
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rero20

Economic Research-Ekonomska Istraživanja

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/rero20

Minimum wages, firms’ capital intensity and the
evolution of economic efficiency in China

Xin Liu & Dewang Wu

To cite this article: Xin Liu & Dewang Wu (2023) Minimum wages, firms’ capital intensity and
the evolution of economic efficiency in China, Economic Research-Ekonomska Istraživanja,
36:2, 2108475, DOI: 10.1080/1331677X.2022.2108475

To link to this article:  https://doi.org/10.1080/1331677X.2022.2108475

© 2022 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 30 Aug 2022.

Submit your article to this journal 

Article views: 454

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=rero20
https://www.tandfonline.com/loi/rero20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/1331677X.2022.2108475
https://doi.org/10.1080/1331677X.2022.2108475
https://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/1331677X.2022.2108475
https://www.tandfonline.com/doi/mlt/10.1080/1331677X.2022.2108475
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2022.2108475&domain=pdf&date_stamp=2022-08-30
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2022.2108475&domain=pdf&date_stamp=2022-08-30


Minimum wages, firms’ capital intensity and the
evolution of economic efficiency in China

Xin Liu and Dewang Wu

School of Economics and Business Administration, Chongqing University, Chongqing, China

ABSTRACT
Implementing the minimumwage (M.W.) regime leads to higher bar-
riers to entry and the elimination of inefficient firms. This may be a
key factor that affects the efficiency of Chinese firms’ evolution and
contributes to macroeconomic growth. Based on Chinese industrial
enterprise and district M.W. data, we analyse the impact of China’s
M.W. regime on the evolution and behaviour of micro firms and the
resulting macroeconomic effects from two aspects: a theoretical
model and panel data regression. The results show that the M.W.
regime increases firms’ factor productivity significantly but leads to
the immobility of incumbents, as it results in lower entry and exit
probabilities. Total factor decomposition suggests that a M.W.
regime improves regional economic efficiency via the growth effect.
In addition, as capital intensity increases, a M.W. regime further
boosts the growth in firms’ productivity, but its positive effect on
macroeconomic efficiency diminishes. The results help understand
the underlying drivers of China’s economic growth and offer import-
ant reference significance for rationalising labour policies.
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1. Introduction

China’s minimum wage (M.W.) standard has been increasing annually. Since the
promulgation of the M.W. regulations in 2004, the regional M.W. standard has
recorded an average annual rate of 10%. Statistics show that, from 1994 to 2004, the
average annual growth rate of urban unit wages was 8%. In 2014, it reached 18%,
exceeding the G.D.P. growth in the same period. As shown in Figure 1, between 1998
and 2007, the growth rate of M.W. far outpaced the growth rate of G.D.P., whereas
enterprise T.F.P. increased slowly. As the most direct control segment of the labour
market, the rise in the M.W. standard leads to an increase in labour costs, causing
enterprises to adjust their production and market behaviour, thereby affecting
regional economic efficiency.
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In countries with abundant labour supply, such as China, implementing an M.W.
regime is a powerful regulatory policy. Besides influencing employment and labour
income (Brochu & Green, 2013; Dube et al., 2016), it also affects firms’ business deci-
sions (Barros & Managi, 2016), R&D and innovation (Cubitt & Heap, 1999), and the
capital/labour ratio (Draca et al., 2011) by incurring labour cost shocks. As a critical
component of the labour system established by China, the M.W. regime has stimu-
lated institutional change, which has led to faster but heterogeneous firm-level
changes. Some firms have exited, while others have entered; some have grown fast,
others have remained unchanged, and some have declined. Institutional change has
resulted in the heterogeneous reactions of capital-intensive firms to the effects of
M.W. (Mayneris et al., 2014). The effects on the evolution of firms inevitably affect
their macroeconomic efficiency.

A higher M.W. means higher average labour costs for firms (Xiao & Xiang, 2009).
According to classical growth theory, increases in unit labour costs stimulate firms to
increase their capital inputs, leading to higher capital intensity and greater techno-
logical advancement (Lucas, 1988; Romer, 1990). Mayneris et al. (2014) argued that
holding the output constant, an M.W. regime significantly increases the marginal
opportunity cost, forcing low-tech firms to change their production methods. Capital-
intensive firms have more advanced technologies and equipment, indicating that they
need fewer high-skilled workers or less total labour than do less capital-intensive
firms. As companies become more capital-intensive, the cost impact of M.W. will
have a greater impact on their production and business decisions. Hence, an M.W.
regime has a greater impact on the production and business decisions of labour-
intensive firms than on those of capital-intensive firms.

The business decisions and performance of firms often determine regional eco-
nomic efficiency (Baldwin & Gu, 2006; Foster et al., 2001). In an empirical study,

Figure 1. MW, real GDP and TFP.
Source: China’s National Bureau of Statistics data from 1998 to 2007. The figure is made by the authors.
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Hsieh and Klenow (2009) concluded that the inefficiency of firms is an important
contributor to poor macroeconomic performance. In terms of the dynamic allocation
of resources, regional economic efficiency improvement depends on the elimination
of inefficient firms from the market (Baldwin & Gu, 2003); accordingly, the evolution
of firms will become more efficient, thus gradually leading to regional economic effi-
ciency improvement.

Previous studies have focused on specific firm behaviour, ignoring the possible
impact of the M.W. regime on firms’ dynamic evolution and, thus, on regional eco-
nomic efficiency. Economic development is a dynamic evolution process by which
the fittest economic entities survive. The endless cycle of firms entering, growing, and
exiting forms a dynamic micro-foundation for macroeconomic growth. In addition,
several studies on the economic effects of the M.W. regime are empirical (Bla�zevi�c,
2013; Guo et al., 2021; Zhan et al., 2020), and theoretical research on how M.W.
impacts firms’ dynamic evolution is scant.

Therefore, to better answer the question of how M.W. affects the evolutionary
behaviour of enterprises and, consequently, regional economic efficiency, we first
build a theoretical model to analyse the influence of M.W. On the basis of this model,
a panel data model is constructed using the data of Chinese industrial enterprises
from 1998 to 20071 and county-level M.W. data. Then, O.L.S. regression is performed
on the four links of enterprise evolution. Finally, D.O.P. (Olley & Pakes, 1996)
decomposition is performed to decompose the total TFP into growth and net entry
effects. Considering the possible endogeneity of the model, this study also examines
its robustness using the instrumental variable for results.

This study makes the following contributions: (1) we consider the responses of
heterogeneous firms (low capital intensity and high marginal labour demand, high
capital intensity and low marginal labour demand) to cost shocks in the market
under the M.W. shock. On this basis, we further consider the hypothesis that M.W.
can improve the distribution of production potential and combine it with variable
capital intensity to study the impact of M.W. on micro-enterprise characteristics and
regional economic efficiency. It provides a new perspective and theoretical support
for research on the influence of M.W. on enterprises; (2) we focus on how the M.W.
regime impacts firms’ dynamic evolution and thus regional economic efficiency under
the influence of capital intensity, adding to the debate on M.W.

The rest of the article is organised as follows. The second section presents the lit-
erature review. The third part introduces our extended model. The fourth part
describes the data and production function estimation methods used in this study.
The fifth part introduces the empirical model and the results of this study. The sixth
section provides further analysis results at the macro level. The seventh part provides
a summary of this thesis.

2. Literature review

2.1. The development of literature on M.W. influencing enterprise labour costs

Many influential studies have demonstrated that M.W. changes firms’ labour costs.
Stigler (1946) first pointed out that a M.W. regime reduces labour demand and
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increases labour supply, resulting in lower employment. However, Welch (1974)
believed that the negative effect of M.W. increase on employment may not be so ser-
ious because the uncovered sectors will absorb more employment. In terms of empir-
ical research, Brown et al. (1982) concluded that a 10% M.W. growth results in a 1%
to 3% decrease in employment. Flinn (2006) reviewed empirical studies published
before the 1980s and found that early empirical studies on M.W. provide firm sup-
port for Stigler’s theoretical view.

With more precise methods introduced to examine the effects of an M.W. regime,
the academic community has observed changes in its understanding of the economic
effects of M.W. Katz and Krueger (1992), Card (1992) and Card and Krueger (1993)
conducted quasi-experiments using M.W. adjustment policies in the fast food indus-
try in California and Texas and found that M.W. increases lead to a 5%–10% rise in
the wages of low-wage workers. This means that instead of reducing employment,
raising M.W. results in higher employment. These findings have changed people’s
perceptions of M.W., and some researchers have attempted to examine the economic
effects of an M.W. regime from the perspective of the cost shocks of M.W. instead of
using the framework of a homogeneous and competitive labour market. For example,
Brown (1999), Draca et al. (2011) and Dube et al. (2016) argued that instead of being
fully competitive, the labour market is monopolistic and that the economic effects of
M.W. depend on how the cost shocks of M.W. are compensated for: job cuts by firms
would lead to unemployment, whereas lower marginal income or higher cost mark-
ups would not. By contrast, Xiao and Xiang (2009) argued that cost shocks could be
compensated for through operational adjustments; therefore, M.W. does not affect
employment in the short run while employment decreases by only 0.03% in the
long run.

Although the findings regarding the effects of M.W. on employment and labour
income are far from unanimous, there is a consensus that as an effective regulatory
policy, M.W. will increase firms’ labour expenses. Our article can be viewed as an
attempt to contribute to this stream of literature.

2.2. Study on the impact of M.W. on enterprise behaviour

With the deepening of research, scholars have gradually paid attention to M.W. as a
cost impact to investigate its influence on enterprise behaviour. Brecher (1974) found
that M.W. growth in capital-intensive countries leads to more exports of capital-
intensive goods. Further research revealed that M.W. growth reverses the export and
import behaviour of capital-intensive and labour-intensive industries (Magee, 1975).
Egger and Kreickemeier (2009) found that when M.W. increases in one of two coun-
tries, the productivity of the producers of final goods in both countries decreases
overall, thus leading to reductions in the exports of all firms.

Several subsequent studies have shown that M.W. growth leads to increases in
firms’ variable and fixed costs and that firms adjust their production and factor
inputs to varying degrees accordingly. Acemoglu and Pischke (1999) examined the
relationship between M.W. cost shocks and firms’ willingness to train employees.
They found that M.W. enforcement and growth lead to higher total labour costs,
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making firms more willing to train low-skilled workers and thereby leading to prod-
uctivity growth. Acemoglu and Pischke (2003) further argued that the effects of M.W.
on employee training are significantly heterogeneous: some firms tend to provide more
training for high-skilled workers, whereas others tend to offer less training for low-
skilled workers. These findings further prove that M.W. cost shocks significantly affect
firms’ resource inputs. David et al. (2016) also found that firms tend to compensate for
the cost shocks of higher M.W. by cutting back on wage increases for highly paid
employees or lowering dividends. In terms of productivity, Galindo-Rueda and Pereira
(2004) and Mayneris et al. (2014) concluded that firms compensate for the cost shocks
of M.W. by adjusting their operations; this adjustment indirectly leads to productiv-
ity growth.

2.3. Literature summary

The findings show that M.W. cost shocks have a significant impact on firm produc-
tion and management. However, further research is necessary because of the follow-
ing reasons: (1) Previous works only focused on the effects of the cost shocks of
M.W. on firms’ production and management and thus ignored the tendency of such
effects to change with increases in firms’ capital intensity; (2) Previous studies failed
to examine how an M.W. regime affects macroeconomic efficiency (e.g., regional eco-
nomic efficiency) by affecting the evolution of firms. Therefore, we try to explain the
influence of M.W. as a cost impact on enterprises and the regional economy from
theoretical and empirical perspectives.

3. Theoretical model

In this section, a theoretical model of how the M.W. regime affects macroeconomic
efficiency by influencing the evolution of firms is constructed based on Melitz’s frame-
work. According to Melitz’s (2003) heterogeneous productivity model, the threshold
determines incumbents’ minimum productivity when the market is equilibrium.2

3.1. Effects of cost shocks on the evolution of firms

Mayneris et al. (2014) point out two paths of firm production: (1) a high-technology
path with high capital intensity and low marginal labour demand; and (2) a low-tech-
nology path with low capital intensity and high marginal labour demand. M.W. cost
shocks widen the marginal cost gap between the two paths. Holding the output con-
stant, the M.W. regime significantly increases the marginal opportunity cost of firms
following the second path, compelling them to invest more in R&D, increase their
capital inputs, and change their production methods. Thus, we assume that under the
impact of M.W., there are enterprises affected by M.W. in the market (Low-technol-
ogy production path, with both low capital intensity and high marginal labour
demand) and enterprises that are not affected by M.W. (High technology production
path, with high capital intensity and low labour marginal demand).
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Some firms’ marginal costs increase due to the M.W. regime. Suppose that they
increase by s(s > 1) and that the shape of firms’ potential productivity distribution is
unaffected; that is, gðuÞ remains unchanged. The prices of the goods produced by
these firms are px uð Þ ¼ sx=qu: If x equals 1, then px uð Þ ¼ spðuÞ,3 and the firm’s
profit px ¼ rx

r � fx, where fx is the firm’s fixed cost after being subject to the cost shocks
of M.W. and fx > f : For these firms, there is a zero cutoff productivity u�

x , such that

px u�
xð Þ ¼ 0, px u

�
x

� �
¼ fkkðu�

x), where k u�
xð Þ ¼ u

�ðu�
xÞ=u�

x

h ir�1

� 1: According to

Equation (5), the relationship between firm revenue in the two scenarios is expressed
as follows:

rxðu�
xÞ

rðu�Þ ¼ s1�r u�
x

u�

� �r�1

¼ fx
f
()
r¼pq

u�
x ¼ u�s

fx
f

� � 1
r�1

Because s fx
f

� � 1
r�1

> 1, zero-cutoff productivity u�, when there are no-cost
shocks is lower than the zero-cutoff productivity u�

x: We set 1� Gðu�
xÞ as the

probability of firm entry following the cost shocks of M.W.; then, Px ¼
1� Gðu�

xÞ
� �

= 1� Gðu�Þ½ � represents the probability of firms being affected by the M.W.
regime. When the market is subject to cost shocks, the average expected profitability is
the weighted average of the profits of the affected and unaffected firms:

p u�
t

� 	 ¼ 1� Px½ �fk u�ð Þ þ Pxfxk u�
x

� 	¼ ftkðu�
t Þ

where p u�
tð Þ is the weighted average of the average market profit and firms’ profits

following cost shocks, and the weight is Px: u�
t is the average expected equilibrium

profit following the cost shocks and ft is the firm’s fixed costs following the cost
shocks. Because kðuÞ is a monotonically decreasing function, u� < u�

t < u�
x: At the

same time, the equilibrium condition (F.E. curve) for new entrants is p ¼ @fe
1�Gðu�

t Þ
4. As

a result of the cost shocks, a new entrant needs a higher productivity threshold to
enter successfully (u� < u�

t ), and the equilibrium zero-cutoff productivity u�
t follow-

ing the cost shocks and expected market profit p are jointly determined by the new
Z.C.P. and F.E. curves (Figure 2).

Figure 2 shows that under the M.W. regime, the new equilibrium zero-cutoff prod-
uctivity increases from u� to u�

t , the equilibrium profit increases from pðu�Þ to
pðu�

t Þ, and the aggregate productivity of incumbents increases from u
�ðu�Þ to u

�ðu�
t Þ:

Equilibrium zero-cutoff productivity increases from to u�
t , implying that the prod-

uctivity threshold for new entrants also increases from u� to u�
t : Figure 3 shows that

the distribution of incumbents’ productivity lðuÞ changes with an increase in u� and
that the productivity threshold of new entrants also increases. According to Equation
(10), the weighted average productivity of new entrants is higher than that of incum-
bents (i.e., (u

�
u�
tð Þ > u

�
u�ð ÞÞ:

Increasing zero-cutoff productivity directly impacts the productivity threshold of
new entrants, and the average equilibrium profit is determined by the number of
incumbents or market size. A larger market indicates a lower average profit.
Subsequently, pðu�Þ increases to pðu�

t Þ which increases the average partial
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equilibrium profit. Therefore, some inefficient firms must exit, contributing to signifi-
cant growth in incumbents’ average productivity.

In summary, the M.W. regime leads to higher equilibrium cutoff productivity and
helps eliminate inefficient firms so that new entrants have higher productivity. That
is, it affects firm entry and exit.

3.2. Potential productivity change

The previous section shows that M.W. cost shocks may change zero-cutoff productiv-
ity and thus the aggregate productivity of firms, consistent with the findings of previ-
ous studies. In other words, increases in firms’ capital inputs decrease the average
cost of capital, which stimulates R&D investment, innovation, and technological
advancement and enhances firm-level productivity. This section shows that, under
the M.W. regime, firms’ potential productivity g uð Þ may change. In this part, a new

Figure 3. Productivity distribution and changes in u�
Source: made by the authors.

Figure 2. Determination of zero-cutoff productivity u� and average profit �p following the cost shocks.
Source: made by the authors.
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potential productivity function, �g uð Þ ¼ g uð Þ þ aukþ b
� �

=k is defined, where a、b
are endogenous parameters, which provide practical implications. First, when firms’
capital intensity k remains unchanged, they need higher potential productivity to
mitigate the cost shocks of M.W.; that is, the M.W. regime drives every firm’s poten-
tial productivity to increase as its productivity rises. Second, when firms’ productivity
u remains unchanged, firms with high capital intensity need lower potential product-
ivity to mitigate the cost shocks of the M.W.; that is, the M.W. regime drives every
firm’s potential productivity to decrease as its capital intensity rises.

Then, weighted average productivity is

�
u
�

�u�
t

� 	 ¼ 1

1� �Gð�u�
t Þ

ðþ1

�u�
t

ur�1�g uð Þdu
" #1=ðr�1Þ

The probability Px of firms affected by the cost shocks of M.W. changes to �px ¼
½1� �G u�

xð Þg= 1� Gðu�Þ½ � and the average profit of these firms is �p ¼ f �kð �u�
x Þ, and

�kð �u�
xÞ ¼ u

�ð �u�
xÞ= �u�

x

h i@�1

� 1, �p ¼ @fe
1��Gðu�Þ is the lowest expected equilibrium profit.

Under the M.W. regime, zero-cutoff productivity for firms increases from u�
x to �u�

x :

The actual profit following the cost shocks is

�p �u�
t

� 	
¼ 1� �px

� �
fk u�ð Þ þ �pxfx�k �u�

x

� 	
Therefore, when considering the cost shocks of M.W., the potential productivity

distribution gðuÞ becomes �g uð Þ and the M.W. regime also increases equilibrium
zero-cutoff productivity and eliminates inefficient firms; thus, new entrants have
higher productivity, and incumbents have higher weighted average productivity.
Figure 4 shows the original and new productivity distributions following M.W.
cost shocks.

The changes in weighted average productivity before and after the M.W. cost
shocks are expressed as follows:

Figure 4. Cost shocks of MW and the productivity distribution.
Source: made by the authors.
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�
u
�

�u�
t

� 	r�1 � u
�
u�ð Þr�1 ¼

ðþ1

�u�
t

ur�1 �lt uð Þdu�
ðþ1

u�
ur�1lðuÞdu

¼
ðþ1

�u�
t

ur�1 aukþ b

k 1� �Gðu�
t Þ

� � du|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
growth effect

þ
ðþ1

�u�
t

ur�1 h
k
� 1

� �
l uð Þ

� �
du�

ð �u�
t

u�
ur�1l uð Þdu|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

net entry effect

where h ¼ 1�Gðu�Þ
1��Gðu�

t Þ
: The above equation indicates that the changes in the weighted

average productivity of incumbents before and after the cost shocks of M.W. come
from the growth and net entry effects. First, for the growth effect, facing the cost
shocks of M.W., firms choose to improve their management capacity and introduce
advanced technologies and equipment, thus growing T.F.P.; the growth effect brought
about by the M.W. regime weakens as capital intensity k increases. Second, for the
net entry effect, the weighted average productivity of new entrants is higher than the
weighted average productivity of incumbents, and exiting firms’ weighted average
productivity is lower than the weighted average productivity of incumbents, thus
improving economic efficiency; the net entry effect brought about by the M.W.
regime weakens or even becomes negative as capital intensity k increases (Figure 5).

4. Data and modeling

4.1. Data source

We took the year of a firm’s last appearance as the exit year before 2007; however, if
a firm last appeared in 2007, we labelled it as ‘exit unidentifiable’, irrespective of the
year of its first appearance. Assume that the year of a firm’s first appearance is t and
the year of its last appearance is sðs � tÞ; then:

exit ¼ s if t 6¼ 2007, s 6¼ 2007
unknown if s ¼ 2007

�

Figure 5. Determination of equilibrium zero-cutoff productivity and average productivity.
Source: made by the authors.
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Using the value-added variable, we construct the following market share indicator:

share di ¼ jðvalue addedi � l:value addediÞ=value addedij

where share di is the change in the firm’s market share in the current year,
value addedi is the value-added of the firm in the current year, and l:value addedi is
the value-added in the previous year.

Finally, we used the Solow residual method to measure firms’ T.F.P. We assume
that the firm’s production function is a C-D function with returns to scale remaining
unchanged; then, the T.F.P. of firm i in period t is:

lnTFPit ¼ lnYit � aklnkit � allnlit

where Y is the firm’s total output; ak and al represent the shares of capital and labour
inputs, respectively; and k、l represent the firm’s fixed capital stock and headcount,
respectively.

Previous studies (Mayneris et al., 2014) have concluded that firms with different
capital intensities may react differently to M.W. cost shocks. Therefore, we construct
the following econometric model to examine the impact of the M.W. regime on
firms’ dynamic evolution while introducing the interaction term between firms’ cap-
ital intensity and M.W. into the model:

Evokijt ¼ ak þ bk1Minijt þ bk2Capinijt þ bk3DUCapinijt þ bk4i
X
i

c

þ bk5j
X
j

dþ u kijt ðk ¼ 1, 2, 3, 4Þ

where Evokijt represents the link k of the evolution of firm i in county j in year t; the
superscript k is 1,2,3,4 representing firm entry, firm exit, market share change, and
T.F.P. growth, respectively; Minijt is the M.W. recorded by firm i in region j in year
t; Capinijt is the capital intensity of firm i in region j in year t; DUCapinijt is the
interaction term of M.W. and the firm’s capital intensity;

P
i c and

P
j d represent

the firm-level and region-level control variables, including firms’ liabilities-to-assets
ratio, profitability, firm size, the population of the county in which the firm is based,
and per capita G.D.P.; and u is the residual term. The M.W. and capital intensity
indicators are averaged before the regression, given the economic implications of the
coefficients of the interaction term and covariance.

4.2. Decomposition of macroeconomic efficiency

In this study, we used the D.O.P. method to decompose the T.F.P. of China’s manu-
facturing industry from 1997 to 2008. The specific steps are:

The aggregate productivity of all firms in a region in period t is defined as

Ut ¼
X

-ituit
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where -it is the weight, typically referring to the share of a firm in the total output,
value-added, and employment. In this study, the value added value addedit was used.
uit represents the T.F.P. of firm i in period t:

Decompose aggregate productivity in period t � k into the sum of the weighted
average productivity of the surviving and exiting firms

Ut�k ¼ US t�kð Þ
X
i�S

wi t�kð Þ þ UX t�kð Þ
X
i�X

wi t�kð Þ ¼ US t�kð Þ þ
X
i�X

wi t�kð Þ½UX t�kð Þ � US t�kð Þ�

We consider aggregate productivity in period t as the sum of the weighted average
productivity of surviving firms and new entrants:

Ut ¼ USt

X
i�S

wit þ UNt

X
i�N

wit ¼ USt þ
X
i�N

wit½UNt � USt�

satisfying: X
i�S

wi t�kð Þ þ
X
i�X

wi t�kð Þ �
X
i�X

wi t�kð Þ � 1

X
i�S

wit þ
X
i�X

wit �
X
i�X

wit � 1

where X represents all firms in a region in period t, S represents surviving firms, X
represents exiting firms, N represents new entrants, and USt and US t�kð Þ represent the
aggregate productivity of the firms that survived in periods t and t � k, respectively.
UNt and UX t�kð Þ represent the aggregate productivity of new entrants in period t and
that of exiting firms in periods t � k:wi represents the share of firm i in the total out-
put of all firms in the region in period t:

The D.O.P. result from the above equations is as follows:

DUt ¼ Dut þ DcovS sit ,uitð Þ|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
growth effect

þ SNt UNt � UStð Þ þ �SX t�kð Þ UX t�kð Þ � US t�kð Þ
� �� 

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
net entry effect

≝
X2
k¼1

Effectk

where DUt represents the overall change in regional economic efficiency, and Effectk
represents the effect k: Using the D.O.P. method, we decompose regional economic
efficiency into the growth effect and net entry effect. The growth effect represents the
T.F.P. growth of incumbents attributed to a firm’s self-enhancement actions, the
introduction of advanced technologies and equipment, and regional economic effi-
ciency improvement attributed to changes in incumbents’ market share and the flow
of factors of production. The net entry effect states that regional economic efficiency
improves because new entrants achieve a higher weighted average productivity than
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incumbents, and the weighted average productivity of exiting firms is lower than that
of incumbents.

Similarly, after considering the interaction effect of average capital intensity and
M.W. at the regional level, we construct the following model to further examine the
paths by which the M.W. regime affects regional economic efficiency based on firms’
dynamic evolution:

Effectkjt ¼ ak þ bk1Minjt þ bk2avCapinjt þ bk3DUavCapinjt þ bk4j
P

j dþ u kjt

ðk ¼ 1, 2, 3Þ

where Effectkjt represents the effect k in region j in period t and k ¼ 1, 2, 3 represent

the growth, net entry, and total effects, respectively. The change in the macroeco-
nomic efficiency of region j in period t is the sum of two efficiencies, that is,

DUjt �
P2

k¼1 Effect
k
jt; Minjt is the M.W. of region j in year t, avCapinjt is the average

capital intensity in region j in year t, DUavCapinjt is the interaction term of M.W.

and capital intensity; and
P

j d represents the region-level control variables, including

regional population, per capita output, average firm size, and the number of firms.
Similarly, we averaged the indicators as before.

5. M.W. and the dynamic evolution of firms

In the previous sections, we constructed four indicators for firms’ dynamic evolution,
and conclude that firms’ dynamic evolution plays a decisive role in macroeconomic
efficiency. In this section, we examine the effects of the M.W. regime on these four
indicators. To ensure the robustness of the measurements, extreme values for each
variable were removed. For the key variables, observations below the 1st percentile
and above the 99th percentile were replaced with the sample means. Table 1 shows
the ordinary least squares (O.L.S.) regression results.

Columns (1) and (2) show that the M.W. regime significantly negatively affects
firm entry and exit. Every 100-yuan increase in M.W. leads to a 2.8% drop in entry
probability and a significant drop of 32.9% in exit probability. The results of the
interaction term between capital intensity and M.W. show that as capital intensity
increases (higher than the average of incumbents), M.W. has a stronger negative
effect on firm entry, as reflected by a higher barrier to entry into capital-intensive
industries under the M.W. regime, and a weaker negative effect on firm exit, as
reflected by the elimination of inefficient firms with high capital intensity due to the
cost shocks of M.W. Columns (3) and (4) show that the M.W. regime also exerts a
negative effect on the flow of resources between incumbents. As capital intensity
increases, the M.W. regime further promotes the growth in firms’ T.F.P.

Considering that endogeneity may affect the model outcomes, we use instrumen-
tal variables for M.W. to examine the effects of the M.W. regime on firms’
dynamic evolution.

China does not implement a unified M.W. system and allows each region to deter-
mine its M.W. according to its economic development. Hence, the distribution of
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M.W. from the provincial capital to remote cities is characterised by a decrease in the
gradient. This provides the basis for using geographic distance as an instrumental
variable in this study. In addition, we obtained the second I.V. by referring to Bai
et al. (2021), that is, ranking cities with similar per capita G.D.P. from large to small
in relevant years and grouping them together. Twenty groups were created as a result,
and the average M.W. of other cities in the same group was taken as the instrumental
variable of the sample city.

Table 2 shows the regression results of the first stage, and Columns (1)–(4) show
the results of the two instrumental variables under different conditions. It can be
found that the instrumental variables we used have a good interpretation of the
endogenous variable (M.W.), which is consistent with the regression results of Bai
et al. (2021) in the first stage. Table 3 shows the tests we conducted on the instru-
mental variables, including the weak instrumental variable test, over identification
test, and endogeneity test. All tests show that our instrumental variables are of good
applicability. Table 4 shows the regression results for the instrumental variables,
which are consistent with our basic regression results.

Based on the regression results, we conclude that the M.W. regime has a signifi-
cant impact on the dynamic evolution of firms. It contributes significantly to incum-
bents’ immobility, which does not promote firm entry or exit. In terms of
productivity, the M.W. regime significantly boosts firms’ T.F.P., and this effect
strengthens as the capital intensity increases. Hence, the M.W. regime exerts a greater
positive effect on T.F.P. growth for firms with higher capital intensity and a weaker
positive effect on firms with lower capital intensity.

Table 1. Basic estimation results.
Variables Firm entry (1) Firm exit (2) Resource reallocation (3) Total factor productivity (4)

MW �0.028���
(0.003)

�0.329���
(0.006)

�0.019���
(0.001)

0.027���
(0.000)

MW � capital intensity �0.007���
(0.000)

0.007���
(0.000)

0.000
(0.000)

0.000���
(0.000)

Capital intensity 0.026���
(0.000)

�0.029���
(0.000)

0.000���
(0.000)

�0.000���
(0.000)

Liabilities-to-assets ratio �0.004���
(0.000)

0.016���
(0.001)

0.009���
(0.000)

0.039���
(0.000)

Profitability �0.385���
(0.031)

�2.455���
(0.051)

�1.481���
(0.021)

2.578���
(0.009)

Population 0.002���
(0.000)

�0.003���
(0.000)

0.000���
(0.000)

�0.001���
(0.000)

Per capita GDP �0.017���
(0.008)

�0.023���
(0.001)

0.006���
(0.000)

0.078���
(0.000)

Firm size �0.003���
(0.000)

�0.002���
(0.000)

�0.000���
(0.000)

0.000���
(0.000)

Constant term �0.681���
(0.008)

�2.251���
(0.015)

0.546���
(0.005)

3.704���
(0.003)

Time_fixed Yes Yes Yes Yes
Individual_fixed Yes Yes Yes Yes
Adj_R2 0.588 0.496 0.384 0.501
Number of observations 1,273,226 1,037,953 949,379 1,199,863
Number of firms 386,108 339,412 294,194 362,813

Note: standard errors are in brackets; �, �� and � � � mean that the coefficients are significant at 10%, 5%, and 1%
level of significance, respectively. For columns (1) and (2), the binary choice panel data model is used, and for col-
umns (3) and (4), the linear regression panel model is used.
Source: estimated and made by the authors.
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6. M.W., the dynamic evolution of firms and regional economic efficiency

Tables 5 and 6 report the basic decomposition results and the results for the instru-
mental variable. The latter is consistent with the basic estimation results. The results
in Column (1) of Table 5 show that the M.W. regime promotes regional economic
efficiency via the growth effect. The results for the interaction term show that the
positive effect of the M.W. regime weakens as the firms’ average capital intensity
increases. Conclusively, M.W. regime impacts macro-level T.F.P. in two main ways:
(1) it compels firms with lower capital intensity to increase their capital inputs and
change their production methods, which helps boost T.F.P.; and (2) it compels firms
to introduce new technologies and invest more in innovation, which improves
regional macroeconomic efficiency. When the capital intensity of firms in a region is
low, M.W. accelerates firms’ technological and management innovation and acceler-
ates firms’ capital input, improving regional economic efficiency. When the capital
intensity of firms in a region is high, the M.W. regime exerts its effect. When the
average capital intensity of firms in a region increases, the positive effect of the M.W.

Table 3. Validation of instrumental variables.

Firm entry (1) Firm exit (2)
Resource

reallocation (3)
Total factor

productivity (4)

Kleibergen-Paap rk
LM statistic

39000��� 38000��� 31000��� 320000���

p-value 0.000 0.000 0.000 0.000
Cragg-Donald Wald

F statistic
18,000 17,000 14,000 15,000

Hansen J statistic 0.559 0.65 0.794 0.984
p-value 0.455 0.42 0.373 0.321
Endogeneity test 1.686� 30.698��� 326.951��� 713.749���
p-value 0.088 0.000 0.000 0.000

Source: estimated and made by the authors.

Table 2. IV regression: results of the first stage regression.
Variables (1) (2) (3) (4)

Geographical distance (IV) �0.207���
(0.001)

�0.213���
(0.001)

�0.246���
(0.000)

�0.245���
(0.000)

Average MW of other cities
in the same group (IV)

�0.156���
(0.001)

�0.147���
(0.001)

�0.007���
(0.000)

�0.008���
(0.000)

Liabilities-to-assets ratio 0.02���
(0.000)

0.01���
(0.000)

Profitability 0.000
(0.000)

�0.000
(0.000)

Population �0.001���
(0.000)

�0.004���
(0.000)

Per capita GDP 0.011���
(0.000)

�0.005���
(0.000)

Firm size 0.000���
(0.000)

�0.000���
(0.000)

Constant term 8.585���
(0.000)

8.248���
(0.000)

3.093���
(0.000)

3.064���
(0.000)

Time_fixed No No Yes Yes
Individual_fixed No No Yes Yes
Adj_R2 0.48 0.469 0.504 0.507
Number of observations 1,241,609 1,241,433 1,241,690 1,241,433
Number of firms 373,448 373,385 373,448 373,385

Source: estimated and made by the authors.
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regime on regional economic efficiency weakens. Therefore, the M.W. regime has a
more positive effect on firms in regions with low capital intensity.

The results in Column (2) show that it is likely that the M.W. regime does not
boost macroeconomic efficiency via the net entry effect. The theoretical analysis

Table 4. Estimation results for the instrumental variable.

Variables Firm entry (1) Firm exit (2)
Resource

reallocation (3)
Total factor

productivity (4)

MW(IV) 0.002���
(0.002)

�0.023���
(0.000)

�0.002���
(0.002)

�0.051���
(0.000)

MW(IV) �
capital intensity

�0.001���
(0.000)

0.000���
(0.000)

�0.000
(0.000)

0.000���
(0.000)

Capital intensity 0.000���
(0.000)

�0.001���
(0.000)

0.000���
(0.000)

�0.000
(0.000)

Liabilities-to-
assets ratio

0.002���
(0.000)

�0.002���
(0.000)

0.011���
(0.000)

0.035���
(0.000)

Profitability �0.000��
(0.000)

�0.000(0.001) �0.077���
(0.004)

0.000���
(0.000)

Population �0.001���
(0.000)

0.004���
(0.000)

�0.001���
(0.000)

�0.008���
(0.000)

Per capita GDP 0.001���
(0.000)

�0.004���
(0.000)

0.003���
(0.000)

0.036���
(0.000)

Firm size �0.000���
(0.000)

�0.000���
(0.000)

�0.000���
(0.000)

0.000���
(0.000)

Constant term 0.137���
(0.007)

0.382���
(0.000)

0.556���
(0.003)

4.106���
(0.000)

Time_fixed YES YES YES YES
Individual_fixed YES YES YES YES
Adj_R2 0.401 0.278 0.714 0.274
Number of

observations
1,017,022 1,241,433 929,634 1,169,343

Number of firms 328,697 373,385 285,923 350,943

Note: standard errors are in brackets; �, �� and ��� mean that the coefficients are significant at 10%, 5%, and 1%
level of significance, respectively. For columns (1) and (2), the binary choice panel data model is used, and for col-
umns (3) and (4), the linear regression panel model is used.
Source: estimated and made by the authors.

Table 5. Economic efficiency decomposition: basic estimation results.
Variables Growth effect (1) Net entry effect (2) Total effect (3)

MW 0.104���
(0.012)

�0.001
(0.007)

0.094���
(0.013)

Average capital intensity 0.001
(0.000)

�0.000
(0.000)

0.002���
(0.000)

MW � average capital intensity �0.000���
(0.000)

0.000
(0.000)

�0.000���
(0.000)

Number of firms 0.024
(0.022)

0.024
(0.021)

0.021
(0.023)

Population �0.011���
(0.003)

0.000
(0.001)

�0.009���
(0.000)

Per capita GDP �0.039���
(0.004)

�0.006��
(0.003)

�0.043���
(0.003)

Average firm size �0.107���
(0.029)

�0.024
(0.021)

�0.121���
(0.039)

Constant term 0.909���
(0.206)

�0.202
(0.152)

1.001���
(0.281)

Time_fixed Yes Yes Yes
Individual_fixed Yes Yes Yes
Adj_R2 0.511 0.47 0.782
Number of regions 12,699 12,999 12,999

Note: standard errors are in brackets; �, �� and ��� mean that the coefficients are significant at 10%, 5% and 1%
level of significance, respectively. For columns (1)–(3), linear regression panel model is used.
Source: estimated and made by the authors.
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shows that the productivity changes of new entrants and exiting firms may impact
the net entry effect. By contrast, the M.W. regime significantly contributes to the
immobility of incumbents, exerting a negative effect on both firm entry and exit.
Therefore, at the macro level, that entrants’ aggregate productivity is higher than that
of incumbents and that exiting firms’ aggregate productivity is lower does not signifi-
cantly increase regional economic efficiency, weakening the net entry effect. The
results in Column (3) show that the M.W. regime significantly boosts regional eco-
nomic efficiency by impacting firms’ dynamic evolution. However, as firms’ average
capital intensity increases, the positive effect of the M.W. regime weakens. In add-
ition, the growth effect is the key path through which the M.W. regime helps boost
macroeconomic efficiency.

7. Conclusion

7.1. Findings

Our findings are threefold. First, regarding the evolution of firms, the M.W. regime
significantly contributes to the growth of firms’ T.F.P. and the immobility of incum-
bents. Thus, it has a negative effect on both firm entry and exit. The M.W. regime
significantly affects resource reallocation. Second, regarding macroeconomic effi-
ciency, the M.W. regime significantly boosts the average productivity of incumbents
by impacting firm entry, firm exit and T.F.P., thus improving regional economic effi-
ciency. This is attributed to the growth effect. Finally, the interaction effect of M.W.
and capital intensity shows that the latter is an important mediating factor through
which the former affects macroeconomic efficiency by influencing the evolution of
firms. Our findings are not only revealing the impact of M.W. on regional economic
efficiency in China from 1998 to 2007 but also reflects the current development

Table 6. Economic efficiency decomposition: estimation results for the instrumental variable.
Variables Growth effect (1) Net entry effect (2) Total effect (3)

MW(IV) 0.223���
(0.059)

�0.055
(0.001)

�0.002���
(0.008)

Average capital intensity �0.000
(0.000)

�0.000
(0.000)

0.000
(0.001)

MW(IV) � average capital intensity �0.002�
(0.001)

0.000
(0.000)

�0.000�
(0.000)

Number of firms �0.000
(0.001)

�0.001
(0.021)

�0.0000
(0.023)

Population 0.097
(0.103)

0.037
(0.092)

�0.001
(0.000)

per capita GDP �0.025�
(0.013)

�0.004���
(0.001)

�0.013���
(0.002)

Average firm size �0.001���
(0.000)

0.000
(0.000)

�0.000
(0.000)

Constant term 0.373��
(0.168)

0.208���
(0.048)

0.598���
(0.125)

Time_fixed Yes Yes Yes
Individual_fixed Yes Yes Yes
Adj_R2 0.233 0.171 0.447
Number of regions 11459 8734 8407

Note: standard errors are in brackets; �, �� and � � � mean that the coefficients are significant at 10%, 5% and 1%
level of significance, respectively. For columns (1)–(3), linear regression panel model is used.
Source: estimated and made by the authors.
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trajectory of China’s micro economy. Most importantly, it also provides a good refer-
ence for developing countries and regions that have not yet strictly implemented
M.W. policies.

7.2. Limitations and future projections

This study examines the impact of M.W. on the evolution of micro firms and regional
economic efficiency in Chinese cities. In the theoretical analysis, the model divides the
enterprises in the market into two parts: those affected by M.W. and those not affected
by M.W., to simplify the analysis. However, this assumption may be unrealistic. In add-
ition, there are significant differences in economic development between North and
South China; therefore, regional heterogeneity analysis of empirical results can provide
more information to study the impact of M.W. Given these shortcomings, our study
had some limitations. Notably, the conclusion of this study can be regarded as the the-
oretical basis for the influence of M.W. on micro-enterprises. Further studies in this
aspect can be conducted by considering the affected enterprises are represented in a
probability distribution. Further, the heterogeneous influence of M.W. on the regions
with different economic development should be considered.

Notes

1. Considering the integrity of variables and reliability of the calculation indexes, we
ultimately chose to use Chinese industrial enterprise data of 1998–2007.

2. Limited by the length of the article, for the basic conclusions please refer to Melitz’s (2003).
3. Throughout, the superscript x refers to firms affected by the M.W. regime.
4. The distribution pattern of potential productivity is unaffected, that is, is unchanged, and

its cumulative distribution function is unchanged. Therefore, the new firm entry
equilibrium condition (F.E. curve) remains unchanged, too.
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