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In Japan, labor input is unlikely to increase significantly, based on the outlook for demographic changes.
This paper analyzes effects of demographic changes on firms' fixed investment using microdata from the
Tankan. The analysis shows that firms facing labor shortages tend to be active in making business fixed
investment and replace labor with capital (machines). Given that labor market conditions are highly likely
to remain tight, potential demand for labor-saving investment to address labor shortages appears to be
large. For potential demand to materialize as actual investment, the following factors would be important:
firms' medium- to long-term growth expectations being held up; training up highly skilled personnel with
sufficient skills to develop and use labor-saving software; and human capital being allocated appropriately

through increased mobility in the labor market.

Introduction

In the 2010s, labor supply (the number of labor force
participants) increased in Japan even amid a decreasing
total population, as labor force participation of seniors
and women advanced, with growing labor demand due
to economic recovery (Chart 1). However, room for
additional labor supply of seniors and women appears
to be declining, and labor input is unlikely to increase
significantly, based on the outlook for demographic
changes.!
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Note: Figures for labor force participants are staff estimates adjusted for
gaps due to revisions of the benchmark population.

Such decline in labor input would exert downward
pressure on Japan's economy. Assuming the standard
Cobb-Douglas production function, Y;, which shows
output (real GDP), can be written as:

Y, = A, KFL}™“.

A;, K;, and L; denote productivity, capital input, and
labor input, respectively. a represents the capital
share and 1 — a represents the labor share. The
subscript t denotes time. Converting this equation
into a logarithm shows that the difference from the
prior period is the rate of growth, and thereby the GDP
growth rate (Ay;) can be expressed as:

AYt = Aat + (Z(Akt - Alt) + Alt

In the right-hand side of the equation, Aa; is
productivity growth, (Ak,—Al;) is growth in the
capital equipment ratio (the rate of change in the
amount of capital input per unit of labor input), and Al,
is growth in labor input.?

Therefore, for an economy to grow amid declining
labor input, it is important that productivity rise or the
capital equipment ratio increase, from a somewhat
long-term  perspective. ® The importance of
productivity for economic growth has been discussed
in many studies.* This paper examines how tightening
labor market conditions will affect firms' medium- to
long-term fixed investment stance, in relation to the
capital equipment ratio, referring to an analysis using




microdata from the Bank of Japan's Tankan (Short-
Term Economic Survey of Enterprises in Japan). It then
discusses issues involved in achieving economic
growth through increasing investment amid the
declining population.

Will Labor Shortages Promote Labor-
Saving Investment?

We examine whether tightening labor market
conditions can promote labor-saving investment as a
substitute for labor force. Labor-saving investment
followed an uptrend in the economic recovery phase
before the pandemic. ® Although demand for
investment declined temporarily after the outbreak of
COVID-19, firms' efforts to address labor shortages
using digital technology have accelerated recently in
labor-intensive industries such as "accommodations,
eating and drinking services" and "retailing," which

have faced severe labor shortages (Chart 2).
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Note: Based on the Tankan. All enterprises. The figures for software
investment for fiscal 2023 are forecasts from the June 2023
survey.

We use microdata from the 7ankan in analyzing the
relationship between labor shortages and business fixed
investment to gain a detailed picture of firms' behavior.
First, based on firms' assessment of their employment
level in the Tankan, we simply categorize firms into
two groups: those facing labor shortages (reporting
"insufficient" employment), and those not facing labor
shortages, and then aggregate the amount of business
fixed investment for each group. The results show that

firms facing labor shortages have been taking a more
active stance toward investment in both tangible fixed
assets and software than those not facing labor
shortages (Chart 3).
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shows tangible fixed asset investment (excluding land purchasing
expenses) and software investment aggregated based on firms'
assessment of their employment level at the beginning of the fiscal
year using microdata from the Tankan. The figures for fiscal 2023
are forecasts from the June 2023 survey.

Second, we measure the impact of labor shortages
on investment depending on their degree, by
controlling business cycle components and other
factors, including business sentiment and firms'
perception of excess production capacity. Specifically,
we count the number of times a firm reported
"insufficient" employment in the Tankan during the
preceding eight quarters, and measure whether its
stance toward fixed investment differs according to the
degree of labor shortages. Smaller numbers indicate
that firms have been facing temporary labor shortages,
while larger numbers indicate chronic labor shortages.
We employ the degree of labor shortages and other
factors as explanatory variables and the ratio of
business fixed investment to sales as the dependent
variable. The results show that firms do not become
active in making tangible fixed asset investment
immediately when labor shortages are only temporary;
however, when labor shortages become acute and
prolonged, firms increase such investment in a non-
linear manner (Chart 4). Likewise, firms tend to
increase software investment when they face persistent
labor shortages.

Given these results, since labor market conditions
are highly likely to remain tight going forward, it can
be said that firms' potential demand for labor-saving




investment is large. However, the extent and pace at
which such potential demand will materialize depend
on factors such as the following: whether labor can be
replaced with capital (machines) in the first place, and
whether firms' appetite for investment is maintained
(whether their growth expectations are sustained and
improved). In the next sections, we examine the current
situation in Japan regarding these points.

[Chart 4] Labor Shortages and Business Fixed
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Note: Based on the Tankan. All industries and enterprises. The chart
shows the sensitivity of the investment to each dummy variable.
The dependent variables are the ratios of tangible fixed asset
investment (excluding land purchasing expenses) and software
investment to sales. Explanatory variables are as follows: dummy
variables for the number of quarters firms reported that they had
"insufficient” employment during the preceding two-year period as
well as firms' assessment of their business conditions, production
capacity, and financial positions. The estimation period is from
fiscal 2008 to 2022. *** and * indicate that the results are statistically
significant at the 1 and 10 percent levels, respectively, while the
broken line indicates that the result is not statistically significant.

Can Labor be Replaced with Capital
(Machines)?

The elasticity of substitution between labor and capital
shows the extent to which changes in the relative price
of labor and capital reflecting factors such as wage
increases could lead to substitution of capital for labor.®
An estimation using industry-level panel data shows
that the elasticity of substitution in Japan has increased
somewhat since the middle of the 2010s, as labor
market conditions have tightened, suggesting that
firms' efforts to make up for labor shortages with
capital have been spreading (Chart 5).” While this
trend has been seen in both manufacturing and
nonmanufacturing, the elasticity of substitution in
nonmanufacturing, which had been low, has shown a

somewhat considerable improvement. For example,
self-service cash registers have been introduced in
retailing and an automated check-in system has been
introduced in accommodation services, as labor market
conditions have tightened and labor shortages have
materialized in recent years; such progress has likely
led to an increase in the elasticity of substitution in
nonmanufacturing.

[Chart 5] Elasticity of Substitution between
Labor and Capital
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of capital to labor using industry-level panel data (all industries:
16 industries; manufacturing: 7 industries; nonmanufacturing: 9
industries). The legend shows the estimation periods. *** denotes
statistical significance at the 1 percent level.

However, the elasticity of substitution in Japan
obtained in our estimation is only in the range of about
0.2 to 0.3, although it has been rising somewhat in
recent years. Previous studies that estimated the
elasticity of substitution in Japan show similar results,
although their number is limited.® On the other hand,
the elasticity of substitution for the United States
obtained in many previous studies is around 1 --
although the results differ across studies -- indicating
that the elasticity for Japan is lower compared with the
United States.®

As explained, the elasticity of substitution has been
lower in Japan than in the United States, and firms'
efforts toward making labor-saving investment that
utilize digital technology have lagged behind, even
amid declining software prices due to progress in IT.
This may be attributable to firms' cautious investment
stance amid continued low growth on the demand side
and a lack of highly skilled personnel who can use
labor-saving software and machines on the supply side.
10 highly
sufficient skills to develop and use labor-saving

Paradoxically, skilled personnel with




software and machines is said to be necessary to replace
labor with machines.!* In other words, while labor-
saving investment replaces simple labor, it requires
highly skilled personnel; therefore, the keys to
increasing investment are whether such personnel can
be supplied and whether human capital will be
allocated appropriately (e.g., reallocated to the sectors
that are in need of highly skilled personnel). On this
point, it appears that, although the number of job
openings for highly skilled personnel has been on an
uptrend, they are not being filled due to labor
shortages. > Given that firms'
investment in the 7ankan recently has been falling far
short of their plans as a trend, it is possible that firms
have been unable to make as much progress with
digitalization as they had planned mainly due to labor
shortages (Chart 6).
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Note: Based on the Tankan. All industries and enterprises. Figures for

planned investment are those at the time of the December survey
of each year.

In addition, a limited decline in the relative price of
capital to labor compared with the United States seems
to have led to a delay in labor-saving investment in
Japan (Chart 7).1% In the United States, prices of capital
such as software have been on a declining trend and
wages have continued to rise, and thus the relative price
of capital have declined clearly.* In contrast, wages
had remained at around 0 percent in Japan since the
2000s, in a situation where people's mindset and
behavior based on the assumption that wages and prices
would not increase easily had been entrenched in
society. Consequently, a decline in the relative price of
capital to labor in Japan had been limited compared to
the United States, and the substitution of labor for

capital through this channel had therefore been
relatively difficult. In fact, first and foremost, the ICT
capital equipment ratio has been at a lower level in
Japan compared to the United States and other
countries, and its recent growth has also been quite
modest; this suggests that the accumulation of capital,
such as software, for labor saving has not progressed
sufficiently (Chart 8).
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Bond Trading Co., Ltd.; BEA; FRED.

Note: Relative prices are capital rental costs divided by hourly wages.
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Note: ICT capital is the sum of ICT equipment and software. The latest
year is 2018 for Japan and 2020 for the United States.

Such situation in Japan may be interpreted as
having large room for growth in labor-saving
investment. If the development of highly skilled




personnel will progress through increased investment
in human capital and reskilling, areas that can be
replaced with capital are expected to grow. In addition,
the labor market for regular employees in search of new
jobs has expanded in recent years, and it warrants
attention on whether the reallocation of human capital
will progress through increased mobility in the labor
market.’® As a result, a decline in the relative price of
capital to labor due to wage increases is expected to
stimulate demand for investment, leading to economic
growth.

Are Firms' Medium- to Long-Term
Growth Expectations Maintained?

Even amid firms' active labor-saving investment, if
they think that demand will decline in the future due to
the decreasing population, firms' growth expectations
will also decline; this will push down capital stock
required in a country as a whole, and may lead to firms
holding back investment.'® Therefore, firms' growth
expectations are the key in considering overall
developments in business fixed investment.

On this point, according to the Annual Survey of
Corporate Behavior released by the Cabinet Office --
targeting large firms (listed firms) -- the growth rate of
industry demand, which is considered to reflect firms'
growth expectations, has followed an improving trend
(Chart 9).%" The distribution of individual firms'
growth expectations obtained from compiling the
questionnaire information (microdata) of the survey
shows that a decreasing number of firms have had
pessimistic outlook such as continued negative growth,
suggesting that growth expectations of many firms
have been rising (Chart 10).

It is not easy to identify reasons why growth
expectations have been improving amid the declining
population. That said, there is a channel through which
labor-saving investment driven by intensifying labor
shortages has led to an improvement in corporate
profits and it is considered to have been mitigating the
impact of the declining population somewhat. In fact, a
calculation using microdata from the Tankan shows
that firms actively investing in labor-saving software
have been using capital more efficiently (Chart 11). In
addition, firms have been active in making investment
in view of the next generation including investment in
digital transformation and to address environmental
issues, and this has likely led to the improvement in
their growth expectations. ¥  Through these
developments, a virtuous cycle from income to
spending is expected to intensify.
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Note: Based on the "Annual Survey of Corporate Behavior." "Expected
growth rate" is the average of firms' forecasts of the real growth
rate of industry demand over the next five years. "Growth rate of
capital investment" is the average of the growth rate of firms'
planned fixed investment over the next three years. Shaded area
indicates the 20-80 percentile band of the expected growth rate.
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[Chart 11] Labor-Saving Investment and
Capital Efficiency
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Note: Figures are calculated by matching microdata from the Tankan
and the Ministry of Economy, Trade and Industry's "Basic Survey
of Japanese Business Structure and Activities." Firms with the
ratio of software investment (to total asset ratios) surpassing the
median are defined as "active," and those with the ratio below the
median as "reluctant." Changes in ROA (cumulative changes from
FY 2015 to FY 2021) shows the average.

Concluding Remarks

This paper examines the effects of Japan's declining
population on business fixed investment. The results of
our analysis using microdata from the Tankan show that
firms facing labor shortages tend to make active
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investment to address labor shortages appears to be
large.
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develop and use labor-saving machines and software,
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