 0.072
1930 #* Ratio of sericulture income -0.061 0.292
1931 * Ratio of sericulture income 1.123 s 0.238 0.988 ok 0.212 0.719 % 0.142 0.269 0.235
Household-specific shocks
1930 * Owner-cultivator dummy 0.026 0.072
1931 * Owner-cultivator dummy 0.073 0.069
1930 * Crop diversity -0.467 *#** 0.050 -0.453 ##* 0.049 —0.394 ##* 0.057 -0.059 0.056
1931 * Crop diversity -0.102 0.063
1930 * Land/Labor ratio 0.942 3.596
1931 #* Land/Labor ratio —20.841 *** 4.015  -19.382 2.202 -6.104 ** 2.082  -13.278 1.723
1930 * Ratio of hired labor -0.001 0.001
1931 * Ratio of hired labor 0.003 * 0.001 0.004 ** 0.002 0.000 0.001 0.004 ** 0.001
1930 #* Ratio of leased land 0.004 s 0.001 0.003 ok 0.001 0.002 *#** 0.000 0.002 0.001
1931 # Ratio of leased land 0.001 0.001
1930 * Arable land 0.011 ** 0.004 0.011 ok 0.003 0.004 0.001 0.007 * 0.003
1931 * Arable land 0.013 ##* 0.004 0.011 ##* 0.003 0.005 ** 0.002 0.006 * 0.003
Constant 1.352 ##k 0.227 1.410 *%* 0.202 -0.215 0.225 1.625 #*** 0.247
Observations 351 351 351 351
R? 0.165 0.164 0.290 0.090
Model Fixed effect Fixed effect Fixed effect Fixed effect

Note: See Table 6.

tivity is positive and significant only for TC. This sug-
gests that the mitigation of the decline in productivity
was due to the expansion of the production frontier of
the sericulture households and more specifically, the
recovery of the technical level of sericulture. This con-
firms the exit of unskilled sericulture households. As

described above, regarding the 1931 dummy which
was insignificant in Table 6, we could find shocks
specific to Tohoku region and sericulture households,
decomposing the aggregate shocks into several shocks.

Next, for household-specific shocks, the coefficient
of crop diversity in 1930 for Malmquist productivity is

24)

The proportion of households with sericulture revenue ratio of 20% or more were 18% of the whole sample in 1929, but fell

to 8% in 1931. In addition, the proportion of sericulture management also declined from 64% (1930) to 51% (1932) of the
whole sample, which shows the evidence of exits from sericulture due to the depression.



Effects of Aggregate Shocks on the Productivity of Farm Households in Prewar Japan 15

negative and statistically significant. Although crop
diversification was adopted as a means of reducing
production risk and smoothing the labor force, it could
not act as a means of risk aversion if all agricultural
product prices decrease due to aggregate shock. As
Ouchi (1960) noted, crop diversification could lead to
labor intensification.”” In addition, the reduction of
current inputs to cope with the depression may also
have reduced productivity (Fujie and Senda, 2011).
Also, regarding the decline in productivity caused by
crop diversification, the coefficient of crop diversifica-
tion is negative and statistically significant only for
TC. In other words, crop diversification aimed at risk
aversion led to reduce productivity via a temporary
decline in the technical level due to the shrinkage of
the production frontier.

Furthermore, the coefficients of the land-labor ratio
and hired labor ratio in 1931 for Malmquist productivi-
ty are negative and positive, respectively, and statisti-
cally significant. This indicates that land-intensive
farm households are more vulnerable to aggregate
shocks, while households hiring labor are relatively
robust. The coefficients of the land-labor ratio for TC
and EC were negative and statistically significant. This
indicates that the reduction in the Malmquist produc-
tivity in land-intensive management can be attributed
to a drop in technical level and allocative efficiency. In
addition, the coefficients of the land-labor ratio in 1931
(1931 year dummy*land/labor ratio) for TC and EC
are —6.104 and -13.278, respectively, and the coeffi-
cient for EC is smaller. This indicates that the decline
in productivity regarding land-intensive management
can be attributed to the decline in allocative efficiency
rather than to the reduction in the technical level. How-
ever, the coefficient of the hired labor ratio in 1931 for
TC and EC is positive and statistically significant only
for EC. This implies that there was robustness against
aggregate shock among households hiring labor.

Finally, we examine the coefficients related to the
leased area ratio and the arable land area. The coeffi-
cient of the leased area ratio in 1930 for Malmquist
productivity is positive and statistically significant.
This suggests that tenant farmers were more robust
against aggregate shocks than were owner farmers.
The estimation results of the leased area ratio for TC
and EC is positive and statistically significant only for
TC. This indicates that the robustness of tenant farmers
was caused by their control of the decline in technical
levels. Second, the coefficients of arable land for

Malmquist productivity in 1930 and 1931 are both
positive and statistically significant. The coefficients
of arable land for TC and EC in 1930 and 1931 are also
positive and statistically significant. This indicates that
medium/large-scale farm households had an advantage
over small farm households in TC and EC, and there-
fore medium/large-scale farm households were robust
against aggregate shocks. These results for the hired
labor ratio, leased area ratio, and arable land suggest
that medium/large-scale farm households, which were
able to enlarge their farms by leasing land and employ-
ing labor, were robust against aggregate shocks. Kajii
(1986) noted that the productivity of medium/large-
scale farm households had a further advantage over
small-scale farm households after the depression. Our
results suggest that the advantage of large-scale farm
households after the depression was based on the ro-
bustness of medium/large-scale farm against aggregate
shocks. Moreover, the difference in terms of farm size
regarding the vulnerability to aggregate shocks might
have led to the downfall of small farm households and
the dominance of medium/large-scale farm house-
holds, which later triggered changes in the structure of
Japan’s agriculture.

Overall, we found that farm households in Tohoku
region were more vulnerable than those in Kinki region
against aggregate shocks from the Showa depression
and that large farm households were robust against
these shocks. In addition, the aggregate shocks due to
the depression led to a decline in the productivity of
small-scale rice farm households, sericulture manage-
ment, and land-intensive farm households in prewar
Japan. Furthermore, crop diversification as a means of
mitigating production risk was not effective and the
majority of farm households inevitably experienced
declining productivity. The vulnerability of productivi-
ty against aggregate shocks reduced technical levels
due to shrinking of the production frontier or declines
in allocative efficiency, and the causal path of the de-
cline in productivity varied depending on these various
factors.

6. Conclusion

Man-made disasters and natural disasters have char-
acteristics as aggregate shocks that make mutual insur-
ance and insurance difficult in local areas. In this pa-
per, we focused on the Showa depression as an exam-
ple of aggregate shocks and examined the effects of the
Showa depression on the productivity of farm house-

25) Based on the trend in the production index that shows the remarkable growth of vegetables, fruit trees, livestock, etc., which
was triggered by the depression, Ouchi (1960) notes both that the growth of these crops is a form of diversification rather than
commercialized farming and that it is a form of labor intensification.
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holds. We used farm household panel data that in-
cludes the Showa depression, and measured the Malm-
quist productivity of each farm household and decom-
posed the Malmquist productivity into technical
change and efficiency change. We then investigated
the trends of these indices. We also estimated a fixed
effect model to clarify the vulnerability of farm house-
holds against aggregate shock.

Our main findings are as follows. First, in 1930 to
1931 after the depression, Malmquist productivity de-
clined sharply; this was not seen in other periods. This
decline in productivity was due to a temporary drop in
the technical level due to the shrinkage of the produc-
tion frontier and a decline in the allocative efficiency
of inputs.

Second, there are regional variations for the vulnera-
bility to aggregate shocks caused by the Showa depres-
sion, and we found that medium/large-scale farm
households were robust against aggregate shock. This
suggested that the differences in vulnerability among
farm sizes could have triggered changes in Japan’s
agricultural structure after the depression.

Finally, we describe the remaining issues. As men-
tioned above, in the Imperial Agricultural Associa-
tion Survey used in this paper, the farm size of the
farm households surveyed is biased toward the
middle/large-scale; therefore, we need to note this bias
in our results. Additionally, the decomposition of
Malmquist productivity from Fire et al. (1994) used
in this paper assumes constant returns to scale. There-
fore, if the production technology of Japanese agricul-
ture in the prewar does not satisfy this assumption,
Malmquist productivity may be improperly decom-
posed. For example, Ray and Desli (1997) propose a
decomposition method that does not only assume vari-
able returns to scale, and decomposed elements can be
measured according to the assumptions of this produc-
tion technology. Furthermore, as much of the previous
literature indicated, the outliers in DEA affect the
measurement results of Malmquist productivity. In the
future, it will be necessary to consider such new de-
composition methods. In addition, we can also measure
total factor productivity in the rice farming sector using
the Imperial Agricultural Association Survey. Thus, we
can understand other aspects of the prewar farm econo-
my through the application of a stochastic frontier
model or the measurement of total factor productivity.
These remain as issues to be addressed.
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Appendix 1. Location of surveyed farm households

:SEE: Prefecture  Village name ::rrinllln)leer Prefecture  Village name S:lurzgz Prefecture  Village name
1 Iwate Ohfuke 14 Tokyo Kasumi 27 Nara Taisho
2 Iwate Saraki 15 Toyama Ohfuse 28 Wakayama Ogura
3 Akita Higashidate 16 Ishikawa Itazu 29 Wakayama  Fujinami
4 Yamagata Chugun 17 Fukui Okabo 30 Tottori Koyama
5 Yamagata Motosawa 18 Gifu Ohta 31 Shimane Hisagi
6 Fukushima Shojo 19 Gifu Uguisu 32 Okayama Souyou
7 Fukushima Tzumi 20 Aichi Iwazu 33 Yamaguchi  Higashikiwa
8 Fukushima Toyoda 21 Mie Ugawara 34 Tokushima  Kawauchi
9 Ibaraki Morito 22 Mie Ouka 35 Tokushima Isawa
10 Tochigi Mizushiro 23 Kyoto Tomimoto 36 Kagawa Hashioka
11 Saitama Irima 24 Osaka Nishitouki 37 Ehime Yamada
12 Chiba Tomisato 25 Hyogo Sonoda 38 Saga Kitataku
13 Chiba Kyowa 26 Nara Masuga 39 Nagasaki Nakazato

Appendix 2. Comparison of used samples and attrition samples

19

Year Used samples Attrition samples Year Used samples Attrition samples
1924 Ratio of owner-cultivator (%) 53.9 43.8 1929 Ratio of owner-cultivator (%) 48.7 36.5
Ratio of rice income (%) 42.6 459 Ratio of rice income (%) 35.1 37.5
Ratio of sericulture income (%) 8.9 8.7 Ratio of sericulture income (%)  11.2 12.1
Arable land (tan) 20.3 30.8 Arable land (tan) 21.8 31.7
Location (East Japan) (%) 56.4 51.6 Location (East Japan) (%) 56.4 52.0
1925 Ratio of owner-cultivator (%) 539 42.2 1930 Ratio of owner-cultivator (%) 513 33.3
Ratio of rice income (%) 39.5 429 Ratio of rice income (%) 34.8 37.6
Ratio of sericulture income (%) 11.7 11.7 Ratio of sericulture income (%) 8.1 8.8
Arable land (tan) 20.5 31.5 Arable land (ran) 21.8 34.2
Location (East Japan) (%) 56.4 51.6 Location (East Japan) (%) 56.4 45.7
1926 Ratio of owner-cultivator (%) 51.3 453 1931 Ratio of owner-cultivator (%) 51.3 42.9
Ratio of rice income (%) 38.5 423 Ratio of rice income (%) 35.3 35.0
Ratio of sericulture income (%)  11.0 10.5 Ratio of sericulture income (%) 8.0 7.9
Arable land (tan) 214 324 Arable land (ran) 21.9 31.7
Location (East Japan) (%) 56.4 51.6 Location (East Japan) (%) 56.4 48.2
1927 Ratio of owner-cultivator (%) 51.3 46.0 1932 Ratio of owner-cultivator (%) 51.3 46.7
Ratio of rice income (%) 39.1 427 Ratio of rice income (%) 38.3 40.2
Ratio of sericulture income (%) 9.9 8.7 Ratio of sericulture income (%) 7.5 114
Arable land (tan) 21.4 324 Arable land (ran) 22.0 32.1
Location (East Japan) (%) 56.4 52.5 Location (East Japan) (%) 56.4 40.0
1928 Ratio of owner-cultivator (%) 48.7 43.8
Ratio of rice income (%) 35.7 39.1
Ratio of sericulture income (%)  10.8 11.0
Arable land (tan) 21.4 32.4
Location (East Japan) (%) 56.4 51.6

Notes: 1) Figures for four samples which were not used for this analysis are excluded.

2) The figures for 1933 are omitted because the attrition sample was one.



