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Abstract
This study presents growth account for Japan for the 130 years from 1885 to 2015 based on the
measurement of labor quality simultaneously taking the effects of education and the allocation of labor
across industries into account. The estimation results indicate that, over the 130 years, Japan’s labor
productivity rose 46-fold, with increases in the capital-labor ratio accounting for 40 percent of this
rise, improvements in labor quality for 35 percent, and TFP growth for 36 percent. Looking at the
periods before and after World War II separately, we found that labor productivity growth accelerated
substantially in the postwar period and was twice as high as in the prewar period. This difference in
labor productivity growth can be explained by differences in the sources of growth: while growth
during the prewar period was driven mainly by improvements in labor quality (with a growth
contribution of 37 percent), during the postwar period increases in the capital-labor ratio and TFP
growth made the largest contribution (38 percent and 35 percent, respectively).

1. Introduction

Since Solow’s (1957) study suggesting that, according to growth accounting, seven-eighth of the
increase in labor productivity in the United States from 1909 to 1949 was due to increases in total
factor productivity (TFP) (i.e., the increase in labor productivity minus the contribution of capital
deepening), many researchers have made efforts to improve data on the input of factors of production.
Since TFP growth is calculated as a residual, it has also been called an indicator of economists’
ignorance. However, by taking, for example, increases in labor quality due to the spread of education,
fluctuations in working hours, and changes in the quality of capital taking differences in the cost of
capital for different types of capital goods into account, economists’ degree of ignorance has gradually
been whittled away. Through such research, a greater share of economic growth can now be explained
by the accumulation of human capital and changes in the composition of capital goods rather than by
increases in TFP, fluctuations in which are difficult to account for because it is calculated as a residual.

In particular, measuring labor quality growth has led to a reduction in the growth contribution
attributed to TFP growth. Conducting growth accounting for the United States from 1899 onward,
Kendrick (1961), based on the idea that inter-industry differences in wages per hour worked reflect
inter-industry differences in the marginal contribution of labor to output, regards increases in GDP
through faster increases in labor input in high-wage than in low wage industries as increases in labor
quality. However, with Kendrick’s approach, it is not possible to measure the effect of increases in the
level of education within each industry. Meanwhile, Denison (1962) conducted growth accounting in
which labor quality growth through education is partly captured through the education premium in
wages. These days, growth accounting using industry-level data based on the approach developed by
Zvi Griliches and Dale Jorgenson and their colleagues at Harvard University (see, e.g., Jorgenson,
Gollop, and Fraumeni, 1987, and Jorgenson, 1995) typically uses information on wage differentials to
capture labor quality changes through both the spread of education and the allocation of labor across
industries. In this study, following Jorgenson et al. (2007), we refer to this as the “direct aggregation
across industries approach” (details of the approach are provided in Section 2). Studies using this
approach include Fukao and Miyagawa (2008) for Japan from 1973 onward, Jorgenson, Nomura, and
Samuels (2015) for the United States from 1955 onward, and O’Mahony and Timmer (2009) for major
advanced economies. 1
Further, there are a growing number of growth accounting studies based on the measurement of

1
Growth accounting data for developing countries for recent years can be downloaded from the EU
KLEMS database (https://euklems.eu/download/). Moreover, more detailed data for Japan can be
downloaded from the JIP Database (https://www.rieti.go.jp/en/database/JIP2018/index.html).
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labor quality simultaneously taking the effects of education and the allocation of labor across industries
into account to examine long-term economic development including the period before World War II.
Examples include the studies by Crafts (2019) for the United Kingdom for the period 1700–2016 and
Bakker, Crafts, and Woltjer (2019) for the private sector in the United States for the period 1899–1941.
(However, for the period before 1856, Crafts (2019) only takes the effect of education levels into
account.)

However, there are almost no growth accounting studies for Japan before World War II that
simultaneously take education and the allocation of labor across industries into account; studies that
do exist consider only one or the other. Major studies that estimated the impact of rising education
levels include Ohkawa and Rosovsky (1973, chapter 3) for the period 1901–1963 and Godo and
Hayami (2002) for the period 1890–1990. Meanwhile, studies examining the impact of the reallocation
of labor across industries include Ohkawa and Rosovsky (1973, chapter 4) covering the period 1905–
1965, Sonobe and Otsuka (2001) covering the non-government sector for the period 1910–1937 and
the manufacturing sector for the period 1931–1938, and Fukao, Makino, and Settsu (2019) for the
period 1885–1970.

Judging from these previous studies, it appears that the effect of labor reallocation across industries
was considerably larger than the effect of rising education levels; however, since the two effects have
not been examined in a unified framework, it is difficult to compare the relative size of the effects in
detail. Against this background, the current study extends the dataset employed in Fukao, Makino, and
Settsu (2019), which conducted growth accounting by dividing the Japanese economy into two sectors,
the primary sector and the non-primary sector, by newly adding data on hours worked and wages by
education level in the two sectors. The dataset is then used to perform growth accounting using the
direct aggregation across industries approach in order to estimate to what extent improvements in labor
quality through the reallocation of labor across industries and through factors other than such labor
reallocation such as rising education levels, in addition to increases in the capital-labor ratio,
contributed to labor productivity growth in the economy overall. Moreover, making use of the
advantages of our growth accounting based on a two-sector model, we also examine labor productivity
growth in each of the sectors – the primary and the non-primary sector – for the period 1885–1970 by
estimating the contribution of changes in the capital-labor ratio and in worker characteristics to growth
in real value added. In addition, we examine developments in TFP growth by sector and in the
economy overall measured as the residual. A further feature of this study is that we use data from a
new set of long-term economic statistics on Japan estimated by a group of researchers based mainly
at the Institute of Economic Research, Hitotsubashi University, including the three authors. This allows
us to conduct growth accounting for Japan for the period 1885–2015, covering a much longer period
2

than in other studies on Japan to date.

As is common in quantitative economic historical research, the more we go back into the distant
past, the more difficult it is to obtain detailed data on par with data available for more recent years.
For this reason, Crafts (2019) in his study uses data with different degrees of aggregation and accuracy
for different periods and examines long-term developments in the UK economy by linking the results
for the different periods. We follow this approach. While details of the data are presented in Section 3
and the Appendix, let us provide a brief sketch here. For 1885–1955, we use data dividing the economy
overall into the primary and the non-primary sector. The main reason that we divide the economy only
into two sectors is that for the period before World War II, detailed industry-level data are not available.
For 1955–1970, we use data dividing the macroeconomy into 24 industries. For 1970–1995, we use
the Japan Industrial Productivity Database 2015 (JIP 2015), which divides the economy into 108
industries, while for 1995–2015, we use the JIP Database 2018 (JIP 2018), which divides the economy
into 100 industries. By linking these data in 1955, 1970, and 1995, we are able to create a dataset that
covers the period 1885–2015.

Because we link our data, there is a risk that there might be discontinuities in the results of the
growth accounting analysis. The most important issues probably are the following two types of
discontinuity. First, when the rate of labor input growth is higher in high-wage industries than in lowwage industries, the coarser the industry classification, the more the effect of labor quality growth
through labor reallocation will be underestimated and TFP growth correspondingly be overestimated.
Conversely, when the rate of labor input growth is higher in low-wage industries than in high-wage
industries, the coarser the industry classification, the more the effect of labor quality growth through
labor reallocation will be overestimated and TFP correspondingly be underestimated. For example, in
our growth accounting for the period up to 1955, non-primary industries are regarded as one sector.
Therefore, GDP growth through a higher growth rate of workers with a given level of education in
high-wage industries in the non-primary sector (e.g., finance and insurance) than in low-wage
industries (e.g., restaurants) will be measured as TFP growth. In contrast, since the growth accounting
for the period from 1955 onward distinguishes between the restaurant industry on the one hand and
finance and insurance on the other, this labor reallocation effect is included in the increase in labor
quality, so that TFP growth will be correspondingly lower.

Second, our data from 1995 onward (from the JIP 2018) is based on the 2008 system of national
accounts (SNA), in which research and development (R&D) is regarded as gross capital formation.
This means that for the period from 1995 onward, the estimated contribution of increases in the capitallabor ratio is larger and the estimated contribution of TFP growth consequently smaller than in the
3

period before 1995.

In addition to the above-mentioned discontinuities, in the period up to 1955, only the education
level is considered as an industry-specific worker characteristic; however, for the period from 1955
onward, differences in labor quality reflecting characteristics such as workers’ employment status, sex,
age (and the accumulation of skills associated therewith), etc., are considered. For this reason, it should
be noted that the effect of “increases in labor quality other than through the reallocation across
industries” refers only to the effect of education before 1955 but includes the effect of changes in these
other characteristics as well as education after 1955. This issue will be discussed in detail in Sections
2 and 3.

The remainder of the study is organized as follows. The next section outlines the growth accounting
approach and data used in this study. Section 3 then reports the results of the growth accounting
analysis. In particular, the analysis focuses in detail on the effects of improvements in labor quality on
labor productivity and the causes of labor quality growth. The analysis highlights that during the period
before World War II, rising education levels made a major contribution to labor quality growth, while
during the high-speed growth era, the reallocation of labor across industries played a major role.
Section 4 summarizes the results obtained in this study. Finally, Appendix 1 provides details of the
data used.

2. Growth accounting approach and data

This section explains the theoretical framework of our growth accounting analysis. As mentioned
in Section 1, the more recent the period, the more detailed the data that are available, so that we need
to make fewer assumptions for the growth accounting analysis. We start by presenting the theoretical
framework for the growth accounting for the period 1885–1955, followed by the framework for the
period from 1955 onward.
Assume that the economy consists of a primary and a non-primary sector. Real value added VA(t) in
the primary sector in year t depends on the combination of capital input KA(t), land input ZA(t), and
various types of labor input (measured in hours worked), HA, 1(t), ‧‧‧‧ HA, j(t), ‧‧‧‧ HA, J(t), and a
productivity index TA(t) that reflects the level of technology and the efficiency of resource allocation
within the primary sector. This relationship is expressed by the following production function:

𝑉𝑉𝐴𝐴 (𝑡𝑡) = 𝐺𝐺𝐴𝐴 �𝐾𝐾𝐴𝐴 (𝑡𝑡), 𝑍𝑍𝐴𝐴 (𝑡𝑡), 𝐻𝐻𝐴𝐴,1 (𝑡𝑡),∙∙∙∙ 𝐻𝐻𝐴𝐴,𝑗𝑗 (𝑡𝑡), ,∙∙∙∙ 𝐻𝐻𝐴𝐴,𝐽𝐽 (𝑡𝑡), 𝑇𝑇𝐴𝐴 (𝑡𝑡)�
4

For the non-primary sector, it is assumed that the impact of land input on output is negligible, and real
value added VN(t) is given by the following equation:
𝑉𝑉𝑁𝑁 (𝑡𝑡) = 𝐺𝐺𝑁𝑁 �𝐾𝐾𝑁𝑁 (𝑡𝑡), 𝐻𝐻𝑁𝑁,1 (𝑡𝑡),∙∙∙∙ 𝐻𝐻𝑁𝑁,𝑗𝑗 (𝑡𝑡), ,∙∙∙∙ 𝐻𝐻𝑁𝑁,𝐽𝐽 (𝑡𝑡), 𝑇𝑇𝑁𝑁 (𝑡𝑡)�

where subscript N denotes values for the non-primary sector.

We assume that in the above production functions inputs of capital, land, and labor are separable.
Using the aggregate indexes of labor input LA(HA, 1 (t),∙∙∙∙ HA, j (t),∙∙∙∙ HA, J (t)) and LN(HN, 1 (t),∙∙∙∙ HN, j
(t),∙∙∙∙ HN, J (t)), the relationship between the production functions can be expressed as follows:

𝑉𝑉𝐴𝐴 (𝑡𝑡) = 𝐹𝐹𝐴𝐴 �𝐾𝐾𝐴𝐴 (𝑡𝑡), 𝑍𝑍𝐴𝐴 (𝑡𝑡), 𝐿𝐿𝐴𝐴 �𝐻𝐻𝐴𝐴,1 (𝑡𝑡),∙∙∙∙ 𝐻𝐻𝐴𝐴,𝑗𝑗 (𝑡𝑡), ,∙∙∙∙ 𝐻𝐻𝐴𝐴,𝐽𝐽 (𝑡𝑡)� , 𝑇𝑇𝐴𝐴 (𝑡𝑡)�
𝑉𝑉𝑁𝑁 (𝑡𝑡) = 𝐹𝐹𝑁𝑁 �𝐾𝐾𝑁𝑁 (𝑡𝑡), 𝐿𝐿𝑁𝑁 �𝐻𝐻𝑁𝑁,1 (𝑡𝑡),∙∙∙∙ 𝐻𝐻𝑁𝑁,𝑗𝑗 (𝑡𝑡), ,∙∙∙∙ 𝐻𝐻𝑁𝑁,𝐽𝐽 (𝑡𝑡)� , 𝑇𝑇𝑁𝑁 (𝑡𝑡)�

(1)

(2)

Assuming that firms as well as those in agriculture, forestry, and fishery engage in cost minimization
given factor prices in factor markets (and assuming that labor input (hours worked) even of the selfemployed and unpaid family workers is determined by taking the opportunity cost of supplying labor
into account), that the production functions are sufficiently smooth, and that there are no large jumps
in relative prices over time, the growth rate of real value added in sector i (i=A, N) from year t to year
t+1 can be approximated by the following equations (for details, see Fukao et al., 2007):
̂
�
�
𝑉𝑉�𝐴𝐴 = �����𝐾𝐾
𝑠𝑠𝐾𝐾,𝐴𝐴 �𝐴𝐴 + 𝑠𝑠�����𝑍𝑍
�����𝐿𝐿
𝑍𝑍,𝐴𝐴 𝐴𝐴 + 𝑠𝑠
𝐿𝐿,𝐴𝐴 𝐴𝐴 + Ω𝐴𝐴

(3)

� 𝑁𝑁
𝑉𝑉�𝑁𝑁 = �����𝐾𝐾
𝑠𝑠𝐾𝐾,𝑁𝑁 �𝑁𝑁 + �����𝐿𝐿
𝑠𝑠𝐿𝐿,𝑁𝑁 � 𝑁𝑁 + Ω

(4)

where sm, i represents the income share of factor m in sector i (the share of factor income in gross value
added) and sK, A+sZ, A+sL, A=1 and sK, N +sL, N=1 hold. Variables with an upper bar denote the average of
the values of that variable in years t and t+1. Note that subscript t for the year is suppressed in order
to simplify the notation. ^ represents the logarithmic growth rate. For example, the left-hand side of
Equation (3) represents ln(VA(t+1)) – ln(VA(t)). Ωi is an index representing the TFP level in sector i,
and the relationship between Ωi and the productivity index Ti (i=A, N) is given by the following
equation:

� 𝑖𝑖 =
Ω

𝜕𝜕𝐹𝐹𝑖𝑖
𝜕𝜕𝑇𝑇𝑖𝑖

𝐹𝐹𝑖𝑖 (∙)

𝑇𝑇�𝑖𝑖
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The growth rate of the labor input index Li (i=A, N) in Equations (3) and (4) is defined by the
following equation:
𝐿𝐿�𝑖𝑖 = ∑𝑗𝑗 �����𝐻𝐻
𝜔𝜔𝚤𝚤,𝚥𝚥 �𝑖𝑖,𝑗𝑗

(5)

where ωj, i represents the cost share of labor type j in the total labor costs in industry i. This kind of
index is called a Törnqvist approximation of the Divisia index (see chapter 1 in Fukao and Miyagawa,
2008). The labor input index Li represents the labor input when assuming that the wage differential
between different types of labor represents the difference in the contribution of each type of labor to
output (this necessarily holds under our assumptions regarding cost minimization), that is, when
differences in labor quality are taken into account.

By subtracting the growth rate of total hours worked Hi in each sector from both sides of Equations
(3) and (4), the following growth accounting equations for the labor productivity growth rate in each
of the two sectors can be derived:
�𝐴𝐴 = 𝑠𝑠������𝐾𝐾
�
�
̂
�
�𝐴𝐴 � + Ω
�𝐴𝐴
𝑉𝑉�𝐴𝐴 − 𝐻𝐻
������𝑍𝑍
𝑠𝑠𝐿𝐿,𝐴𝐴 �𝐴𝐴 − 𝐻𝐻
𝐾𝐾,𝐴𝐴 𝐴𝐴 − 𝐻𝐻𝐴𝐴 � + 𝑠𝑠
𝑍𝑍,𝐴𝐴 𝐴𝐴 − 𝐻𝐻𝐴𝐴 � + ������𝐿𝐿
�𝑁𝑁 = 𝑠𝑠������𝐾𝐾
�𝑁𝑁 − 𝐻𝐻
�𝑁𝑁 � + ������𝐿𝐿
�𝑁𝑁 � + Ω
� 𝑁𝑁
𝑉𝑉�𝑁𝑁 − 𝐻𝐻
𝑠𝑠𝐿𝐿,𝑁𝑁 � 𝑁𝑁 − 𝐻𝐻
𝐾𝐾,𝑁𝑁

(6)
(7)

The left-hand side of Equation (6) represents the growth rate of labor productivity (real value added
per hour worked), VA/HA, in the primary sector. The first and second terms on the right-hand side
respectively represent the impact of increases in the capital-labor ratio per hour worked, KA/HA, and
in the land-labor ratio, ZA/ HA, on labor productivity in the primary sector. In the third term on the
right-hand side, the difference between the growth rate of the labor input index LA and the growth rate
of total hours worked, HA, represents the increase in labor quality in the primary sector. The last term
on the right-hand side is the TFP growth rate, which is calculated as the residual, that is, the difference
between the growth rate of labor productivity on the left-hand side and the contribution of the other
three terms on the right-hand side related to the three production factors.

Finally, the real value added in the economy overall (GDP), V, is defined by the following equation,
which is a Törnqvist approximation of a Divisia index consisting of the weighted average of the real
value-added growth in the two sectors:
𝑉𝑉� = ∑𝑖𝑖 𝑣𝑣�𝚤𝚤 𝑉𝑉�𝑖𝑖

(8)
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where vi represents the share of sector i’s nominal value added in nominal GDP. 2
Substituting Equations (3) and (4) into the right-hand side of Equation (8) and subtracting the
growth rate of hours worked in the economy overall, H, from both sides, the following growth
accounting equation can be derived:
� = �𝑣𝑣̅𝐴𝐴 �����𝐾𝐾
�� +
𝑉𝑉� − 𝐻𝐻
𝑠𝑠𝐾𝐾,𝐴𝐴 �𝐴𝐴 + 𝑣𝑣̅𝑁𝑁 �����𝐾𝐾
𝑠𝑠𝐾𝐾,𝑁𝑁 �𝑁𝑁 − �𝑣𝑣̅𝐴𝐴 �����
𝑠𝑠𝐾𝐾,𝐴𝐴 + 𝑣𝑣̅𝑁𝑁 ������𝐻𝐻
𝑠𝑠𝐾𝐾,𝑁𝑁 � � + 𝑣𝑣̅𝐴𝐴 ������𝑍𝑍
𝑠𝑠𝑍𝑍,𝐴𝐴 ̂𝐴𝐴 − 𝐻𝐻
�𝐴𝐴 + 𝑣𝑣�𝑁𝑁 Ω
� 𝑁𝑁 �
𝑠𝑠𝐿𝐿,𝐴𝐴 �𝐴𝐴 + 𝑣𝑣̅𝑁𝑁 �����𝐿𝐿
𝑠𝑠𝐿𝐿,𝑁𝑁 � 𝑁𝑁 − �𝑣𝑣̅𝐴𝐴 �����
𝑠𝑠𝐿𝐿,𝐴𝐴 + 𝑣𝑣̅𝑁𝑁 ������𝐻𝐻
𝑠𝑠𝐿𝐿,𝑁𝑁 � � + �𝑣𝑣�𝐴𝐴 Ω
�𝑣𝑣̅𝐴𝐴 �����𝐿𝐿

(9)

The four terms on the right-hand side of this equation show the labor productivity growth in the
economy overall as a result of increases in the capital-labor ratio, the land-labor ratio, labor quality,
and TFP in the economy overall. The last term is the average of the TFP growth rates in the two sectors
weighted by the value added shares of the two sectors. The term representing the contribution of labor
quality growth in the above equation can be decomposed into the contribution of labor quality growth
in the economy overall through the reallocation of labor across industries and the contribution of other
effects such as education and other changes in worker characteristics apart from the industry in which
they work. This can be shown as follows. Using Equation (5) and the fact that the labor income share
in the economy overall is vAsL,A+ vNsL,N, the third term on the right-hand side of Equation (9) can be
transformed as follows:
�𝑣𝑣̅𝐴𝐴 �����𝐿𝐿
𝑠𝑠𝐿𝐿,𝐴𝐴 �𝐴𝐴 + 𝑣𝑣̅𝑁𝑁 �����𝐿𝐿
𝑠𝑠𝐿𝐿,𝑁𝑁 � 𝑁𝑁 − �𝑣𝑣̅𝐴𝐴 �����
𝑠𝑠𝐿𝐿,𝐴𝐴 + 𝑣𝑣̅𝑁𝑁 ������𝐻𝐻
𝑠𝑠𝐿𝐿,𝑁𝑁 � � = �𝑣𝑣̅𝐴𝐴 �����
𝑠𝑠𝐿𝐿,𝐴𝐴 + 𝑣𝑣̅𝑁𝑁 ������
𝑠𝑠𝐿𝐿,𝑁𝑁 �� � �
����������������
∑𝚤𝚤 𝑤𝑤𝚤𝚤,𝚥𝚥 𝐻𝐻𝚤𝚤,𝚥𝚥
��
�
= �𝑣𝑣̅𝐴𝐴 �����
𝑠𝑠𝐿𝐿,𝐴𝐴 + 𝑣𝑣̅𝑁𝑁 ������
𝑠𝑠𝐿𝐿,𝑁𝑁 ��� �
𝐻𝐻 � − 𝐻𝐻
∑𝚥𝚥 ∑𝚤𝚤 𝑤𝑤𝚤𝚤,𝚥𝚥 𝐻𝐻𝚤𝚤,𝚥𝚥 𝚥𝚥
+ � � ��
𝑗𝑗

𝑖𝑖

𝑗𝑗

𝑖𝑖

����������������
𝑤𝑤𝚤𝚤,𝚥𝚥 𝐻𝐻𝚤𝚤,𝚥𝚥
� � − 𝐻𝐻
��
𝐻𝐻
∑𝚥𝚥 ∑𝚤𝚤 𝑤𝑤𝚤𝚤,𝚥𝚥 𝐻𝐻𝚤𝚤,𝚥𝚥 𝑖𝑖,𝑗𝑗

𝑗𝑗

����������������
����������������
∑𝚤𝚤 𝑤𝑤𝚤𝚤,𝚥𝚥 𝐻𝐻𝚤𝚤,𝚥𝚥 𝐻𝐻𝑖𝑖,𝑗𝑗
𝑤𝑤𝚤𝚤,𝚥𝚥 𝐻𝐻𝚤𝚤,𝚥𝚥
�𝑖𝑖,𝑗𝑗 − �
−
� �𝐻𝐻
𝐻𝐻𝚥𝚥 ���
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(10)

The second term in large brackets represents the increase in labor quality as workers with a particular
characteristic are reallocated from the sector that pays lower wages for that characteristic to that with

2

In order for the following equations to strictly hold, vi needs to be the gross added value share of industry

i in GDP at factor prices (i.e., GDP at market prices plus subsidies minus indirect taxes). However, because
it is difficult to obtain industry/sector-level data for gross value added at factor prices for the period before
1955, we use the share of each sector in GDP at market prices instead, assuming that the ratio between the
gross value added at factor prices and at market prices is the same for the two sectors.
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higher wages for that characteristic. In the following, this is referred to as “increases in labor quality
due to the reallocation across sectors.” The first item in large brackets represents the increase in labor
quality through changes in hours worked of workers with certain characteristics other than the
industry/sector in which they work. This is measured by evaluating the contribution of workers with
characteristic j other than the industry/sector in which they work to output using the average wage in
the overall economy for workers with characteristic j. In the following, this is referred to as “increases
in labor quality through changes other than the reallocation of labor.” Since for the period before 1995
the only data available for worker characteristics is the level of education (measured by last school
attended) and the industry in which they work, “increases in labor quality through changes other than
the reallocation of labor” represent the effect of the education level.

Next, we outline our approach to estimating labor input in the prewar period. Ideally, we would
estimate labor input by industry/sector and by sex; however, because the necessary data are not
available, we do not estimate labor input by sex for the prewar period. As mentioned earlier, in this
study, we estimate labor input for the primary and non-primary sector. To that end, it is necessary to
estimate hours worked and labor quality (education level) by sector. We start by describing our
estimation of hours worked.

For hours worked in the prewar period, we use data compiled by the Nihon Rodo Undo Shiryo
Iinkai [Japan Labor Movement Historical Documents Committee] (1959). The book includes data on
hours worked and days worked in the manufacturing sector overall and by industry from 1923 onward,
and we use these data to calculate the annual hours worked in the manufacturing sector overall. For
the period before 1923, we use data on hours and days worked for cotton spinning mills from 1887 to
1921. However, the hours worked in these data are around 20 hours per day in most years, so that the
figures probably refer to operating hours. We therefore divide the figures by two based on the
assumption of two shifts. From 1918 to 1921, hours worked are much shorter, but since we do not
know whether this means that operating hours decreased, or whether the way that data were collected
changed and what represented operating hours until then changed to actual hours worked, we calculate
the annual hours worked assuming that hours worked uniformly were 10 hours a day. Further, to link
the data up to 1921 with the data from 1923 onward, we calculate the ratio of the average annual hours
worked from 1926 to 1930 to the average annual hours worked in the manufacturing sector overall for
the same period (0.94) and multiply the data for cotton spinning mills before 1921 by this ratio. For
1922, for which no data are available, we estimate the data using linear interpolation, while for 1885
and 1886, we use the average for the three years from 1887 to 1889. As can be seen in Figure 1, our
estimates show a gradual uptrend in hours worked during this period.
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We regard the hours worked series for the manufacturing sector thus obtained as the hours worked
in the secondary sector and obtain the hours worked series for the primary and tertiary sectors by
multiplying this series by a fixed ratio. Based on data from a survey in 1941 published in Nihon Hoso
Kyokai [Japan Broadcasting Corporation] (1990), for primary sector hours worked we multiply the
series for the manufacturing sector by a factor of 1.01, while for hours worked in the tertiary sector,
we use the ratio of hours worked in the secondary sector to hours worked in the service sector from
Minami and Ono (1975), which is 1.03.

Figure 1. Annual hours worked in the manufacturing sector, 1885–1940 (hours)
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Source: See text.

Next, we calculate man-hours by multiplying the sector-level hours worked thus obtained by the
sector-level labor force. For the labor force, we use the data from appendix table 2 in Fukao, Settsu,
and Nakabayashi (2018) and appendix table 2 in Fukao and Settsu (2018a).
Figure 2. Man-hours by sector (million workers × hours worked)
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For data on labor quality in the economy as a whole, we use the estimates of the population share
by educational attainment for the population aged 15–64 by Lee and Lee (2016). 3 These data provide
estimates of the working-age population share by educational attainment (four levels: no schooling,
primary, secondary, and tertiary), and by multiplying these with figures for the population aged 15 and
over taken from Umemura et al. (1988), we calculate the population by educational attainment. As the
next step, we need to allocate the population by educational attainment to the primary and the nonprimary sector. Since data for the prewar period data on educational attainment by industry are
unavailable, we use postwar census data. Specifically, we use the educational attainment shares in
urban areas for the non-primary sector and the educational attainment shares for rural areas for the
primary sector.

We start by calculating the educational attainment share in urban and rural areas for the population
aged 15 to 64 by age group (for cohorts in five-year intervals) using the data from the 1960 Population
Census, which provides data for school attendance (three groups), graduates’ educational attainment
(eight groups), age (in five-year intervals), and the population aged 6 years and above by sex in Japan
as a whole, in urban areas, and in rural areas. We then extrapolate backward shifting the cohort every
five years. 4 Doing so, we can extrapolate backward to 1935, when we can no longer obtain data for
3

The dataset of Lee and Lee (2016) can be downloaded at http://barrolee.com/Lee_Lee_LRdata.htm.
The data are taken from table 6 of Statistics Bureau, Prime Minister's Office (1964). We regard elementary
and higher elementary schools as primary education, youth schools and former junior high schools as
secondary education, and former high schools (including junior colleges) and universities as tertiary
education. For the population by age group, we use table 4 in Okazaki (1986) for the period 1885–1915 and
table 2-3 in Japan Statistical Association (2006), Volume 1.

4
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the cohort of 60–64 year-olds, so that we substitute the data for that cohort with data for those aged
55–59. We use the same methodology to calculate backwards to 1885.

Next, using the population by age for each year as weights, we take the weighted average of the
urban and rural population composition by age and educational attainment thus calculated for every
five years from 1885 to obtain the educational composition in urban and rural areas. 5 Furthermore,
using the population shares by educational attainment thus obtained, we divide the population by
educational attainment estimated earlier into urban and rural areas and regard the population
composition by educational attainment in urban areas as the composition of workers by educational
attainment in the non-primary sector and that in rural areas as that in the primary sector, and divide
the labor force in each industry by educational attainment.

Figure 3. Educational composition of workers in the primary sector (1885–1940)
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Source: See text.
Note: Primary education refers to elementary and higher elementary schools, secondary education to youth
schools and former junior high schools, and tertiary education to former high schools (including junior
colleges) and universities.

Figure 4. Educational composition of workers in the non-primary sector (1885–1940)

5

For the population by age group, we use table 4 in Okazaki (1986) for the period 1885–1915 and table 23 in Japan Statistical Association (2006), Volume 1.

11

80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

Primary

Secondary

Tertiary

1939

1937

1935

1933

1931

1929

1927

1925

1923

1921

1919

1917

1915

1913

1911

1909

1907

1905

1903

1901

1899

1897

1895

1893

1891

1889

1887

1885

0.0%

No schooling

Source: See text.

As shown in Figures 3 and 4, our estimation shows that the percentage of those without schooling
declined rapidly over time in both the primary and the non-primary sector. The main difference
between the two sectors is the ratio of those with secondary education after the outbreak of World War
I, which increased markedly in the non-primary sector.

Next, in order to see how much productivity changed due to changes in the composition of workers’
educational attainment, we consider the wage gap between workers with different levels of educational
attainment. Since data covering all sectors and years are not available, we use wage data for civil
servants. Specifically, we use the Annual Report of the Ministry of Education, which is available
annually and provides information on the annual or monthly wage and the number of employees by
position chokuninkan (imperial appointees), soninkan (higher ranking officials appointed by the prime
minister), hanninkan (junior officials), and employees. Using these data, we obtain the annual income
per worker by position and then calculate the differentials by regarding the income of soninkan (higher
ranking officials) as representing the wage of tertiary education graduates, that of hanninkan (junior
officials) as representing the wage of secondary education graduates, and that of employees as
representing the wage of primary education graduates. Moreover, using the estimates of Ohkawa and
Rosovsky (1973), we assume that the wage of those without schooling was 0.748 times that of primary
education graduates. 6

Figure 5. Developments in wage differentials (1885–1940)
6

More specifically, we use the index of wage differentials by sex and education level on page 72 of Ohkawa
and Rosovsky (1973) to obtain the weighted average using the number of those without schooling by sex
calculated from the data on the composition of the working age population by educational attainment (in
1935) from table 3-6 in Ohkawa and Rosovsky (1973) as weights.

12

12

10

8

6

4

2

1939

1937

1935

1933

1931

1929

1927

1925

1923

1921

1919

1917

1915

1913

1911

1909

1907

1905

1903

1901

1899

1897

1895

1893

1891

1889

1885

1887

0

Hanninkan/employees
Soninkan/employees
Manufacturing/Agriculture (long-term contract workers)

Source: See text.

As references wages, for elementary education graduates in the primary sector we use the wages of
long-term contract workers in agriculture from Umemura et al. (1966), and for elementary education
graduates in the non-primary sector we use the manufacturing sector wages (daily wages) from
Ohkawa et al. (1967) and convert these into annual wages by multiplying the figures by 27 (days) and
12 (months). In addition, we adjust the total wages in each sector to match the labor costs in that sector
obtained by multiplying the sector-level GDP by the labor income share of that sector. 7 Finally, we
calculate macro-level wages by educational attainment as the weighted average of the values for each
sector using the number of workers in each sector and for each educational attainment level as weights.
As mentioned earlier, since for the period from 1955 more detailed data are available, we use a
different growth accounting approach. For 1955–1970, we construct data for 24 industries (details of
how we construct the main data up to 1970 are provided in the Appendix). For 1970–1995, we use the
JIP 2015 for 108 industries, and for 1995–2015, we use the JIP 2018 for 100 industries. The following
points should be noted concerning differences in the approach and data used for each of the periods
and the expected impact of these differences. (For details of the overall approach, see chapter 1 in
Fukao and Miyagawa, 2008).

First, the degree to which industry classifications are aggregated differs. As explained in Section 1,
changes in the level of detail of the industry classification may affect the size of the labor reallocation
effect and TFP growth. Moreover, whereas real value added by industry is, in principle, calculated on
the basis of fixed prices of a reference year (for example, on the basis of 1935 prices for the period
before World War II), GDP is measured as an index using Törnqvist approximation of the Divisia
7

For details on the labor income share in each sector, see the Appendix.
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index, as in Equation (8). This can lead to various measurement issues. For example, in the case of
industries such as the heavy and chemical industries and information and communication technology
(ICT) goods producing industries, where technological innovation is rapid and product prices fall
quickly, if the price elasticity of demand is less than 1, the share of these industries in nominal GDP
will decline even if real output increases (the Baumol effect). If such a mechanism is at work, the more
detailed the industry classification, the more this effect will be captured. Meanwhile, while we take
land input (arable land area) into account in the growth accounting for the primary sector for the period
before 1970, since the primary sector during this period still accounted for a large share of the economy
overall, in the period from 1970 onward we do not take land input into account. Therefore, we present
growth accounting in which we divide the economy into the primary and the non-primary sector only
up to 1970, and for the period after that we report only the results for the macroeconomy as a whole.

Second, the level of detail of worker characteristics captured by the data differs. For the period from
1955 onward, data on hours worked and wages classified by worker characteristics include as
categories workers’ employment status (employee or self-employed/unpaid family worker and, from
1970 onward, whether they are a regular or non-regular employee), their sex, and their age. Therefore,
for this period, “the effect of labor quality improvements other than through the reallocation of labor
across industries” includes not only the impact of education but also the impact of changes in the
employment status, in the share of women in employment, and the accumulation of skills.

Third, the information on capital goods captured by the data differs. From 1955, data on the capital
stock and the cost of capital by type of capital good are available, so that we measure capital input in
terms of the capital services input index (see footnote 1), meaning that the contribution of increases in
the capital-labor ratio include the effect of increases in the quality of capital. Therefore, the estimates
of TFP growth are also affected.

3. Growth accounting results

This section presents our growth accounting results. Using Equations (6) and (7) for the primary
and non-primary sectors and Equation (9) for the economy overall, Table 1 shows the labor
productivity growth (real value added per hour worked) decomposed into the contribution of the
sources of growth seen from the supply side. For the primary sector and the economy overall, these
are the contribution of increases in the capital-labor ratio (capital stock per hour worked), increases in
the land-labor ratio (arable land area per hour worked), increases in labor quality, and TFP growth,
while for the non-primary sector, these are the same factors except for the land-labor ratio. The sum
14

of increases in hours worked and labor productivity growth equals the growth in real value added (real
GDP growth in the case of the economy overall). Table 1 therefore also shows the growth rates of
hours worked and real value added. All rates of increase are the average annual rate over the period
measured in terms of the logarithmic growth rate (the change in the logarithm over time). The growth
accounting for the two sectors is conducted for the period up to 1970, when the primary sector still
accounted for a sufficiently large share of the economy overall.

To provide a visual impression, Figure 6 shows the results of this growth accounting for the
economy overall. Meanwhile, Figures 7 and 8 show the sources of labor productivity growth from
1885 onward in the form of cumulative values for the economy overall and for the two sectors. Since
the figures show the cumulative value in natural logarithm, the value of 3.82 for labor productivity in
2015 shown in Figure 7, for example, means that labor productivity during the period 1885–2015
increased by a factor of 46 (2.723.82=46). Further, in order to link the results for the two sectors with
developments in the economy overall, Figure 9 shows the shares of the two sectors in the total hours
worked in the economy overall and in nominal GDP.

In the 130 years from 1885 to 2015, labor productivity (in 2015 prices) increased 46 times from 87
yen to 4,000 yen per hour, and according to Figure 39 percent of this increase is due to increases in
the capital-labor ratio, 25 percent due to increases in labor quality, and 36 percent due to TFP growth.
Dividing the period overall into the period before and the period after World War II, we find that labor
productivity increased 3.3 times in the 55 years from 1855 to 1940, while it increased 10.2 times in
the 60 years from 1955 to 2015. Looking at the annual average growth rate of labor productivity and
the contribution of the three factors in these two periods, we find that labor productivity grew at an
annual average rate of 2.2 percent in the period 1885–1940, of which increases in the capital-labor
ratio contributed 0.70 percentage points, increases in labor quality 0.81 percentage points, and TFP
growth 0.71 percentage points (so that the shares of the growth contributions are 32 percent, 37 percent,
and 32 percent, respectively). Meanwhile, in the period 1955–2015, the labor productivity growth rate
was 3.9 percent, with increases in the capital-labor ratio contributing 1.66 percentage points, increases
in labor quality 0.72 percentage points, and TFP growth 1.53 percentage points (shares: 42 percent, 18
percent, and 39 percent, respectively). The share of the contribution of changes in the land-labor ratio
to labor productivity growth was less than 1 percent in both periods.

Thus, the results indicate that labor productivity growth in the prewar period was led by
improvements in labor quality, while in the postwar period it was led by capital accumulation and TFP
growth. Further, compared to the prewar period, labor productivity growth in the postwar period was
almost twice as high, which was due to the fact that increases in the capital-labor ratio were 2.4 times
15

as high and TFP growth 2.2 times as high. On the other hand, the pace of increase in labor quality in
the postwar period was only 0.89 times of that in the prewar period.

Looking at the results for the two sectors, the non-primary sector includes modern industries such
as the heavy and chemical industries and transportation and communication, which are capital
intensive and characterized by rapid technological innovation. Reflecting this, the growth accounting
for the two sectors shows that the non-primary sector made a larger contribution to TFP growth and
increases in the capital-labor ratio than the primary sector (see Table 1 and Figure 8). Further, the
increase in the share of the non-primary sector itself likely contributed to the TFP growth and the
increase in the capital-labor ratio in the economy overall.

Table 1. Decomposition of labor productivity growth for the economy overall, the primary sector,
and the non-primary sector: 1874–2015
Economy overall
Labor
productivity
growth

Contribution of
increases in
capital stock per
hour worked

Contribution of
increases in
arable land per
hour worked

Contribution of
labor quality
improvements

TFP growth

Increase in hours
worked

(a)

(b)

(c)

(d)

(e=a-b-c-d)

(f)

1.14%
2.71%
1.50%
1.63%
2.89%
2.02%

Early Meiji: 1874-1885
Meiji I: 1885-1899
Meiji II: 1899-1913
Taisho: 1913-26
Prewar Showa: 1926-40
War and postwar recovery: 1940-55
High-speed growth: 1955-70
Stable growth: 1970-90
Prolonged stagnation: 1990-2015

7.52%
4.23%
1.39%

0.67%
0.62%
0.53%
0.96%

0.12%
-0.02%
-0.14%
-0.04%

0.88%
0.52%
1.26%
0.59%

1.04%
0.38%
-0.02%
1.38%

0.36%
-0.40%
0.76%
2.09%
0.95%

0.77%
3.01%
1.67%
0.80%

0.00%
-0.03%

0.62%
1.33%
0.76%
0.31%

0.62%
3.21%
1.80%
0.28%

-1.14%
2.30%
0.50%
-0.55%

GDP growth

(g=a+f)
1.51%
2.31%
2.26%
3.72%
3.84%
0.88%
9.82%
4.73%
0.84%

Primary sector

Early Meiji: 1874-1885
Meiji I: 1885-1899
Meiji II: 1899-1913
Taisho: 1913-26
Prewar Showa: 1926-40
War and postwar recovery: 1940-55
High-speed growth: 1955-70
Stable growth: 1970-90
Prolonged stagnation: 1990-2015

Labor
productivity
growth

Contribution of
increases in
capital stock per
hour worked

Contribution of
increases in
arable land per
hour worked

Contribution of
labor quality
improvements

TFP growth

Increase in hours
worked

(a)

(b)

(c)

(d)

(e=a-b-c-d)

(f)

0.93%
1.79%
1.32%
0.08%
0.58%
2.15%
3.23%

0.15%
0.12%
0.17%
0.23%
0.31%
3.45%

0.48%
0.06%
-0.12%
0.05%
-0.02%
0.30%

Non-primary sector

16

0.39%
0.32%
0.59%
0.27%
0.55%
0.31%

0.77%
0.82%
-0.56%
0.02%
1.31%
-0.83%

-0.40%
-0.91%
0.47%
0.80%
0.01%
-1.35%
-2.91%

GDP growth

(g=a+f)
0.53%
0.88%
1.80%
0.88%
0.58%
0.80%
0.32%

Early Meiji: 1874-1885
Meiji I: 1885-1899
Meiji II: 1899-1913
Taisho: 1913-26
Prewar Showa: 1926-40
War and postwar recovery: 1940-55
High-speed growth: 1955-70
Stable growth: 1970-90
Prolonged stagnation: 1990-2015

Labor
productivity
growth

Contribution of
increases in
capital stock per
hour worked

Contribution of
increases in
arable land per
hour worked

Contribution of
labor quality
improvements

TFP growth

Increase in hours
worked

(a)

(b)

(c)

(d)

(e=a-b-c-d)

(f)

0.23%
2.70%
1.27%
1.13%
2.74%
1.74%
7.22%

0.81%
0.78%
0.13%
0.82%
1.00%
2.68%

0.84%
0.47%
1.00%
0.33%
0.51%
0.42%

1.05%
0.02%
0.00%
1.59%
0.24%
4.12%

1.96%
0.45%
1.17%
3.57%
1.75%
-0.98%
3.72%

GDP growth

(g=a+f)
2.18%
3.14%
2.44%
4.70%
4.49%
0.76%
10.94%

Source: Authors’ calculation. For details on the source data, see Section 2 and Appendix 1.

Figure 6. The sources of labor productivity growth in the economy overall (by period, annual
average rate): 1874–2015
Growth accounting for the economy overall: 1885-2015
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Source: See Table 1.

Figure 7. The sources of labor productivity growth in the economy overall (cumulative effect,
natural logarithm): 1885–2015
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Figure 8. The sources of labor productivity growth in the primary and the non-primary sector
(cumulative effect, natural logarithm): 1885–1970
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Figure 9. Share of the two sectors in total hours worked and in nominal GDP
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As we saw above, increases in labor quality have played an important role in Japan’s economic
growth. Specifically, increases in labor quality were responsible for 37 percent of the growth in labor
productivity before 1940 and for 18 percent after 1955. As show by Equation (10) in the previous
section, for the period before 1955, increases in labor quality in the economy overall can be divided
into increases due to the reallocation of labor across industries (that is, the fact that the total hours
worked of workers with particular characteristics increased more in industries paying higher wages)
and rising education levels (measured in terms of the last school attended). The left panel of Figure 10
shows the results of this decomposition for the period up to 1940, for which reliable data are available.
This figure shows the cumulative effect with regard to the natural logarithm of the labor quality index.
The value of 0.77 for 1940 means that between 1885 and 1940, the level of labor quality increased
2.2-fold (2.720.77=2.2). It should be noted that the reason that the cumulative value (natural logarithm)
of the contribution of labor quality growth in Figure 6 is smaller than the value in Figure 10 is that the
former is multiplied by the labor share to calculate the contribution.

On the other hand, for the period from 1955 onward, as explained in the Appendix, we have data on
hours worked and wages by educational attainment, industry, employment status, sex, and age.
Focusing only on the educational attainment and industry among these characteristics would mean
that we are throwing information away and therefore would be inappropriate. Consequently, in terms
of worker characteristics, we conduct our decomposition regarding changes in wages resulting from
changes in the industry in which workers are employed and changes in the employment status as
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measuring the reallocation effect 8 and changes in wages due to changes in all other characteristics as
reflecting labor quality growth due to factors other than the reallocation of labor across industries. The
results are shown in the right-hand panel of Figure 10.

Figure 10. Decomposition of labor quality growth (natural log; cumulative effect): 1885–1940
and 1955–2015
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The reason for including the employment status effect in the reallocation effect is as follows. In the
non-primary sector, compensation for self-employed and unpaid family workers is quite low (for
details of how we estimate compensation for self-employed and unpaid family workers, see chapter 1
of Fukao and Miyagawa, 2008). Most workers in the primary sector are self-employed or unpaid
family workers. Therefore, if we assumed that the employment status remained unchanged when
measuring the reallocation effect of a reduction in hours worked in the primary sector, we would likely
8

We should note that we include the cross-term of changes in the distribution of hours worked across
industries and changes in the distribution in terms of the employment status in the reallocation effect. The
reason is as follows. Wage differentials across industries differ depending on the employment status. As a
result, the impact on labor quality of joint changes in hours worked by industry and employment status
depends on the covariance of changes in the industry distribution of hours worked and changes in the
employment status distribution of hours worked, that is, in what industry there were particularly large
changes in the number of workers with a particular employment status. We therefore include the cross-term
of changes in the distribution of hours worked across industries and in the distribution in terms of the
employment status in the reallocation effect. In Equation (10), only workers’ industry and educational
attainment are considered as worker characteristics; however, when we decompose data on worker
characteristics with more than two dimensions, the decomposition equation becomes more complex. For
more details, see Jorgenson, Gollop, and Fraumeni (1987).
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underestimate the redistribution effect. For example, if a large number of workers leaving farming find
work as employees, the effect of the change in their job status should be regarded as part of the
reallocation effect.

In the analysis for the period from 1955 onward, the effect of “labor quality improvements other
than through the reallocation of labor across industries” includes the effects of educational attainment,
age, and sex. In the following, we will regard this as representing the effect of education in a broader
sense. In the case of age, the rationale is straightforward: assuming that seniority wages – a key
element of Japanese-style employment practices – partly reflect the accumulation of skills, this
accumulation of skills can be regarded as education in a broad sense. On the other hand, it is unlikely
that the effect of the composition of workers by sex reflects the effect of education. To examine how
much of an issue including sex in the education effect is, we estimate for 1955–2015 how much of the
increase in labor quality is due to changes in the sex composition of workers. Looking at the
cumulative effect (natural logarithm) from 1955 onward, the effect of changes in the sex composition
of workers recorded a peak value of 0.022 in 1965. This is likely due to the fact that the share of hours
worked of men, who tend to earn higher wages than women, increased up until this point in time;
however, this effect increased labor quality only by 2.2 percent (2.720.022=1.022). Since then, this effect
has been declining, reflecting the increase in women’s share in total hours worked, so that the increase
in labor quality from 1955 to 2015 due to changes in the sex composition of workers amounts to only
by 1.5 percent. Therefore, even if we regard the effect of changes in the sex composition as part of the
education effect it is unlikely to cause any major distortions.

In order to understand the labor reallocation effect, we calculate the relative wage wA/wN between
the two sectors adjusted for labor quality differences (the nominal wage per hour in the primary sector
setting the nominal wage in the non-primary sector to 1). The result is shown in Figure 11. For the
prewar period, we use the following estimation approach, which is widely used when making
international comparisons of wages adjusted for labor quality differences (see O’Mahony and Timmer
2009):
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Unfortunately, for the period from 1955 onward, for which data by employment status are available,
data for the educational attainment the self-employed and unpaid family workers are not available, so
that we cannot estimate wage differentials based on the above equation. In Figure 11, we therefore
present two relative wage series for the high-speed growth era. Series A compares the hourly wage of
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male primary sector self-employed workers (including family workers) aged 40–49 years of all
education levels on the one hand and male non-primary sector employed workers aged 40–49 years
that are high-school graduates. Series A assumes that, in the primary sector, the remuneration of selfemployed workers and unpaid family workers working with these self-employed workers is identical,
so that it is highly likely that the remuneration of self-employed workers is underestimated. We
therefore also prepared Series B, in which the relative wage is calculated assuming that the labor
remuneration of family employees is zero and their earnings are included in the remuneration of the
self-employed. The actual wage differential probably lies somewhere between Series A and Series B.
We calculate the relative wage for 1955, 1960, 1965, and 1970 for the high-speed growth period and
filled in values for intervening years assuming that the relative wage changed at a constant pace.

The relative wage in the primary sector compared to that in the non-primary sector fell substantially
in the 1930s, probably reflecting the decline in global primary commodity prices in the wake of the
Great Depression as well as Japan’s industrialization in the heavy and chemical industries in the 1930s.
In the high-speed growth period, the wage differential further increased reflecting the rapid rise in
labor productivity in the non-primary sector.

For the prewar period, we can calculate how much the education quality in the labor input in the
two sectors differed by dividing the total labor cost ratio between the two sectors by the labor qualityadjusted wage ratio calculated as just described (this approach is also widely used in international
comparisons). Figure 12 presents the result, which indicates that relative to the non-primary sector,
the education level of labor input in the primary sector declined rapidly, so the gap in labor quality
with respect to the education level widened.

As shown in Figure 10, most of the increase in labor quality up to 1940 was due to the effect of
education. The reason why the labor reallocation effect was small likely is the slow shift of labor input
from the primary to the non-primary sector, as seen in Figure 4. The share of the primary sector in the
total hours worked in the economy overall declined only about 20 percentage points in the 55 years
from 1885 to 1940. Meanwhile, looking at the education-adjusted wage differential between the two
sectors, wages in the primary sector in the prewar period were about 60 percent lower than in the nonprimary sector, as shown in Figure 11.

The reason that the education effect was substantial is that, as seen in the previous section, the
percentage of workers with elementary education increased quickly following the introduction of
compulsory education in 1872; moreover, the average years of schooling increased rapidly as the
number of workers that received this new education rose due to the growing population.
22

Looking at the 55 years from 1885 to 1940 in more detail, in the subperiod after World War I, the
service sector absorbed much of the increased population, and the decline in the share of the primary
sector accelerated. Meanwhile, output in the heavy and chemical industries increased rapidly due to
the disruption of imports to Asia from Europe due to World War I, the rise of protectionist trade policies
in Japan due to the restoration of tariff autonomy since the end of the 19th century, the development
of the war economy since the 1930s, and other factors. Moreover, in the 1920s, capital-intensive public
utilities such as power supply expanded. These factors led to a decline in the relative labor productivity
and relative wage in the primary sector vis-à-vis the non-primary sector. As the second term in the
square brackets on the right-hand side of Equation (10) shows, the faster the industrial structure
changes and the greater the labor quality-adjusted wage gap between the two industries, the greater is
the reallocation effect. The rapid increase in the labor reallocation effect after World War I seen in
Figure 10 likely was caused by such changes in the economic structure.

During the high-speed growth period from 1955 to 1970, labor quality growth was mainly caused
by the reallocation effect (the industry and employment status effects). One of the main reasons is that
the share of the primary sector in the total hours worked in the economy overall fell by about 20
percentage points during this period. In terms of the share of hours worked, a contraction of the
primary sector of almost the same size as during the 55 years from 1885 to 1940 occurred in the 15
years of the high-speed growth era. On the other hand, the laborquality-adjusted wage gap was even
greater during the high-speed growth period than before 1940 (see Figure 11). It is likely that the rapid
shrinking of the primary sector and the large wage differential played a key role in the large
reallocation effect during the high-growth period. It should be noted, however, that for the high-speed
growth era, the reallocation effect is calculated using data for 24 industries. During this period, highwage industries within the non-primary sector expanded and the share of self-employed and unpaid
family workers declined, which likely further increased the reallocation effect.

On the other hand, in the period from 1970 onward, the education effect in a broader sense was the
driving force of increases in labor quality, as can be seen in Figure 10. The likely reason is that while
the outflow of labor from the primary sector became more gradual, reducing the reallocation effect
(the industry and employment status effects), the education and age effects increased due to the rising
share of workers that had attended high school and/or university and the fact that the baby boomer
generation was gradually growing older under the seniority wage system. Meanwhile, the increase in
the share of nonregular workers in recent years lowered the annual average growth rate of the labor
quality index by 0.19 percentage points in the period 1970–1990 and 0.16 percentage points in the
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period 1990–2015. 9 This is also one of the reasons why the reallocation effect (the industry and
employment status effects) has made such a small contribution since the 1970s.

Figure 11. Wage differential between the two sectors adjusted for labor quality differences due
to education (Primary sector wage level setting the wage level in the non-primary sector to 1)
0.60
0.50
0.40
0.30
0.20
0.10

1885
1889
1893
1897
1901
1905
1909
1913
1917
1921
1925
1929
1933
1937
1941
1945
1949
1953
1957
1961
1965
1969

0.00

Non-primary sector=1
High-speed growth period: Series A
High-speed growth period: Series B
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Figure 12. Developments in the education level in the primary sector relative to the nonprimary sector (Non-primary sector = 1)

9

These values are calculated using JIP Database 2015 for the period 1970-1995 and JIP Database 2018 for
the period of 1995-2015.
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As described in Section 2, in our analysis, the level of detail of worker characteristics captured in
the data differs before and after World War II. This may overstate the reallocation effect in the postwar
period. In order to examine this point, we create labor data for 1955–1970 using the classifications for
the prewar period to calculate the increase in labor quality. 10
Figure 13 shows the result of this calculation. Comparing this to Figure 10, we can see that, as
expected, the labor reallocation effect is much smaller when we classify worker characteristics in line
with the coarser prewar categories. On the other hand, there is almost no change in the education effect.
As a result, the cumulative effect (logarithmic value) of the increase in labor quality in 1955–70, which
combines the two effects, is only 41 percent (0.115/0.280 = 0.41) of the effect in Figure 10.

Given that in growth accounting analyses it is desirable to use detailed data for worker
characteristics in order to make the residual TFP as small as possible, we consider the results in Figure
10 as the baseline. However, the estimation results in Figure 13 suggest that there is a risk that the
10

Broadly speaking, we constructed the data as follows. (1) Because, the 1970 Population Census, unlike
the 1960 Population Census, does not provide population data by age, educational attainment, and
urban/rural area, we use the number of employees by age, educational attainment, and primary/non-primary
sector. (2) As for the number of employees by educational attainment by primary/non-primary sector in
1955, 1960, and 1965, we use information on the number of employees by age from the 1970 Population
Census and extrapolate backward without matching the results with the 1960 Population Census. (3) Like
for the period before World War II, we do not distinguish between self-employed/family workers and
employees either in the primary or the non-primary sector and assume that the wages of selfemployed/family workers and employees are identical. (4) We set the wages of employees that graduated
from junior high school (corresponding to elementary school graduates in the prewar classification) for
both the primary and non-primary sector as the reference and use the wage gaps in the non-primary sector
vis-à-vis high school graduates (secondary education in the prewar classification) and technical college,
junior college, and university graduates (tertiary education in the prewar classification) also for the primary
sector. Moreover, we assume that the wages of those without schooling are the same as the wages of junior
high school graduates.
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results for the prewar period, for which only coarse classifications are available, underestimate the
labor reallocation effect.

Figure 13. Decomposition of labor quality when assuming that the classification of worker
characteristics is the same as before World War II (natural logarithm; cumulative effect):
1955–1970
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4. Conclusion

This study presented growth account for Japan for the 130 years from 1885 to 2015 based on the
measurement of labor quality simultaneously taking the effects of education and the allocation of labor
across industries into account. The estimation results indicate that, over the 130 years, Japan’s labor
productivity rose 46-fold, with increases in the capital-labor ratio accounting for 40 percent of this
rise, improvements in labor quality for 35 percent, and TFP growth for 36 percent (Figure 2). Looking
at the periods before and after World War II separately, we found that labor productivity growth
accelerated substantially in the postwar period and was twice as high as in the prewar period. This
difference in labor productivity growth can be explained by differences in the sources of growth: while
growth during the prewar period was driven mainly by improvements in labor quality (with a growth
contribution of 37 percent), during the postwar period increases in the capital-labor ratio and TFP
growth made the largest contribution (38 percent and 35 percent, respectively).

In the prewar period, labor quality increased 2.4-fold between 1885 and 1940, most of which was
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due to the effect of education. Reasons for this increase likely include the steep rise in enrolment rates
following the introduction of compulsory education as well as the rapid increase in the average years
of schooling. Thus, while government policies following the Meiji Restoration to promote industry,
such as the import of large-scale spinning machinery with 2000 spindles, do not appear to have borne
much fruit, education policy made a major contribution to Japan’s economic growth. On the other
hand, the labor reallocation effect was relatively small due to the slow movement of labor from the
primary sector into the non-primary sector. However, after World War I, the movement of labor into
the non-primary sector accelerated and the wage gap between the non-primary and primary sectors
(controlled for education) increased, so that the reallocation effect played a larger role. These trends
further accelerated after World War II, and until 1970 the contribution of the reallocation effect to labor
quality growth rapidly increased (Figure 10). However, from 1970 onward, the effect of education in
a broader sense again appears to have been the driving force of labor quality growth. The likely reason
is that the movement of labor from the primary to the non-primary sector had passed its peak and the
reallocation effect was diminishing, while the effect of education in a broader sense increased as a
result of rising high-school and university enrolment rates and the aging (and hence skill
accumulation) of the baby-boomer generation.

Comparing Japan’s experience with that of other countries suggests that the introduction of an
education system appears to have gone more smoothly and spread more widely than in other countries,
so that by 1935, Japan – despite its relatively low per capita GDP – had exceptionally high average
years of schooling. Further, although secondary education enrolment rates increased rapidly after
World War II, tertiary enrolment rates even today have not caught up with the level of the United
States. The rapid spread of education during the prewar period substantially contributed to the rapid
labor productivity growth at an annual rate of 2.2 percent from 1885 to 1940. Moreover, during the
high-speed growth era, Japan experienced prolonged labor productivity growth at an unprecedented
annual rate of 7 percent. Although the main sources of that growth were increases in TFP and the
capital-labor ratio, increases in labor quality through structural change also made a substantial
contribution to labor productivity growth during this period.

As shown in this study, labor quality improvements played a major role in Japan’s long-term
economic growth. However, the mechanism through which labor quality growth contributed to
productivity growth differed from period to period, with rising education levels being the main driver
before the war and in the period after 1970, while during the high-speed growth era it did so via the
reallocation effect. Japan’s experience shows that both raising education levels and promoting smooth
structural change can be effective means of achieving economic growth.
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Appendix: Data used for the growth accounting

This appendix provides additional details on the data construction not fully covered in Section 2.

Data for the period before 1955

Data for nominal and real GDP, the number of employees, and land are essentially taken from Fukao,
Settsu, and Nakabayashi (2018) and Fukao and Settsu (2018a), and details of the data construction can
be found in those studies. The following therefore briefly describes revisions and new additions to the
data from those two studies.

For the income shares of labor and capital in the non-primary sector, Fukao, Settsu, and
Nakabayashi (2018) and Fukao and Settsu (2018a) used the estimates by Minami and Ono (1975)
without any changes. The income shares Minami and Ono (1975) estimated are the labor and capital
income shares of domestic factor income in the non-primary sector, and fixed capital depreciation is
not included in the calculation of the capital income share. On the other hand, in this study, we regard
the share of labor income and capital income (including fixed capital depreciation) in the gross
domestic product of the non-primary sector as the labor and capital income shares. Therefore, if we
were to use Minami and Ono’s (1975) income share estimates, our estimates of the growth
contributions of labor and capital input and TFP growth would be incorrect. Consequently, we decided
to revise the labor and capital income shares using the following approach.

Let us start by explaining our approach for the period up to 1940. First, we subtract nominal
depreciation in agriculture, forestry, and fisheries from the nominal depreciation the economy overall
estimated by Ohkawa et al. (1974) to obtain nominal depreciation for the non-primary sector. Next,
we obtain the nominal net domestic product by subtracting nominal depreciation from the nominal
gross domestic product of the non-primary sector and multiply this by the labor and capital income
shares from Minami and Ono (1975) to obtain labor and capital income (excluding the depreciation of
fixed capital). Finally, we add depreciation to this capital income, regard this as the adjusted capital
income, and calculate the labor and capital income shares using the adjusted capital income and the
labor income obtained earlier. For the period from 1940 onwards, we use the nominal depreciation
rate for the non-primary sector taken from Keizai Shingicho (1954) and national income statistics to
calculate the labor and capital income shares using the same process as for the period up to 1940.
Meanwhile, the income shares in the primary sector are estimated based on the method of Hayami
(1973), and since capital income includes the depreciation of fixed capital – albeit based on a very
simple approach – we did not make a similar adjustment for the non-primary sector.
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Hours worked up to 1940 are estimated as explained in Section 2 of the main text. Hours worked in
the non-primary sector from 1941 to 1944 are calculated from the average daily hours worked and
actual days worked of factory workers taken from the Roudou Toukei Maitsuki Jicchi Chosa (the
Monthly Surveys of the Labour Statistics),” while for 1947 to 1954, we use the total actual working
hours in all the industries surveyed from the Monthly Labour Survey. For 1945 and 1946, for which
data are not available, we proceed as follows. For 1946, we extrapolate backward using the rate of
change from 1947 to 1948, while for 1945 we use 7/12 of the value for 1944 and 5/12 of the value for
1946. For the primary sector, we multiply the primary/non-primary sector ratio for the period 1940 by
the estimates of hours worked in the non-primary sector.

Labor quality up to 1940, like hours worked, is estimated as described in Section 2 of the main text.
For the period from 1940 to 1955, sufficient data that would allow us to estimate labor quality using
either the methodology up to 1940 or that from 1955 are not available. However, for the years 1940
and 1955, we can construct data on educational attainment, wages, hours worked, and the number of
employees for the primary and the non-primary sector. Therefore, using the data for 1940 and 1955,
we obtain the period average growth rate of labor quality in the primary and the non-primary sector
employing the approach used for the period up to 1940. Next, we adjust the annual series of the labor
reallocation effect from Fukao, Makino, and Settsu (2019) to make it consistent with this annual
average growth rate over the period 1940–1955 and use this as the annual series of the labor quality
index for the period 1940–1955.

It is even more difficult to obtain data for measuring the quality of capital than the quality of labor,
so that for the entire period before 1955 we used the estimates of the capital reallocation effect obtained
by Fukao, Makino and Settsu (2019). This means that we cannot take into account improvements in
the quality of capital in the primary and the non-primary sector.

Data for the period from 1955 onward

For the period from 1955 to 1970, we take our main data from Fukao and Settsu (2018b). We newly
estimate data on hours worked, which were not included in Fukao and Settsu (2018b), constructing
annual series by industry from the Labour Force Survey, the Monthly Labour Survey, etc. For labor
quality, we newly construct data on the number of employees, hours worked, and labor income by
worker characteristics from the Basic Survey on Wage Structure, the Population Census, the
Employment Status Survey, etc., and like in the JIP 2015 and JIP 2018 estimate labor quality using
Jorgensen et al.’s (1987) approach. Worker characteristic are classified as follows.
29

Sex (2)

Male, female

Employment status (2)

Self-employed/family worker; employee

Age (8)

15–19 years old; 20–24 years old; 25–29 years old; 30–34 years old; 35–39
years old; 40–49 years old; 50–59 years old; and over 60 years old

Educational attainment (4)

Junior high school; high school; technical/junior college; university
(For the self-employed/family workers, no classification by schooling is
available, while women are classified into the two groups of junior high
school and high school or higher.)

Industry (24)

Agriculture, forestry, and fisheries; mining; food; textiles; pulp and paper;
chemicals; petroleum and coal products; ceramic, stone, and clay products;
primary metal; metal products; general machinery; electrical machinery;
transportation equipment; precision machinery; other manufacturing;
construction; electricity, gas, and water; wholesale and retail; finance and
insurance; real estate; transportation and communication; services (private,
not for profit); services (government); housing (owned housing)
(Housing refers to imputed rent and the number of employees is zero.)

For the period from 1970 to 1995, we used the JIP 2015, while for the period from 1995 onward we
used the JIP 2018. For details on the way the data in the JIP Database were estimated, see Fukao and
Miyagawa

(2008,

Chapter

1)

and

the

JIP

Database

2018

website

(https://www.rieti.go.jp/en/database/JIP2018/index.html). As mentioned in the main text, the JIP 2015
is based on the 1993 SNA, while the JIP 2018 is based on the 2008 SNA. Moreover, the above data
for 1955–1970 are based on the 68 SNA. It should therefore be noted that we linked the data without
making any adjustments for the changes in SNA standards.
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