
Introduction

In the new era of high-quality economic 
development, green innovation has become an 
important way to realize the green progress of the 
manufacturing industry [1]. As an important bridge for 
integrating technology and the economy, enterprises 
should be the mainstay of decision-making that guide 

R&D investment and the transformation of results in 
green innovation. However, according to a recent report, 
from 2014 to 2017, China’s green innovation activities 
are most active in domestic universities and foreign 
companies. Among the top 20 applicants for green patent 
applications in China in 2017, there were 17 domestic 
applicants including 13 universities, 3 enterprises, 
and 3 foreign enterprises [2]. This shows that China’s 
green and new technology research and development 
(R&D) dominated by colleges and universities, face 
serious problems of insufficient enterprise motivation 
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and capabilities. In order to strengthen the innovation 
capability of enterprises and to alleviate the financing 
constraints faced by enterprises, various measures 
have been taken by the government to improve the 
macro environment and meet the profitability needs of 
enterprises [3-4], of which government subsidies are an 
important component [5-6].

Government subsidies are used to achieve a variety 
of policy goals through financial compensation for 
enterprises and have an important influence on guiding 
enterprises in green innovation, additionally, they 
gradually become an important promoter of China’s 
manufacturing upgrade. Whether or not government 
subsidies can effectively improve the enterprises 
remains a controversial issue [7-12]. As such, this 
paper focuses on analyzing the impact of government 
subsidies on green innovation, as well as the moderating 
effect of ownership concentration in this process to 
give an insight into the reasons for these long-standing 
disputes. According to corporate governance theory, 
corporate ownership concentration would explain these 
dynamic differences [13-14]. Ownership concentration 
is supposed to depict the structure of the shareholders’ 
meeting, which could possibly affect the operation: 
resource allocation of enterprises through the variation 
of two agency costs (the first kind of agency cost is 
between shareholders and management; and the second 
is between large shareholders and small shareholders) 
[15-17]. Although a large portion of the literature on 
this topic has already identified the relationship between 
government subsidies or ownership concentration 
and green innovation [8, 11], there are a few studies 
connecting these two perspectives and the yet-to-
be-discussed issues on the green innovation domain, 
namely, the connection of government subsidies, 
ownership concentration, and green innovation. 
Halkos and Skouloudis point out that both institutional 
efficiency and the quality of governance are necessary 
divers in developing and diffusing green technology 
[18]. Thus, the introduction of the moderating role of 
ownership concentration is conducive to clarifying 
the micro-mechanism from the perspective of internal 
governance. 

In addition, according to the nature of ownership, 
enterprises of China can be classified into state-owned 
enterprises (SOEs) and non-state-owned enterprises 
(non-SOEs) [19-22]. Due to the special attribute of 
property rights, remarkable differences between 
SOEs and non-SOEs in terms of resource acquisition, 
management privileges, and internal governance 
structure are expected [23-24]. Thus, this paper will 
further explore the differences between SOEs and 
non-SOEs through studying the interaction among 
ownership concentration, government subsidies, and 
corporate green innovation. Based on the sample of the 
manufacturing enterprises in Shanghai and Shenzhen 
stock markets from 2011-2016, this paper establishes 
a comprehensive research framework that integrates 
government subsidies, ownership concentration, and 

corporate green innovation to explore the specific role 
of government subsidies on green innovation, as well as 
the moderating effect of ownership concentration in the 
relationship between the two. Moreover, this paper also 
extends the analysis from the property heterogeneity 
aspect. 

To sum up, this paper provides three important 
contributions to the existant literature. Motivated by the 
limited empirical attention to internal governance as a 
moderator of subsidy to promote green innovation, this 
paper takes on a micro-level perspective and attempts 
to integrate government subsidy, green innovation, and 
ownership concentration into a more systematic analysis 
framework to explore the specific role of government 
subsidy on green innovation. In particular, this paper 
attempts to analyze the causal effect of government 
subsidies on enterprises’ green technology innovation 
from the perspective of the moderating effect of internal 
governance, which offers a novelty perspective on the 
long-running dispute of subsidy effect and, thereby, 
further extends this issue into a new realm. Moreover, 
this paper also extends the analysis from the property 
heterogeneity aspect. Therefore, this paper will 
contribute to previous literature on green innovation 
research by investigating the causal effect between 
public subsidies and enterprise green innovative 
behaviors through an internal moderate mechanism, 
which will give an insight into how subsidies works in 
disciplined corporate pollution behaviors.

Literature and Hypothesis

The Effect of Government Subsidies

The core function of government subsidies is to 
solve the problem of investments that are insufficient 
in R&D and the excessive R&D costs caused by 
externalities, which are expected as the main method 
to encourage innovation. At present, the effect of 
government subsidies on enterprise innovation has not 
been clearly drawn. The positive opinions imply that 
public subsidies are likely to alleviate the financing 
needs of enterprises [25-28], reduce the marginal cost 
and innovation of enterprise thresholds, diversify 
the risks of R&D projects, and increase the income 
expectations for innovation activities [29], thereby 
increasing the investment in R&D and expanding the 
scale of innovation. The negative view of the literature 
believes that since the distribution and supervision 
system of government subsidies are not perfect, high-
value subsidies are likely to trigger positive rent-
seeking behaviors, resulting in high rent-seeking 
costs that crowd out R&D investment and reduce the 
scale of enterprise innovation [30-33]. In comparison, 
some studies hold that government subsidies have a 
heterogeneity and moderate scope of effect. Howell 
believes that government subsidies promote independent 
innovation of high-tech companies and reduce the total 
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factor productivity of low-tech and high-tech industries 
[32]; Mao and Xu, Yu et al. analyzed the incentive effect 
of subsidies between districts and further proposed  
that there is a moderate range of incentives for 
government subsidies [34]. It means that excessive and 
too low government subsidies are not conducive to 
stimulating enterprise innovation.

Green innovation is an innovative activity aimed 
at improving energy efficiency and achieving the 
harmonious progression of an enterprising economy 
and ecological environment [35-37]. Corporate green 
innovation can meet the government’s decision-
making goals for the harmonious development of the 
ecological economy, which encourages the government 
to have a strong incentive to invest public resources into 
corporate green innovation activities. In the new era of 
green economy as a development theme, companies can 
reduce economic costs and environmental externalities 
through green process innovation and can also use green 
product research and development to improve corporate 
financial performance and gain a competitive advantage 
[38]. Therefore, in the face of huge green innovation 
market value space and government resource support, 
enterprises have strong motivation and willingness to 
commit to green technology innovation. Therefore, 
hypothesis 1 is proposed as follows:

H1: Government subsidies are positively related to 
enterprise green innovation performance.

Equity Concentration on Green Innovation

Equity concentration is the proportion of the 
shareholder holding shares to total shares, reflecting 
the company’s shareholding structure. According to 
the findings of previous studies on the role of equity 
concentration in green innovation, we have classified 
this paper into five categories. The first category is 
positive correlation. Equity concentration can provide 
an effective monitoring mechanism to resolve agency 
conflict between shareholders and managers caused 
by equity decentralization, as well as the free rider 
problem of small and medium shareholders, which 
can improve the R&D investment level and productive 
resource utilization efficiency of enterprises [39]. The 
second one is the negative correlation. High equity 
concentration tends to cause the largest shareholder 

to enhance the motivation and ability to pursue non-
SOEs or to interfere excessively with management’s 
normal business decisions and behaviors according 
to personal preferences, thereby affecting corporate 
development [40-41]. The third category is the irrelevant 
relationship. The shareholding structure is the result 
of the shareholders’ transactions in order to maximize 
the benefits and is not closely related to enterprise 
development [42]. The fourth category is the inverted 
U-shaped relationship. The balanced equity structure 
formed by moderate equity concentration can effectively 
suppress the control right income and the agent’s income 
tendencies. The excessive and low concentration of 
equity can lead to conflicts and inconsistencies among 
the largest shareholder and the small and medium 
shareholders and managers [19]. The last category is 
the positive U-shaped effect. When the shareholding 
ratio of the major shareholder is low, the motive and 
degree of the large shareholder’s encroachment on the 
benefit of the minority shareholders will be enhanced 
with the increase of the shareholding ratio, resulting 
in entrenchment effect. When the shareholding ratio 
reaches a certain threshold, the majority shareholders’ 
incomes from the encroachment of small and medium-
sized shareholders’ interests is lower than the loss 
caused by the interest encroachment leading to the 
decline of corporate performance, prompting the major 
shareholders and small and medium-sized shareholders 
to form an alignment effect [43].

According to the studies above, in the era of green 
economy where enterprises have not yet become the 
mainstay of green innovation, the stability of the 
environment in which the enterprise is located is 
relatively poor, which makes it easier for the equity 
concentration and green technology innovation to form 
a positive U-shaped relationship. When the equity 
structure is excessively dispersed, the members of 
the shareholders’ meeting are likely to form mutual 
free-riding behaviors. While the managers have 
greater authority over corporate decision-making and 
development, they are less affected by shareholder 
meetings during business processes, which is 
conducive to timely and effective responses to unstable 
environments. With the increase of equity concentration, 
the motivation and ability of the largest shareholder 
to supervise the manager’s business behaviors are 
also enhanced. However, the income generated by the 
manager’s supervision is lower than the loss caused 
by the intervention manager’s operation, which 
affects the enterprise’s green innovation activities. 
When the equity concentration exceeds a certain 
threshold, the maximization of the individual interests 
of the major shareholders will be highly consistent 
with the sustainable development of the company, 
which will enhance the ability of enterprises to cope 
with environmental uncertainties and to encourage 
enterprises to continuously optimize the monitoring 
mechanism to solve various conflicts of interest. Thus, 
hypothesis 2 is proposed as follows:Fig. 1. Role relationship and research hypothesis.
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H2: The effect of equity concentration on enterprise 
green innovation is positively U-shaped.

The Unified Effect 

Government subsidies are regarded as external 
governance mechanisms, while equity concentration 
is an internal counterpart. Therefore, equity 
concentration is expected to affect the efficiency and 
quality that government subsidies have on corporate 
green innovation [18]. Due to a positive U-shaped 
relation between equity concentration and enterprises’ 
green innovation, the equity concentration is likely 
to have a complex role in moderating the relationship  
between government subsidies and corporate green 
innovation. 

When the ownership structure is excessively 
dispersed, there will be a passive effect, which will 
result in government subsidies not being used efficiently, 
thus weakening the positive role of government 
subsidies in corporate green innovation. The mechanism 
of action is mainly reflected by the excessively 
dispersed shareholding structure that is not conducive 
to shareholders’ effective supervision and management 
of managers’ business behaviors, subsequently,  
making it easy for shareholders to form a free rider 
effect, which leads to the closure and exclusivity of 
business operations, resulting in the inefficient use 
of government subsidies. The lack of supervision 
and the free riding effect caused by an excessively 
dispersed ownership structure can easily lead to fraud 
and rent-seeking behavior, leading to policy failure 
and the waste of public resources [44-45]. When the 
equity concentration exceeds a certain threshold, the 
maximization of personal benefits of major shareholders 
are consistent with the long-term development of 
enterprises. In order to seize the opportunity of green 
economy development, major shareholders must 
improve the internal control mechanism and optimize 
the resource allocation mechanism to efficient use of the 
government’s support resources to enhance the ability 
of green innovation. Thus, hypothesis 3 is proposed as 
follows:

H3: The equity concentration has a positive 
U-shaped moderating effect on the role of government 
subsidies in corporate green innovation.

Property Heterogeneity

The nature of property rights determines a series 
of internal governance issues such as corporate equity 
structure, decision-making, and implementation and 
incentive mechanisms [46]. Therefore, due to the 
different nature of property rights, there are significant 
differences in the technological innovation behaviors, 
goals, and business environments of each enterprise 
[19-20]. The particularity of SOEs property rights is 
reflected in: (1) SOEs have a large amount of productive 
resources from the government since they were founded 

and can obtain monopoly power and scarce quality 
resources at low cost through a large number of rent-
seeking opportunities [24]; (2) SOEs have various 
developmental goals; while seeking to preserve and 
increase the value of state-owned assets, they also need 
to fulfill the social high-quality developmental goals of 
the country and have social functions such as promoting 
the green development of the economy and technology; 
and (3) entrepreneurs in state-owned enterprises are 
decision-makers appointed by government agencies; 
most of them have never had professional training, 
lack risk awareness and market competition thinking, 
and innovative management capabilities, however, 
in the process of operations, non-SOEs need to be 
responsible for their own profits and losses, which is 
the fundamental purpose to improve the core technical 
capabilities and realize the value preservation of assets. 
This encourages non-SOEs to make more efficient use 
of external support resources to improve their ability 
to reach green innovation. Thus, the hypothesis 4 is as 
follows:  

H4: The relationship among equity concentration, 
government subsidies, and corporate green technology 
innovation of SOEs and non-SOEs is significantly 
different. 

 

Experimental

Data and Samples

According to the availability of the relevant data 
set, this paper uses the high-tech enterprises listed 
in Shanghai and Shenzhen stock markets over the 
period of 2011 to 2016 as the research sample. After 
eliminating the non-continuous operations: variables 
with severe missing data, and the ST-type samples,  
589 listed companies and 2,306 observations of 
unbalanced panel data were obtained. All the data 
comes from the Wind Information Financial Terminal, 
the China Stock Market & Accounting Research 
Database (CSMAR), the State Intellectual Property 
Office’s official website, and Baiten’s official website. 
The green patent data are from the State Intellectual 
Property Office website and Baiten’s official website. 
Other data are mainly from the Wind Information 
Financial Terminal and the CSMAR database.

According to the contribution of Li and colleagues 
[47] and Berrone and colleagues [48] and data available 
in China, enterprise green technology innovation 
performance (Gpatent) is measured by green patent 
applications. The green patent applications data 
were collected by Li and colleagues [47], in which 
14 Chinese keywords were used to screen the patent 
applications of sample companies to obtain the 
specific green technology innovation data. Keywords 
that demonstrated the conception and meaning of 
green technology innovation included environmental 
protection, energy saving, pollution control, water 
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conservation, electricity saving, recycling, sustainable, 
clean, economical, emission reduction, green, low 
carbon, environmental protection, and ecology.

Research Model

Drawing on the research methods of Wen and 
Ye [49], Du et al. [50], Edwards and Lambert [51], 
this paper builds empirical models one through four, 
which use the enterprise green technology innovation 
patents as the dependent variable, and government 
subsidies, equity concentration, and interaction items 
as explanatory variables to examine the effect of 
subsidies and equity concentration on green innovation. 
Some control variables have been added, that include 
company size, equity balance, and equity incentives of 
the core technical personnel.

  (1)

   (2)
 

 (3)

  (4)

Where (1~4) Gpatent is the dependent variable, 
which is expressed as the enterprise green innovation 
performance and measured by the total amount  
of green patents applied for by the enterprise. In 
the explanatory variables, lngosub is government 
subsidies, which is expressed by the natural logarithm 
of the current government subsidy (in millions of 
RMB); shr1 is equity concentration is the proportion of 
shares held by the largest shareholder; shr12 is 
the square of equity concentration; lngosub×shr12 

is the intersection of government subsidy and equity 
concentration squared. Controls is the control variables 
expressed by equity balance (shr2-10), enterprise size 
(size), and equity incentives for core technicians (tepo). 
Among them, the equity balance is expressed as the 
sum of the shareholding ratio of the second to the tenth 

largest shareholders; the enterprise size is the total assets 
(in units of 100 million yuan); and equity incentives  
for core technicians are expressed as a percentage of 
equity acquired by core technicians.

Descriptive Analysis

Table 1 shows the descriptive analysis of the main 
variables. The quantile 1, median, quantile 3, and 
the mean value of green patent applications are 47, 
21, 8, and 66.314, respectively. This means that the 
willingness and output of green innovation among 
different manufacturing companies are significantly 
different. The quantile1, median, quantile 3 and mean 
value of government subsidies are 1.811, 2.635, 3.647, 
and 2.716. This means that there is a big difference 
in government subsidies received between sample 
companies. In summary, the research sample companies 
have better differentiation.

Results and Discussion

Basic Empirical Results Analysis

STATA 15.0 is applied in this paper to process 
data and baseline models to examine the hypotheses 
for the relationship among ownership concentration, 
government subsidies and corporate green innovation.

In Table 2, columns one through three show the 
successive regression results among control variables 
(shr2-10, size, and tepo), government subsidies 
(lngosub), ownership concentration (shr1), equity 
concentration squared (shr1_squ) and green technology 
innovation (Gpatent). Column four shows the regression 
results after adding the intersection of government 
subsidy and equity concentration squared on the basis 
of the column three. 

In Table 2, the regression coefficient of government 
subsidies (lngosub) is 19.97, which is statistically 
significant. Thus, the role of government subsidies in 
corporate green innovation is significantly positive 
(Gpatent). As government subsidies increase, companies 
are able to acquire more external resources, which 
makes green innovation performance better. Therefore, 
Hypothesis 1 is supported.

Table 1. Descriptive statistical analysis of the main variables.

Variable Obs Mean Std. Dev. Quantile1 median Quantile3

Gpatent 2,306 66.314 178.404 8 21 47

gosub 2,306 2.716 1.485 1.811 2.635 3.647

shr1 2,306 32.932 13.514 22.360 30.630 41.620

shr2-10 2,306 23.235 12.405 13.66 21.570 31.550

tepo 2,306 0.092 0.265 0 0 0

size 2,306 21.925 1.153 21.102 21.815 22.566
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Regression results also show that the effect of 
equity concentration on corporate green innovation is 
positive and U-shaped. From columns three and four, 
the regression coefficient of ownership concentration 
squared is significantly positive, which indicates that the 

effect of ownership concentration on corporate green 
innovation is positive U-shaped. As the concentration 
of equity increases, the ability of enterprises to cope 
with the unstable environment is enhanced, while self-
interest motives and capabilities of major shareholders 

Fig. 2. Positive U-shaped effect of equity concentration on green innovation.

Table 2  The basic regression results.

(1) (2) (3) (4)

Gpatent Gpatent Gpatent Gpatent

shr2-10
2.005*** 1.990*** 1.831*** 2.148***

(4.22) (4.20) (3.57) (4.21)

size
88.64*** 70.42*** 69.83*** 75.27***

(17.32) (9.82) (9.74) (10.53)

tepo
5.540 2.177 -0.529 0.314

(0.25) (0.10) (-0.02) (0.01)

lngosub
19.97*** 19.41*** 48.44***

(3.62) (3.52) (6.96)

shr1
-5.313** -6.625***

(-2.73) (-3.43)

shr1_squ
0.0650* 0.148***

(2.54) (5.26)

lngosub*shr1_squ
-0.0218***

(-6.74)

_cons
-1917.3*** -1571.5*** -1460.5*** -1651.3***

(-16.74) (-10.54) (-9.48) (-10.64)

N 2303 2303 2303 2303

R2 0.116 0.121 0.124 0.141

adj. R2 0.115 0.120 0.122 0.139

t statistics in parentheses; * p<0.05, ** p<0.01, *** p<0.001
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are enhanced. When the concentration of equity has 
not exceeded a certain threshold, the losses caused by 
the majority shareholders’ self-interest will be greater 
than the gains from the improvement of the operational 
efficiency of the enterprise. When the ownership 
structure is highly concentrated, the maximization of 
the individual interests of the major shareholders will 
be highly consistent with the sustainable development 
of the company, which will enhance the ability of 
enterprises to cope with environmental uncertainties, 
and encourage enterprises to continuously optimize 
supervision mechanisms to solve various conflicts 
of interest and ultimately achieve the improvement 
of green innovation performance (Fig. 2). Thus, 
Hypothesis 2 is supported as expected.

However, the coefficient of the squared intersection 
is significantly negative, which indicates that the 
equity concentration has an inverted U-shaped effect 
on the role of government subsidies in corporate green 
innovation. When the equity concentration is low,  
the equity concentration positively adjusts the impact 
that government subsidies have on corporate green 
innovation. When the equity concentration is high, 
the equity concentration negatively adjusts the 
effect that government subsidies have on corporate  
green innovation. Therefore, Hypothesis 3 is not 
supported.

The reason why Hypothesis 3 is not supported may 
be caused by the heterogeneity between government 
subsidized resources and internal productive resources. 
The heterogeneity is reflected in the information 
asymmetry, the distribution and supervision mechanism 
for government R&D subsidies which is weaker than 
that for internal productive resources and is conducive 
to enhancing the motive for encroachment of corporate 
decision makers. When the ownership structure is 
excessively dispersed and as the concentration of equity 
increases, shareholders’ supervision of managers will 
also become stronger, which enhances the promotion 

of government subsidies to green innovation. When the 
concentration of equity exceeds a certain threshold, the 
imperfect distribution and supervision mechanisms of 
government subsidies tend to enhance the motives of 
the largest shareholder’s encroachment, which reduces 
the efficiency of government subsidies.

Heterogeneity Analysis of Property 
Rights

In Table 3, columns one and two show the 
successive regression results among the control 
variables: government subsidies, equity concentration, 
equity concentration squared, and green innovation 
from property rights. Columns three and four show the 
regression results of the test of relationships among the 
explanatory variables and control variables and green 
innovation after adding the intersection of government 
subsidy and equity concentration squared on the basis 
of the column two from the perspective of property 
rights. 

Columns one and two show that the regression 
coefficients of government subsidies of non-SOEs 
and SOEs are 11.31 and 27.23, respectively, in which 
the former is statistically significant and the latter is 
not statistically significant. It shows that the role of 
government subsidies in corporate green innovation 
is significantly positive for non-SOEs. The regression 
coefficient of equity concentration squared of non-
SOEs is not significant, while the result of state-owned 
enterprises is significantly positive, which indicates 
that the positive U-shaped relationship of equity 
concentration to the green innovation applies to SOEs, 
not to non-SOEs. 

From the columns three and four, the regression 
coefficients of government subsidies of non-SOEs 
and SOEs are 10.86 and 107.1, respectively; both are 
statistically significant. Thus, the positive effects of 
government subsidies on corporate green innovation 

Fig. 3. The inverse U-shaped moderating effect of equity concentration on the role of government subsidies in green innovation.
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are unstable in SOEs. The regression results of the 
equity concentration squared of non-SOEs and SOEs 
are basically consistent with the results in columns one 
and two. In terms of the results of the intersection of 
government subsidies and equity concentration squared, 
the inverted U-shaped adjustment effect of equity 
concentration on the role of government subsidies  
in green innovation is applicable to SOEs and not to 
non-SOEs. Therefore, Hypothesis 4 is supported.

In terms of the control variables, the regression 
coefficient of the equity balance of non-SOEs is 
significantly positive and the state-owned enterprises 
is not significantly positive. It shows that the equity 
balance of non-SOEs is conducive to the formation of 
appropriate checks and balances on the authority of 
major shareholders for improving the green innovation 
performance.

To sum up, government subsidies is able to promote 
the improvement of green innovation performance as 
expected, which applies to non-SOEs, and unstable 
in state-owned enterprises; The effect of equity 
concentration on corporate green innovation is positive 
U-shaped, which applies to SOEs and does not apply 
to non-SOEs; the equity concentration has an inverse 
U-shaped moderating effect on the role of government 

subsidies on green innovation, which applies to SOEs 
and does not apply to non-SOEs .

Robustness Test

To sum up, government subsidies are able to 
promote the improvement of green innovation 
performance as expected, which applies to non-SOEs, 
and unstable in state-owned enterprises. The effect of 
equity concentration on corporate green innovation 
is positive and U-shaped, which applies to SOEs and 
does not apply to non-SOEs. The equity concentration 
has an inverse U-shaped moderating effect on the  
role of government subsidies on green innovation, 
which applies to SOEs and does not apply to non-SOEs.

Robustness Test

In order to ensure more robust conclusions, this 
paper further tested the relationship among equity 
concentration, government subsidies, and green 
innovation from two perspectives.

First, this paper will add control variables that 
may influence green innovation which was calculated 
as the proportion of independent directors (the 

Table 3. Regression results from the perspective of property heterogeneity.

(1) (2) (3) (4)

(Non-SOEs) (SOEs) (Non-SOEs) (SOEs)

lngosub
11.31*** 27.23 10.86* 107.1***

(3.32) (1.77) (2.32) (5.75)

shr1
0.184 -31.03*** 0.176 -41.19***

(0.16) (-4.96) (0.15) (-6.63)

shr1_squ
0.0130 0.311*** 0.0122 0.642***

(0.82) (4.02) (0.72) (7.29)

shr2-10
1.681*** 0.697 1.680*** 1.446

(5.41) (0.39) (5.40) (0.84)

size
49.02*** 103.3*** 49.02*** 121.0***

(10.85) (4.92) (10.85) (5.92)

tepo
0.893 181.2 0.806 163.1

(0.08) (1.36) (0.07) (1.26)

lngosub*shr1_squ
0.000364 -0.0545***

(0.14) (-7.10)

_cons
-1102.1*** -1645.6*** -1100.9*** -2162.9***

(-11.36) (-3.58) (-11.29) (-4.80)

N 1596 701 1596 701

R2 0.154 0.172 0.154 0.228

adj. R2 0.151 0.165 0.151 0.221

t statistics in parentheses; * p<0.05, ** p<0.01, *** p<0.001
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proportion of independent directors in the board, indir) 
and the salary incentives of directors, supervisors,  
and senior managers (the total annual salary, in units  
of one million yuan, chsas). Thus, the empirical model 
is five, with results in columns one and two. 

 
(5)

Second, this paper will select the marketization 
degree in the region where the enterprise is located as 
a substitute for government subsidies. The reason for 
choosing the degree of marketization (Market) as a 

substitution variable is that the degree of marketization 
in a region determines the external living environment 
and external governance quality of the enterprise and 
has an important impact on the setting of government 
subsidy mechanisms. Thus, the empirical model is (6), 
with results in columns three and four 

  (6)

The degree of marketization of the company’s 
region is measured by the Wang et al. China 
Marketization Index [52]. In this paper, the provinces 
with a marketiszation index higher than the mean 

Table 4. Results of robustness test.

(1) (2) (3) (4)

(Non-SOEs) (SOEs) (Non-SOEs) (SOEs)

lngosub
8.472 96.03***

(1.84) (5.27)

shr1
0.107 -38.92*** -0.305 -24.46***

(0.09) (-6.42) (-0.21) (-3.60)

shr1_squ
0.0110 0.613*** 0.0137 0.308***

(0.66) (7.14) (0.86) (3.99)

interac
0.000209 -0.0564***

(0.08) (-7.54)

shr210
1.440*** -0.493 1.645*** 1.454

(4.69) (-0.29) (5.28) (0.81)

indir
331.4*** -363.3

(5.14) (-1.30)

chsas
4.342*** 26.79***

(6.01) (6.19)

size
39.26*** 85.73*** 58.64*** 129.6***

(7.99) (4.10) (16.45) (9.15)

tepo
0.975 55.41 1.657 189.0

(0.09) (0.44) (0.14) (1.43)

Market
17.60 337.6**

(0.54) (2.61)

Mash
0.336 -7.488*

(0.30) (-2.18)

_cons
-1021.0*** -1346.0** -1292.8*** -2446.5***

(-9.27) (-2.94) (-14.59) (-6.76)

N 1596 701 1596 701

R2 0.188 0.271 0.151 0.178

adj. R2 0.184 0.261 0.147 0.169

t statistics in parentheses; * p<0.05, ** p<0.01, *** p<0.001
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value are marked as 1, and the provinces with a lower 
than mean value are marked as 0, thereby obtaining  
a virtual variable of the degree of marketization  
for each province. The intersection of government 
subsidy and equity concentration squared is expressed 
as mash.

Table 4 depicts that the robustness test results in both 
scenarios are basically consistent with the test results 
in Table 3, which are mainly reflected as government 
subsidies of PE and SOEs having positive effects on 
green technology innovation. The positive U-type effect 
of equity concentration on green technology innovation 
still applies to SOEs and not to non-SOEs. In columns 
one and two, the inverse U-shaped adjustment effect 
of equity concentration on the role of government 
subsidies in green innovation still applies to SOEs and 
not to non-SOEs. In columns three and four, the degree 
of marketization has a positive effect on the innovation 
of non-SOEs and SOEs. In the column three and 
four, the inverse U-shaped adjustment effect of equity 
concentration on the role of marketization degree in 
green innovation still applies to SOEs and not to non-
SOEs. In comparison to Table 3, the small changes in 
the other test results in Table 4 do not affect the main 
conclusions obtained in this paper.

Conclusions

As the green economy becomes the theme of high-
quality economic development, green innovation has 
become an important way to realize green progress 
in the manufacturing industry. Using listed high-
tech companies in Shanghai and Shenzhen stock 
markets, this study sought to investigate the impact 
of the government subsidies on green innovation 
by considering the moderating effect of ownership 
concentration. The following conclusions are drawn:

First, government subsidies effectively improve 
enterprises green innovation performance. This result is 
consistent with the findings of Peng and Liu [8, 53] and 
in conflict with the results of Yu et al. [14] who found 
that government subsidies are negatively associated 
with green innovation. Therefore, the results further 
clarify the effect of government subsidies on enterprise 
green innovation. 

Second, this study also found that ownership 
concentration has a positively U-shaped effect on 
green innovation. This conclusion is consistent with 
the findings of Wang and Wang [54] who showed that 
enterprise resources can significantly strengthen green 
technology innovation only when the shares held by 
major shareholders are within a certain threshold. Thus, 
the results further support the finding that the impact 
of equity concentration on government subsidies is non-
linear. 

Third, equity concentration has an inverted 
U-shaped moderating effect on the relationship 
between government subsidies and green innovation 

performance. Combined with a positive U-shaped 
effect on equity concentration relationship to green 
innovation. This conclusion indicates that there is 
heterogeneity between government subsidized resources 
and internal productive resources of enterprises in the 
use of supervision and encroachment motivation. 

For property heterogeneity, the baseline conclusions 
apply to SOEs and not to non-SOEs. This conclusion is 
in line with Jin and Xu’s work that there are obvious 
differences between state-owned enterprises and 
non-state-owned enterprises in the field of green 
development [55]. The comparative analysis of state-
owned enterprises and non-state-owned enterprises is 
likely to clarify the applicability boundary of the basic 
conclusion from the perspective of the heterogeneity of 
property.

Public Policy Implications

Some policy implications are provided. First, 
since government subsidies positively affect corporate 
green technology innovation, policy-makers should 
strengthen their support of subsidies for enterprise 
green innovation. Effective supervision and evaluation 
systems for these subsidized enterprises are needed 
to improve the efficiency and quality of government 
subsidies in promoting environmentally sustainable 
development by establishing a dynamic supervision 
mechanism based on application and use procedures. 
Second, the inverted U-shaped moderating effect of 
ownership concentration on the relationship between 
government subsidies and green innovation shows that 
ownership concentration should be kept at a proper 
threshold. That is, ownership concentration should not 
be too high when enterprises improve the utilization 
efficiency of government subsidies to support green 
innovation. Third, the results of the heterogeneity 
of property rights indicates that there are significant 
enterprise differences in the relationship between 
government subsidies, ownership concentration, and 
green innovation. Enterprises need to flexibly adjust and 
optimize the management of government subsidies and 
the concentration of equity against actual conditions in 
the process of green innovation. 

Although this paper has attempted to robustly test 
these hypotheses, there remain some limitations and 
suggestions for future research. First, although this 
paper tried to examine the micro-action mechanism  
of government subsidies on green innovation from 
internal governance perspectives, we only discussed 
equity concentration, there are many other internal 
governance variables which may also affect the 
relationship that were omitted, such as board structure, 
equity incentive, and so on. Second, heterogeneous 
problems are only discussed from the property rights 
perspective due to data availability. Other heterogeneous 
issues, such as the heterogeneity of enterprise scales in 
industries and regions need to be considered in further 
studies.
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