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Abstract

The main objectives of a minimum wage are to ensure that low-wage workers have appropriate
earnings and to reduce inequality. However, there is an active debate as to whether minimum
wages improve productivity. This study presents evidence on the relationship between minimum
wages and productivity using regional and firm-level panel data for Japan, where statutory
minimum wages are determined at the prefecture-level and revised annually. The estimation

results do not reveal evidence that an increase in minimum wages improves productivity.
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Minimum Wages and Productivity: Evidence from Japan

1. Introduction

The main objectives of setting a minimum wage are to ensure that low-wage workers have
appropriate earnings and to reduce inequality. However, recently, the role of minimum wages in
improving productivity is under active debate. This study aims to present evidence on the
relationship between minimum wages and productivity using regional and firm-level panel data
for Japan, where statutory minimum wages are determined at the prefecture-level.

Numerous studies examine the impact of minimum wages on employment, although the
literature has not yet reached a consensus (see Manning, 2016 and Neumark, 2017, 2018, for
recent surveys).! One possible reason behind the insignificant effect of minimum wages on
employment, among other things, is firms’ efforts to improve productivity to avoid a negative
impact on their employment. Several studies analyze this productivity-enhancing effect (within-
firm effect) of the introduction of national minimum wages in the UK (e.g., Draca ef al., 2011;
Georgiadis, 2013; Riley and Bondibene, 2017), but the results are mixed. In addition, since labor
market institutions differ by country, it is difficult to draw general conclusions from studies on
the national minimum wages in the UK only.

Another possible mechanism through which minimum wages improve aggregate productivity
is the reallocation effect through the exit of unproductive low-wage firms that cannot survive
under the wage cost pressure. Machin and Wilson (2004) and Draca et al. (2011) for the UK and
Aaronson et al. (2018) for the US conduct representative studies exploring this possibility.
Aaronson et al. (2018) provide evidence supporting the reallocation channel, but Machin and
Wilson (2004) and Draca et al. (2011) do not find evidence of increasing exits of low-wage firms
after the introduction of a national minimum wage. In short, minimum wages may improve
aggregate productivity through the within-firm and reallocation effects, but the empirical
evidence is limited and the conclusions are diverse.

In Japan, minimum wages rose continuously during the last decade. Minimum wages in Japan

! Empirical studies on the impact of minimum wages on employment in Japan include those by
Kawaguchi and Mori (2009) and Kambayashi ef al. (2013), both of which find a small negative
effect on employment.
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are determined at the regional level and there is a significant variation among prefectures.? For
example, in 2018, the highest minimum wage (985 yen in Tokyo) was about 30% higher than the
lowest wage (761 yen in Kagoshima). Figure 1 depicts the means and standard deviations of the
minimum wages within the prefectures during the last two decades. The figure indicates an
increasing trend in the mean minimum wages and expanding dispersion of minimum wages
among regions, particularly since 2007.% By exploiting the regional and time-series variations of
minimum wages, this study presents evidence on the relationship between minimum wages and
productivity. The analysis uses prefecture- and firm-level panel data. The key finding of this study
is that we detect no positive impact of an increase in minimum wages on productivity. If anything,
we observe a small negative impact on labor productivity at the firm level.

The rest of this paper proceeds as follows. Section 2 explains the data used and the method of
analysis in this study. Section 3 reports the estimation results and Section 4 concludes with the

implications of our findings.

2. Data and Methodology

We apply a standard panel regression model to the relationships between prefecture-level
minimum wages and (1) the labor productivity (LP) of the prefectures and (2) the labor
productivity and total factor productivity (TFP) of firms. Following prior studies on the impact of
minimum wages, we divide the nominal minimum wages by the mean wages in the prefectures
(denoted as MW) and use this as the main variable, which is a variant of the Kaitz index. We use
this index because we should evaluate the severity of minimum wages for employers relative to
the prevailing wages in the local labor markets. We source the mean wages by prefecture from
the Basic Survey on Wage Structure published annually by the Ministry of Health, Labor and
Welfare.

In the prefecture-level analysis, we calculate LP from the Annual Report on Prefectural
Accounts (Economic and Social Research Institute, Cabinet Office) for the fiscal years from 2006
to 2015. We selected this sample period simply because the data based on the 2008 System of

National Accounts are currently available only for these years. We divide the real gross prefectural

2 Japan has 47 prefectures.
% In 2007, the Minimum Wage Act was revised to ensure a balance with welfare benefits.
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products by the number of individuals working in the prefecture and convert this into the natural
logarithm for use as the measure of LP.

The baseline estimation method is a simple fixed-effects model (equation (1)), where the index
of MW defined above is the main explanatory variable. We use the prefecture fixed-effects (yp),
year fixed-effects (A), and LP in the previous year (LP.;) as control variables (subscript , denotes

prefecture).

LPpi = Bo + BIMWpi + BoLPpit +yp + A + &t (1)

In addition to the baseline regression, to address a possible issue with endogeneity in MW, we
conduct a dynamic panel regression (system GMM) for a robustness check.* In these prefecture-
level regressions, the estimated coefficient for MW reflects both the productivity changes in
individual firms (within-firm effect) and the reallocation effect through exits of inefficient firms.

In the firm-level analysis, we estimate the relationship between productivity of firms and the
regional minimum wages for the firms’ locations. We use micro data from the Basic Survey on
Japanese Business Structure and Activities (BSIBSA) conducted by the Ministry of Economy,
Trade and Industry for the fiscal years of 2001 to 2017 to construct firm-level panel data.

The BSIBSA contains the official statistics for all Japanese firms with 50 or more regular
employees whose paid-up capital is 30 million yen or over that are engaged in the mining,
manufacturing, electricity and gas, wholesale, retail, and selected service industries.
Approximately 30,000 firms are surveyed every year. As the BSJBSA is a fundamental statistical
survey designated as such by the Statistics Act, firms have an obligation to report. The BSJBSA
contains key financial information about the respondent firms (e.g., sales, costs, profits, book
value of capital), the number of employees, number of establishments, R&D expenditure, and so
on. Empirical studies on productivity within Japanese firms frequently use the BSJBSA.

Since this study uses the prefecture-level MW as the main explanatory variable, it is
inappropriate to use data on firms operating in multiple prefectures. Unfortunately, the BSJIBSA
does not identify the location of establishment of the firms, so we use data only for single-

establishment firms (about 20% of the observations).

4 We conduct the two-step estimation using STATA’s xtabond2 command. We use the two- and
three-year lagged values of the endogenous variables (LP and MW) in the estimation, although
the result is essentially unchanged by using different lag lengths.
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In the firm-level analysis (equation (2)), LP and TFP are the dependent variable (yi,) and MW
is the main explanatory variable. We add firm fixed-effects (yi), year fixed-effects (A,), the lagged
value of the dependent variables (yip-1), and firm size (Sizei: log number of employees) as control

variables (subscript ; denotes firm).®

Yipt = BO + BIMWpt + BZyipt-l + BSSiZCit +yit At Eipt (2)

We calculate firms’ LP; that is, value-added per hour, as the firms’ value-added divided by the
total hours worked and express the value in logarithm form, where value-added is the sum of the
operating profit, rent, wages, depreciation, and paid tax. However, since data on working hours
at the firm-level is unavailable in the BSIBSA, we use industry-level data on working hours from
the Basic Survey on Wage Structure to estimate total hours worked. Specifically, we calculate the
total hours of firms as the sum of the number of full-time employees multiplied by their (industry-
level) working hours and the number of part-time employees multiplied by their (industry-level)
working hours. We deflate the value-added by the price index taken from the National Accounts
(Economic and Social Research Institute, Cabinet Office).

We calculate TFP as a cost-share-based index number using value-added, the book value of
capital, total hours, and the cost shares of capital and labor. We compute the input (capital and
labor) and output (value-added) of a representative firm in the base year (2001) as the geometric
means of these values for all firms in the same three-digit industry, and the cost shares of labor
and capital as the arithmetic means. We calculate the TFP for each firm in each year relative to
the representative firm in the base year.® The total hours are the same as the denominator of LP.
We deflate the value-added and the book value of capital by the price indices taken from the
National Accounts.’

In addition to the productivity analysis, we estimate the same specification for profitability

(ROA}) and investments (INVj). ROA is the current profit divided by total assets and INV is the

® Although we apply the system GMM estimator for the firm-level data set, since the result does
not pass the AR(2) test and the Hansen test of over-identification, we report only the fixed-effects
estimation results.

® For the cost-share-based TFP index, see, for example, Syverson (2011). Existing studies
frequently apply this approach the BSIBSA data (e.g., Fukao and Kwon, 2006; Morikawa, 2015,
2019).

" The results are essentially unchanged if we use nominal LP and TFP.
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tangible investment divided by the stock value of tangible assets at the end of the previous fiscal
year. The purpose of these supplementary regressions is to detect whether firms absorb the
increase in labor costs induced by the minimum wage hike by reducing profit or investment.®
Obviously, in these firm-level regressions, the estimated coefficient for MW does not include the
reallocation effect.

The impact of the minimum wages should be strong for firms with a large share of low-wage
employees. Non-standard workers such as part-time and temporary workers generally receive
lower wages than standard (full-time regular) workers do. To capture this heterogeneity, we add
the interaction terms of MW with the ratio of non-standard employees as an additional explanatory

variable (equation (3)).

Vit = Po + BiMWp + B2M W, *Non-standard; + BsNon-standardi + Bayipt-1

+ BSSiZCit +vi+ A+ Eipt (3)

We should note that all of the flow variables in the data sets are those for fiscal years (from
April to March). On the other hand, statutory minimum wages are revised annually, and are
usually applied in early October.® In this study, we analyze the relationship between the annual
MW set in October of the previous year and the productivity of the fiscal year starting from April
of the current year. This means that the estimations account for approximately a six-month lag in
the analysis of the impact of MW changes on productivity.

Table 1 presents the summary statistics of the variables.

3. Results

Column (1) of Table 2 reports the baseline fixed-effects estimation result for the prefecture-
level data. The coefficient for MW is negative and statistically insignificant. The dynamic panel

estimation result confirms the insignificant impact of the minimum wage on regional labor

8 We also applied the equation to employment within firms, and the coefficient for MW was
insignificant.

® Specifically, the start date of the revised minimum wages differs by prefecture. However, the
difference in timing is less than a month.
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productivity (column (2)).

Table 3 presents the fixed-effects estimation results for firm-level data. When we use LP as the
dependent variable, the coefficient for MW is negative and statistically significant at the 5% level
(column (1)). The coefficient is negative but insignificant when we use TFP as the dependent
variable (column (2)). The negative coefficients for MW are surprising, as we expected positive
or insignificant coefficients. Although we do not have a definitive interpretation, a possible reason
for the significantly negative coefficient in the LP estimation is the reduction in investments
arising from suppressed profitability, as we report later. However, the impact is quantitatively
small: a one standard deviation increase in minimum wages is associated with about a 0.7
percentage point lower LP.

Columns (3) and (4) of Table 3 report the regression results when we include the interaction
term of MW and the ratio of non-standard employees. For LP, the coefficient on the interaction
term is negative and significant at the 1% level, suggesting a large negative impact of MW for
firms employing many low-wage workers. However, the coefficient on the interaction term is
insignificant in the TFP estimation.

We provide the fixed-effects estimations to explain ROA and INV in Table 4. The coefficients
for MW are negative and significant for both ROA and INV (Columns (1) and (2)). The negative
impact of MW on firm profitability is consistent with prior findings by Draca et al. (2011) and
Bell and Machin (2018). On the other hand, the negative association of MW with investment is
in contrast with a prior study that finds a substitution of labor with capital in response to the
minimum wage hike (Harasztosi and Lindner, 2019). A natural interpretation is that an increase
in MW squeezes firm profit, and consequently, reduces their investment.

However, when we include the interaction term of MW with the ratio of non-standard
employees (Columns (3) and (4)), the coefficient is negative but insignificant in the ROA
estimation and is positive and marginally significant in the investment estimation. The
profitability and investment of firms that are likely to be exposed to minimum wages do not
necessarily face a severe effect from the minimum wage hike.

Although the relationship between MW and investment is inconclusive, the bottom line of the
analysis is that we do not observe a positive impact of MW on productivity, at least in the short

run.

4. Conclusion



Numerous studies investigate the impact of minimum wages on employment, but the impact
on productivity has been understudied. This study presents evidence on the relationship between
minimum wages and productivity using prefecture- and firm-level panel data in Japan, where
minimum wages rose continuously during the last decade. Importantly, since statutory minimum
wages in Japan are determined at the prefecture-level and are revised annually, we can use the
regional and time-series variations to analyze the impact of minimum wages.

From the analysis, we do not find a positive impact of an increase in minimum wages on
productivity. If anything, we see a small negative effect on labor productivity at the firm level. In
addition, we find some evidence of negative impacts on profitability and investments. These
results suggest that we should view the potential role of minimum wage hikes in improving

productivity with caution.
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Table 1. Summary Statistics.

A. Prefecture-level Data.

Mean SD SD (within) N
MW 0.3447 0.0296 0.0155 470
LP 6.5870 0.1294 0.0366 470

Notes: Figures compiled from the Prefectural Accounts for the period 2006-2015. LP (expressed
in logarithm) is the real gross prefecture-level product divided by the number of workers in the

prefecture.

B. Firm-level Data.

Mean SD SD (within) N
MW 0.3227 0.0386 0.0182 93,498
LP 1.0760 0.5871 0.2800 80,230
TFP -0.0735 0.5182 0.2860 79,254
ROA 0.0414 0.0879 0.0599 93,306
INV -2.4754 1.5979 1.0161 56,558
Firm size 4.7260 0.6527 0.1600 93,498
Non—standard ratio 0.1347 0.1972 0.0822 93,498

Notes: Figures compiled from data on single-establishment firms in the BSIBSA for the period
2001-2017.

Table 2. Minimum Wages and Labor Productivity (Prefecture Panel).

(1) FE (2) System GMM
MW -0.1574 -0.3294
(0.1340) (0.3662)
LP_, 0.6283 0.8598 ¥
(0.0402) (0.1238)
Year FE yes yes
Prefecture FE yes no
R’ (within) 0.7157
AR(1) test, p—value 0.000
AR(2) test, p—value 0.691
Hansen J, p—value 0.268
Number of instruments 15
Observations 423 423

Notes: MW denotes the Kaitz index. Fixed-effects and system GMM estimations with standard

errors in parentheses. *** indicates p<0.01.
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Table 3. Minimum Wages and Firm Productivity.

MLP (2) TFP 3 LP (4) TFP
MW —0.3754 ** -0.1244 —0.2266 —-0.0881
(0.1553) (0.1618) (0.1605) (0.1674)
MWx*Non-standard —0.9818 *+x -0.2344
(0.2737) (0.2859)
Non-standard 0.5053 *kx  0.2096 **
(0.0932) (0.0974)
LP_,/TFP_, yes yes yes yes
Firm size yes yes yes yes
Year FE yes yes yes yes
Firm FE yes yes yes yes
Observations 62,663 61,936 62,663 61,936
R? (within) 0.1260 0.1091 0.1286 0.1103

Notes: MW denotes the Kaitz index. Non-standard employees are the sum of part-time and
temporary workers. Fixed-effects estimation with standard errors in parentheses. *** and **

indicate p<0.01 and p<0.05, respectively.

Table 4. Minimum Wages, Profitability, and Investments.

(1) ROA (2) INV (3) ROA (4) INV
MW —0.0895 *#x  —1.7154 s** —0.0862 *+*  —2.0740 ¥k
(0.0302) (0.7322) (0.0310) (0.7566)
MWx%Non-standard -0.0229 2.6503 *
(0.0515) (1.4104)
Non-standard 0.0117 -0.8916 *
(0.0174) (0.4820)
ROA_,/INV_, yes yes yes yes
Firm size yes yes yes yes
Year FE yes yes yes yes
Firm FE yes yes ves ves
Observations 77,602 43,690 77,602 43,690
R? (within) 0.0941 0.0286 0.0942 0.0287

Notes: MW denotes the Kaitz index. INV is tangible investments divided by the stock value of
tangible assets at the end of the previous year (expressed in logarithm). Non-standard employees
are the sum of part-time and temporary workers. Fixed-effects estimation with standard errors in

parentheses. ***, ** and * indicate p<0.01, p<0.05, and p<0.1, respectively.
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Figure 1. Mean and Dispersion of Minimum Wages in Japan.
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