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Abstract: This study investigated temporal changes in factor adjustment of the
Japanese manufacturing industry by applying a dynamic factor model, in which
labor and capital were quasi-fixed to a panel of industries from 1972 to 2012.
Estimations show that the adjustment speeds, with which factors approach their
optimum levels, have increased over the period. Particularly, factor adjustment
rates have significantly increased since 2000. The estimations suggest that
Japanese manufacturers have become more flexible in hiring workers and faster in
making investments, which reduces adjustment cost significantly. This dynamic
gain is ignored from static analysis, underestimating the benefit of labor market
reform. The study suggests that policymakers should consider dynamic factor
adjustment in assessing policy impacts accurately when implementing an industrial

policy.
Subjects: Economics; Macro economics; Labour Economics; Manufacturing Industries

Keywords: adjustment costs; dynamic duality; production; Japanese manufacturing

JEL Classification: C61; D20; J23; L60

1. Introduction

Until 1990, Japanese manufacturers hired workers mostly based on lifetime employment systems,
in which the manufacturers could enhance productivity by accumulating quality human capital.
When economic recession began in the early 1990s, the Japanese manufacturers started utilizing
fixed-term and temporary labor contracts to reduce labor costs. Currently, the Japanese govern-
ment attempts to boost the flexibility of the labor market, by promoting participation of female
and elderly workers in the labor market, and thus tackle problems emanating from the aging
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population and shrinking labor force problem (Jones & Seitani, 2019; Kondo & Shigeoka, 2017;
Oshio et al., 2018; Shambaugh et al,, 2017).

Meanwhile, Japanese manufacturers exercise caution while making investment decisions, which
require a long and diligent consensus building process among stakeholders. Japanese manufac-
turers with risk-averse behavior are stable, despite severe business cycles; however, they are slow
in adapting to changing business environments that require speedy investments to maintain
a competitiveness edge. Currently, Japanese manufacturers attempt to accelerate their decision-
making process while making investments. Further, the Japanese government has implemented
industrial policies to boost capital investments, especially by lowering corporate tax rates (Hasumi,
2014; Kim & Park, 2021; Mooij & Saito, 2014).

Against this background, this study empirically investigated temporal changes in the factor
adjustment of the Japanese manufacturing industry and sheds some light on this industry’s
changing business decision-making process.

This study adopted the adjustment cost approach, in which labor and capital are regarded as
quasi-fixed inputs, to examine the resource adjustment problem of the manufacturing industry.
Specifically, the study utilized an intertemporal value function, as represented by the Hamilton-
Jacobi equation, which denotes the present value of the stream of future profits. Following Epstein
(1981), the study obtained a system of dynamic factor demand and output supply equations by
applying a dual approach to the intertemporal value function while assuming labor and capital as
quasi-fixed inputs.! The study then estimated the system by utilizing industrial panel data for the
period 1972-2012 to investigate dynamic factor adjustment for the Japanese manufacturing
industry.

Researchers have applied a factor adjustment model to investigate the dynamic factor demand
for labor and capital (for example, Contreras, 2006; Hall, 2004; Hamermesh & Pfann, 1996; Howard
& Shumway, 1988), simulate the effects of changing factor prices on factor demands (Pindyck &
Rotemberg, 1983), and estimate dynamic productivity growth (for example, Luh & Stefanou, 1993;
Nadiri & Prucha, 2001; Rungsuriyawiboon & Stefanou, 2008).

Recently, Kim (2020, 2021) and Kim and Park (2021) used a factor adjustment model to
investigate the Japanese manufacturing industry. These studies provided some perspectives for
the dynamic production structure of the Japanese manufacturing industry.

Building on previous studies, our study applied the factor adjustment model to investigate
temporal changes in the Japanese manufacturing industry’s resource adjustment problem. For
this, we divided our industrial panel into three periods: 1972-1989, 1990-2000, and 2001-2012.
Furthermore, while our estimation model is nonlinear per se, we adopted the linear estimation
method. We estimated a reduced form of the estimation model, as it was not necessary to identify
all the coefficients in the model for the purpose of this study. This enabled us to avoid estimating
nonlinear estimations that are sensitive to model specification.

In our knowledge, this was the first time that linear estimation method was utilized to estimate
the system of nonlinear equations derived from the generalized Leontief production function.
Furthermore, we could find few studies that adopt the factor adjustment approach in investigating
dynamic factor adjustment in the Japanese manufacturing industry. Thus, this study can fill the
research gap in this significant topic.

Meanwhile, many studies investigated the relationship between labor market reform and recent
increase in labor market participation by elderly, female, and part-time workers in Japan. For
example, Jones and Seitani (2019) summarized government policies to tackle declining population
and aging labor force and resulting changes in the labor market. Kondo and Shigeoka (2017) and
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Oshio et al. (2018) found a positive association between the government policy of increasing pension
eligible age along with mandatory retirement age and the employment of elderly workers.
Shambaugh et al. (2017) reported that the expansion of child-care benefits and the liberalization of
the worker dispatch law have increased opportunities for women to remain and join in the workforce.

These previous studies investigated the impact of labor market reform on changes in the labor
market participation of population and the employment composition of labor force. However, few
studies examined the impact of the reform on factor adjustment process with which firms move
from one equilibrium to another as market environment changes. In this respect, this study can
provide empirical evidence that firms are benefitted from increased labor market flexibility with
reduced adjustment costs. This occurs because the more flexible labor market becomes, the
shorter firms operate in disequilibrium in their factor input mix.

The previous studies underscore an increased stability in the labor market provided by the
reform through expanded employment in woman and part-time workers. However, our study
shows that the reform shortens adjustment process with which firms adapt to changing market
environment. This benefits the economy by cutting disequilibrium cost occurring during the
transition period between steady states. This dynamic gain was ignored in a previous static
analysis in which factors are assumed to adjust toward the new equilibrium instantaneously.

Regarding corporate tax reduction, several studies investigated its impact on investment and
economy. For example, Hasumi (2014) showed that one percent reduction in capital income tax
rate would boost economic growth by about 1.1% annually. Kim and Park (2021) suggested that
providing a tax reduction as incentive to firms for raising wage boosted not only capital investment
but also employment. Mooij and Saito (2014) estimated that investment was expanded by about
0.4% for each point of the tax rate reduction, promoting economic growth.

These studies examined the impact of industrial policy on investment and economic growth for the
Japanese economy. However, our study focuses on the impact of government policy on the speed of
investment with which firms adjust to a new equilibrium when relative input prices change. Change in
managerial decision-making process over investment can affect the long-run trajectory of an econ-
omy, which lasts much longer than the direct impact of industrial policy itself. Our study can shed
some light on changing corporate culture resulting from a set of structural reform that the Japanese
government implemented to boost the competitiveness of manufacturing firms.

The estimations suggest that both labor and capital gradually move toward their long-run
optimum levels. The adjustment speed, with which factors approach their optimum levels,
increased throughout the sampling period. Particularly, factor adjustment rates have significantly
increased since 2000; the industry eliminates any disequilibrium caused by market fluctuations
much faster than before.

Our estimations suggest that Japanese manufacturers have become more flexible in hiring
workers and faster in making investments. This change reflects a firm’s response to new business
environments, including shrinking labor force and development of information technology (IT).
Further, this change is facilitated by the Japanese government, which has pursued industrial
policies to enhance labor market flexibility and boost investments in its manufacturing industry.

This study is organized as follows. Section 2 provides a theoretical background for the dynamic
dual model and provides the functional form of the estimation model. Section 3 discusses the data
and estimation results. Section 4 presents the conclusions.

2. Theoretical framework
In a factor adjustment model, a firm suffers a short-run output loss when it changes a stock of

quasi-fixed input. Thus, a typical production function includes investment as an argument, along
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with the usual factor inputs. Drawing on Kim (2020, 2021), we assume production factors consist of
both variable and quasi-fixed inputs.

y= F(M,K, k) (1)

where y is the output produced by variable intermediate input M, a vector of a quasi-fixed factor K,
allowing for a portion of output appropriated for net investment. Adjustment costs imply sluggish
input adjustments because it is costly to change stocks quickly rather than slowly, and such
sluggishness could be construed as a form of asset fixity. In the production function (1), labor
and capital are considered quasi-fixed because adjusting the stock of these factors involves some
adjustment cost. From this, we can analyze the speed of adjustment if the factor inputs reveal
quasi-fixity.

If there are adjustment costs associated with quasi-fixed inputs, a firm’s problem can be
represented by a value function (Epstein, 1981; McLaren & Cooper, 1980). A perfectly competitive
firm maximizes the current stream of future profits over the infinite time horizon at a base period t,
the intertemporal value function can be written as follows:

J(P.V.C.r. k) = mox [ e"s{PF(M, K, k) — VM- C’K}dt 2)

subject to t <5 < co,M,K >0, K; =I; — K;_1, and K(t) = k > 0.

In the value function, P is the price of output F(:), V is the price of variable input M, C is the rental
price vector of the quasi-fixed input K, r is the real discount rate, and I is the gross investment in K.
& is the constant depreciation rate, k is the initial endowment of K, K is the net change in K, and t is
the time trend denoting technical progress. Time subscript t is dropped for brevity, even though all
variables are implicit functions of time.

The value function J(-) represents the optimal value of problem (2) when an interior solution
exists. The value function is the long-run profit function for the competitive firm, denoting the
maximized sum of discounted profit flow over the entire planning horizon. To ensure the solution,
we needed the regularity assumption that the production function F(-) is twice continuously

differentiable and concave. We further assumed that F;<0, tlim K(t) =0, and that J() is twice

continuously differentiable, convex in prices and concave in quasi-fixed inputs.

The dynamic optimization problem (2) can be replaced with a sequence of static optimization
problems linked over time, assuming the firm expects prices denoting the actual market at time
t to persist indefinitely. Therefore, decisions made in period t are based on information available in
that period, which contains all relevant information about future prices. Thus, the static optimiza-
tion problem can be defined by the Hamilton-Jacobi equation:

rI(P,V,C,k,t) = Max{PF(M, K, K) —V'M — CK + K + Jt} 3)

With the Hamilton-Jacobi equation, the dynamic problem in (2) is converted into a more
manageable form. Particularly, the value function is identified as the discounted present value of
the current profit plus the marginal value of the optimal change in net investment. According to
Epstein (1981), the properties of F(-) are fully expressed in the value function J(-) if the regularity
conditions on F(-) are satisfied, establishing a dynamic duality between F(-), J(-), and rJ(:). The
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dynamic factor demand and supply functions can be derived by applying the envelope theorem to
the Hamilton-Jacobi equation (3) as follows:

F(P,V,C.k,t) = rJp — Jip — Jip (4)
M(P,V,C,k,t) = —rJy + Jyy + Jnv (5)
K(P,V,C, k,t) = i (rde + K — Jic) (6)

In addition to its regularity properties, the value function is assumed as affine in capital for
consistent aggregation across firms, satisfying Jix = O (Blackorby & Schworn, 1982). Furthermore,
the value function must have a form such that Ji. is not a function of prices, which allowed us to
express the net demand for quasi-fixed inputs in the flexible accelerator form. The restriction on Jy,
also facilitates the determination of the curvature properties of the production technology.
However, the convexity of J in prices is sufficient for the existence of the curvature properties if
Jy is linear in price (Epstein, 1981).

In the estimation, we employed a modified general Leontief function to specify the value
function, because the Leontief function satisfies the above requirements and maintains linear
homogeneity in prices and concavity in quasi-fixed inputs. We defined the modified generalized
Leontief function as follows:

1

J(P,V,C,k,t) = [PV]AK + CB 'K + [va%] EC} 1+ CY2'FCV2 1 [pl2yv2)Gpt2vi2| hipyC) (7)

In the function, P is the output price; V is the material price; K is a (2x1) vector of quasi-fixed factors,
where k; is the number of employees and k; is fixed capital asset; C is a (2x1) vector of corresponding
rental prices, including wage rate and capital rental rate; and t represents the year. Parameters A, B2,
E, G, and F are each (2x2) matrix, and H is a (1x4) vector denoting disembodied technical change.

The optimal net investment demand vector (6) is consistent with the multivariate flexible
accelerator model with a constant adjustment coefficient.

3. Data and empirical results

3.1. Data and variables

We used data from the Japan Industrial Productivity (JIP) Database 2015 that represents
a balanced panel of Japanese manufacturing industries and compiled a panel of 52 manufacturing
industries for the period 1972-2012, from which we constructed all the variables required for the
estimation. We started the sample period from the early 1970s, when Japanese manufacturing
emerged and started dominating the world with successful structural reforms after the oil shocks
in the 1970s. Thus, the sample encompassed the dynamic adjustment of the Japanese economy’s
manufacturing sector through the booms in the 1980s, structural transformation after the eco-
nomic bubble burst in the early 1990s, IT innovation in the 2000s, and two quantitative easing
monetary policies before and after the global economic crisis in 2007.

For the estimation, labor inputs (k1) were proxied by the number of employees, capital stock (k;)
was given by the real amount of tangible fixed assets, intermediate goods (M) were measured by the
total value of intermediate input, and the total value of output (Y) was used for output. Both labor and
capital were augmented by the respective quality indices in the database to account for embodied
technical change.? The quality of employment was estimated as the weighted average composition
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of employees based on gender, education, age, and employment status (full-time vs. part-time) with
weights derived from the ratio of compensation paid to each category of employees. Similarly, the
quality of capital stock was estimated by the value-augmented capital stock with values defined by
the average shares of compensation paid for specified capital stock components.

Wage rate (c;) was constructed to denote labor price by dividing the total labor cost by the number
of employees.? The rental price of capital (c;) was used for capital price, and material costs (v) and
output price (p) were represented by the intermediate input deflator and output deflator, respectively.
All prices were changed into price indices with their 2000 prices equaling to ones. All nominal
variables were converted into 2000 constant prices using deflators obtained from the JIP database.

3.2. Parameter estimation and hypothesis test

Table 1 presents the coefficient estimates obtained by applying the three-stage least square
estimation method to the system of equations (4), (5), and (6). While our estimation model was
nonlinear per se, we adopted the linear estimation method as identifying all the coefficients in the
model was not necessary for our purpose, and nonlinear estimations are sensitive to model
specification. Following previous studies, we assumed a constant real discount rate of 4%. We
divided the full sample into three sub-samples: 1972-1989, 1990-2000, and 2001-2012, allowing
for severe dynamic changes that occurred during the sampling period, which can be best captured
by using separate estimations.* The sample periods were chosen while considering the burst of the
Japanese economy bubble in the early 1990s, which ensued an economic stagnation called The
Lost Decade and the subsequent road to economic recovery. An empirical estimation also con-
firmed the change in regime in those periods.

In estimation, various panel data models were used to find the model that best fits the dataset.
We used both the Akaike information criterion (AIC) and the Bayesian information criterion (BIC) to
compare the performance of various models and choose a model with an industry dummy. Also,
we included lagged exogenous variables as instruments to improve efficiency.

For all the estimations, approximately two-thirds of the coefficient estimates were statistically
significant at the 5% level, and all the significant estimates were mostly significant at the 1% level.
Further, more than half of those insignificant estimates became significant at the 10% level. The
estimation model accounts for almost all the total variation in the two equations, with the R? for
the output supply and intermediate input demand for every period. The model accounts for about
35-72% and 48-73% of labor demand and capital demand variations, respectively.

Table 2 presents hypothesis tests for the Japanese manufacturing industry’s dynamic nature of
factor demand along with tests for its technological progress. All the tests are nested on the full
model, and symmetricity of the value function is assumed by utilizing the likelihood-ratio test.

Instantaneous adjustment of labor and capital was tested to determine whether quasi-fixed
factors move to their desirable levels instantaneously; instantaneous adjustment of labor (capital)
arises not only when M;; = —1 (M,; = —1) but also when My; = My; = 0. The null hypothesis of
instantaneous adjustment was rejected for both factors for every period, suggesting a dynamic
adjustment of the factors throughout the sampling period. Therefore, the tests confirmed that the
factors are not variable inputs for the Japanese manufacturing industry.

Meanwhile, independent adjustment occurred when each quasi-fixed input adjusted to its
optimum level independently. For every period, the null hypothesis of independent adjustment
of labor with M;; =0 was rejected at the 5% significance level; however, the null hypothesis of
independent adjustment of capital with M,; = 0 could not be rejected at the 5% significance level.

The null hypothesis of no technical change, H; =0 for i = 1, 2, 3, and 4, was rejected for every
period; that of no disembodied technical change in labor, H; = 0, was rejected only for the first
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Table 1. Coefficient estimates of dynamic factor demand for Japanese manufacturing industr

Model

Equation | Variable 1973-1989 1990-2000 2001-2012

y c1/p 103.97 (7.525) 223.66 (14.72) 142.42 (21.06)
Co/p 65.53 (15.22) -114.72 (26.53) 24.01 (25.89)*
v/p 30.46 (8.614) 120.44 (24.77) 120.47 (37.29)
Ky — K, 1.522 (2.279)* 10.02 (2.223) -23.76 (2.734)
Ky — Ky 1.344 (0.203) 0.013 (0.202)* -1.314 (0.225)
rt—1 4,174 (0.177) 0.865 (0.261) -1.070 (0.511)
Const. -326.88 (13.84) -70.82 (20.41) 81.55 (40.18)
R? 0.948 0.992 0.981

m ci/v 62.05 (4.575) 115.65 (11.53) 55.82 (15.83)
Colv 35.01 (9.361) -72.46 (21.07) 24.08 (17.89)*
p/v -32.35 (3.153) 1.235 (18.56)* 17.24 (22.73)*
Ky — Ky 1.021 (1.450)* 7.487 (1.797) -11.76 (1.760)
Ky — Ky 0.839 (0.129) 0.082 (0.164)* -1.343 (0.145)
rt—1 2.369 (0.113) 0.441 (0.210) —-0.660 (0.331)
Const. -182.73 (8.930) -32.22 (16.89)* 53.72 (26.57)
R? 0.953 0.990 0.981

K, c1/cy 0.423 (0.076) 2.144 (0.748) 2.589 (0.251)
cylcy -0.024 (0.014)* 0.067 (1.909)* -0.662 (0.237)
p/cq 0.032 (0.027)* 4.488 (4.708)* -1.093 (0.849)*
p/cy -0.534 (0.264) -5.436 (5.094)* 2.940 (1.757)*
v/cq —0.044 (0.055)* —2.472 (4.825)* 2.825 (0.974)
v/cy -0.194 (0.353)* 3.140 (5.008)* -6.859 (1.841)
K11 -0.124 (0.013) -0.169 (0.019) -0.357 (0.030)
Kz -1 —-0.001 (0.001)* -0.003 (0.002)* 0.000 (0.002)*
rt—1 0.018 (0.003) 0.006 (0.007)* —-0.003 (0.009)*
Const. -0.547 (0.583) -0.547 (0.583)* 0.310 (0.690)*
R? 0.352 0.721 0.475

K, c1/cy 3.521 (0.781) 29.418 (8.808) -0.432 (3.361)*
Colcy -0.017 (0.142)* 1.803 (22.49)* 1.081 (3.178)*
p/cq -0.223 (0.269)* -161.08 (55.44) -14.09 (11.39)*
p/c, -6.926 (2.669) 147.54 (59.93) 22.80 (23.57)*
v/cy 0.593 (0.552)* 197.04 (56.82) 17.46 (13.07)*
v/cy -1.645 (3.612)* -172.39 (58.90) -16.45 (24.69)*
K1t 0.266 (0.136) -0.130 (0.218)* 1.378 (0.404)
Kat-1 -0.077 (0.006) -0.102 (0.020) -0.173 (0.022)
rt—1 0.440 (0.028) 0.100 (0.082)* -0.436 (0.116)
Const. -34.275 (2.197) -9.096 (6.787)* 34,53 (9.254)
R? 0.728 0.648 0.482

Notes: *Except those denoted by star, all the variables are statistically significant at the 5% significance level.
Standard errors are in parentheses. All the models include industry dummy as fixed effects.

period; and that of no disembodied technical change in capital, H, = 0, was rejected significantly
only for the second period. Test results suggest that the Japanese manufacturing industry has had
a disembodied technical change in capital since 2000.

Page 7 of 13



Kim, Cogent Economics & Finance (2022), 10: 2122191 *’;‘ Cogent Py economics & ﬁ nance

https://doi.org/10.1080/23322039.2022.2122191

Table 2. Hypothesis tests of production structure for Japanese manufacturing industry

Period
1973- 1990- 2001- Critical
Null hypotheses 1989 2000 2012 value

Instantaneous adjustment 1399 651.7 309 X0 =6.63
of labor: r+ By = —
Independent adjustment 7.14 6.59 11.85 Yo =6.63
of labor: Bi; =0
Instantaneous adjustment 2640 670.7 11.84 X3 =6.63
of capital: r + By = —1
Independent adjustment -15.75* 0.92* 613.3 X3 =6.63
of capital: B;; =0
No technological change 438 11.18 14.78 Yo =133
Hi=0, i=1,234
No disembodied technological 57.94 2.06* 0.14* X201 =6.63
change in labor: H; =0
No disembodied technological 323.3 2.46% 13.17 X201 =6.63
change in capital: Hy =0

Notes: *Except those denoted by star, all the null hypotheses are rejected at the 5% significance level.

3.3. Temporal changes in factor adjustment

Table 3 presents the adjustment rates for labor (M;1; = By; +r) and capital (My; = By, + r) across
the sample periods. The adjustment rates for labor and capital are estimated as negatively
significant for all periods, ensuring the dynamic stability of the estimation model. The rates are
also significantly different from —1, indicating that both labor and capital were slow in moving
toward their steady-state levels. The estimates suggest that the number of employees and capital
stock approached 12.4-35.7% and 7.7-17.3% annually to their long-run optimal levels,
respectively.® This implies that both factors are not only quasi-fixed in nature but are also under
constant disequilibrium.

Estimations show that adjustment rates changed significantly across the sampling periods. The
adjustment rate for labor changed from approximately —0.124 in 1973-1989 to —0.169 in 1990-
2000 and then to —0.357 in 2001-2012. Thus, labor approached its long-run equilibrium level
annually by 12.4%, 16.9%, and 35.7% in 1973-1989, 1990-2000, and 2001-2012, respectively. This
shows that the speed of labor adjusting to its optimal level steadily increased throughout the
sampling periods. Particularly, the speed of adjustment drastically increased from 2000 and more
than doubled from 1990-2000 to 2001-2012.

To illustrate temporal changes in factor adjustments, Figure 1 depicts the adjustment speed of
labor (green) and capital (red) across the periods. Noticeably, the adjustment rates increase for
both labor and capital throughout the sample period. The adjustment rates change more signifi-
cantly in labor compared with capital, and both rates have increased greatly since 2000.

Our estimations suggest that, over the years, Japanese manufacturing firms have been adjust-
ing their employment to changing market environments much faster than before and are currently
adopting a relatively more flexible employment system to reduce labor costs under severe inter-
national competition. Over the years, firms have utilized more fixed-term labor contracts instead of
life-time contracts. Further, they hire temporary workers extensively to satisfy the labor demand.
Until 1990, long-term employment had been the norm; however, over the years, it has been
replaced by flexible employment systems, which has become significant and prevalent since 2000.
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Figure 1. Temporal changes in
factor adjustment in the
Japanese manufacturing
industry.

Table 3. Coefficient estimates of adjustment matrix and its eigenvalues for Japanese manu-

facturing industry for selected periods

Note: Vertical axis represents
the absolute values of factor
adjustment rates.

Period
Adjustment matrix 1973-1989 1990-2000 2001-2012
My (=r+B) -0.1242 -0.1687 -0.3567
M, —0.0009* -0.0027* —0.0005*
Ma, 0.2665 -0.1301* 1.3776
Mas(= 1+ Byy) -0.0770 -0.1021 -0.1726

Notes: *Except those denoted by star, all the coefficients of adjustment matrix are significant at the 5% significance
level.

The Japanese government has pursued various industrial policies to enhance the flexibility of the
labor market, such as the labor market reform to increase the participation of female and elderly
workers in the labor market and thus offset the shrinking labor force. Our study shows positive
government policy impacts on enhancing labor market flexibility. However, an increased use of
information communication technology (ICT) has helped improve the efficiency of the labor
market since 2000. The technology enhances matching between firms and workers, reducing the
frictional time of jobseekers (Raja et al., 2013; Valberg, 2020).

The Japanese government has raised the eligibility age for public pension benefit and required
firms to employ workers until they become eligible for the benefits. The government also expanded
child-care benefits and liberalized the worker dispatch law to enhance labor market participation
of women and part-time workers. In this regard, recent studies suggested that the government
policy has been a main driver of increased labor market participation of elderly, female, and part-
time workers (Jones & Seitani, 2019; Kondo & Shigeoka, 2017; Oshio et al., 2018; Shambaugh et al.,
2017). Our estimations are consistent with these studies.

However, our study focuses on changing trend of dynamic adjustment process that is supported
by changing government incentives and labor market environments. In this sense, our study is
fundamentally dynamic compared with previous studies that focused on employment composition
at any given time.

The adjustment rate for capital changed from approximately —0.077 in 1973-1989 to —-0.102 in
1990-2000 and then to —0.173 in 2001-2012. Thus, capital approaches its long-run equilibrium

0.4

M Labor MW Capital

1973-89 1990-00 2001-12
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level annually by approximately 7.7%, 10.2%, and 17.3% in 1973-1989, 1990-2000, and 2001-
2012, respectively. The speed with which capital fills its disequilibrium gap has increased steadily
and greatly. Noticeably, the adjustment speed has drastically increased since 2000.

Estimations show that Japanese manufacturing firms have fastened their investments’ decision-
making processes throughout the years. We noticed that, compared with the adjustment speeds of
labor, adjustment of capital is much slower due to capital lumpiness. This is because capital is much
more expensive than labor, and investment decisions require a time-consuming, long-term plan.

Our estimations suggest that, since 2000, Japanese manufacturing firms have accelerated their
investment speed to meet rapidly changing business environments. The emergence of the ICT
(information and communication technology) industry accelerated the investment decision-
making process because of the fast-moving industry, which requires speedy investments to sustain
competitiveness. Increased use of ICT enables firms to make speedy adjustment in physical capital
by facilitating the decision-making process that requires collecting information and coordinating
between stakeholders. Also, to leverage ICT investment successfully, firms must make large
complementary investments and innovate in areas such as business organization, workplace
practices, human capital, and intangible capital (Spiezia, 2012: 202).

Additionally, the Japanese government has pursued various industrial policies to enhance the
investment of its manufacturing firms. Particularly, the government reduced the capital tax rate
greatly to boost firms’ investments. Our estimations confirmed the positive impacts of government
policy in boosting investments.

4. Conclusions

This study applied a factor adjustment model to investigate temporal changes in the Japanese
manufacturing industry’s resource adjustment problem. Estimations show that the speed of labor
adjusting to its optimal level steadily increased throughout the sampling periods. Particularly, the
speed of adjustment increased drastically from 2000.

Our estimations suggest that, over the years, Japanese manufacturing firms have moved from
long-term employment systems to flexible employment systems, under which they hire fixed-term
and temporary workers more extensively than before. This change is supported by the Japanese
government’s policy, which has enhanced the labor market participation of female and elderly
workers to tackle the shrinking labor force problem. Regarding capital adjustment, the speed of
adjustment has also increased steadily throughout the years, with a drastic increase after 2000.

Estimations show that Japanese manufacturing firms have increased their investment speed to
match rapidly changing business environments. ICT has helped accelerate the decision-making
process since 2000, and within the emerging ICT industry, speedy investment is also necessary to
sustain competitiveness. This change is also supported by the Japanese government, which has
reduced corporate tax rates greatly to boost capital investments.

The Japanese government has implemented various policies to reform its labor market to tackle
aging population and shrinking labor force. Recent studies suggested that the government policy
has increased labor market participation of elderly, female, and part-time workers. Compared with
these studies, however, our study focuses on changing trend of dynamic adjustment process that
is supported by changing government incentives and labor market environments.

In this respect, our study suggests that firms can reduce adjustment costs when labor market
flexibility is enhanced. This is because the more flexible labor market becomes, the shorter firms
operate in disequilibrium in their factor input mix. This benefit is fundamentally dynamic, lasting
over a period until a new equilibrium reaches when market environment changes. This dynamic
gain is ignored from previous static analysis as firms are always assumed to be in equilibrium.
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Thus, our study suggests that the benefit of labor market reform is underestimated if this dynamic
gain is not considered.

The study suggests that policymakers should consider dynamic factor adjustment in assessing
policy impacts accurately when implementing industrial policies that affect output supply and
factor demand. Furthermore, the government should apply policy measures to facilitate a change
in corporate behavior to be favorable for labor market flexibility and speedy investment. This helps
to make firms remain competitive under the market environment characterized by globalization
and ICT revolution.

Further study is required to confirm increased factor adjustment for the Japanese manufactur-
ing industry. One future pursuit is using firm-level data to analyze the dynamic adjustment of
individual firms, instead of the aggregate industry, represented more by the behavior of large firms
that are more likely to maintain overemployment of quasi-factors than small and medium
enterprises.

Our study suggests that business decision-making regarding employment and investment has
changed to become more flexible and faster throughout the years. This results from both govern-
ment industrial policy and changing economic environment like increased use of ICT and deepen-
ing globalization. To investigate actual changes occurred in corporate firms would make an
interesting topic for future study. This might require close observation of business practices and
field survey of managers who are engaged in firm’s decision-making process.

Finally, the Pandemic (COVID-19) creates various consequences and effects on corporate beha-
viors. In this regard, it would be interesting to see how corporate behaviors in the pre- and post-

COVID affect dynamic factor adjustment.
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Notes

1. Behavioral equations can be obtained either primarily
from the first-order optimization conditions of the
Hamilton-Jacobi equation (Berndt et al., 1981;
Treadway, 1970) or dually by applying the envelope
theorem to the equation (Epstein, 1981; Epstein &
Denny, 1983; McLaren & Cooper, 1580)

2. Disembodied technical change is captured by vector H
in the value function (6).

3. In the JIP database, there are two variables represent-
ing the total labor costs: compensation to employees

and total labor cost. Of the two, the total labor cost is
used here to calculate wage rate because this paper is
interested in the dynamic adjustment of labor
demand. However, the two variables are highly corre-
lated, with a correlation coefficient of 0.972. The two
variables do not make any difference to the
estimation.

4. Estimations based on the whole sample can be
obtained from the author upon request.

5. To check the robustness of estimates, future discount
rates that are lower by 1% and reflect low Japanese
interest rate were used in the estimation without any
discernable change in adjustment rates.
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