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How do environmental subsidies affect the
environmental performance of heavily polluting
enterprises: evidence from China

Feimei Liaoa , Yaoyao Hua and Shulin Xub

aSchool of Finance, Jiangxi Normal University, Nanchang, P. R. China; bSchool of Economics,
Guangzhou College of Commerce, Guangzhou, P. R. China

ABSTRACT
We investigate the influence of environmental subsidies on enter-
prise environmental performance based on 257 heavily polluting
A-share listed companies in Shanghai and Shenzhen stock exchange
from 2010 to 2017. We also discuss the mechanism of how these
environmental subsidies influence enterprise environmental per-
formance further. The study employs OLS and PSM methods to
evaluate the association between environmental subsidies and
enterprise environmental performance. The study finds that envir-
onmental subsidies have a positive incentive effect on the environ-
mental performance of heavily polluting enterprises. Its positive
incentive effect mainly contributes through three channels: promot-
ing green technology innovation, increasing government environ-
mental supervision and enhancing executives’ environmental
awareness. Further research shows that environmental subsidies sig-
nificantly promote environmental performance in non-state-owned
enterprises, with a high degree of financing constraints and high
levels of risk-taking. This study contributes to prior works by reveal-
ing the black box of the government’s macro policies affecting
enterprise micro behaviour and exploring how environmental subsi-
dies influence firm-specific behaviours.
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1. Introduction

In just over 40 years since the start of reform and opening up, China has made remark-
able progress in economic growth. This rapid development of China’s economy is
largely attributed to various industrial policies launched by the government (Han &
Hong, 2014). With China’s economic development into a ‘new normal’, the traditional
extensive economic growth pattern of the accumulated contradictions has been increas-
ingly prominent. Problems such as excessive consumption of resources and ecological
destruction gradually become the bottleneck of economic development, making it pay a
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heavy price in terms of resources and the environment (Su, Yuan, Tao, et al., 2022).
However, the ‘Jinshan silver’, ‘green mountains and clear waters’ gradually disappear.
According to Yale University’s global Environmental Performance rankings, China
ranked 94th out of 133 countries in the 2006 Environmental Performance Index and
128th in air quality (sixth from the bottom worldwide). China’s environmental perform-
ance index ranked 120th out of 180 countries in 2018, and the air quality index ranked
177th (4th from the bottom worldwide). These data show that China’s environmental
quality is still far behind the world’s, in stark contrast to its current position as the
world’s second-largest economy. Coordinating the conflict between environmental pro-
tection and economic growth has become the most critical challenge faced by the gov-
ernment in environmental governance. As an important source of environmental
pollution, industrial enterprises, especially heavily polluting ones, pose a major threat to
the living environment of human beings (Walls et al., 2012; Tao et al., 2022). Therefore,
effectively controlling the environmental pollution of heavily polluting enterprises and
improving environmental quality and their performance will contribute to the sustained
(Xu et al., 2022), healthy development of China’s national economy.

As an important government macro control, environmental protection subsidy pol-
icy reflects a country’s or region’s industrial policy in a certain period. To correct
market failure, governments of various countries generally use industrial policies to
transform and upgrade related industries, especially the environmental protection
industry. The governments of various countries adopt the environmental protection
subsidy policy to optimise the industrial structure mainly because the ecological
environment is characteristic of public goods, which leads to excessive consumption
and environmental protection market failure. It is difficult to effectively solve the
environmental pollution problem with market-based behaviour using carbon markets
and carbon bonds. Therefore, the government contributes to resource allocation
(Qin, Wu, et al., 2022). Implementing the environmental protection subsidy policy
helps enterprises reduce environmental governance costs and compensates for the
loss of profit caused by the positive externalities of environmental governance activ-
ities. As the new structural economics emphasises, economic development requires
efficient markets and an effective government (Su, Yuan, Umar, et al., 2022).
Therefore, implementing the environmental protection subsidy policy is the main
form of government intervention. Whether the environmental protection subsidy pol-
icy can achieve the win-win goal of reducing pollution and increasing efficiency has
become the criterion to measure the success of the environmental protection indus-
trial policy worldwide. The key to the effectiveness of environmental protection poli-
cies lies in whether the design intention of the government’s macro policies can be
effectively implemented at the micro-enterprise level. As China’s economic develop-
ment enters the new normal, ecological and environmental problems become increas-
ingly prominent and gradually become the bottleneck for China’s economic
development. In the economic development framework, China’s framework for eco-
nomic development is prominent. To alleviate the dual pressure of ‘pollution reduc-
tion’ and ‘efficiency increase’, the government has invested in a large number of
environmental subsidies to promote environmental governance in heavily polluting
industries. These subsidies have attracted much attention. Environmental protection
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subsidies improve the environmental performance of heavily polluting enterprises. If
so, what are the possible channels of action?

However, different kinds of enterprises with different characteristics have dissimilar
resource endowments and risk bearing levels due to different property rights.
Therefore, environmental protection subsidies have dissimilar incentive effects on the
environmental performance of different enterprises. In addition, environmental pro-
tection subsidies are usually dominated by industrial policies and independent of the
aided units. In contrast, the heterogeneity of enterprises is endogenous and embedded
in the organizational structure and corporate culture. Thus, coordination of the enter-
prises’ heterogeneity and policy resources can effectively implement targeted adjust-
ment and take appropriate measures if the related environmental subsidy policy is
based on different enterprise characteristics to differentiate environmental subsidies.
This will significantly improve the environmental performance and production effi-
ciency of environmental subsidies.

In recent years, research on the economic consequences of environmental subsidy
policies has shifted from the macro and industry level to the micro firm level. It has
yielded fruitful results, focusing mainly on the following.

The first is the influence of environmental subsidies on firm investment. Academic
studies on the relationship between environmental subsidies and firms’ investment
decisions have the following competing views: first, environmental subsidies enhance
firms’ investment efficiency (Aghion et al., 2015; Bu et al., 2019; Xie et al., 2022);
second, environmental subsidies harm firms’ investment efficiency (Chen et al., 2013).

The second is the effect of environmental subsidies on enterprise financing.
Existing studies show that implementing environmental protection subsidy policies
positively and negatively influence enterprise financing. However, some scholars
believe that environmental protection subsidies positively affect enterprise financing
(Chen et al., 2017; Yang et al., 2020). Conversely, some scholars believe environmen-
tal protection subsidies negatively affect enterprise financing (Huang et al., 2022).

The third is the influence of environmental subsidies on firm innovation. The dis-
cussion on the effect of environmental subsidies’ incentives on corporate innovation
has been controversial and has three main views: (i) the promotion effect, focusing
on technological innovation and new energy development (Hojnik & Ruzzier, 2016;
Huang & Chen, 2022; Yuan et al., 2022; (ii) the suppression effect, specifically show-
ing that environmental subsidies have a more limited effect on corporate innovation
or even inhibit or hinder innovation (Blazenko & Yeung, 2015); (iii) uncertainty
(Desmarchelier et al., 2013; Hsu et al., 2014; Liao, 2018). In addition, some scholars
have argued that environmental subsidies influence firms’ investment in environmen-
tal governance (Wang et al., 2012).

The above literature review shows that the existing literature examines the impact
of government environmental subsidies on enterprise investment, financing and
innovation. However, these studies do not discuss the impact of environmental subsi-
dies on the ecological environment. Wang et al. (2012) studied the impact of environ-
mental subsidies on corporate environmental governance investment. These are
indirect factors in terms of their influence. However, minimal literature has focused
on corporate environmental performance, a factor more directly related to ecological
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quality. Therefore, they have not explored the role of environmental subsidies on cor-
porate environmental performance, providing a research opportunity.

Our primary contributions can be summarised as follows. First, based on the
environmental performance of micro-enterprises, we provide direct evidence for the
implementation effect of environmental protection subsidies at the micro level and
expand on the effectiveness of these subsidies. Second, this study explores the mech-
anism of the impact of environmental subsidies on enterprise environmental perform-
ance. The existing literature focuses on the relationship between environmental
subsidies and enterprise investment and financing decisions and the relationship
between environmental subsidies and innovation. Based on the relationship between
government environmental subsidies and firms’ environmental performance, this
study analyses the mechanism of environmental subsidies affecting environmental
performance from three aspects: government environmental supervision, enterprise
green technology innovation and senior executives’ environmental awareness (Chen,
Xiao, et al., 2022). Thus, we investigate the deep-rooted causes of the consequences of
the environmental protection subsidy policy, which provides a reference for the gov-
ernment’s targeted regulation and precise policy implementation.

This study examines the mechanism of environmental subsidies and their impact on
enterprise environmental performance. It finds that environmental subsidies positively
incentivise the environmental performance of heavily polluting enterprises. This effect
works through three channels: promoting green technology innovation, increasing gov-
ernment environmental supervision and enhancing executives’ environmental aware-
ness. Moreover, the impact of environmental subsidies on environmental performance
is more obvious in non-state-owned enterprises with high financing constraints and
risk-taking levels. Based on the environmental benefits of micro-enterprises, this study
provides direct evidence for the implementation effect of environmental subsidies at
the micro level. Therefore, it provides a reference for the government to improve the
specific implementation path of environmental subsidies. Moreover, it also provides a
reference for the government to implement directional regulations and accurate policies
according to the particularity of enterprises with different characteristics. (Figure 1)

The concept framework of this study is shown in Figure 1.

2. Theoretical analysis and research hypothesis

According to the theory of public goods, environmental pollution has negative exter-
nalities. In contrast, environmental governance has the positive externalities of private
costs being greater than social costs and private benefits being less than social benefits,
leading to less enthusiasm for environmental governance. In addition, environmental
governance has the characteristics of a long cycle and high cost. Therefore, enterprises
lack the enthusiasm for environmental management, leading to the failure of the
environmental protection market, which urgently needs the government’s active inter-
vention. Environmental protection subsidies are specific industrial policies to intervene
in economic operations. Implementing environmental protection subsidies reduces
environmental governance costs. It compensates for the loss of profits caused by the
positive externalities of environmental governance activities, encouraging enterprises
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to carry out environmental protection technology innovation and strengthen environ-
mental governance.

The government environmental protection subsidies promote enterprises’ environ-
mental performance, as reflected in the incentive and pressure effects of the system.
According to national environmental policies, such as ‘several provisions on strength-
ening the management of environmental protection subsidy funds’, ‘the environmental
protection tax law of the People’s Republic of China’, and other relevant provisions,
enterprises encouraged by environmental protection subsidy policies are more likely
to obtain government support on the one hand and release good signals to the outside
world on the other hand, which helps to boost investor confidence, reduce financing
costs and encourage enterprise participation in environmental governance. It has a
good system incentive effect.

As an important means of government macro-control, the environmental protection
subsidy reflects the industrial policy of a country or region in a certain period. To cor-
rect the influence of market failures on the national economy, governments generally
use fiscal subsidies and other policy tools to drive the transformation and upgrade
related industries, especially environmental protection industries. Some scholars believe
China’s energy conservation and environmental protection industry contributes to

Figure 1. Concept framework.
Source: Author’s drawing.
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alleviating environmental externalities. The capital-intensive environmental protection
industry needs government subsidies because of its high risk, high level of uncertainty,
and the need for sustained capital investment as support during the emerging period
of innovation (Zhang et al., 2017; Xu et al., 2021b). Some studies believe that environ-
mental subsidies promote environmental management innovation but do not affect
environmental technology innovation (Shi, 2021). Therefore, whether environmental
protection subsidies can achieve effective results lies in whether the government’s
macro policy design intention is effectively implemented at the micro-enterprise level.
Although ecological environment governance requires several long-term resource
investments, the ecological environment has the characteristics of a public product.
However, private corporations have no strong motivation to participate in environ-
mental governance; lack of resource incentives and constraints beset environmental
management (Grossman & Helpman, 2018). According to the theory of public goods,
the ecological environment is not privately owned but is a public resource. The gov-
ernance of the ecological environment will occupy other productive investments used
initially by enterprises, which is an extra cost. Thus, enterprises will lose the original
motivation for green governance of their pollution behaviours. Many enterprises in the
environmental governance ‘free ride’ phenomenon lead to environmental market fail-
ure. The environmental protection subsidy policy alleviates the lack of funds required
for environmental governance, helps enterprises expand reproduction and forms
economies of scale to reduce environmental governance costs and compensate for the
profit loss caused by the positive externalities. However, encouraged and constrained
by the environmental protection subsidy policy, heavier pollution enterprises seek to
maximise their profits and show a willingness to adopt green and new energy technol-
ogies in daily production and operation, to eliminate polluting and backward produc-
tion capacity. This improves the efficiency of enterprise resource allocation and
achieves the double benefits of ‘reducing pollution emissions’ and ‘increasing economic
efficiency’ (Hojnik al., 2019; Li et al., 2018; Qin, Su, et al., 2022).

Meanwhile, as one of the important dimensions of the formal system, the environ-
mental protection subsidy policy focuses on coal, steel, chemical, electric power and
nonferrous heavy pollution industries, emphasizing ‘green’, ‘clean’ production, which
theoretically, has an important effect on enterprises’ participation in environmental gov-
ernance and improvement of environmental performance: institutional pressure exists
(Huang & Chen, 2022). The environmental protection subsidies have the resource com-
pensation effect. However, an enterprise enjoying environmental protection subsidies is
subject to stringent environmental supervision by government departments, mainly
supervising and evaluating the direction and efficiency of special environmental protec-
tion funds (Stoever & Weche, 2018). Therefore, this institutional pressure on the eco-
logical supervision of environmental subsidies restricts non-green production and
environmental violations, improving enterprises’ environmental performance.

Based on the theory of signal transmission, companies that receive environmental
subsidies from the government send an important signal to the world. These companies
support the government as a recessive guarantee, enhancing the company’s financing
gravity (Zhou & Zhao, 2022). They help raise funds through the capital market and
boost stakeholder confidence in green enterprise development. They reduce financing
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costs, encourage enterprise participation in environmental governance and reduce
stakeholders’ negative expectations of non-green environmental protection behaviours
(Buysse & Verbeke, 2003). Therefore, it has a positive influence on reducing the financ-
ing difficulties of enterprises, increasing investments in green technology innovation
and improving environmental governance efficiency. The environmental management
of enterprises with heavy environmental pollution is characterised by large investments
in special equipment, long investment cycle span, high risk and slow effect (Rabeloo &
de Azevedo Meloa, 2019), which cannot be separated from the support of sufficient
cash flow. Moreover, enterprises that receive government environmental protection
subsidies send a favourable signal to external stakeholders. The implicit government
guarantee behind the enterprises facilitates raising funds from the bond and stock mar-
kets. An enterprise’s active participation in green environmental governance signals its
legitimate operation to the outside world. This promotes the good image of fulfilling
social responsibilities. It provides psychological guarantees for investors to make deci-
sions, raises good expectations, reduces financing costs and provides financial security
to improve environmental performance (Martin & Moser, 2016). The government sup-
ports heavily polluting enterprises participating in environmental governance through
measures such as environmental protection subsidies, helping them expand reproduc-
tion and reduce the uncertainty and irreversibility of their environmental governance
investment. Then, they promote the adoption of green environmental protection equip-
ment and technologies (Hamamoto, 2006), improving environmental performance.
Based on the above incentive and pressure effects, the environmental subsidy policy
encourages enterprises to improve environmental performance. Therefore, the following
assumptions are proposed as follows:

Hypothesis 1: Government environmental protection subsidies positively influence the
improvement of the environmental performance of heavily polluting enterprises.

Environmental protection subsidies are important economic means for the govern-
ment to intervene in enterprises’ green environmental protection practices. The gov-
ernment invests in a large number of environmental protection subsidies annually to
alleviate pollution, helping enterprises reduce emissions and pollution and adopt
clean production methods. The effect of environmental protection subsidies is an
important practical issue that needs to be studied in depth. The above theoretical
analysis shows that environmental protection subsidies affect the environmental per-
formance of enterprises. Therefore, through these channels, the government environ-
mental subsidies affect the environmental performance of enterprises and clarifying
the mechanism of action between the two will help reveal the ‘black box’, in which
the government’s macro policies affect micro behaviours. Based on the existing
research results, this study argues that enterprise green technology innovations, the
government’s environmental regulation and environmental awareness of executives
are important ways for environmental subsidies to affect green production behaviour
and environmental performance for the following reasons.

First, according to the technological innovation theory, green technological innov-
ation can improve resource utilisation efficiency, reduce energy consumption per unit
product and eliminate the backward polluting capacity to promote enterprises realise
green production (Chen, Zhu, et al., 2022). However, technological innovation is
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highly risky and uncertain and needs sustained capital investments as support.
Moreover, financing difficulties and lack of motivation have always troubled enter-
prises’ green technology innovation (Hsu et al., 2014; Su, Pang, et al., 2022).
However, environmental protection subsidies provide financial support for enter-
prises’ green technology innovation. They reduce the financing constraints, the high
risk and uncertainty of innovation activities (Stiglitz, 2015), and green innovation
costs, encouraging enterprises to carry out green innovation. Shapiro and Walker
(2018) also showed that green environmental protection subsidies promote enter-
prises’ green technology innovation.

Second, based on the externality theory, once innovation appears, the owner usually
is unable to or struggles to exclude others from using green technology innovation or
cannot fully control its spread. Therefore, in innovation, the private income is less
than the social benefits of the enterprise, showing the spillover effects of green technol-
ogy innovation (Fiorillo et al., 2022). Government environmental protection subsidies
can effectively overcome the cost-benefit asymmetry caused by the spillover effect of
green technology innovation. This improves their enthusiasm for green technology
innovation and alleviates the problem of insufficient investment. More importantly,
enterprises use innovative green technologies and intelligent equipment in production
(Su, Chen, et al., 2022). On the one hand, it is conducive to accelerating the greening
of the enterprise’s production process, reducing the dependence on the original pro-
duction methods that damage the environment, reducing environmental supervision
costs and improving environmental performance (Shapiro & Walker, 2018; Pirtea et al.
, 2021). On the other hand, through the green technology innovation chain, enterprises
produce differentiated products to create new market demand and enhance green com-
petitiveness, maintaining existing markets and expanding new markets (Huang &
Chen, 2022). Therefore, environmental protection subsidies stimulate enterprise invest-
ments in green technology innovation because they can relieve resource constraints.

Moreover, these subsidies may encourage heavily polluting enterprises to invest in
green technology innovations because their capability to carry out green technology
innovation depends on whether the threshold conditions of innovation are met, espe-
cially with continuous cash flow support. Therefore, environmental protection subsi-
dies help an enterprise cross the threshold conditions and reduce the uncertainty and
irreversibility of its green technology innovation. Thus, enterprises can make green
technology innovation decisions (Hamamoto, 2006). Furthermore, green technology
innovation helps enterprises eliminate polluting and backward production capacity
and improve production efficiency and environmental performance (Porter & Linde,
1995; Hu et al., 2020). Based on the above analysis, the following assumptions are
proposed as follows:

Hypothesis 2: Environmental protection subsidies can encourage enterprises to innovate
in green technology, thus helping improve their environmental performance.

According to the system theory, a system is a procedure or code of action that
requires everyone to follow together. Implementing a formal system will affect envir-
onmental protection policies. As a formal system, government environmental supervi-
sion will affect the effect of environmental protection subsidies.
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As a special government subsidy, the environmental protection subsidy funds
should comply with the ‘Provisions on Strengthening the Management of Environmental
Protection Subsidy Funds’. According to this regulation, environmental protection subsi-
dies should be used exclusively for ‘comprehensive environmental treatment, key pollution
source treatment’ and special funds. Therefore, enterprises enjoying the special environ-
mental protection subsidy funds become the government’s key supervision targets. The
government mainly supervises the use, direction and efficiency of special environmental
protection funds. Therefore, the government’s supervision restricts enterprises’ non-green
production and illegal environmental behaviours to improve environmental performance.

With increasingly severe resource and environmental constraints, promoting green
production and improving the environmental performance of enterprises are impera-
tive. As the core content of the environmental protection system, the effectiveness of
environmental law enforcement supervision is directly related to environmental pro-
tection policies. It is an important factor that determines the production and emission
behaviour of individual enterprises and even the environmental quality of the whole
region. Environmental protection law enforcement and supervision is the main driv-
ing force leading the change in green technology choice of enterprises (Wang et al.,
2018). Zhang (2022) showed that strengthening the environmental protection law
enforcement improves access to polluting, energy-intensive industries and survival
threshold, encouraging enterprises to carry out green technology innovation and
application. Thus, it enhances enterprise energy conservation, emission reduction and
green production and realises the ‘win-win’ and environmental performance. Recent
studies also show that stringent administrative regulation is the primary driver for
companies to reduce pollution emissions (Shapiro & Walker, 2018). Therefore, the
government should regulate enterprises that obtain financial subsidies based on the
stakeholders proposed by experts and scholars represented by Freeman. In modern
economic society, the government as a stakeholder is irreplaceable mainly because on
the one hand, it provides financial support, tax reduction and other preferential poli-
cies for developing enterprises. On the other hand, it supervises enterprises’ micro
behaviours and their environmental responsibility. Environmental protection subsidies
are financial support the government provides to encourage enterprises to carry out
energy conservation and emission reduction and actively participate in environmental
governance. They can transfer payments unilaterally and have specific objectives and
related environmental performance requirements. The government strengthens pro-
duction and operation activities regulations to optimise resource allocation and
increase benefits from environmental subsidies. This ensures that the limited usage of
special allowance incentives can implement specific economic, environmental and
social objectives and the enterprise’s primary responsibility. This will restrict the
enterprise sewage production behaviour, improving corporate environmental perform-
ance. Based on the above analysis, the following assumptions are proposed as follows:

Hypothesis 3: After implementing environmental protection subsidies, the government’s
environmental supervision will be strengthened, which is conducive to improving
enterprises’ environmental performance.

Although domestic and foreign scholars have conducted cross-industry dynamic
studies on the effect of environmental protection subsidies, research on the following
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basic practical issues is still insufficient. Why do enterprises in the same industry that
receive the same amount of environmental protection subsidies under the same insti-
tutional environment adopt different environmental protection behaviours? Why do
ecological protection subsidies have heterogeneous effects on the environmental pro-
tection behaviours of enterprises in the same industry?

According to the upper echelons theory, senior executives are the core predictive
variables that affect an enterprise’s strategic choice and performance level (Hambrick
& Mason, 1984; Su, Liu, et al., 2022). Executives make bounded rational decisions
based on their background characteristics, personal psychological traits and cognitive
paradigm (Hambrick & Mason, 1984). Yang et al. (2012) showed that executives’ cog-
nition of the environment determines whether enterprises actively adopt green pro-
duction behaviours. The environmental awareness of senior executives is a specific
manifestation of their cognition.

The guiding effect of government environmental protection support is mainly
reflected in the following aspects: on the one hand, it makes enterprise executives real-
ise that government subsidy funds can reduce environmental protection investment
risks and environmental governance costs (Henriques & Sadorsky, 1996; Yang et al.,
2020); On the other hand, the greater the government’s support for environmental pro-
tection, the more it encourages executives to pay attention to environmental policies
and regulations, information on government support policies and the latest trends of
government’s punishment or reward based on the environmental performance of peer
enterprises (Suk et al., 2013). Senior executives obtain more information about green
environmental protection to be aware of the importance of environmental issues. They
positively and optimistically interpret the guiding function of the policy guidance of
environmental protection subsidies on the green production behaviour of enterprises
(Gholami et al., 2013). Therefore, implementing positive environmental strategies will
likely respond to the government’s environmental protection subsidy policies to achieve
environmental protection, improving enterprises’ environmental performance. In add-
ition, subsidies for green environmental protection have increased as the government
has focussed on environmental issues in recent years. This eases financing constraints
and reduces the risk of green environmental protection investment, leading to a stron-
ger willingness of enterprises to participate in green innovation and thus enhancing the
environmental responsibility awareness of executives (Pirtea et al., 2021). However, pro-
moting executives’ awareness of environmental responsibility will encourage enterprises
to carry out green environmental protection practices, improving environmental per-
formance. Therefore, environmental subsidies improve environmental performance by
improving the environmental awareness of executives.

Hypothesis 4: Government environmental protection subsidies can enhance the
environmental awareness of senior executives, thus helping improve the environmental
performance of enterprises.

3. Data

According to classification, heavy pollution industries were selected for investigation.
This study measured environmental performance by the ecological benefit method.
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According to the Environmental Protection Law of the People’s Republic of China
promulgated in 2017, the environmental protection tax was officially levied on 1
January 2018, and the standard for the discharge fee changed to some extent.
Therefore, the data on the discharge fee in the ecological benefit law was available up
to 2017. Thus, we selected 16 listed companies of heavy pollution industries in
China’s A-share market from 2010 to 2017 as the research sample.

The environmental performance data of the dependent variables were obtained
from the CSMAR database and the Great Tide Information network. Amongst them,
the sewage fee data used in the ecological benefit method were obtained from the
manual sorting of annual and corporate social responsibility reports.

Explanatory variables include environmental protection subsidy data obtained from
the amount of government subsidy in the financial statements of the company’s
annual report. By searching for keywords, such as ‘energy saving’, ‘emission reduc-
tion’, ‘pollution control’, ‘environmental protection’, ‘clean’ and ‘green’, the specific
environmental protection subsidy projects and the amount were determined by man-
ual screening and sorting.

The green technology innovation data of mediation variable enterprises were
obtained from the R&D investment projects in the CSMAR database. By searching
keywords such as ‘environmental protection’, ‘green’, ‘energy saving and emission
reduction’, ‘clean’, ‘pollution control’, ‘garbage’, ‘wastewater’, ‘waste gas’, ‘three
wastes’, ‘recycling’, manual screening or sorting was performed to determine the spe-
cific green nature of related R&D investments as innovation variables of the green
technology. The data on the intensity of environmental supervision was obtained
from the data centre of the government website of the Ministry of Environmental
Protection. The data included in the national key monitoring enterprises list were
sorted out by manual search. The data on senior executives’ awareness of environ-
mental responsibility were obtained from detailed data in Hexun’s corporate social
responsibility score profile.

Control variables included environmental management system certification data
from the national Certification and Accreditation Administration official website
through the website certification results link under the ‘national certification and
accreditation information public service platform’ manual sorting sample enterprise
environmental management system certification data. In addition, data regarding
other control variables were obtained from the CSMAR database. According to the
above 16 categories of heavy pollution industry screening, A stock listed companies,
ST and �ST companies were eliminated, and abnormal samples of financial data were
removed. However, the main continuous variables were treated with 1% Winsorise
on both sides to eliminate the influence of outliers. After the above treatment, 257
listed companies with heavy pollution were obtained, with 1382 observed values.

4. Definition of variables and model design

4.1. Dependent variables

In this model, the dependent variable is the environmental performance of the enter-
prise. However, existing literature has not yet reached a unified conclusion on
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measuring environmental performance indicators. Moreover, because most enterprises
in China do not disclose specific pollutant emission details, obtaining the emission
data at the micro level is difficult. In addition, the environmental performance indica-
tors in the domestic literature mainly include the ecological benefit, environmental
responsibility scoring and environmental reward and honour scoring methods. This
section focuses on the effect of environmental subsidies on the enterprise’s environ-
mental performance, mainly focusing on environmental policy resources to reduce
pollution emissions. Therefore, the ecological emulation method is used to measure
environmental performance.

This study adopts the index framework of the World Council for Sustainable
Development of Enterprises. It emulates Yu et al. (2020), measuring the environmen-
tal performance of enterprises using the ecological benefit method. Its estimation for-
mula is ecological benefit¼ value of products or services/environmental influence; the
higher the index value is, the better the environmental performance. Amongst them,
the environmental effect is expressed by the pollutant discharge fee paid by the enter-
prise, and the business income represents the product or service values. Therefore,
based on Yu et al. (2020), the ratio of logarithmic operating revenue to logarithmic
sewage charge is used as the ecological benefit method, which is the environmental
performance.

4.2. Core explanatory variables

The environmental protection subsidy is the explanatory variable. Environmental pro-
tection subsidy is the government’s financial support for environmental protection to
encourage enterprises to carry out energy conservation and emission reduction and
actively participate in green environmental governance. The amount of environmental
protection subsidy is the data related to environmental protection that are sorted
manually according to the keywords ‘energy saving’, ‘emission reduction’, ‘pollution
control’, ‘environmental protection’, ‘green’ and ‘clean’ in the government subsidy
data. As for the measurement of the environmental protection subsidy of the explana-
tory variable, following Jiang et al. (2022), the government environmental protection
subsidy is measured by the ratio of the sum of the environmental protection subsidies
received by the enterprise in the current year to the operating income.

4.3. Mediating variables

Green technology innovation is measured by the ratio of a firm’s green R&D expend-
iture to its revenue. Green R&D expenditure mainly refers to the technical transform-
ation expenditure, the facility investment and maintenance expenditure related to
environmental protection or green. In the R&D expenditure, the green-related R&D
expenditure can be obtained by selecting keywords such as ‘environmental protec-
tion’, ‘energy saving’, ‘green’, ‘emission reduction’, ‘pollution’ and ‘clean’.

For government environmental supervision, environmental supervision intensity is
measured by whether heavy-polluting enterprises are included in the list of national
key monitoring enterprises. If listed, it is 1; otherwise, it is 0. The categories of
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government environmental supervision include wastewater, waste gas, hazardous
waste and heavy metals.

Corporate executive environmental awareness is measured by the corporate envir-
onmental awareness score.

4.4. Control variables

In addition to the influence of environmental protection subsidies, environmental
performance is affected by the control variables of enterprise characteristics.
According to Shen & Zhou (2017), control variables include company size, financial
leverage, capital intensity, operating cash flow, listing age, ownership concentration
and environmental management system certification. The model also controls for
time and industry dummy variables. Specific variables are defined in Table 1.

4.5. Model design

First, the effect of environmental subsidies on the environmental performance of
enterprises is revealed. Moreover, considering environmental protection subsidies and
enterprise environmental performance may cause reverse causation problems. This
section constructs the regression model (1) to ease its reverse cause and effect of
endogenous problems. The explanatory variable lag issue of data regression is

Table 1. The specific definitions of variables.
Variable type Variable name Variable symbol Definition

Dependent variable Environmental performance Envir Logarithmic main business income divided
by logarithmic enterprise sewage charge

Explanatory variable Environmental subsidy Subsid Environmental subsidies as a percentage
of revenue

Mediation variable Green technology innovation Innov The ratio of a firm’s green R&D expenditure
to its revenue

Government’s environmental
supervision

Super The value is 1 if heavy polluting enterprises
are listed as national Key monitoring
enterprises; otherwise, it is 0

Senior executives
environmental awareness

Aware Represented by corporate environmental
awareness score

Control variable Company size Size Take the natural log of total assets at the
end of the year

Growth Grow The growth rate of operating revenue for
periods T-1 and T

Financial leverage Lev Expressed as the ratio of total liabilities to
total assets at the end of the period

Capital intensity Capital Net fixed assets/total assets
profitability ROA Net profit divided by total assets
Operating cash flow Cf The ratio of net operating cash flow to

total assets
Listed age Age The number of listing years is logarithmic
Ownership concentration Share The proportion of shares held by the top

five shareholders
Environmental certification ISO The enterprise is assigned a value of

1 through ISO14001; otherwise, it is
assigned a value of 0

Year u Annual dummy variable
Industry v Industry dummy variable

Source: Author’s design.
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established to verify hypothesis H1, control the industry and year effects and use a
robust standard to overcome heteroscedasticity and serial correlation problems. The
model is constructed as follows:

Envirit ¼ a0 þ a1Subsidit�1 þ bXit þ lk þ vj þ eit (1)

Envir is the dependent variable, representing environmental performance; Subsid is
the explanatory variable, representing environmental subsidy; Xit is a series of control
variables; lk and vj are annual and industry dummy variables, respectively. The spe-
cific variables are defined in Table 1. In model (1), i represents the enterprise individ-
ual, and t represents the year. If the coefficient a is significantly positive, the
environmental protection subsidies positively affect enterprise environmental per-
formance. Conversely, if coefficient a is significantly negative, the environmental pro-
tection subsidies negatively impact the environmental performance.

This section uses the mediation effect test principle to test the mediation mechan-
ism to verify whether hypotheses H2, H3 and H4 are valid. The mediation mechan-
ism test model is as follows:

Mediumit ¼ a0 þ a1Subsidit�1 þ bXit þ lk þ vj þ eit (2)

Envirit ¼ a0 þ a1Subsidit�1 þ a2Mediumit þ bXit þ lk þ vj þ eit (3)

Mediation effect test principle: first, whether the regression coefficient a1 of the
independent variable versus the dependent variable in model (1) is significant is tested.
Second, if the coefficient of first step is significant, the second step is to test whether
the regression coefficient a1 between the independent variable and the mediation vari-
able of model (2) is significant. Finally, if the coefficient of a1 is significant in model
(2), it directly goes to the third step. Then test model (3), the mediation variable on
the dependent variable regression coefficient a2 is significant, and the independent
variable on the dependent variable coefficient a1 is significant. If in step 3 a2 is signifi-
cant, and a1 is not significant, then the full mediating effect is established. If the inde-
pendent variable coefficient a1 in the second step is significant, and the coefficient a1
in model (3) is significant, but a1 is significantly smaller than the a1 coefficient in
model (1), then the partial mediation effect is valid. However, if the independent vari-
able coefficient a1 in the second step is not significant, the Sobel test should be carried
out. The above mediation effect holds if the Sobel test is statistically significant.

In the above model, Medium represents the mediation variable: enterprise’s green
technology innovation, government’s environmental supervision and senior execu-
tive’s environmental awareness, as defined in Table 1.

5. Empirical results and discussion

5.1. Descriptive statistics

Table 2 presents the descriptive statistics of the main variables. The mean of environ-
mental performance is 1.501, the median value is 1.453, the minimum value is 1.062,
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and the maximum is 2.895, indicating that nearly half the enterprises in the sample
reach the mean level of environmental performance. Moreover, differences in envir-
onmental performance among enterprises exist. The sample’s mean value of environ-
mental protection subsidies is 0.016, indicating that the government has supported
heavily polluting enterprises in environmental governance in recent years. The min-
imum value of environmental protection subsidy is 0.000, and the maximum is 0.184,
indicating a great difference in environmental protection subsidy among enterprises.
The mean value of green technology innovation is 0.018; the median is 0.013, and the
minimum and maximum values are 0 and 0.546, respectively, indicating that the
green technology innovation of heavily polluting enterprises is different. The green
technology innovation levels of the most heavy-polluting enterprises cannot reach the
average industry level (0.013< 0.018). Therefore, China’s heavy polluting enterprises’
overall expenditure on green technology innovation is low. The mean value of gov-
ernment environmental supervision intensity is 0.378, and the minimum and max-
imum values are 0.000 and 1.000, respectively, indicating that nearly 40% of the
sample firms are included in the national essential monitoring enterprises list. The
mean value of executives’ environmental awareness is 1.83, the median value is 2.000,
and the minimum and maximum values are 0.000 and 4.000, respectively, indicating
that most executives of heavily polluting enterprises have a good sense of environ-
mental responsibility.

The variables of enterprise characteristics, size, growth, asset-liability ratio and other
indicators are within a reasonable range, and other variables have little difference.

5.2. Basic regression analysis

Table 3 shows the regression results of the influence and mechanism of environmen-
tal protection subsidies on enterprises’ environmental performance. Column (1) in
Table 3 shows that the effective coefficient of environmental protection subsidies on
the environmental performance of enterprises is 0.048, significantly positive at the 1%
level. A significant positive correlation is observed between environmental protection
subsidies and environmental performance; environmental protection subsidies pro-
mote environmental performance. Hypothesis H1 is verified.

Table 2. Descriptive statistical results.
Variable Sample Mean Med SD Min Max

Envir 1382 1.501 1.453 0.226 1.062 2.895
Subsid 1382 0.016 0.009 0.023 0.000 0.184
Innov 1382 0.018 0.013 0.037 0.000 0.546
Super 1382 0.378 0.000 0.493 0.000 1.000
Aware 1382 1.830 2.000 1.910 0.000 4.000
Size 1382 21.684 21.541 1.091 19.276 25.520
Grow 1382 0.151 0.107 0.294 �0.373 1.267
Lev 1382 0.411 0.383 0.178 0.013 0.958
Cf 1382 0.062 0.093 0.079 �0.152 0.338
ROA 1382 0.044 0.060 0.037 �0.197 0.249
Capital 1382 0.373 0.333 0.051 0.300 0.571
Age 1382 2.921 2.944 0.242 1.791 3.146
Share 1382 0.541 0.543 0.156 0.189 0.918
ISO 1382 0.441 1.000 0.496 0.000 1.000

Source: China Stock Market & Accounting Research Database.
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Columns (1)–(3) in Table 3 test the mediating role of green technology innovation
in the relationship between environmental protection subsidies and environmental per-
formance of enterprises. First, the effect of environmental subsidies on green technol-
ogy innovation is investigated. Column (2) shows that the coefficient of environmental
subsidies is significantly positive at the 1% level, indicating that the environmental sub-
sidies promote green technology innovation. Second, the effect of green technology
innovation on the environmental performance of enterprises is tested. Column (3)
shows that the green technology innovation coefficients are all significantly positive at
the 1% level, indicating that green technology innovation improves environmental per-
formance. Third, by testing the change of the influence coefficient of environmental
protection subsidies on environmental performance, the environmental protection sub-
sidy coefficients in Column (1) are also significantly positive at the 1% level, indicating
that the environmental protection subsidy significantly promotes environmental per-
formance. The environmental protection subsidy coefficient in Column (3) is 0.031,
smaller than that in Column (1), which is 0.048. Based on the above results, green tech-
nology innovation partially mediates the relationship between environmental protec-
tion subsidies and enterprise environmental performance. Hypothesis H2 is established.

In Table 3, Columns (1), (4) and (5) show the results of the mediation mechanism of
government environmental regulations. In Column (4), the environmental subsidies

Table 3. The impact and mechanism of environmental subsidy on environmental performance.

Variable
Envir Innov Envir Super Envir Aware Envir
(1) (2) (3) (4) (5) (6) (7)

Subsid 0.048���
(3.19)

0.026���
(2.97)

0.031���
(3.07)

0.103��
(2.03)

0.027���
(2.74)

0.125��
(2.06)

0.033���
(3.04)

Innov 0.037���
(3.24)

Super 0.023��
(2.21)

Aware 0.041��
(2.13)

Size �0.081��
(�2.12)

0.035��
(2.02)

�0.080��
(�2.09)

0.262���
(2.88)

�0.084��
(�2.19)

0.462��
(2.48)

�0.078��
(�2.07)

Grow 0.001
(0.16)

0.004��
(2.46)

0.001
(0.14)

�0.002
(�0.97)

0.001
(0.37)

0.012
(0.37)

0.000
(0.12)

Lev �0.078
(�1.09)

�0.014��
(�2.06)

�0.076
(�1.08)

0.173�
(1.78)

�0.079
(�1.08)

�0.576�
(�1.79)

�0.078
(�1.06)

Cf �0.255��
(�2.22)

�0.033�
(�1.86)

�0.252��
(�2.18)

�0.594��
(�2.09)

�0.258��
(�2.23)

�0.094��
(�2.09)

�0.249��
(�2.16)

ROA �0.006
(�0.17)

0.052���
(3.19)

�0.008
(�0.24)

�0.203��
(�1.99)

�0.007
(�0.28)

0.123 (1.26) �0.007
(�0.21)

Age 0.012���
(2.73)

0.008
(1.15)

0.012���
(2.75)

0.024
(1.56)

0.011���
(2.62)

�0.144���
(�6.16)

0.012���
(2.76)

Capital �0.357���
(�3.78)

0.001
(0.25)

�0.346���
(�3.62)

�0.452���
(�3.33)

�0.348���
(�3.69)

�0.134
(�0.25)

�0.354���
(�3.76)

Share �0.001
(�1.46)

�0.067�
(�1.66)

�0.000
(�0.99)

0.003
(0.58)

�0.001
(�1.33)

0.003��
(2.38)

�0.002
(�1.58)

ISO 0.354���
(4.03)

0.277���
(3.23)

0.362���
(4.09)

0.112�
(1.89)

0.358���
(4.05)

0.189���
(4.28)

0.369���
(4.10)

Constant 1.549���
(8.23)

0.008��
(2.47)

1.541���
(8.17)

1.131��
(2.38)

1.522���
(7.94)

�7.632�
(�1.88)

1.520���
(8.14)

Industry/Year Control Control Control Control Control Control Control
N 1382 1382 1382 1382 1382 1382 1382
Adjusted R2 0.164 0.116 0.166 0.152 0.168 0.199 0.161

Note: ���, �� and �represent the significance level of 1%, 5% and 10%, t value in parentheses.
Source: Author’s Calculations.
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coefficient is significantly positive under the 5% level, indicating that the subsidy
strengthens the intensity of government environmental supervision. In Column (5), the
intensity coefficient of government environmental regulation is significantly positive at
the 5% level, indicating that the intensity of government environmental regulation
improves environmental performance. The environmental protection subsidy coeffi-
cient in Column (5) is 0.027, significantly positive at the 1% level and smaller than the
environmental protection subsidy coefficient (0.048) in Column (1). This indicates that
government environmental regulation plays a significant and partial mediation role in
the relationship between environmental protection subsidies and the environmental
performance of enterprises. Hypothesis H3 is established.

In Table 3, Columns (1), (6) and (7) present the results of the mediation mechan-
ism of executives’ environmental awareness. The coefficient of the environmental pro-
tection subsidy in Column (6) is significantly positive at the 1% level, indicating that
the subsidy enhances the environmental protection awareness of senior executives.
The coefficient of environmental protection awareness in Column (7) is significantly
positive at the 5% level, indicating that the environmental protection awareness of
senior executives promotes the environmental performance of enterprises. In add-
ition, the coefficient of environmental protection subsidy in Column (7) is 0.033,
smaller than that in Column (1), which is 0.048. The above results indicate that the
environmental awareness of senior executives plays a significant partially mediating
role in environmental protection subsidies promoting the environmental performance
of enterprises.

In addition, the control variables in the model show that firm size and environmental
performance are significantly negative. This indicates that the environmental perform-
ance does not improve with a larger firm size, possibly because the larger the firm size,
the lower the environmental governance efficiency and the lower the environmental
performance. A significant negative correlation is observed between operating cash flow
and environmental performance, indicating that operating cash flow negatively affects
environmental performance. The busier enterprises are with production and operation
activities, the more likely they are to neglect environmental governance. Companies
listed for a long time also have good environmental performance. Capital intensity is
negatively correlated with environmental performance.

5.3. Robustness test

5.3.1. Propensity score matching PSM
Given the environmental subsidies and enterprise environmental performance among
endogenous problems may be heavier, they need to be verified further through vari-
ous robustness tests. Therefore, the PSM method is used for the robustness test.
Suppose the OLS method or the firm’s fixed effects model is used for identification.
Then, selectivity and mixed bias may occur because whether an enterprise receives
environmental protection subsidies from the government may be non-random. The
government may consider enterprises’ environmental governance capabilities when
providing subsidies. However, government subsidies and enterprises’ environmental
performance may also be influenced by other factors (such as enterprise size). The
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optimal identification method is used to compare the differences between the envir-
onmental performance of a heavily polluting enterprise that receives subsidies under
the condition of ‘subsidy’ and ‘non-subsidy’ exclude the influence of other character-
istics and then reveal the actual effect of government environmental protection subsi-
dies on the environmental performance. The PSM method proposed by Heckman
et al. (1997) is an effective tool for estimating the relationship between environmental
protection subsidies and the environmental performance of enterprises. First, data
matching and the balance test are carried out. Then, the model is re-regressed with
the matching samples.

First, matching variables are selected, and data matching is performed. The match-
ing covariate is all the control variables in the previous model, including company
size, profitability, growth, financial leverage, operating cash flow, equity structure,
capital intensity, company age and ISO certification variables.

The Logit method is used to estimate the binary variables and calculate the pro-
pensity score of each enterprise. The calculation process is as follows:

P Xitð Þ ¼ P Dsubit ¼ 1 Xitj Þ ¼ expðaXitÞ
1þ expðaXitÞ

�
(4)

where the binary dummy variable Dsub ¼ f0, 1g, when Dsub is 1, it means that the
government environmental protection subsidy is enjoyed; when Dsub is 0, it means
that the government environmental protection subsidy is not enjoyed, and X is the
matching variable. The above scores reflect the probability of an enterprise enjoying
government environmental protection subsidies. The probability value obtained by
estimating the above equation is the probability predicted value of the treatment and
control groups. ‘A pair of four is put back to neighbour matching’, and the balance
test is carried out. It is expressed as follows:Y

ið Þ ¼ minj k P̂i � P̂j k , j 2 ðDsub ¼ 0Þ (5)

Q
ið Þ represents the matching set from the control group enterprise corresponding

to the processing group enterprise.
Second, Table 4 shows the results of the test of balance. Before matching sample

regression, the balance test is performed, and the results are shown in Table 4. The
balance test shows that the standard deviation of relevant control variables after
matching is less than 10%. Furthermore, the t-test results of control variables accept
the null hypothesis that no significant difference exists between the treatment and the
control groups. This indicates that the characteristic differences between enterprises
receiving environmental protection subsidies and those without subsidies have been
largely eliminated.

Finally, based on the samples from PSM, this study re-regressed models (1)–(3) to
test the effect and mechanism of environmental protection subsidies on enterprises’
environmental performance (results shown in Table 5)

The explanatory variable investigates the data with a one-period lag in model regres-
sion to alleviate the endogeneity problem caused by the reverse causality between envir-
onmental protection subsidies and enterprises’ environmental performance. Column
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(1) shows that the environmental subsidies coefficient is positive and significant under
the 1% level. The regression results also verify that environmental subsidies help
improve corporate environmental performance. Therefore, assuming H1 is proven, this
result indicates that the previous conclusion is still robust. In Columns (1)–(3), the
mediation mechanism of test results verified that green technology innovation in envir-
onmental subsidies and enterprise environmental performance relationship plays a sig-
nificant mediation role. Columns (1), (4) and (5) shows that the government regulation
plays a significant mediating role in the process of environmental protection subsidies
improving the environmental performance.

Furthermore, Columns (1), (6) and (7) show that the environmental awareness of
senior executives plays a significant mediating role in the positive correlation between
environmental subsidies and environmental performance. In conclusion, Table 5 fur-
ther verifies H1, H2, H3 and H4.

5.3.2. Variable substitution
In order to test the robustness of the above conclusions, we refer to Lu et al. (2017),
measuring the environmental performance of enterprises using the environmental
responsibility score (envir_sc). The results are shown in Table 6.

Column (1) of Table 6 show that the environmental subsidies coefficient is signifi-
cantly positive at the 1% level, indicating that the environmental subsidies improve
environmental performance, further verifying the previous conclusion is robust. The
results of column (1), column (2) and column (3) show that green technology innov-
ation plays a significant and partial mediation role in the relationship between envir-
onmental subsidies and corporate environmental performance. Similarly, the results
of Column (1), Column (4) and Column (5) indicate that environmental regulation
plays a significant and partial mediation role in the relationship between environmen-
tal subsidies and corporate environmental performance. The results of column (1),

Table 4. Test of balance.

Variable Matching

Mean Standard deviation

T-testTreatment group Control group Range (%)

Size Unmatched 21.955 22.318 �25.2 �8.36���
Matched 21.967 21.954 0.8 0.76

Lev Unmatched 0.366 0.412 �24.2 �8.28���
Matched 0.370 0.368 1.2 0.89

Grow Unmatched 0.222 0.295 �10.9 �3.12���
Matched 0.223 0.228 �2.4 �1.36

Cf Unmatched 0.061 0.064 �4.2 �2.08��
Matched 0.062 0.061 0.7 0.74

ROA Unmatched 0.038 0.042 �9.3 �3.01���
Matched 0.038 0.038 0.1 0.05

Age Unmatched 2.332 2.345 �5.7 �2.43��
Matched 2.332 2.334 �1.1 �0.85

Capital Unmatched 0.369 0.357 7.2 2.68���
Matched 0.371 0.368 2.5 1.39

Share Unmatched 0.564 0.584 �13.4 �5.78���
Matched 0.563 0.563 0.1 0.05

ISO Unmatched 0.394 0.439 �21.2 �8.19���
Matched 0.395 0.398 �1.6 �1.03

Note: ���, �� and � represent the significance level of 1%, 5% and 10%, t value in parentheses.
Source: Author’s Calculations.
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column (6) and column (7) indicate that senior executives’ environmental awareness
plays a significant and partial mediation role in the relationship between environmen-
tal subsidies and corporate environmental performance. In conclusion, Table 6 fur-
ther verifies H1, H2, H3 and H4, showing that the previous findings are robust.

5.4. Further analysis: enterprise heterogeneity test

This study analyses the impact of environmental protection subsidies on enterprises’
environmental performance. It discusses the mechanism of environmental protection
subsidies on firms’ environmental performance from three aspects: government envir-
onmental supervision, enterprises’ green technology innovation behaviour and execu-
tives’ environmental awareness. It is found that environmental protection subsidies
positively affect the environmental performance of enterprises. The main reason is
that environmental protection subsidies increase the environmental supervision of the
government, stimulate the green technology innovation behaviour of enterprises, and
strengthen the environmental awareness of executives, to significantly improve envir-
onmental performance. However, there is a big gap between the environmental pro-
tection subsidies obtained by enterprises under different property rights, and the

Table 5. The regression tests after propensity score matching.

Variable
Envir Innov Envir Super Envir Aware Envir
(1) (2) (3) (4) (5) (6) (7)

Subsid 0.081���
(4.31)

0.029���
(3.45)

0.067���
(3.67)

0.091��
(2.12)

0.052���
(2.91)

0.128��
(2.13)

0.060���
(3.58)

Innov 0.034���
(3.15)

Super 0.029��
(2.24)

Aware 0.045��
(2.18)

Size �0.094���
(�3.02)

0.037��
(2.08)

�0.091���
(�3.01)

0.264���
(2.89)

�0.087���
(�2.94)

0.467��
(2.48)

�0.088���
(�2.86)

Grow 0.002�
(1.73)

�0.004
(�0.45)

0.002�
(1.74)

�0.001
(�0.66)

0.001
(1.61)

�0.014
(�0.37)

0.002�
(1.72)

Lev �0.092�
(�1.84)

�0.014��
(�2.07)

�0.091�
(�1.81)

0.166�
(1.70)

�0.087�
(�1.78)

�0.573�
(�1.72)

�0.089�
(�1.81)

Cf �0.268��
(�2.09)

�0.032�
(�1.76)

�0.263��
(�1.98)

�0.605��
(�2.07)

�0.265��
(�2.04)

0.583
(0.80)

�0.261��
(�2.02)

ROA �0.008
(�0.64)

0.049���
(2.94)

�0.008
(�0.66)

�0.193�
(�1.89)

�0.007
(�0.56)

0.127
(1.32)

�0.009
(�0.81)

Age 0.011���
(2.68)

0.008
(1.19)

0.011���
(2.69)

0.021
(1.54)

0.010���
(2.64)

�0.155���
(�6.32)

0.012���
(2.66)

Capital �0.296���
(�2.77)

0.001
(0.20)

�0.294���
(�2.73)

�0.449���
(�3.27)

�0.288���
(�2.71)

�0.136
(�0.29)

�0.292���
(�2.72)

Share �0.001
(�1.29)

�0.036
(�1.42)

�0.001
(�1.22)

0.003
(1.59)

�0.000
(�0.87)

0.002��
(2.31)

�0.001
(�1.04)

ISO 0.452���
(4.87)

0.342���
(3.17)

0.455���
(4.89)

0.111�
(1.86)

0.448���
(4.81)

�0.164
(�1.19)

0.446���
(4.76)

Constant 1.822���
(4.69)

0.008��
(2.48)

1.828���
(4.71)

1.129��
(2.36)

1.814���
(4.44)

�6.687�
(�1.93)

1.825���
(4.72)

Industry/Year Control Control Control Control Control Control Control
N 992 992 992 992 992 992 992
R2 0.155 0.123 0.159 0.154 0.158 0.193 0.173
Adjusted R2 0.194 0.278 0.213 0.202 0.189 0.163 0.189

Note: ���, �� and � represent the significance level of 1%, 5% and 10%, t value in parenthese
Source: Author’s Calculations.
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efficiency of environmental protection subsidies is also very different. Moreover,
enterprises with different financing constraints have different use values of environ-
mental protection subsidies, and their impacts on environmental performance are
also different. In addition, enterprises with risk levels have different willingness to
invest in green technology innovation or environmental governance, and their impact
on environmental performance is also different. Therefore, it is necessary to continue
exploring the effects of different property rights, financing constraints, and levels of
risk-taking on the relationship between environmental subsidies and environmental
performance.

First, we test the impact of property heterogeneity on the relationship between
environmental protection subsidies and environmental performance of enterprises.
Column (1) in Table 7 is the group of state-owned enterprises, and Column (2) rep-
resents non-state-owned enterprises. The environmental protection subsidy coefficient
of Column (1) is significantly positive at the 10% level. The environmental protection
subsidy coefficient of Column (2) is significantly positive at the 1% level. In addition,
the results of the inter-group coefficient comparison show a significant difference
between them. The promotion effect of environmental subsidies on environmental
performance is more evident in non-state-owned enterprises than in state-owned.

Second, the heterogeneity of financing constraints tests the relationship between
environmental subsidies and corporate environmental performance. As for the meas-
urement of financing constraints, Hadlock and Pierce (2010) show that the sensitivity
analyses (SA) index method can comprehensively reflect the degree of corporate

Table 6. Environmental performance indicators replacement.

Variable
(1)
Envir

(2)
Innov

(3)
Envir

(4)
Super

(5)
Envir

(6)
Aware

(7)
Envir

Subsid 0.226���
(3.34)

0.024���
(2.86)

0.197���
(3.05)

0.094�
(1.91)

0.192���
(3.01)

0.138��
(2.29)

0.203���
(2.98)

Innov 0.474���
(3.23)

Super 0.315���
(2.77)

Aware 0.116���
(4.78)

Size �0.543���
(�3.05)

0.036��
(2.02)

�0.508���
(�2.95)

0.260���
(2.87)

�0.487���
(�2.84)

0.468��
(2.49)

�0.544���
(�3.05)

Grow �0.003
(�0.39)

0.004��
(2.43)

�0.001
(�0.21)

�0.016�
(�1.74)

�0.001
(�0.22)

0.013
(0.34)

�0.003
(�0.38)

Lev �0.513
(�1.52)

�0.013��
(�2.04)

�0.537�
(�1.73)

0.168�
(1.71)

�0.524�
(�1.67)

�0.051��
(�2.28)

�0.528�
(�1.69)

ROA �0.214�
(�1.83)

0.056���
(3.01)

�0.216�
(�1.89)

�0.192�
(�1.89)

�0.214�
(�1.81)

0.128
(1.32)

�0.213�
(�1.79)

Age 0.018��
(2.12)

0.008
(1.17)

0.017��
(2.09)

0.023
(1.57)

0.018��
(2.11)

�0.157���
(�6.37)

0.018��
(2.11)

Capital �0.216��
(�2.42)

0.001
(0.21)

�0.218��
(�2.47)

�0.458���
(�3.38)

�0.218��
(�2.47)

�0.133
(�0.25)

�0.212��
(�2.33)

Share 0.001
(1.32)

�0.059
(�1.56)

0.000
(1.11)

0.002
(0.79)

0.001
(1.48)

0.002��
(2.23)

0.002
(1.57)

Constant 1.261���
(3.75)

0.009��
(2.52)

1.253���
(3.68)

1.125��
(2.33)

1.258���
(3.72)

�7.682�
(�1.90)

1.275���
(3.82)

Industry/Year Control Control Control Control Control Control Control
N 1674 1674 1674 1674 1674 1674 1674
R2 0.214 0.119 0.223 0.159 0.208 0.197 0.211

Note: ���, �� and � represent the significance level of 1%, 5% and 10%, t value in parentheses.
Source: Author’s Calculations.
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financing constraints. Referencing Hadlock and Pierce (2010), a financing constraint
SA index is built to measure the financing constraint indicators. The formula is as
follows:

SAit ¼ �0:737Sizeit þ 0:043Size2it � 0:040� Ageit
�� �� (6)

The greater the absolute value of SA, the lower the degree of corporate financing
constraints; When testing the heterogeneity of financing constraints, they are grouped
according to the median of the SA index. When they are greater than or equal to the
median, they are defined as low financing constraint groups, and when they are less
than the median, they are defined as high financing constraint groups. Columns (3)
and (4) of Table 7 show the test results. In the high financing constraint group in
Column (3), the regression coefficient of environmental subsidies on the environmen-
tal performance of enterprises is 0.084, significantly positive at the 1% level. However,
in the low financing constraint group in Column (4), the regression coefficient of
environmental protection subsidies on the environmental performance of enterprises
is 0.023, which does not pass the significance test. The above results show that the
promotion effect of environmental subsidies on the environmental performance of

Table 7. Analysis of heterogeneity.

Variable

Property rights Financing constraints Risk taking

(1)
SOEs

(2)
NSOE

(3)
High

inancing
constraints

(4)
Low inancing
constraints

(5)
High

risk taking

(6)
Low

risk taking

Subsid 0.041�
(1.71)

0.107���
(4.16)

0.084���
(3.79)

0.023
(1.44)

0.093���
(4.05)

0.052�
(1.92)

Size �0.026�
(�1.84)

�0.094��
(�2.28)

�0.017
(�1.57)

�0.082��
(�2.14)

�0.088��
(�2.17)

�0.051�
(�1.91)

Grow �0.000
(�0.16)

0.001
(0.54)

0.002
(1.29)

0.001
(0.39)

0.000
(0.22)

�0.001
(�0.78)

Lev �0.057
(�1.36)

�0.114
(�0.97)

�0.095
(�0.76)

�0.071
(�1.56)

�0.068
(�0.55)

0.006
(0.04)

Cf �0.251��
(�2.13)

�0.164
(�1.53)

�0.167
(�1.61)

�0.234�
(�1.81)

�0.228�
(�1.76)

�0.206�
(�1.69)

ROA 0.005
(0.59)

�0.002
(�0.14)

0.006
(0.33)

0.004
(0.21)

�0.013
(�1.07)

0.008
(0.72)

Age 0.013���
(2.86)

0.009��
(2.44)

0.008��
(2.15)

0.012���
(2.79)

0.010��
(2.47)

0.005
(1.15)

Capital �0.338���
(�3.22)

�0.261��
(�2.43)

�0.315���
(�2.73)

�0.296���
(�2.81)

�0.163��
(�2.24)

�0.324���
(�2.90)

Share 0.048���
(4.60)

�0.003
(�0.31)

�0.001
(�0.58)

0.027���
(2.74)

�0.001
(�1.05)

�0.001
(�0.94)

ISO 0.264���
(2.92)

0.311���
(3.24)

0.278���
(3.09)

0.245���
(2.89)

0.392���
(3.31)

0.363���
(3.15)

Constant 1.670���
(5.95)

2.331���
(8.72)

3.169���
(9.33)

2.454���
(6.71)

5.048���
(6.33)

3.732���
(4.97)

Industry/Year Control Control Control Control Control Control
Comparison of

coefficients
between groups

8.26��� 10.42��� 7.57���

Sample size 734 648 685 697 597 785
Adjusted R2 0.194 0.278 0.213 0.202 0.189 0.163

Note: ���, �� and � represent the significance level of 1%, 5% and 10%, t value in parentheses.
Source: Author’s Calculations.
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enterprises with low financing constraints is less significant than those with high
financing constraints. In addition, the coefficient between the two groups showed sig-
nificant differences. The above results show that environmental protection subsidies
have a stronger promoting effect on the environmental performance of enterprises
with high financing constraints. This indicates that government environmental pro-
tection subsidies have a better environmental governance effect on enterprises with
high financing constraints.

Third, we test the impact of heterogeneity of risk-bearing level on the relationship
between environmental protection subsidies and environmental performance of enter-
prises. This study uses the earnings volatility index(SDROA) to measure the risk-bear-
ing level. It estimates it by the three-year standard deviation of industry-adjusted
return on assets of listed companies in the observation period. The specific calcula-
tion formula is as follows:

SDROAit ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

N � 1

XN
n¼1

Adj ROAin � 1
N

XN
n¼1

Adj ROAin

 !2
vuut 3j (7)

Adj ROAin ¼ EBITin

ASSETSin
� 1
Xn

XX
k¼1

EBITkn

ASSETSkn
(8)

where i is the enterprise, n is 1–3, which represents the year of the observation
period, Xn represents the total number of enterprises in the industry, and k is the
KTH enterprise in an industry. EBIT is the profit before interest and tax of the corre-
sponding year, ASSET is the total ASSETS at the end of the year, and the higher the
SDROA value, the higher the risk-bearing level. In the heterogeneity test of risk-bear-
ing level, groups were also grouped according to the median. Those greater than or
equal to the median were classified as the high-risk level group. However, those less
than the median were classified as a low-risk level group. The test results are shown
in Columns (5) and (6) of Table 7. Column (5) represents the group with a high-
risk-bearing level; its environmental subsidy coefficient is 0.093, significantly positive
at the 1% level. Column (6) represents the group with a low risk-bearing level, its
environmental protection subsidy coefficient is 0.052, significantly positive at the 10%
level, and the coefficient comparison between the two groups shows that there is a
significant difference. Therefore, the above results indicate that the environmental
protection subsidies of enterprises with high-risk levels have a more significant pro-
motion effect on environmental performance than those with low-risk levels.

6. Conclusions and implications

This study takes 257 heavily polluted listed companies in Shenzhen and Shanghai
Stock Exchanges in China from 2010 to 2017 as the research object. It empirically
tests whether environmental subsidies affect enterprise environmental performance
and the mechanism of environmental subsidies affecting enterprise environmental
performance. The main conclusions are as follows: government environmental
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subsidies have a significant positive role in promoting enterprise environmental per-
formance; the analysis of the mediation mechanism shows that environmental subsi-
dies can improve the environmental performance of enterprises through three
channels, namely, encouraging enterprises to carry out green technology innovation,
strengthening government environmental supervision and enhancing enterprises’
environmental awareness.

The above analysis of the mediation mechanism helps understand the objective
performance and deep-rooted reasons for the impact of government environmental
protection subsidies on enterprises’ environmental performance. This provides sup-
porting evidence for the micro effects of government environmental protection subsi-
dies. In addition, further analysis shows significant differences in the incentive effects
of environmental protection subsidies on the environmental performance of enter-
prises with different characteristics. Therefore, to improve the impact of macroeco-
nomic policies, it is necessary to implement targeted regulations and policies, which
provide direct evidence for the government to enhance the dynamic adjustment
mechanism of environmental protection subsidy policies.

The findings of this study have some important policy implications. First, to give
full play to the signalling function of government environmental protection subsidies
and actively guide and cultivate corporate executives’ awareness of environmental
responsibility. The government should strengthen the environmental protection sub-
sidy policies for heavy-polluting enterprises, form institutional arrangements, give full
play to the signal transmission function of environmental protection subsidy, dissemi-
nating policy-related economic and financial information (Xu, Yang, et al., 2021), and
actively guide and cultivate the sense of environmental responsibility of corporate
executives to improve the environmental governance efficiency of enterprises.

Second, policy support for enterprises’ green technology innovation activities should
be increased. The government should increase the policy support for green technology
innovation activities and effectively promote the green innovation transformation of
heavily polluting enterprises rather than be limited to direct environmental protection
investment to achieve the dual benefits of ‘emission reduction’ and ‘efficiency increase’.
Environmental protection subsidies incentivise enterprises’ green technology innov-
ation. These enterprises can enhance their competitive advantage through green tech-
nology innovation to reflect the long-term effect of environmental governance.

Third, the environmental information supervision platform must be built to
improve the environmental information disclosure mechanism. Presently, the envir-
onmental awareness of senior executives in Chinese enterprises is generally not
strong. Therefore, the government’s incentives and guidance should be strengthened.
In addition, the environmental information supervision platform should be con-
structed, the environmental information disclosure mechanism should be further
improved, the supervision and reward and punishment systems should be improved,
and the media and the masses should accept the supervision under the ‘sunshine
supervision’. Therefore, the government should build a scientific, transparent infor-
mation management platform for environmental protection subsidies, including two
sub-information systems: first, integrate environmental protection information, envir-
onmental performance and other information into the basic information system.
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Second, include green technology innovation input information, ‘blocklist’ perform-
ance of production responsibilities and other information in the credit information
system to serve as the reference basis for heavy pollution enterprises to obtain envir-
onmental protection subsidies.

Finally, different environmental protection policies should be introduced according
to the other characteristics of enterprises. For example, the efficiency of environmental
protection subsidies in non-state-owned enterprises is higher than that in state-owned.
The use efficiency of environmental protection subsidies in enterprises with strong
financing constraints is higher than in those with low financing constraints. The use
efficiency of environmental protection subsidies in enterprises with high-risk bearing is
higher than that in enterprises with a low-risk approach. Therefore, the government
should fully consider the heterogeneity and implement different subsidy policies for
enterprises with different characteristics when issuing environmental protection subsidy
policies. If the government’s macro-environmental protection subsidy policy adopts,
the ‘one size fits all’ incentive mode, the implementation effect of the subsidy policy is
not ideal. There may even be resistance against the design intention of the policy,
which may lead to huge policy waste and delay the government’s timely regulation.
Therefore, implementing macro regulation and control is necessary to improve the
effectiveness of the macro-environmental protection subsidy policy. Furthermore, when
stimulating enterprises, the heterogeneous characteristics should be considered, differ-
ent for enterprises with different characteristics to improve the precision of policies.

The limitations and future prospects of this study are as follows. As for the selec-
tion of sample time, due to the continuous data generation limitation, this study only
selects the heavily polluted enterprise samples from 2010 to 2017. It does not test the
various research hypotheses proposed with the latest data. The sample started in 2010
because Hexun disclosed the environmental responsibility rating data in 2010.
Although other networks have also disclosed the data for the first two years of 2010,
the available data is small. In addition, the reason why the deadline was not the latest
year in 2019 is that the environmental protection tax in 2018 replaced the collection
of pollution charges. To avoid the inconsistency of data sources due to the differences
in the collection calibre between the two collection systems, the deadline for the sam-
ples selected in this study is 2017. In future research, the effect of environmental pro-
tection tax policies after 2018 on corporate environmental performance can be
considered. Other environmental protection industry policy tools can be supple-
mented and expanded to examine the effect of environmental protection industry pol-
icy tools more comprehensively on environmental performance. In addition, this
study defines enterprise environmental performance from the perspective of economic
resources, like most other scholars. However, due to the difficulty in obtaining pollu-
tion emission data, few studies have measured enterprise environmental performance
through pollution emission indicators. In future research, we can consider using pol-
lution emission indicators to define enterprise environmental performance.
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